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Presentation Notes
Good to be back again to expand on desired future conditions and focus on management practices to support desired future conditions


Forest Management is a Disturbance

https://commons.wikimedia.org/wiki/File:Coarse woody
debris 6407.JPG

Disturbances influence structure and
composition of a stand
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Forests are never static, but rather they are dynamic and continually changing.  

Disturbance in forests is always present in varying intensities, sizes and shapes, with or without human presence.  It is integral in shaping our forests.

For context, as both a biologist and forester, I view silviculture as a disturbance, with some similarities to natural disturbances and some significant differences.  My perspective is heavily influenced by my view of how forest management may, or may not, emulate natural disturbances. 



https://commons.wikimedia.org/wiki/File:Coarse_woody_debris_6407.JPG
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Commercial timber
management

Size of disturbance (log scale)

Natural disturbances and timber management

Disturbances occur over a wide
range of sizes and return
Intervals, but commercial timber
management typically occurs
over a more constrained domain
of space and time. Very small
disturbances caused by logging
are not economically feasible
and very large disturbances
caused by logging are not

socially acceptable
(adapted from M.L. Hunter, 1999).
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Now compare among a set of disturbances representing a very large range of return intervals and sizes and compare that to what we might consider a typical range of return intervals and sizes used in commercial forest management. Commercial forest management represents only a narrow portion of the domain of time and space that typically occurs for natural disturbances. 

How does the range of severity in natural disturbances compares to forest management? If organisms are adapted or have evolved to exist in landscapes which are disturbed over such a broad range of spatial and temporal scales, then in what ways is forest management constraining the development of forested landscapes compared to natural disturbances? Further, how might disturbance from commercial forest management interact with the size, frequency and severity of natural disturbances? 
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Major approaches to forestry range from passive management to active management with multiple resource focus (ecological forestry) to production forestry.

I will not focus on passive approach to management today beyond emphasizing that it is important and can support certain objectives.  Various laws and regulations result in about 9% of U.S. forestlands being passively managed, but other constraints or objectives result in many more acres being passively managed.  When forest ecosystem function is fully intact, this may work.  However, landscape changes over centuries have resulted in major changes to ecosystem function (examples include fire suppression or for bottomlands dams, dikes leaves, dredging of rivers, etc).

Although not new, over the past few decades, their has been increasing focus on active management for a broad range of products or ecosystem services.  This is more of an ecological forestry approach and here are a few references providing excellent background on ecological forestry.  This approach elevates the focus on what is being retained within a forest.

On corporate lands and many private lands, focus remains on active management for specific products – sometimes considered production forestry.  This approach tends to focus on what is being removed from a forest


Major Approaches to Forest Management

Production Forestry Ecological Forestry
* Based on Agronomic Model * Based on Natural Stand
 Spacing, weeding, fertilizing, etc. Development Model
 Maximizes single or few * Disturbances are basis for Rx
resources * Maintains ecosystem structure
* $ - High rate of return and function but does not
e Simple/homogeneous structure maximize singular resources
& composition * Reduced ROI
* Focus on growth and reducing * Promotes complexity &
risks of crop heterogeneity

Adapted from Franklin et. al., 2018
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A very brief comparison or contrast between the traditional production forestry and ecological forestry.

Production forestry – Based on agronomic models and is effective for maximizing a single or few resources.  It offers a high rate of return.  It tends to promote a simplified or more homogenous structure and composition.  Management is focused on increasing growth, or perhaps reducing crop risk, although I think it is debatable as to how effective we are at reducing risks.

This is how many corporate forests have long been managed, and it does a good job of ensuring we have access to toilet paper, lumber and an endless supply of cardboard boxes from amazon along with countless other forest products and ecosystem services.  Of note, the wildlife community has long used components of production forestry to meet objectives habitat objectives for a broad range of species.  Later today you will hear some great examples.



Ecological forestry is based on natural stand development and uses disturbance ecology as a basis for management prescriptions.  It provides a broad range of benefits, but does not maximize any single resource thus it may provide a reduced financial rate of return.  It tends to promote complexity and heterogeneity in the forest.

4 important principles include:
1.  The provision for continuity in forest structure, function, and biota between pre- and postharvest ecosystems during regeneration harvests
2.  The need to create and maintain structural and compositional complexity and biological diversity, including spatial heterogeneity at multiple spatial scales through all silvicultural interventions;
Highlights the importance of applying silvicultural interventions at ecologically appropriate time intervals
Underscoring the importance of planning and implementing silvicultural interventions in the context of objectives developed at larger (landscape) spatial scales

In my opinion, it has applicability to many public land objectives.  With non-industrial private landowner objectives having shifted substantially away from timber production during the past few decades, many components of ecological forestry likely have applicability there too.  


Desired Forest Conditions to Enhance Wildlife Habitat

* Why do we need to define Desired Forest Conditions?
» Explicit linkage between wildlife needs and structural forest attributes

» Provides basis for research and monitoring (i.e., Adaptive Management)
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SHOULD I DELETE THIS SLIDE?
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Lower Mississippi Valley Joint Forest Variables]
Venture’s
Forest Resource Conservation Primary Management Factors
Working Group, 2007 Overstory Canopy Cover
Midstory Cover
RESTORATION, MANAGEMENT AND MONITORING OF Basal Area

FOREST RESOURCES IN THE MISSISSIPPI ALLUVIAL VALLEY:
RECOMMENDATIONS FOR ENHANCING WILDLIFE HABITAT

b 5 BT 7 Tree Stocking

Secondary Management Factors

Dominant Trees3

Understory Cover

Regeneration4

Coarse Woody Debris (>10
inch diameter)

Small Cavities (<10 inch

LOWER MISSISSIPPI ALLUVIAL VALLEY JOINT VENTURE diameter)
FOREST RESOURCE CONSERVATION WORKING GROUP

Desired Stand Structure

60-70%

25-40%
60-70 ft2/acre
with > 25% in older age classes2

60-70%

> 2/acre

25-40%
30-40% of area
> 200 ft3/acre

> 4 visible holes/acre
or >4 “snag” stems > 4 inch dbh or >
2 stems > 20 inch dbh

Conditions That May Warrant
Management

> 80%

<20% or > 50%

> 90 ft2/acre
or > 60% in older age classes

< 50% or > 90%

< 1/acre
<20%
< 20% of area

< 100 ft3/acre

< 2 visible holes/acre or < 2
snags > 4 inch dbh or < 1 stem
> 20 inch dbh
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The Lower Miss JV led a consortium of experts to develop recommendations to restore and manage bottomland hardwood forests.  Within this guide, the team identified desired structure (both primary and secondary management factors) along with identifying conditions that may warrant management.  We use this guide to help inform local management decisions on our refuges.


Black Gum
White Qak

Water Hickory Overcup Oak Hickories
Overcup Oak Green Ash Water Oak

Red Maple Cow Oak
River Birch Green Ash } Cherrybark Oak

Black Willow Water Elm Sweetgum
Cottonwood jJwater Tupelo Willow Oak

Baldcypress

Live Oak
Loblolly Pine

High

Low Flats Ridge

Ridge  High Low
Ridge Ridge

Back
Swamp

Levee

Oxbow
Stream

Channel First Bottom Second Bottom

From Conner 1994
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Critical to recognize site potential.  Many biotic and abiotic factors influence what species occurrence and growth on a site.  Soils, hydrology, geomorphology, topography, climate, 


Here as an older example highlighting how dominant tree species composition varies across a bottomland forest.  Understanding the site constraints and limits is essential to management success.


Of note, the low swamp area of first bottom may be more sensitive to management


S” . e Silvics of North America
VICS * https://www.srs.fs.usda.gov/pubs/

e USFS Guide to Bottomland misc/ag_654/table_of contents.ht
Hardwood

e https://www.srs.fs.usda.gov/pubs/
gtr/gtr srs040.pdf

e Table 4.1

Species

Habitat

Tolerance to shade & flooding
Seed Ripening Dates & seeding
suitability

Food value for

waterfowl/deer/turkey/migratory
birds

Wood product suitability
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Silvics is simply the study of the life history and general characteristics of forest trees

I want to mention to other good resources to help landowners restoring or managing bottomlands:
Of importance, this resource include a table of all bottomland hardwoods by species, describes the habitat in which they grow, tolerance to flooding and shade, importance to wildlife for food, and importance as timber products.  

The “silvics of north America” has similar but much more detailed information.

Very important to note that some of the more economically valuable species that are also important to wildlife are very intolerant of shading.  In the picture you can see nutall oak, a red oak species, regenerating.  Oaks are relatively intolerant of shade and red oaks are less tolerant of flooding than overcup, a white oak.

If you like the forest you have today in terms of composition and structure, how are you going to maintain that into the future.  This is where management becomes critical.  In the absence of management, many bottomlands transition from having abundant oak and ash, two financially and ecologically important species, to being dominated by sugarberry, elm and maple.




https://www.srs.fs.usda.gov/pubs/gtr/gtr_srs040.pdf

Types of silvicultural systems

* Even-aged (Single Cohort)

* Uneven-aged (Multiple Cohort)

« Ecological Silviculture could be either or both and is guided by Disturbance Ecology
A cohort is a group of trees arising from a single disturbance.

The term “even- aged” is used loosely, since regeneration after a disturbance may take
several years.

Crown classes in an

even-aged stand
D=dominant
C=codominant
|=intermediate
S=suppressed
OG= open- grown

https://www.fs.fed.us/psw/publicati
ons/documents/qgtr-155/06-
duriscoe.html
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Assuming management actions are needed, many options exist.  I’ll briefly introduce a few.

Silvicultural systems are simply the planned treatments used to tend, harvest and re-establish a stand.  

There are two generalized types of silvicultural systems. Those that produce stands of one or two age classes (even-aged) and those that produce stands with three or more age classes (uneven-aged).  Although trees in an even-aged stand may be of one or two age classes, tree sizes can vary considerably as trees compete for light or water or are of different species with different tolerances. 

Trees in even-aged stands are often characterized into crown classes based on the position of the tree crown in the stand. Dominant trees get full sunlight from above and some from the sides. Co-dominant trees get full sunlight from above. Intermediate get partial sun from above, and suppressed trees are below the main canopy. Open grown trees are usually very limby with a spreading crown. 

Now I’ll introduce regeneration methods for even aged and uneven aged silvicultural systems

https://www.fs.fed.us/psw/publications/documents/gtr-155/06-duriscoe.html

Even-Aged Regeneration methods:
Clearcut

Removing all trees from a site, either to release
existing regeneration, or to provide a planting site.
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https://commons.wikimedia.org/wiki/File:Northern Oregon Coast Ra

nge clearcuts - Washington and Yamhill counties, Oregon.jpg



Presenter
Presentation Notes
One option for regenerating a stand is to use the clearcut method, where all or most of the trees on a site are removed to either release existing regeneration (e.g., balsam fir in Maine), allow sprouts or a seed bank to regenerate (e.g., central hardwoods forests), seeds to be spread as cones open (e.g., lodgepole pine), or the area is planted to the desired species (e.g., southern pines and Douglas-fir). 

An advantage of this system is that it concentrates activities in one place, so minimizes harvesting costs per unit volume of wood removed. It is simpler too, because you mark the periphery of the stand and everything else is cut or somehow removed. 

Legacy trees can be left on the site, and then it would be termed a clearcut with reserves, though any trees may increase harvesting costs and risks to loggers, as well as interfere with vegetation management activities. Nonetheless, this approach to regenerating a stand is widely used, especially where the next stand is a plantation.  

https://www.nrs.fs.fed.us/fmg/nfmg/fm101/silv/index.htm
https://commons.wikimedia.org/wiki/File:Northern_Oregon_Coast_Range_clearcuts_-_Washington_and_Yamhill_counties,_Oregon.jpg

Even-Aged Regeneration methods:
Seed Tree

Removing most trees from a site, except trees that provide seeds
to establish the next stand.

The “seed trees” are
usually removed once
the new stand is
established.
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The seed tree regeneration method is similar to a clearcut, except that a few trees per acre are retained to provide seed to the regenerating stand. Retained trees are usually those with desirable morphology (for the goals of the stand), large crowns, and a high likelihood of seed production. 

Trees with winged seeds, such as pines, are reasonably well adapted to this method especially if the surrounding harvested area has had the soil disturbed to provide an adequate seedbed for the seeds to germinate and survive. The difficulties with this system is that if seed years are variable you may or may not get abundant regeneration, and you do not have control of regeneration density, so precommercial thinning may be needed to get the spacing of trees that you want for optimal growth. Typically seed trees would be removed once the stand is sufficiently regenerated, although some or all could be retained as legacy. 

https://www.nrs.fs.fed.us/fmg/nfmg/fm101/silv/index.htm
https://commons.wikimedia.org/wiki/File:Pinus_echinata_thinned_forest_2.jpg

Even-Aged Regeneration methods: Shelterwood

* Prep cut: release the
crowns to produce
more seeds

- Establishment cut
Increase light to the
X forest floor

+'?“'“f (necessary?)
R AN
- gl gl

Uncut stand  Preporatory cut Estoblishment cut Removal cut . ¢ OVGrStOI'y removal:
release the
regeneration

https://www.for.gov.bc.ca/hfp/training/00014/varshel.htm
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A shelterwood method involves 2-3 cuts. A preparatory cut may be used initially to open the stand somewhat and promote growth of crowns on the trees that will be providing seeds and shelter. The establishment cut removes all other trees except those that will be retained to provide shade and seeds and after this cut regeneration should be established. Once the regeneration has grown to a point where overstory protection is no longer needed then the overstory can be removed and the regeneration is then free to grow. 


Even-Aged Regeneration methods:
Continuum of Conditions

Clearcut Seed Tree Shelterwood
LESS MORE
vertical structure
shade
moisture

animal-dispersed seeds
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Although we tend to think of even-aged silviculture as typically clearcut and grow plantations there are many opportunities for developing desired future conditions that involve one or two dominant canopy layers. Further, if some legacy trees are retained through a rotation so that there are two age classes in the stand then the stands can be more structurally complex. If more than one species is regenerated, including in plantations, then the differential growth rates of the regeneration can lead to a structurally and compositionally diverse stand. 


Uneven-Aged Regeneration Methods:
Individual Tree Selection

Removing scattered trees of
all size classes to create

growing space for remaining
trees.

https://www.nrs.fs.fed.us/fmg/nfmg/fm101/s
ilv/index.htm
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There are two general types of regeneration methods within uneven-aged systems. One is individual-tree (or single-tree) selection, which is the removal of scattered trees of all size classes to create the growing space needed to establish regeneration and allow the remaining trees the growing space needed to continue grow into the larger size classes. In this photo a large ponderosa pine and several smaller trees were removed to create a gap large enough for pine regeneration to become established. 

Uneven-aged stands typically have many more small trees than large trees. Large trees take up a lot of growing space in a stand so if we want regeneration in the same stand we need to reduce the number of big trees so that regeneration can become established. 

Uneven-aged management is a popular form of management (especially among people who have never tried it! It’s complicated) because the diameter distribution is typical of old-growth stands, and mixed species stands, and there are always some large trees on the site. Although disturbance is frequent, there is not the shock of a clearcut that many people dislike. Income is regular but less than even-aged management during any single entry, and costs can be high, especially on steep ground or when precommercial thinning  over large areas is required. 

Disturbance in uneven-aged stands is fine scale, unlike most even-aged regeneration methods. Because there are trees of all size classes, vertical complexity tends to be greater than even-aged stands, Further, uneven-aged stands tend to be large to allow for removal of enough volume to make the harvests worth it, so landscape fragmentation effects tend to be minimized.



Uneven-Aged Regeneration Methods:

Group Sglaehian

Removing trees in groups in
which the width of the gap
created is typically less than
the helght of the trees.

https://www.nrs.fs.fed.us/fm

a/nfmg/fm101/silv/index.htm
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Another type of regeneration methods, is group selection, or the removal of groups of trees. The area over which groups of trees are removed can vary depending on the shade tolerance of the tree species and the harvesting methods used. Usually group patch sizes are smaller in diameter than the height of the trees, but some group selection methods may remove patches of 2-5 acres in size. The point at which a group becomes no longer a group but instead a small clearcut is less about defining a regeneration method and more about defining a stand.  

https://www.nrs.fs.fed.us/fmg/nfmg/fm101/silv/index.htm

Variable Retention Harvest
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As the name implies, retention is varied across the stand.  This practice is more commonly used in ecological forestry.  Note the variability across the stand – from completely open (clearcut type conditions to partial harvested areas to unharvested harvested areas).


Variable Retention Harvest

* Regeneration Harvest  Combines Different Harvesting
* Mimics Normal Range of Variation Methods
* No treatment to heavy treatment * Small clearcuts or patchcuts
* Regenerate shade intolerant and e Seed tree

tolerant species e Shelterwood

e Expanding gaps (femelschlag)
* Group selection
* Single tree selection



Stand Re-establishment

 Methods:

« Natural regeneration (free but
some states require
regeneration with a certain
time frame)

« Plant seedlings ($$9$)

« Allows you to influence:
— Species composition
— Diameter, density, and form of trees:

i‘fé“:‘. :

Low density regeneration —
branchy, large diameter trees quickly

High density regeneration — many small
diameter trees with few branches
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Site preparation – determine if needed and sometimes includes mechanical, chemical, fire or none

Natural regeneration is clearly a possibility in many forests that regularly produce abundant seeds, or which reproduce vegetatively from stump or root sprouts. But planting provides some level of control over spacing and species composition. 


https://commons.wikimedia.org/wiki/File:A_group_of_tree_planters_(5687794322).jpg

Thinning

* Two types of thinning:
* Precommercial — trees too small to sell
« Commercial — generates income

* Purpose:
e Decrease stand density and competition
 Increase diameter growth rate
 Allow expansion of crowns and roots
* Decrease tree mortality
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Once the seedlings have grown to a point where they begin to compete with one another, you may want to consider thinning the stand. If the trees are large enough to be sold for pulp or sawtimber, then you can have someone pay you for the thinned trees (or at least it won’t cost you anything). But if the cut trees cannot be sold, then you will need to pay to have them cut, which is expensive. Hence, precommercial thinning is usually only done if the costs of thinning now can be recovered at some later stage of stand developent. 

Other intermediate treatments include herbicides, crop tree release, mulching, fire (mostly to manage competition)  precommercial - costly
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Other considerations including anthropomorphic changes like creation of dams, dikes, levees, etc or forest fragmentation impact management decisions and potential outcomes.  Additionally, hydrology restoration is an important considerations

Caution that it is critical to have clear objectives before initiating management, long-term vision, understanding of the site capability.

Though less widespread, landowners need to be cognizant of management implications and avoid high-grading their lands.  For example, diameter limit cuts can remove most or all financially and wildlife important species, leaving poor quality forest for the future, a problem not easily corrected.


Desired Stand Structure Stand 09-05-A Rating

Primary Management Factors
Overstory Canopy Cover 60-70% 80% HIGH

Ste p p I n g Midstory Cover 25-40% 54% HIGH

+10% of B-line: 77 - 94 142 VERY HIGH

I\/I a n a ge m e nt Basal Area > 25% older age class 17% LOW

Tree Stocking +10% of B-line: 60% - 80% 117% VERY HIGH

D O W n Secondary Management Factors

Dominant Trees >2/Ac 0.1 LOW
Understory Cover 25-40% 54% HIGH
Regeneration 30-40% of area 39% -
Coarse Woody Debris > 200 ft3/Ac LOW
>4 snag stems =4 in DBH/Ac 3.4
>2stems > 20in DBH/Ac
>2stems =26in DBH/ACc 6.0

> 8 ft?BA > 26 in DBH/Ac

Forest Variables

Small Cavities

Large Cavities

Standing Dead/Stressed >6stems/Acz=10in DBH
Other Management Factors

Quadratic Mean Diameter (DBH in.)
Doyle (Bdft/Ac)
Pulpwood Volume (Tons/Ac)

23

64

170
84% /[ 16%

Standing Dead Volume (ft3/Ac)
Cull Volume (ft3/Ac)

Shade Intolerant/Tolerant (Percent of BA)
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Considering landscape objectives and desired habitat conditions, we are able to the stand level to improve habitat conditions.

As example of how we apply management at the ground level, we start with a comprehensive inventory to evaluate current conditions relative to desired conditions.  

This is a subset of some of the data collected at Cache River NWR that shows current conditions relative to desired conditions.


- Rx Cache River Stand 13-06-A

Stand 13-06-A BA Distribution of Top 10 Species
12 Spp. - % of Total BA

M green ash - 21%

M cottonwood - 12%

sugarberry - 10%

M boxelder - 10%

Nuttall oak - 8%

Square Feet per Acre

native sweet pecan - i

American elm - 7%

red maple - 5%

sycamore - 4%

6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38+

2-inch diameter class

sweetgum - 4%

Square Feet per Acre

P

n

w

6

Objectives

Promote DFC’s for wildlife

Forest Health — EAB is emerging issue

Increase Shade Intolerant Regeneration

Post Treatment BA Distribution Top 10 Species

M green ash - 15%

M native sweet pecan-12%
Nuttall oak - 10%

Msycamore - 8%
sweetgum - 8%
cottonwood - 7%

Wsugarberry - 6%

movercup oak - 6%

W boxelder - 6%

M bitter pecan-5%

g 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

2-inch diameter class
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On Refuges, we are using forest management to step down broader landscape goals and specific refuge objectives to create desired conditions at the local level.
We conduct inventories to identify current condition relative to desired condition and inform management actions to produce desired habitat, and this example is from Cache River.
Migratory birds are a priority, hence increasing forest structure and complexity is a goal
Forest health is a concern, EAB was recently found in this area and all ash will die so creating conditions for long-term desired habitat is of the essence
Increase shade intolerant species composition within this stand.

Note – Shade intolerants like cottonwood and red oaks are all on the right side of the distribution – no recruitment.  We can predict in the absence of active management, as ash dies in this stand, it will be replaced by shade intolerants (sugarberry, boxelder and elm).
Of note, ash and elm are economically valuable, making forest management toward desired conditions feasible.  As ash falls out of these stands, the economic viability of management will likely be reduced.

Within our Rx, we predict expected outcomes.  In this stand from Cache River NWR, note that many larger ash will be removed, while other species harvest will focus more on smaller diameter trees.  Consequently, the average diameter after harvest is expected to increase and composition will shift toward more desired species.  This approach provides conditions favorable for  dense structure found in young forests or forest gaps, while retaining many larger trees to move overall stand towards older growth conditions.  During application, retention of snags, cavity trees, biological legacies and addition of downed wood will support many other management variables.  
Note BA


® Rx Cache River NWR

Stand 13-06-A
a n CQuadratic M ea}g Diameter
Species Selection Guidelines
COMMON NAME CURRENT| %BA BA TARGET
BA TO CUT | (ft*/Ac.) | RESIDUAL
green ash 25.7 ST 15.3 10.4
cottonwood 15.3 66% 10.1 5.2
sugarberry 125 | 66% 8.3 4.3
boxelder 11.8 | 66% 7.8 4.0 -
Nuttall oak 9.4 25% 2.4 7.1 8.
native sweet pecan 8.6 0.0 8.6 “;,
American elm 8.0 66% 5.3 2.7 ‘g'
red maple 6.5 66% 4.3 2.2 8
sycamore 5.5 0.0 5.5 g
sweetgum 5.5 0.0 5.5 % 60 Gae Peicent Stocking
overcup oak 4.1 0.0 4.1 E
bitter pecan 3.7 0.0 3.7
baldcypress 2.2 0.0 2.2
persimmon 1.4 0.0 1.4
shagbark hickory 0.6 0.0 0.6
cedarelm 0.4 0.0 0.4
honey locust 0.4 0.0 0.4
redbud 0.4 0.0 0.4 200
water oak 0.4 0.0 0.4 Trees per acre
swamp chestnut oak 0.4 0.0 0.4
TOTAL 122.7 43% 53.4 69.4 |
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The proposed treatment will remove sawtimber ash in response to EAB recent to the area and remove substantial smaller sugarberry and a few large nutall oaks to promote conditions favorable to increased structure and increase shade intolerant species composition.  This provides guidelines for what we will remove.

The stocking diagram shows the relationship between basal area, density (TPA) and QMD.  
currently the stand is overstocked (A – line is maximum stocking above which imminent mortality from competition occurs).  The B-line is fully stocked, where all trees are free to grow but no space is unoccupied.  The C line is understocked, whereby the forest is incapable of reaching full stocking within 10 years.  Harvest will reduce total TPS, increase quadratic mean diameter and decrease total basal area.

Traditional forestry may say their needs to be room for trees to grow, but none to waste.  Ecologically, we know that forests are far more random or clustered rather than uniform – a result of disturbances.   
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Retention and or creation of snags, retaining come cavity trees for bats, birds and mammals, promoting dead wood throughout the forest, and having gaps and skips that create structural complexity generally makes for good habitat for a broad range of species.
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