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SOIL RESOURCES REGULATE PRODUCTIVITY AND DIVERSITY IN

NEWIY ESTABIISHED TATTGRASS PRAIRIE

More diverse plant communities have higher
functioning over time due to turnover in
complementary dominant species

A,

Eric Allan®®, Wolfgang Weisser

, Alexandra Weigelt™®, Christiane Roscher®, Markus Fischer®, and Helmut Hillebrand"

Anstitute of Ecology, University of Jena, 07743 Jena, Germany; "Institute of Plant Sciences, University of Bern, 3013 Bern, Switzerland; “Lehrstuhl fiir
Terrestrische Okologie, Department far Okologie und Okosystemmanagement, Technische Universitit Mdnchen, 85354 Freising, Germany; “Institute for
Biology, University of Leipzig, 04103 Leipzig, Germany; “Department of Community Ecology, Helmholtz Centre for Environmental Research, 06120 Halle,
Germany; and 'Institute for Chemistry and Biology of the Marine Environment, Carl-von-Ossietzky University Oldenburg, 26382 Wilhelmshaven, Germany

Edited by Simon A. Levin, Princeton University, Princeton, NJ, and approved August 31, 2011 (received for review March 14, 2011)

More diverse communities have been shown to have higher and
more temporally stable ecosystem functioning than less diverse
ones, suggesting they should also have a consistently higher level
of functioning over time. Diverse communities could maintain
consistently high function because the species driving function
change over time (functional turnover) or because they are more
likely to contain key species with temporally stable functioning.
Across 7 y in a large biodiversity experiment, we show that more
diverse plant communities had consistently higher productivity,
that is, a higher level of functioning over time. We identify the
mechanism for this as turnover in the species driving biomass
production; this was substantial, and species that were rare in
some years became dominant and drove function in other years.
Such high turnover allowed functionally more diverse communi-
ties to maintain high biomass over time and was associated
with higher levels of complementarity effects in these communi-
ties. In contrast, turnover in communities composed of function-
ally similar species did not promote high biomass production over
time. Thus, turnover in species promotes consistently high eco-
system function when it sustains functionally complementary in-
teractions between species. Our results strongly reinforce the
argument for conservation of high biodiversity.

redundan

Jena Experiment species richness | gvenness

mass over time (16). Thus, maintenance of functioning over time
might be promoted by turnover between functionally comple-
mentary species, with different species needed for function in
different years. In some cases, however, production among domi-
nant species alone can stabilize community biomass, meaning
greater stability in less even communities (17, 18). In this case, the
presence of a species in the community with temporally stable
high productivity might be sufficient to guarantee function over
time, in which case species turnover would not promote high
functioning. The relative importance of these two processes might
depend on functional diversity: There will be little complemen-
tarity between functionally similar species (19), so turnover be-
tween species could be important in sustaining consistently high
biomass production only in functionally diverse communities.

Here we investigate these questions in a long-term biodiversity
experiment, the Jena Experiment, that has plots with 1. 2. 4, §,
16, and 60 species chosen from a pool of 60. Species belong to
one of four functional groups, and functional group richness is
manipulated to be as orthogonal as possible to species richness
to determine the relative importance of species versus functional
diversity in driving ecosystem function (20). We use 7 y of data
to first caleulate how well communities of different diversitics
function over time. We do this by calculating the number of vears
H Lt oL L H L it L 1.1 L o

17034-17039 | PNAS | October 11, 2011 | vol. 108 | no. 41
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NRCS Conservation Practices

National Standards:
https://www.nrcs.usda.qgov/wps/portal/nrcs/detailfull/national/technical/cp/ncps/?cid

=nrcsl143 026849

State Standards: https://efotq.sc.eqov.usda.gov/efotq locator.aspx?map=

S Uniic sictes Department of Agriculture MATURAL RESOURCES CONSERVATION SERVIC

Natural Resources Conservation Service
Conservation Practice Standard
RESTORATION OF RARE OR DECLINING NATURAL COMMUNITIES
CODE 643

DEFINITION

Rex ment of ab
rare or declining natural as lages of native plants and anim:

PURPOSE

ons andior unique plant community on sites that partially Support, or once
;upp:xrt d, a rare ordP:I\mng natural community. Application of this practice addresses resource
co of a degraded plan dition and/or inadequate wildlife habi

CONDITIONS WHERE PRA APPLIES

Applied on all lands, including degraded aquatic, terres torically supported a
functional rare or declining (dwindling or imperiled) native plant or animal community, where restoratior
needed to achieve identified abiotic and biotic target conditions. This practice can also be applied to
efforts to restore natural communities of local cuftural importanc

This practice d ly whe! o meet target conditions solely through implementation
of annual manag
improvement,

CRITERIA

ecological site descriptions, or other appropriate references to determine appropriate
gree of restoration required.

ed the target conditions, and (ii) the ecological

contributed to the degraded conditions, and that may

NRCS, NHCP
September 2014
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Abiotic Causes of Spatial Pattern In
Plant and Animal Communities

2 Local Uniqueness
— Soills, water sources, nutrlents e

1 Phase difference
— Successional stage
a1 Dispersal

— Corridors
— barriers




Landscape Pattern

Matrix
— Dominant cover type

— background within which
patches and corridors exist
and which defines the flow of
energy, matter and
organisms.

Patch I - matrix -
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— Area differing in appearance
from its surroundings
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type, configuration and quality
— Size and heterogeneity
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Corridors

— A linear patch that differs from
Its surroundings.

corridor




Horizontal Patterns:
Consider Slope and Aspect
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Research site conditions
and find high-quality

2006 USDA CIR remnant
1930's USDA Ortho Photo plant communities that
g e K N B occur under similar
- Sail Hydrolqu Map — USDA Soil Survey

5 : conditions.
- Depth to High Water Table — USDA Soil Survey

Flood Frequency Map — USDA Soil Survey

Soil Texture Map — USDA Soil Survey

Historic Vegetation Map — USDA Soil Survey




USDA NRCS Web Soil Survey

http://websoilsurvey.sc.egov.usda.gov
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Four Basic Steps
Use Ehc Area of Int_c_rr:st tab
define your ar of interest.

| Want To

Start Web Soil Survey
(Wss)

Know the reguirements
for running Web Soil
Survey — will Web Soil
Survey work in my web
browser?

Know the W eb Soil Survey
hours of operation

Find what areas of the
U.S. have soil data

Find information by topic

Know how to hyperlink
from other documents to
Web Soil Survey

Know the SSURGO data
structure

Announcements/Events

Web Soil Survey 3.2 has
been released! View
desciption of new
features and fixes.

Web Soil Survey Release
History

P,T.isign up for e-mail
updates via GovD elivery

| Want Help With. ..

Getting Started With Web
Soil Survey

How to use Web Soil

Generally, the NRCS Soll
Survey provides information
on soils in their unaltered
condition.

If the restoration site has
been significantly altered,
consultation with a soil
scientist may be necessary
to take these changes into
account prior to restoring
plant communities.



Delineate the Area of Interest (AOI)

Area of Interest (ADI)

e Area of Interest Interactive Map
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Basic Search

Enter key

Advanced Search

Area of Interest

ADI Properties

ADI Information

Soil Data Available from Web Soil Survey
Webster County, Towa (TALBT)

Data Av i Tabular and 5
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Quick Navigation
Address
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Soll Map Tab

| USDA-NRCS Official Soil Ser. | Web Soil Survey - Home 2| Web Soil Survey

By 10

|laA/AA|

Contact Us | Subscribe [l | Archived Soil Survey | soil Survey Status | Glossary | Preferences | Link | Logout | Help
Area of Interest | (" Soil Data Explorer | ( ownload Si ) V[ sShepping Cart )

Printable Version| Add to Shopping Cart (3

Search

Map Unit Legend IE E-E| @
Webster County, Towa (IA187)
Webster County, Towa (IA187) @

Map Unit
Symbeol

Acres Percent of

Map Unit Name in AOI AOL

Okobofji silty 1.3 (5P

Nicollet clay
loam, 1to 3
percent slopes
Webster clay
Oto2

nt slopes

Canisteo clay

loam, 0 to 2

percent slopes
Totals for Area of 19.4 100.0%
Interest
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Contact Us | Subscribe [l | Archived Soil Surveys

Soil Survey Status | Glossary | Preferences Linl

Map Unit Description

Printable v on

Report — Map Unit Description

Webster County, Iowa

6—0koboji silty clay loam, 0 to 1 percent slopes
Map Unit Setting

National map unit symbol: 2tsjv
Elevation: 690 to 1,840 feat
Mean annual precipitation: 24 to 37 inches
Mean annual air temperature: 43 to 52 degrees F
Frost-free period: 140 to 180 days
Farmiand classification: Farmland of statewide importance

Map Unit Composition
Okoboji and similar soils: 85 percent

Webster County, Towa (IA187)
Webster County, Iowa (IA187)
l:;':“z::t Map Unit Name iﬁc:(a)sl
6 Okoboiji silty
clay loam, 0 to
1 percent
slopes
55 Nicollet clay 2.9 14.9%
loam, 1to 3
percent slopes
107 Webster clay 3.3 16.9%
loam, 0 to 2
percent slopes
138B Clarion loam, 2 1.1 5.8%
to 6 percent
slopes
507 Canisteo clay 10.8 55.9%
loam, 0 to 2
percent slopes
Totals for Area of 19.4 100.0%
Interest

Minor components: 15 percent

Estimates are based on observations, descriptions, and transects of the
mapunit.
Description of Okoboji
Setting
Landform: Depressions
Down-slope shape: Concave
Across-slope shape: Concave
Parent material: Local alluvium over till

Typi -
‘ Ap - 0 to 8 inches: silty clay loam l

OO0 oo e, Sy Ciay Toam
Bg - 33 to 38 inches: silty clay loam
Cg - 38 to 79 inches: silty clay loam

Properties and qualities
Slope: 0 to 1 percent
‘o

Daath.i & abucactdocathan 80 ioches

[Nafuraf drainage class: Very poorly drained ]

-

- o water (Ksat):

Moderately low to high (0.06 to 2.00 in/hr)

Depth to water table: About 0 to 6 inches

Frequency of flooding: None

Frequency of ponding: Occasional

Calcium carbonate, maximum in profile; 20 percent

Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to
2.0 mmhos/cm)

Available water storage in profife: Very high (about 12.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3w
Hydrologic Soil Group: C/D

Interpretive groups

Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3w

szrcr!ogr'c Soil Group: C/D

—

Ecological site: Depressional Marsh (R103XY015MN)

Ecological sit
Other vegetati

: Depressional Marsh (R103XY015MN)

ve classification: Ponded If Not Drained

Other vegetative classification; Ponded If Not Drained
(GLO3XSOL13MN)

(G1l03XS013MMN1
Hydric soil rating: Yes

Hydric sail rating: Yes

I Minor tnmponenfs | |

Canisteo
Percent of map unit: 10 percent
Landform: Ground moraines, rims on deprassions
Landform pesition (three-dimensianal): Talf
Down-slope shape: Linear, concave
Across-slope shape: Linear
Ecological site: Loamy Wet Prairies (R1I03XY00O1MN)
Other vegetative classification: Level Swale, Calcarecus

(GLO3XS009MN)

Hydric soil rating: Yes

Harps
Percent of map unit: 5 percent
Landform: Rims on depressions
Down-slope shape: Concave
Across-slope shape: Linear
Ecological site: Calcareous Rim Prairies (R103XY009MN)
Other vegetative classification: Level Swale, Calcareous
(G103XS009MN)
Hydric soif rating: Yes

Description — Map Unit Description




Soll Data Explorer

Water Features Report

DA-NRCS Official Soil Serie... E’ USDA-NRCS Official Soil Serie... J Web Soil Survey - Home 22| Web Soil Survey
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Water Features—Webster County, lowa

Liska-Stanek Prairie

Report—Water Features

Map unit symbol and | Hydrologic | Surface Month Water table Ponding Flooding
soil name group runoff
Upper limit | Lower limit Kind Surface Duration | Frequency | Duration | Frequency
depth
Ft Ft Ft
6—Okoboji silty clay loam, 0 to 1 percent slopes

Okoboji C/D Jan 1.0-2.0 6.0 Apparent — _ _ — None
Feb 1.3-2.0 6.0 Apparent — —_ — — None
Mar 0.2-1.0 6.0 Apparent 0.0-1.0 Brief (2to 7 |Occasional |— None

days)
Apr 0.0-0.5 6.0 Apparent 0.0-1.0 Brief (2to 7 | Occasional |— None

days)
May 0.2-0.5 6.0 Apparent 0.0-1.0 Brief (2to 7 |Occasional |— None

days)
Jun 0.5-1.0 6.0 Apparent 0.0-1.0 Brief (2to 7 | Occasional |— None

days)
Jul 1.0-1.6 6.0 Apparent — — — — None
Aug 1.3-3.0 6.0 Apparent — — — — None
Sep 1.0-1.6 6.0 Apparent — — — — None
Oct 0.7-1.3 6.0 Apparent — — —_ — None
Nov 0.3-1.0 6.0 Apparent - - — — None

Note: Water features for a soil type may vary by location




Contact Us | Subscribe @il | Archived So Surveys | Soil Survey Status | Glossary Preferences  Link | Logowt | Help

Area of Interest |

R e : Turquoise = Loamy Wet
S—rr, b brairie

an ¢
Al Ecologlcal Sites a8

Red = Loamy Upland
Prairies

Gray = Depressional
Marsh

_m— Ecoﬁgiml E‘Ete.s I;y Map Unit Component — Rangeland e
Webster County, lowa
Webster County, Iowa
Map unit symbol Map unit name Component name (percent) Ecological site Acres in AOI  Percent of AOI
6 Okoboji silty clay loam, 0 to 1 percent slopes 0] o) R103XYD15MN — Depressional Marsh 1.3
R103XY001MN — Loamy Wet Prairies
careous Rim Prairies

Nicollet clay loam, 1 to 3 percent slopes ¢ 103 Loamy Upland Prairi

R103XY004MN — Loamy Upland Prairies
R103XY015MN — Depressional Marsh
03XYDO1IMN — Loamy Wet Prairies
Webster clay loam, 0 to 2 percent slopes O R103XY001MN — Loamy Wet Prairies

R103XYD04MN — Loamy Upland Prairies
R103XY015MN — D sional Marsh
R103XY015MN — Depressional Marsh

Canisteo (2% R103XYO0D1IMN — Loamy Wet Prairi

Clarion loam, 2 to 6 percent slopes Clarion (859 R103XY004MN — Loamy Upland Prairies

Nicollet (5%) R103XYD04MN — Loamy Upland Prairies

Sta moderately e )} R103XYD0ZMN — C Upland Pra
Webster (5%) 03XY001MN — Loamy Wet Prairies

Canisteo clay loam, 0 to 2 percent slopes Canlsteo (7° R103XYDOIMN — Loamy Wet Prairies s 55.9%

— Depressional Marsh

R103XY015MN — Depressional Marsh
Totals for Area of Interest 100.0%
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Grass/Grasslike

Plant Common Name

Plant Scientific Name

Annual Production
Pounds Per Acre

Low High

2: Graminoids

1000 2500

Plant Common Name

Plant Scientific Name

Annual Production
Pounds Per Acre

Low High

big bluestem

Bicknell's sedge

Andropogon gerardii

Carex bicknelli

300 900
10 300

3: Forbs

1200 3000

Buxbaum's sedge
Hayden's sedge

woolly sedge

Carex buxbaumii

Carex haydenii

Carex pellita

10 100
0 350
10 250

COMMmon yarmow
Canadian anemone

Indianhemp

Achillea millefolium
Anemone canadensis

Apocynum cannabinum

0 250
400
300

swamp milkweed

Asclepias incamata

sedge

upright sedge

Carex

Carex stricta

350

prairie milkweed

Asclepias sullivantii

coemmon milkweed

Asclepias syriaca

350

rigid sedge

Carex tetanica

100

butterfly milkweed

Asclepias tuberosa

Leiberg's panicum

Dichanthelium leibergii

100

scarlet Indian paintbrush

Castilleja coccinea

flatstem spikerush

Eleocharis compressa

100

tall thistle

Cirsium altissimum

‘irginia wildrye

rush

Elymus virginicus

Juncus

100
100

switchgrass

Panicum virgatum

400

fowl bluegrass

little bluestem

Poa palustris

Schizachyrium scoparium

100
400

spotted water hemlock

. stiff tickseed

hastard toadflax

white lady’s slipper

Cicuta maculata
Coreopsis palmata
Comandra umbellata

Cypripedium candidum

purple prairie clover

Dalea purpurea

Indiangrass

Sorghastrum nutans

400

showy ticktrefoil

Desmodium canadense

prairie dropseed

Sporoholus heterolepis

400

prairie cordgrass

Spartina pectinata

400

smocth horsetail

button erynge

Equisetum lasvigatum

Eryngium yuccifolium

Shrub/Vine

1: Shrub/Vine

Plant Common Name

leadplant

Plant Scientific Name

Amorpha canescens

Annual Production
Pounds Per Acre

flat-top goldentop

Vegetative Cover Type

Euthamia graminifolia

Minimum

Maximum

Grass/grasslike

15.000%

Low High
500

Forb

16.000%

Shrub/vine/liana

300 |

Tree

dogwood

prairie rose

Cornus

Rosa arkansana

150
300

MNon-vascular plants

willow

Salix

300

Biological crust




Vegetative Productivity
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Rangeland and Forest Vegetation
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Compaosition

View Dn‘_scrlpnon View Soil Report




Forestland Productivity Report

(example from a different restoration site)

w.usda.gov/WssProduct/lkas?2 + p - O i _'Web Soil Survey ‘==| Web 5oil Survey - Home ;:%‘_'webso|I5Lrvey.sc.egov.usda...

Forestland Productivity—Scott County, lowa

Map unit symbol and soil Potential productivity Trees to manage
name

Common trees Site Index | Volume of
wood fiber

Cu ft/ac

175B—Dickinson fine sandy
loam, 2 to 5 percent slopes

Dickinson Black cherry, Black oak, Black
walnut, Blue spruce, Bur oak,
Chinkapin oak, Common
hackberry, Eastern white
pine, Green ash, Jack pine,
Northern red oak, Norway
spruce, Red cedar, Red pine,
White ash, White oak, White
spruce

Eastern white pine Black oak, Blue spruce, Bur
oak, Common hackberry,
Eastern white pine, Green
Northern red oak ash, Hickory, Jack pine,
Northern red oak, Red cedar,
Red pine Red pine, White ash, White
fir, White oak

Jack pine

354—Aquolls, ponded

Aquolls American sycamore, Bur oak,
Common hackberry,

123PM |

LRI Sty




NRCS Official Soll Series Description

Not as site specific as Web Soil Survey Reports

O - @& G @ uspa

'1|1J||u'l' l"l‘[llﬁ_l-w'
USDA- :

| :
7Y OsD
T View by Namé

,GorllctUs;

ﬁ Sign up for E-mail updates on the Official Soil Series Descriptions (0SDs)

DIRECTIONS

The following entry field may be used to retrieve an Official Soil Series Description and/or a Series Extent Map. If you enter a
series name that is found in the database, the Official Soil Series Description will be displayed with a link to the Series Extent
Map at the end. If you enter a series name that is not found, the best-matched series names will be displayed with links to the
Official Soil Series Description and Series Extent Map. You may also retrieve a list of soil series names that match a partial name
you enter using wildcard characters with links to the Official Scil Series Description and Series Extent Map.

Click here to see the possible wildcard characters.

Enter the Official Soil Series Description name you would like to view or a partial name with wildcard characters. Capitalization
does not matter.

Submit ' Clear Form '

REPORT

Series  Classification 0SD Link fi‘r’:lles Extent Map
FINE-LOAMY, MIXED, SUPERACTIVE, CALCAREOUS, MESIC TYPIC |View CANISTEO View CANISTEO Extent

CANISTEO enpoaquolLs Description Map




LOCATION CANISTEO MN-+IA IL SD

Established Series
Rev. AGG-TCJ
06/2015

CANISTEO SERIES

The Canisteo series consists of very deep, poorly and very poorly dramed soils that formed m calcareous, loamy till or m a thn mantle of loamy or silty sediments and the
underlying cakcareous, loamy till. These soils are on rims of depressions, depressions and flats on moraines or till plams. Slope ranges from 0 to 2 percent. Mean air annual
temperature is about 9 degrees C. Mean annual precipitation s about 785 millimeters.

TAXONOMIC CLASS: Fine-loamy, mixed, superactive, calcareous, mesic Typic Endoaquolls

TYPICAL PEDON: Canisteo clay loam. on a nearly level to slightly convex slope. on a ground morame. in a cultivated field. (Colors are for moist soil unless otherwise noted.

DRAINAGE AND SATURATED HYDRAULIC CONDUCTIVITY:

Dramage class--poorly dramed and very poorly dramed--m an undrained condition, a frequently saturated zone occurs at the surface to a depth of 0.3 meters during the wettest
periods of years when precipitation i within one standard deviation of 30 year mean annual precipitation

Saturated hydraulic conductwity--1.00 to 10.00 micrometers per second and 0.10 to 1.00 micrometers per second m the frm till, when present

USE AND VEGETATION:
Most areas are artificially dramed and cultivated. The principal crops are corn, soybeans, small grams, and legume hay. Reed canarygrass commonly dommates partially dramed

pasture. Natve vegetation 1s predommantly wet-site tall prarie species such as prarie cordgrass, switchgrass, big bluestem, wooly sedge, giant goldenrod and Canada
goldenrod. The native vegetation on very poorly draned ponded phases is herbaceous marsh species tolerant of excessive wetness such as, cattails, bulrushes, giant burreed,
giant reed grass and hydrophytic sedges.




Native Plant Community Query, Community
Descriptions, and a Native Seeding
Calculator
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lowa NRCS Plant Community Restoration

Tools

e@ @ nttps://www.nrcs usda.gov/wps/portal/nres/detail fia/techni O ~ @ O | 33| USDA-NRCS Official .. [8}| USDA-NRCS Official .. (= Official Series Descrip... | = Web Soil Survey - Ho... | | Web Soil Survey | @ Plant Community R.. % | | Tl S
File Edit View Favorites Tools Help

~N
USIDA Natural Resources Conservation Service AboutUs | National Centers | State Websites
—— o
r
United States Department of Agriculture | / y ry h"'
mm . By L | AcZ Index ‘ HEIp
You are Here: Home / Technical Resources / Plant Community Restoration Tools ‘j kY | 19y ﬁ
Stay Connected = i Micks
Plant Community Restoration Tools
Technical Resources
Plant Community Query - Version 3 (MDB, 49 MB)
Conservation Planning
Data, Maps, & Analysis > Plant Community Query - How to (PDF, 1 MB)
Ecological Science
Engineering Plant Community Species List for Iowa (PDF, 2.1 MB)
Land Use .
= Arrowhead - Rice Cutgrass Marsh (PDF, 108 KB)
State Technical Committee
= Example Seed Mix (XLS, 713 KB)
= Bluejoint - Woolly Sedge Wet Meadow (PDF, 131 KB)
= Example Seed Mix (XLS, 724 KB)
> Bog Birch Willow Prairie Fen (PDF)
= Bulrush-Cattail-Bur-Reed Shallow Marsh (PDF, 122 KB) v

B v ‘ N - g, RPN
= Tog| e | R Y o 012 o007

https://www.nrcs.usda.gov/wps/portal/nrcs/detail/ia/technical/?cid=nrcs142p2 008160



Nature Serve Explorer

http://explorer.natureserve.org/

Search 21 40 of 168 records malchlng your criteria.
91 59

NatureServe

EX PLORER. An Online Encyclopedia of Life

o

Search )1 About the Data About Us Contact Us

Show Details:
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<] Environmental Setting

Vegetation

Vegetation Summary: These savannas exhibit a mosaic of physiognomies, with smaller patches of grassland and forest
interdigitating in complex patterns. Typically. there are two main structural layers, tree canopy and herbaceous, though
shrubs could be scattered or clumped. Tree densities for stems greater than 10 em dbh may historically have been
between 1 and 40 stems per hectare (Wing 1937, Cottam 19439, Curtis 1959, Brewer and Kitler 1989). Structure in this
community ranges from large open-grown trees 10-12 m tall, to gnarled trees 2-4 m tall. Shrub cover can become
significant, and even predominant, over graminoid cover. Smaller gnarled trees tend to be found on drier soils which
preclude even moderate tree growth. Canopy cover ranges from 10-30%, with higher canopy cover more likely to form in
areas of slightly lower fire frequency, areas with greater microtopographic variability that allows for more fire protection,
and areas under less grazing pressure. The tree layer is composed of Quercus macrocarpa, Quercus alba, and Quercus
velutina, with some Carya ovata. Quercus velutina is more common on sandier soils. The ground layer is dominated by
graminoids, especially Andropogon gerardii and Schizachyrium scoparium, accompanied by a large diversity of forbs.
Shrub cover can range widely from 0-100%, with Ceanothus americanus and Amorpha canescens being two of the most
important shrub species. Understory species typical of oak openings require some direct sunlight throughout the growing
season and are quickly reduced when heavily shaded by either tree or shrub canopy. Commeon shrubs in this community
are adapted to the moderate fire frequencies found in oak openings, and resprout vigorously after burning.

Macroclimate, as expressed in relative moisture stress levels, is thought to play an important role in species composition
variation from east to west in the Oak Openings region. Although an cak opening in lowa and Chioc may have soils of the
same water-holding capacity, plants in the lowa site will experience more drought stress than plants in the more humid
climate of Ohic. Thus, species that compete best in droughty situaticns will require a more open canopy to compete in an
eastern oak opening than they will in a western one of similar seil type. Conversely, species that compete best in sunny
but moist situations will require a less open canopy to compete in an eastern oak opening than they will in a western one
of similar soil type.

Vegetation Composition (incomplete)

Rounded Cover| Con-
Global Charact Class y
Species Name Status  |Growth Form |Stratum eristic  |Domi tant| % %
Quercus alba G1 Broad-leaved [Tree canopy v
deciduous tree
Quercus macrocarpa G1 Broad-leaved |Tree canopy v ¥
deciduous tree
Quercus velutina G1 Broad-leaved |Tree canopy v
deciduous tree
Andropogon gerardii G1 Graminoid Herb (field) ' +
Schizachyrium scoparium |G1 Graminoid Herb (field) Ve

Vegetation Structure Summary: Structure in this community ranges from large open-grown trees 10-12 m tall, to
gnarled trees 2-4 m tall. Shrub cover can become significant, and even predominant, over gramincid cover. Smaller
gnarled trees tend to be found on drier soils which preclude even moderate tree growth. Canopy cover ranges from 10-
30%, with higher canopy cover more likely to form in areas of slightly lower fire frequency, areas with greater
microtopographic variability that allows for more fire protection, and areas under less grazing pressure.

Vegetation Structure

Cover Min Max
Class % Cover % Cover %

Height of
Growth Form Stratum (m)
Broad-leaved

deciducus tree

Stratum
Tree canopy

Graminoid

Herb (field)
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Wetland Indicator: N

Environmental Summary: This community occurs on level to rolling topography on well-drained outwash plains and
coarse-textured end moraines, as well as steep, fire-prone, shallow-to-bedrock hills in the Driftless Area. The pH varies
from 6.1-7.3. Soils are excessively to moderately well-drained and range from loams to sandy loams, and include silt
loams close to bedrock in the Driftless Area. Scils tend to be Alfisols with a mollic epipedon, also known as transitional
soils (Grimm 1984). Cak openings are also found on Molliscls ("prairie” soils) and Alfisols ("forest” soils). Vegetatively
caused changes in soil structure (development of a mollic epipedon, the leaching of bases in an Alfisol) appear to cccur at
much slower rates (on the order of perhaps scores if not hundreds of years) than does turnover of plant communities, so
oak openings recently supplanting prairies or woodlands can be found on scils more typical of these communities. The
water table remains well below the soil surface (at least 0.6 m) throughout the year.

Dynamic Processes [-=Jump to Section—

Dynamics: The abundance of oak cpenings has historically shifted back and forth from east to west over the past 10,000
years (Anderson 1983, Grimm 1984). Pollen records indicate that deciduous forests dominated the western Midwest 9000
years before present (BP). The climate became drier about 300 BP, with graminoid-dominated communities (prairie,
savanna, and oak woodland) becoming predominant. About 5000 BP, the climate started becoming more moist again and
forest development renewed. It is thought that a much greater proportion of the forest-prairie transition zone would have
grown up to forest during the last few thousand years if it were not for repeated bumning of the region by Native
Americans

Following European settlement fire was almost entirely eliminated from the landscape. Observers in the mid to late 1800s
noted that nearly all of the former prairies and cak openings which had not yet been converted to agriculture were
growing up into oak brush and eventually oak woodlands due to lack of fire. Most of the oak forests extant today in the
Upper Midwest were oak openings or oak woodlands during the early Eurcpean settlement era.

Oak openings have been able to persist only where fires have been allowed to occur. One such site is railroad rights-of-
way. Another is formerly burmed woodlots. Bumning of sparse cak openings to provide pasture was a common practice in
parts of the Upper Midwest (notably the Driftless Area) before World War Il (Pruka 1994). However, since the
popularization of Smokey the Bear, total fire suppression has become standard and the dry-mesic oak opening remnants
which survived as sparsely wooded pastures until the early 1940s have since grown up inte cak woodlands and forests
Some of these sites may still be recoverable as oak openings, especially those on shallow-to-bedrock soils. Such soils
prevent fast canopy regrowth rates. This delays the time before full canopy closure and thereby increases the period of
persistence for oak opening understory flora.

Fire and grazing are the two important natural disturbances which encourage savanna formation. Fire appears to be the
most important of these two, since woody growth release was not commeonly noted until fire suppression began in the
early European-settlement peniod, well after the pernod of massive reduction of bison and elk herds (Pruka 1994). Fire
eliminates intolerant tree species. Fires in areas of oak opening were infrequent encugh to allow certain species (Quercus
alba, Quercus macrocarpa, Quercus velutina, and occasionally Carya spp.) to reach a fire-resistant size. Quercus alba,
being less fire-tolerant than Quercus macrocarpa, is limited mostly to more hilly, dry and dry-mesic areas, since these
less fertile soils support less grass fuel (and hence less intenselfrequent fires) and are less prone to fire. In flatter, mesic
areas, with their higher fuel loads, only Quercus macrocarpa was able to persist. Quercus velutina is less fire-tolerant (but
more drought-tolerant) than Quercus alba and is favored on the most sandyileast fertile soils (Anderson 1991).

Before European settlement, fires were frequently and intentionally set by Native Americans to create conditions
favorable for travel and for supporting large game. This may have led to larger expanses of savanna than would have
occurred without human presence. It also probably encouraged savanna formation farther into the humid east than would
have occurred without human-set fire (Pyne 1982). Several authors have suggested that Native American fires were most
often set in the fall (Chapman 1984, Schwegman and McClain 1985, Swink and Wilhelm 135%4). Grimm (1984) noted that
several early European settlers recorded summer burns ignited by lightning.

Plot Sampling & Classification Analysis [-—Jump to Section--

W
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Comprehensive View of a Plot
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Less Plot Detail -- Stems Detail - Configure data displayed on this page

FTHD.338 Taxa occurring on this plot-observation
» Ci_tz_ation URL: http://vegbank.org/citeVB.ob.27944 FTHD338 Change plant label: O
» Citing info
Plot ID Fields:
Author Plot Code FTHD.338

Author Observation Code FTHD.338 Current

- Interpretation Original
- - Fort Hood Project, The Nature Conservancy, PO Box 5190, Fort —L‘
Original Data Location Hood, TX 76544.0100 ’ Scientific Stratum |Cover| Cover

Name without Code
authors

click to update datacart

[--Choose a value-- v

Change Strata Shown: [show strata V|

Stem
Diameters

{graphically):

Basal TFameee Inference
Area | | Area

Location Fields: MAP: Google | Yahoo | TopoZone | MapQuest
Confidentiality Status 1 km radius (nearest 0.01 degree)
Latitude 31150 Ulmus crassifolia  |Short Shrub
Longitude -97.67 ¢ Bothriochloa

Author Location FTHD - post oak mountain -- ERC32 T Herbaceous| o

Location Narrative

post oak mountain
State or Province Texas
Country United States

Bromus japonicus |Herbaceous| o

Schedonnardus B
arealcountry|territory: United States E Herbaceous| o

Named Places region|state|province: Texas
5 Nassella |
county: Bell icot il Herbaceous| ¢
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lowa Native Plant Community
Query Database

Canisteo: Clay Loam Surface Soil Texture, Poorly Drained, Glacial Till Parent Material

Iowa Native Plant Community Query Database Version 3

Click on the button below to enter the soil chararcteristics for your query. Your spelling must exactly match the text in the soil
surface texture, soil drainage class, and soil parent material option boxes below.

Click here to begin your

query NRCS Native Plant Community Restoration Tools

\:| Click here to access the Towa NRCS Native

Soil Surface Texture Options

posed Bedrock
Gravel
Loam
Loamy Clay
Loamy Sand
Muck
Mucky Silt Loam
Mucky Silty Clay Loam
Organic
Ponded Aquoll
Sand
Sandy Clay
Sandy Clay Loam
Sandy Loam
Silt
Silt Loam
Silty Clay
Silty Clay Loam

== ONRC

United States Department of Agriculture
Matural Resources Conservation Service

Soil Drainage Class Options

Excessively Drained
Somewhat Excessively Drained
Well Drained

Moderately Well Drained

Drained
Poorly Drained .
ery Poorly Drained

Soil Parent Material Options

Aeolian Sand
Alluvium
Bedrock

oo orslnss

rave
Lacustrine
Limestone/Dolostone
Loess
Muck
Outwash
Peat
Sand
Sandstone
Shallow to Bedrock

Plant Community Restoration Tools website
where you can find plant community
descriptions, example seed mixes, and a native
plant material vendors list.

Additional Information and Resources

\:I Click here For a tutorial on how to use the Towa

Native Plant Community Query Database during
restoration site planning.

Click here to generate a soil map of your
restoration site using the NRCS Web Soil

Click here to access online copies of the NRCS
County Soil Surveys in Towa.

Click here to access the Official Soil Series
Descriptions for the soils within your
restoration site.

Click here to access the NatureServe Explorer
Database.




lowa Native Plant Community Query

Plant Communities Suited for Restoration

Access the plamt commumity descriptions to determ e which recommended plat commumity best suits the restordation site and objectives.  Plomt commumity
descriptions and example seed mbxes can be fownd on the Jowa Natwal Resowces Corservation Service techmical resources website at
www.ianres. wda govitechmical RestorationTools. Ftml.

Queried Soil Characteristics:
Soil Texture: Clay Loam Drainage Class: Poorly Drained Parent Material: Glacial Till

Recommended Plant Commumity Site Hydrology Flood Frequency Flood Duration High Water Community Risk
Table  Status

Forest, Aspen - American Hazel Upland None None & Secure

Marsh, Midwest Cattail Deep Semi- Very Frequent Long
permanent

Secure

Prairie, Northern Wet-Mesic Tallgrass Temporary Occasional Brief Vulnerable

Wet Prairie, Northern Cordgrass Temporary Frequent i Vulnerable

LSDaA 0 N RCS Towa NRCS Plant Community Quary

= - Thiz community query is iz bazed on the Community Associstion snd it's over-riding Community Allisnce desoriptions a5 provided by Nature Serve
United S1enes epartment of Agricultivre (WwT. natue seve of £'emp o rer). Where necessery, community site conditions were adsped 22 recommendad by Iows plant community axpsrts.
Hatu @l Hesmurses Lotseruasiar Srnace

Monday, October 30, 2017 Page 1 af 1




This process Is repeated for each soll type and site-suited plant
communities are assigned accordingly. On the example site,
a minimum of three plant communities can be restored.

Note: small inclusions may occur that could be restored to
other community types If desired.
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What You Get for the Extra Effort:

Implementing the ecological
restoration approach outlined in this
presentation could result in this 703
ha. restoration complex being
restored to 11 native plant
communities,195 species, and 11
functional plant groups with an
overall floristic quality index of 73.7
and community similarity to nearby
remnants. Furthermore, 75% of the
complex would be restored to
imperiled plant community types.

Comparatively, this is a 680%
Increase in species richness, a 120%
increase in functional diversity, and a
241% increase in floristic quality
over the restoration mixes actually
seeded within this complex, which
did not resemble nearby remnants.




Matching Appropriate Seed to
Conservation Practices

http://www.conservationwebinars.net/webinars/matching-appropriate-seed-to-conservation-
practices/?searchterm=sudie

. "= \igh Species Diversity

Science & Technology Training Librar
@j Webinar Portal fo r o i '¥

or Conservation of Natural Resources -y reSUItS In

 Facilitation

o Complementarity

* More efficient acquisition and
utilization of available
resources



http://www.conservationwebinars.net/webinars/matching-appropriate-seed-to-conservation-practices/?searchterm=sudie

Ecotype Plant Materials

1 Characteristics are not 1 Individual species having
distributed randomly a large geographical
throughout a species distribution vary
range considerably in such

1 clustered into ecological characteristics as
regions (ecoregions)/ — plant height
seed transfer — growth habits
zones/provenances. — maturation dates

i Vary in soil type, elevation, Tt o) ey
exposure, seed dispersal - PP

mechanisms, moisture & — reproductive habits
hydrology, etc.

1 Plants within these
ecological regions are
kKnown as ecotypes.



Beyond Ecotypes:
Source ldentified

No anthropogenic genetic @ Greater resistance and

manipulation or selection resilience to natural
Greater genetic disturbance

compatibility with local, — long-term persistence
remnant populations 1 Less likely to become
Better establishment an invasive pest
success

Bloom synchronization
with local fauna and
pollinators

Greater pest and disease
resistance



Cultivar, Tested, and Selected

Releases
1 Bred to behave 1 Can be overly
consistently and competitive within
uniformly ecological restorations.
1 Typically selected to 1 Can pose genetic
exhibit improved pollution concerns.
characteristics for a
m I n I m u m Kanlow Cave-In-Rock Southlow
number Of | Cultivar | VarietZI_
generations gadi i |

d N SIS -Argonne Ng&'lo "I,Labpratbry__Biqs_cience Division



Pure Live Seed (PLS)

All NRCS recommendations are
expressed in pounds of pure live seed

(PLS). PLS is defined as the « e Grop 006%  Orgn: Fild 12
percentage of pure seed that will ' .
germinate expressed as a percentage ——Lmﬁp——_itﬁ_—

Elsberry Plant Materials Center Frc

of a given weight of seed. It provides a
common basis for comparing seed lots

that differ in purity and germination. Example based on a recommended

PLS seeding rate of 2lbs/acre for

How to calculate: . .
Elymus virginicus:
PLS = (percent purity x percent total

germination (germination+hard)) x100 PLS = (0.7266'%(0:¢0+0.17)) x 100

=63.2142%

Bulk seeding rate /acre =Lbs PLS

recommended rate per acre/ Percent Bulk seeding rate/ac = 2lbs/0.632142
PLS =3.16 bulk lbs/acre



Species Richness

1 Total number of species
represented in the seeding
mix.

Species Diversity

1 Total number of species
(species richness) and
their abundance in the
seeding mix.

Community 1 Community 2

Species A
Species B
Species C
Species D

Species A
Species B
Species C
Species D

Species Richness

4

4

Community 1 Community 2

SpeciesA=25 Species A=80

Species B=50 Species B =10

SpeciesC =10 SpeciesC= 7

SpeciesD =15 SpeciesD = 3

87%

Evenness

50%




Diverse Seeding Mixtures

High Species Richness

> 10 grasses
> 20 forbs

Community-listed Dominant and Co-dominant species must be
represented in the mix

Functional groups that may occur in reference communities and should
be represented in respective seeding plans:

Annual & Biannual forbs and graminoids
Perennial forbs & graminoids

Warm and cool season graminoids

Tall, mid, and short height classes of forbs and gram|n0|ds
Ferns and Fern Allies )
Legumes

Hemiparasitic plants

Woody and herbaceous Vines
Shrubs and subshrubs

Trees




Balanced Seeding Mixtures

Theoretically, seed mixes should be as even as possible

— A 20 graminoid seeds/ft?2 and 20 forb seeds/ft? mix,
minimum 5 grasses and 10 forbs

1 use 4 seeds/ sg ft for each grass species and 2
seeds/sq ft for each forb species

Research has found that rare or under-represented species in
uneven seed mixes go extinct on the site within several years.

More aggressive species may need to be seeded at a lower
rate.

— Research indicating that reducing the larger, more
aggressive grasses to less than 4 seeds/ft? will result in
more diverse restorations with a greater forb component.



Conservatism Guilds

1 All conservatism guilds should be
represented

— Colonizing 15-33% of mix
— Matrix 45-65% of mix
— Conservative 15-33% of mix
11t Is Important to have the colonizing guild
represented to fill gaps after disturbances.

— Otherwise, disturbance may increase stand
vulnerability to invasion.

1 Data suggests that increasing seeding rates
(density) reduces susceptibility to invasion.



Example Seed Mixes

1 A comparison of three 20:20 seed mixes of
differing Species Richness (evenness = 100%):
— 5 graminoid and 10 forb

1 Cost/ac=  $901 FQI = 16.3 CC=4.2
— 10 graminoid and 20 forb

1 Cost/ac = $747 ($154) FQI =26.5 (10.2) CC = 4.8 (0.6)
— 15 graminoid and 30 forb

1 Cost/ac = $684 ($217) FQI = 33.4 17.1) CC =5.0 (0.9)

1 Species Richness of a mix is not always positively
correlated with cost.

1 Species Rich mixes have significantly greater integrity.

1 Rare, less competitive species are more likely to persist
In the long-term.



Germination Requirements

1 Typical germination 1 Determine how and
requirements: when you plant:
— Cold moist conditions — No-till drill vs.
— Warm moist conditions broadcast seeding
— Alternating cold and — Dormant (temps below
warm moist conditions 55° F) vs growing
_ Light season

1 Split seeding

— Scarification




Don't forget key plants necessary
for healthy animal communities

Nectar chemistry mediates the behavior of ps
consequences for plant fitne

LEIF L. RICHARD 5 M. DEANE BowERrs,” AND REBECCA E

when these
often present in ne
int in the att
ies ol inte i

nd a prote
tion. We

sequently, flow 1 the high iridoid gly ie nectar treatment donated significantly more
pollen to stigmas than did flowers in the low i id i :atment, sug-
gesting an increase in male plant fitne aken together. these results demonstrate that

te the behavior of pollinators with subsequent

Ecology, 97(2), 2016, pp. 325-337




"The U.S. Department of Agriculture (USDA) prohibits discrimination in all
Its programs and activities on the basis of race, color, national origin, age,
disability, and where applicable, sex, marital status, familial status, parental
status, religion, sexual orientation, genetic information, political beliefs,
reprisal, or because all or a part of an individual's income is derived from
any public assistance program. (Not all prohibited bases apply to all
programs.) Persons with disabilities who require alternative means for
communication of program information (Braille, large print, audiotape, etc.)
should contact USDA's TARGET Center at (202) 720-2600 (voice and
TDD). To file a complaint of discrimination write to USDA, Director, Office of
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-
9410 or call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an
equal opportunity provider and employer."
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