
Crow,
Thomas

R.
;

Baker,
Matthew

E.
;

Barnes,
Burton

V.
2000.

Diversity
in

riparian
landscapes.

In:
V

erry,
_l.on

S
.

;!
e
t

a
l
.
,

e
d
s
.

R
i
p
a
r
i
a
n

m
a
n
a
g
_
t

i
n

forests
of

the
continental

eastern
united

S
t
a
t
e
s
.

B
o
c
a

R
a
t
o
n
,

F
L
:

C
R
C

P
r
e
s
s

L
I
C
:

:
_
_
'
_

_
1
1

4
3
-
6
6
.

_t
c
_

•

o

D_

c
D

e
o

E
_

u
o

_
_

n
o

_
_
-
o

z
c
u
_

.

o

o



°

° •

Rip,arian
Management
"m-Forests . -
oftheContinental

• EasternUnited States

°

' Editedby

Elon S. Verry
JamesW. Hornbeck
C. Andrew Dolloff

• °

• __ LEWIS PUBLISHERSBoca Raton London New York Washington, D.C.



o

Library of Congress Cataloging-in-Publication Data " -

Riparianmanaa_ement in for_ts of the continentalEastern United States / edited by Elon S. Verry,James W. Hornbock,
C. An_ Dolloff.

p. cm. '
Includesbibliographicalreferences (p.) and index.
ISBN 1-56670-501-0 (alk. paper)

• I. Riparianforests--East(U.S.)' -Management. 2. Riparianareas-East (U.S.)-Management. 3. Forested
wetlands-East (U.S.)--Management.I. Verry,Elon S. II. Hombeck, J_n_es.W.III. Dolloff, CharlesAndrew, 1952-
SDI44.A112R56 1999
333.91'62'09"14---&21

. 99-048938

This book containsinformationobtainedfrom authenticand highly regardedsources.Reprintedmaterialis quoted with
pemtission,andsoutr_ are indicated.A widevariety of references are listed•Reasonableeffortshavebeenmade to publish
reliable _t_aand information,butthe authorand the publishercannotassume responsibilityfor the validity of all materials
or for the consequences of their use.

Neitherthisbook noranypan maybe reproducedortransmittedin any form orby any means, electronicormechanical,
includingphotocopying, microfilming,and recording, or by any information storage or retrieval system, without prior
permissionin Writingfrom the publisher.

All rightsreserved.Authorizationto photocopy items for internalor personal use, or the personal or internal use of
specific clients, may be grantedby CRCPressLLC, provided that $.50 per page photocopiedis paiddirectly to Copyright
ClearanceCenter, 27 Congress Street. Salem, MA 01970 USA. The fee code for users of the TransactionalReporting
Service is ISBN 1-56670-501-0/00/$0.00+$.50.The fee is subjectto change without notice. For organizationsthat have
been granteda photocopylicense by the CCC, a separatesystem of payment has been arranged.

The consent of CRCPressLLC does not extend to copying for general distribution,for promotion, for creating new
works, or forresale. Specific permissionmust be obtained from CRC PressLLC for such copying.

Directall inquiriesto CRCPress LLC,2000 CorporateBlvd., N.W., Boca Raton, Florida33431.

Trademark Notice: Productor corporatenames may be trademarksor registered trademarks,and are only used for
identificationandexplanation,withoutintent.to infringe.

Cover photo byPeter L. CardIII:The Mississippi River,Mile 10, ClearwaterCounty, Minnesota

© 2000 by CRC PressLLC.
LewisPublishen'isan imprintof CRCPressLLC

No claim to original U.S. Governmentworks
International StandardBook Number 1-56670-501-0

Libraryof CongressC,ardNumber 99-048938
Printed in the UnitedStates of America l 2 3 4 5 6 7 8 9 0
Printedon acid-free paper



°

° .
..o

• Contents

Editors ........................................................ '......... i

Contributors. .......................................................... iii

Preface ... vii

Acknowledgments ...................................................... ix

Foreword- A State Perspective .......................................... xiii
Warren E. Archey

Foreword- A National Perspective ............................ .......... xv
Philip Janik

Chapter1
The Challenge of Managing for Healthy Riparian Areas ................... 1

• Elon S. Verry and C. Andrew Dolloff

Chapter2
Defining Riparian Areas ................................................ 23

Bonnie L. llhardt, Elon S. Verry and Brian J. Palik

. Chapter 3
• Diversity in Riparian Landscapes .................................... .... 43

Thomas R. Crow, Matthew E. Baker and Burton V. Barnes

Chapter4
Classifying Aquatic Ecosystems and
Mapping Riparian Areas ................................................ 67

• Harry Parrott, Clayton Edwards and Dale Higgins

• Chapter5
Linkages Between Forests and Streams:
A Perspective in Time ................................................. 89
. James W. Hornbeck and James N. Kochenderfer

• xvii
,

..



Chapter 3

Diversity in Riparian Landscapes

Thomas R. Crow, Matthew E. Baker
and.Burton'V. Barnes

, "We will not save the riverineforests without protecting thefloodplains, nor will the
orchids be preserved without preserving t_e marshes. Our own fate is linked to the
limits we set on the domestication of the world around us and to the offsetting effort
Wedevote to maintaining the life-blood of the Home Place, the natural:beauty and
health of the creative, sustaining, enveloping Ecosphere."
Stan Rowe, from Arks Can't Save Aardvarks, in Home Place: Essays on Ecology

_,.

Biological diversity (biodiversity) is the number of organisms and their distribution within
the ecosphere(Earth). Conservingbiodiversity hasbecome amajorissue in the conservation
and management of Earth's natural resources (Noss and Cooperrider 1994). However,
studies of biodiversity have focused primarily on the variety of species Withina given area.
In total,biodiversity depends on the diversity of ecosystems within a landscape as well. Thus,
bothorganism diversity and landscape diversity are needed for aholistie view of biodiversity
(Rowe 1992). Landscape ecosystems are volumetric, structured segments of the Earth. The

• eeosphere is the largest ecosystem we know, and the Earth can be subdivided into a
. hierarchical series of ecosystems from large, to small --- from global to local (Rowe 1992;

Bailey 1996;Barnes et al. 1998, 34-40). A perceptible ecosystem is a topographic unit, a
volume of land and air plus organic contents, extending over a particular part of the Earth's
surface for a certain time (Rowe 1961).

Therefore, in this chapter we focus on ecosystem diversity, defined as the number, kind,
and pattern of landscape and waterscape ecosystems in a specified area and the ecological

' processes that are associated with these patterns (Lapin and Barnes 1995). One can then
characterize eeosysterns as to their composition, structure, and function -- the attributes Of

• ' diversity (Crow et al. 1994). Our objectives are to: (1) providean example of a landscape
ecosystem approach to characterizing ecosystem diversity in riparian areas by presenting a..

ease study, (2) consider the importance of riparian areas to regional ecosystem diversity, and
(3) examine and summarize management practices that conserve diversity in riparian areas.

-43
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Riparian Ecosystems_and TheirDiversity ..

Ideas and perceptions about the relation between land and water have changeti dramatically
during recent decades, and these changes in,dzinking have reshaped recommendations for
managing riparian areas. Above all, there is greater appreciation for the interconnections
between the aquatic and terrestrial ecosystems and the importance of scale when considering
these interconnections (Swanson et al. 198g;.Roth et al. 1996; Allan et al. 1997; Allan and

Johnson 1997; Ilhardt et. al.'Chapter 2; and Hombeck and Kochenderfer Chapter 5). As
def'med by McCormick (1979), riparian wetlands are "lowland terrestrial ecotones which

. derive their high water tables and alluvial soils from drainage and erosion of adjacent uplands_..

on the one side or from periodic flooding from aquatic ecosystems on the other." Implicit in
• this definition is the recognition that riparian areas are an integral part of a larger landscape,

and therefore, riparian habitats are influenced by factors operating at various spatial and
temporal scales (Odum 1979; Crow 1991; Nilsson 1992; Richards et al. 1996). At the
regional scale, geomorphology, climate, and vegetation affect stream hydrology,
sedimentation, nutrient inputs, and channel morphology. At the local scale, land use and
related alterations to stream habitats cans.ignificantly influence the biota of streams (Richards
and Host 1994; Roth et al. 1996).

If ecosystems are considered to be multi-scale, volumetric units of the Earth, then riparian
• areas should be def'med as three-dimensional ecosystems directly interacting between

terrestrial and aquatic ecosystems. Given this perspective, riparian areas are a collection of
ecosystems that extend outward from the water-to include the floodplain and some distance
landward onto the terrace slope as defined in Ilhardt et al. (Chapter 2), downward through the
soil profile, and upward into the canopy of the streamside or lakeside vegetation. Using this
volumetric model, riparian ecosystems exist laterally between terrestrial and aquatic systems

• as well as vertically from the soil profile to the forest floor, through the canopy of vegetation,
. and throughout the air layers within and surrounding the vegetation.

Riparian areas have unique characteristics common to their physical environment as well
as their diverse biota and may share characteristics with the adjacent upland and aquatic

ecosystems. Both the abundance and richness of species tend to be greater in ripari'an
ecosystems than in adjacent uplands (Odum 1979). For example, in a study of riparian and
upland habitats used by small mammals in the Cascade Range of Oregon, Doyle (1990) found

• their abundance and richness to be greater in riparian than in upland forests based on mark
and recapture sampling techniques. Further, he found riparian habitats often acted as a• ,

species source and upland areas as a dispersal sink for small mammals. Likewise, when
comparing the richness of bird communities in different ecosystems along the fiver Garorme
in southwest France; D6carnps et al. (1987) found the average number of species based on
.point surveys in riparian woodlands > terrace woodlands > slope woodlands > Populus
plantations. This pattern of bird richness followed a similar pattern in the richness of
vegetation composition and structure in these communities: riparian woodlands, the most

°
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varied, Populus plantations, the most homogeneous. Although many species are specifically
adapted to riparian conditions, many others, such as large mammals (including most common
•game species), require periodic access to stream margins or lake margins for survival, even
if most of their time is spent elsewhere.

Riparian ecosystems often have elongate, shapes with high edge-to-area ratios. Their
edges can be very open, with large energy and nutrient fluxes and biotic interchanges
occurring in the aquatic ecosystem on the inner margin and the upland terrestrial ecosystem
on the outer margin. Sharp physical gradients characterize riparian areas, and the related
differences in the composition and structure of vegetation that occurs along these gradients
create diversity. Brosofske et al. (1997) measured soil and air temperature, relative humidity,
short-wave solarradiation, and wind velocity along atransect nmning perpendicular from five
streams across the riparian zone and into the uplands in western Washington. They found
temperature and humidity in the transitional riparian zone to be generally intermediate
between those above the stream and within the upland forest.

In addition to spatial variation, temporal variation also creates diversity. Riparian
ecosystems are one of the-most dynamic portions of the landscape (Swanson et al. 1988).
They are characterized by frequent disturbances related to inundation, transportof sediments,

and the abrasive and erosive forces of water and ice movement that, in turn, create habitat
complexity and variability in time as well as in space, resulting in ecologically diverse
communities (Brinson 1990; Gregory et al. 1991). A third factor, the exceptional fertility and

• productivity of riparian areas, is also responsible for great diversity (Hunter 1990; Sparks
1995). Many plants and animals have adapted to take advantage of this fertility and to
survive the periodic flooding that indirectly creates the fertility in the form of deposited
organic and inorganic materials. An abundance of empirical evidence supports the contention
that riverine forests produce more biomass than upland forests in similar geographic locations
(Brinson1990).

At least two conclusions about the diversity of riparian ecosystems seem justified. First,
riparian ecosystems are relatively productive areas with great diversity in their physical

environments and their biological components. Second, because of their richness and their
spatial distribution, the relative contribution of riparian ecosystems to total compositional
diversity far exceeds the proportion of the landscape they occupy.

Relating the Physical Environment to the
. Diversity of Riparian Ecosystems

To understand variation in riparian forests from one stream to another, or even between
Sections of the same stream, we first need to understand the physical environment in which
the stream exists. At continental scales, climate produces geographic variation in the
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compositionandstructureof riparianvegetation. Lindseyetal.(1961) usedphytosociologiCal
analyses in the floodplain forestto show a continuumalong a 230-mile latitudinalgradient,
identifying regional climate as a controlling factor. Floristic variety in lowland forests
diminishesrapidly northwardand also westward from the Mississippi River.

Incoldclimates,springsnowmelt_'_ice cansignificantlyaffect boththehydroperiodand
the vegetationof floodplains. When floodingoccurs in winteror earlyspring,ice flows will
often damage riparian vegetation severely (Lindsey et al. 1961). For vegetation on
floodplainsin cool, humidclimates,'_natomicalandmetabolicadaptationsare importantfor
survivingextended periods of saturatedsoils and anaerobicconditions duringthe growing "_
season.

", Whenriversflow throughfiat regions,riparianhabitatscancover largeareas. Along low
• gradientrivers, diminished floodw,ater velocity results in the deposition of progressively

smalleralluviumfromthe suspendedsedimentload. The physiographyin large floodplains
includes these features: bottoms,naturallevees and alluvial terracesadjacentto the fiver
channel,meanderscrollswith ridge-and-swaletopographyandrelictmeanderbendsoroxbow
lakes, and point bars (Brinson 1990). Each of these features produces characteristic
vegetation. Levees supportgalleryforests thatare adaptedto frequentflooding but also to
the rapiddryingof the soil whenwater levels subside. Oxbow lakes anddepressionsarethe
mosthydricof thefloodplainfeatures,so they supportspecies thatareadaptedto long periods

• of flooding and anaerobicsoil conditions. Early successional and colonizing species are
maintainedon point bars throughperiodicdisturbancesandby rapiddeposition rates.

Inco_atrastto largefiver-floodplainson flat land, steep gradientsproducenarrowvalleys,
more restricted floodplains, and reduced duration of floods (Swanson et al. 1988).
CoUuvium,Ormaterialtransportedfromvalley sides, can be animportantsourceof material
for floodplain deposits in steep, narrow valleys. Even where the floodplain is restricted,
species composition and the generalstructureof the vegetationareoften distinctlydifferent
fromthose in the adjacentuplands(Nilsson 1992). Differences amongriparianecosystems
can be also related to the size of the catchments. Small catchmentsgenerallyhave shorter
hydroperiodsthan large catchments, thus reducing the time floodwaters interactwith the
floodplain (Brinson 1990). In addition, the amount of material available for alluvial
depositiondecreases as the size of the catchment diminishes (Allen 1965).

Topographic,hydrologic,andedaphicfeaturescollectively andinteractivelycreateahighly
heterogeneousenvironmentforplantestablishmentandgrowth inriparianareas(Pautouand
D_camps 1985; Brinson 1990; Malanson 1993). These factors create differences in soil
moistureand aeration,aridforriverinesystems,they also reflectdifferencesin thefrequency
anddurationof exposureto the force of flowing water, and in the north,to the force of ice
movement. At the wettest endof themoisturespecmnn, riparianforestsarelimited eitherby
the force of water currentsor by soil aerationthat is inadequatefor tree establishmentand

• growth. At the opposite extreme,reducedsoil moistureandsandysoil cancreate areaswith
scatteredtrees, open canopies, andlow basal areas that aresavanna-like in their structure.
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Whererich alluvial softsareadequatelydrained,however, densestandswithclosed canopies
andhighbasal areascharacterizethe riparianforest.

-.

Composition of Riparian F rests

The term "bottomland hardwoodforests" applies to the extensive forests that occupy the
floodplainsalongstreams'andriversinthe SouthernUnitedStates(SharitzandMitsch 1993).
Ktichler(1964) describes themajorplantcommunitiesof this type asconsisting of medium

. and tall forest of deciduous and evergreen trees and shrubs. Sharitz and Mitsch (1993),
Kenison et al. (1998), and Hodges (1998) offer detailed descriptionsof the vegetation
commonto southernbottomlandhardwzod forests. On sandbarsandalong the marginsof
rivers, pioneerspecies such as Salix nigra andPopulus deltoides commonlyoccur. In the
backswampbehind the levee, Carya aquatica and Quercus lyrata are likely to be found.
With slightly higher ground and better drainage, Quercus lau_folia, Q. nuttallii, Ulmus
americana, Gleditsia aquatica, Acer rubrum, Fraxinus pennsylvanica, and Celtis laevigata
increase in abundance. Nyssa aquatica and Taxodium distichum are the common species
associated with the wettest sites that are subject to frequent and prolonged flooding (e.g.,
oxbows, backswamp depressions, and swales between relict levees). Water in these

• deepwaterswampscomes fromrunofffromsurroundinguplandsandoverflowfromflooding
rivers. Anaerobic conditions result from the flooding and these conditionscan persist for
long periods. Tree species common to deepwater swampshave developedmorphological
adaptationssuch as the buttressingon the lower portionof the tree mink thatgive tall trees
stabilitywhere rooting is shallow.

Althoughbottomlandforests aretypically nearlylevel, changesin elevationof only afew
inches can produce different hydrologic conditions, soils, andplantcommunities. On the
higherfloodplain beyond the first embankment,a shorterhydroperiodandbetter drainage
allows oak (Quercus alba, Q. phellos, Q. laurifolia, Q. nigra, Q. michauxii, and Q. falcata)
to dominatealong with Carya ovata andLiquidambar styraciflua. Andfinally, Pinus taeda
andQuercus virginiana arefoundat the highest levels in the botton_landhardwood forest.

BottomlandhardwoodforestsextendnorthwarduptheMississippiRivervalleyandfarther
up the Ohio River, resulting in a mixture of northern andsouthern species in the riparian
forests of this region. Johnson and Bell (1976) studied the composition and distribution of
biomass among tree species along the Sangamon River in central Illinois. In the floodplain

• forest where the probability of annual flooding ranged from 3 to 25%,Acer saccharinum
dominated the forest with Gleditsia triacanthos, Fraxinus pennsylvanica, and Platanus
occidentalis. In the transition zone between the upland and the floodplain,Acersaccharinum
and Quercus imbricaria shared dominance. Other species present in the transition zone
included:Euonymus atropurpureus, Carya cordiformis, Prunus serotina, Ulmus rubra, and
U. americana. In the upland forest, with a slight probability of flooding, Quercus alba

°
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dominated. Forests on the floodplains of the Wabash andTipp¢canQeRiversin Indiana are
dominated by Populus spp., Salix nigra, and Ulmus americana on the';;f_-stbottoms" (the

•. lowestelevation along the river) andAcer saccharum, Aesculus glabra, C_rcis cano_ensis,
Fagus grandifoiia, and Ulmus americana in the slightly higher "second bottoms" (Lindsey
et al. 1961). "-

In northern regions of the Midwest and Eastern United States, cool temperatures, glaciated
terrain, and abundant water combine to create a variety of riparian andrelated wetland
ecosystems. As observed, in northwesterffLower Michigan (Baker 1995; Baker and Barnes
1998), Acer saccharinum is a major dominant of many alluvial wetlands. Fraxinus nigra is
a co-dominant overstory species on poorly drained sites, while Populus deltoides and many

, riparian Salix spp. are characteristic of welt-drained, but frequently flooded sites.

Other studies from the Northern United States bear out this general relationship. In their
comparing floodplain and basin wetlands in southeastern Wisconsin, Durra and Stearns

(1987) found floodplain wetlands dominated by Acer saccharinum and by Fraxinus
pennsylvanica, Salix spp., and Quercus bicolor. Although Acer saccharinum dominated
wetland basins where low soil pH and standing water resulted in organic matter accumulation,
Betula alleghaniensis, Fraxinus nigra, and Acer rubrum were also important associates.
Pierce (1980) related the composition of an Allegheny River floodplain in southern New
York to flood frequency and geomorphology. Once again, alluvial flats were dominated by
canopies of Acer saccharinum, and despite a relatively sparse shrub layer, other species

: included Crataegus spp., Juglans cinerea, Ulmus rubra, and Platanus occidentalis. The
forests of poorly drained sloughs were distinguished from alluvial fiats by the presence of.._

many tmderstory shrubs, as well as Quercus bicolor and Fraxinus nigra. On an excessively
well drained, sandy island in western Wisconsin, Barnes (1985) found a gradient from
Populus deltoides, Salix spp., and Betula nigra on the frequently flooded edge, to Acer
saccharinum, Ulmus americana, and Fraxinus pennsylvanica on the higher, drier interior.

• Detailed examples of northern riparian ecosystems are included as part of the case study
.. presented later in this chapter.

Exotic Species and Diversity

Adiscussion about the composition andstructure of vegetation in riparian and related aquatic
communities would be incomplete without considering the occurrence of exotic (non-native)
species. The introduction of normative organisms to fiver, lake, wetland, and riparian
ecosystems in North America is so pervasive that few natural communities remain unaffected

(Hedgpeth 1993, Noss and Cooperrider 1994, L6vel 1997). In studying spatial patterns of
normative plants on the Olympic Peninsula, WA, DeFerrari and Naiman (1994) found
nonnative species richness was about 1/3 greater in riparian zones than on uplands, and the

mean number and the cover of normative plant species were more than 50% greater in riparian
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zones than in uplands. The list of normative plants and animals common to aquatic and
riparian ecosystems in the East is extensive and their threat to native species is serious.
Among the most noxious of the introduced plants are purple loosestrife (Lythrum salicaria),

.. Eurasian milfoii (Myriophyllum spicatum), and curlyleaf pondweed (Potamogeton crippus).
An introduced animal causing great tone, ill is the zebra mussel (Dresissenapolymorpha and
Dresissena bugensis). First introduced to the Great Lakes in ballast water about 1985, the

Zebra mussel has since spread quickly to other freshwater bodies in the Eastern United States.
Once established, these alien guests suc6essfully compete against native species and severely
reduce the biological diversity of the aquatic or terrestrial system. In addition, exotic -
pathogens and insects are profoundly affecting riparian communities, e.g., mortality of Ulmus

_ americana caused by Dutch elm disease. A network of riparian corridors facilitates the

movement of organisms through a landscape, although there is little evidence that riparian
. corridors act as sources of normative plants in undisturbed uplands (DeFerrari and Naiman

1994).
i

t

-Diversity of Landscape Ecosystems in River
Valleys of the Huron-Manistee National Forests,

• .NorthernLower Michigan
This case study was designed to examine tlie full range of diversity of fiver valley ecosystems
occurring in areas of the Huron-Manistee National Forests in Lower Michigan. It illustrates

the complexity of ecosystem diversity and physiographically mediated differences in
landscape ecosystems at regional and local scales.

Our research on ecosystem diversity begins at the regional scale using three classification
- levels: Region, District, and Subdistrict (Albert et al. 1986). An ecological classification is

an attempt to simplify the tremendous diversity found in Nature. It is a grouping of
ecosystems based upon their similar physical and biological characteristics and their spatial
relationships with one another. It is also useful for examining the patterns of ecosystems and
the plants and animals associated with them. The case study was conducted in Districts and

• Subdistricts of Region U of the regional landscape ecosystem classification of Albert et al.
(1986) as illustrated in Figure 3.1. Ecosystems below the regional level are distinguished

• hierarchically as (1) Physiographic Systems (Outwash Plain, Moraine, Ice-Contact Terrain,
Lake Plain, etc.), (2) Landforms (e.g., kettle, kame, and esker landforms within Ice-Contact
Terrain), and (3) local ecosystem groups or types within landforms. At the freest scale,

ecosystem types may range in size from less than 2 acres to morethan 60 acres.

,

-°
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- Regional Landscape Ecosystems of Michigan

" , c_,_ 12.3 4_ .

__ 1 12"2-0 12.3 0,_.°S" 0g +

II

O

• II
Huron NF

Manistee NF

• 2.1 , 10 20 30 40 50
i I I I I

1.2 0 20 40 60
f KILOMETERS

INDIANA OHIO SCALE1:2,000,000

•. ' Figure 3.1 Map of the regional landscape ecosystems of Lower Michigan (Albert et al. 1986.
With permission.) Roman numerals I and II indicate landscape ecosystem regions divided
by the thick dark line across the center of the state. Within each region, hierarchical
landscape ecosystem districts and subdistricts are indicated by thinner lines, as well as
different integers and decimals, respectively. The Huron-Manistee National Forests are
shown as the shaded areas within Region II. Most of the Manistee National Forest occurs in
District 9 (Newaygo), whereas the Huron National Forest occurs primarily in both Subdistrict
8.2 (Grayling) and Subdistrict 7.1 (Standish).
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This local ecosystem hierarchy is similar to the Landtype Association, Landtype, and
Landtype Phase of the national hierarchical framework of ecological units used by the USDA

-.

Forest Service (.Avers et al. 1994; Bailey 1996; Barnes et al. 1998). In the sections that
follow, we present examples that illustrate riparian diversity at several spatial scales using a
classification framework. I_

Regional Landscape "

. This first level of classification represents a broad landscape unit distinguished primarily onJ

the basis of gross physiography and macr-0climate (Albert et al. 1986). Such factors mediate

the movement of water, the formation of_soil, and the distribution of plants, and animals. The
greatest difference in the kinds and patterns of ecosystems found in this classification is
between regional landscape units. For example, a certain physiograpfiy (low-level outwash

- plain and coarse-textured moraine) and climate (relatively moist, lake-moderated) characterize
District 9 (Newaygo), whereas others (high-level outwash, ice-contact terrain, fine-textured
moraine and a drier, more extreme climate) characterize Subdistrict 8.2 (Grayling: Albert et
al. 1986). The significance of regional ecosystems for riparian landscapeS is twofold: (1) the
same factors that distinguish regional landscapes also drive the hydrology of fiver systems

• and (2) these factors shape the local landscapes that, in combination with fiver systems,
contribute to riparian ecosystem diversity.

The Manistee and AuSable Rivers originate near large, ice-contact features in the Grayling
Subdistrict (8.2), north-central Lower Michigan. Both rivers have large portions of their
catchments in the coarse sand and gravel of the Grayling Subdistrict, and both are known for
their hydrologic and thermal stability (Bent 1971; Richards 1990; Wiley et al. 1997).
However, from its source, the Manistee River flows south and west through the Manistee

• National Forest in the Newaygo District 9, whereas the AuSable flows east and south through
the Huron National Forest in Subdistricts 8.2 and 7.1 (Figure 3.1). The glacial landforms and
macroclimate of each regional ecosystem produce vastly different streamside wetlands.

The Manistee basin in the Newaygo District is somewhat larger with a lower gradient than
the AuSable basin in the Grayling Subdistrict. The Manistee River flows along the Port

Huron moraine initially, but most of its length in District 9 lies in a broad, fiat, outwash plain.
The floodplain is periodically wet during the growing season due to uniformly low
topography and seasonal inundation from the fiver and a high water table. Its silty soil
supports large expanses of silver maple swamps, black ash backswamps, and spring-fed,
northern white-cedar meander-scar swamps (Figure 3.2A). The species composition of Acer
saccharinum, Fraxinus pennsylvanica, and Fraxinus nigra in the Manistee River floodplain

. (Figure 3.2A) is similar to that reported in more southerly floodplains of the Northern United
States (Pierce 1980; Dunn and Steams 1987; Brinson 1990).
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A. Manistee River Valley at Sergants Bayou, District 9 ,_ A

• I F' "B" I _!$:::!• ._ IrS_ otmm :, _,,[.:.:.l
J Meander-I TJ,_:i;]
I Firstbottom scar I _'_:i:i:i'|
I Levee. Silvermaplefloodplain , backswamp, swamp I _J!ii;:".iit'_ _'- '-._ :'= -' -_."::::::| 12 m

! I "i -NIl
, 1000m

41

B. AuSable River Valley near Comins Flats, Subdistrict 8.2

Floodplain
edge Firstbottomfiat , Terraceswamp- northemwhite-cedar , <_

_ _ _1 _ _-'-J.,l, p8
J "_

___,:'. ,!_..

. i ,..__

320 m

" _ SandyAlluvium $ Balsamfir _ Red ash

Silty Alluvium _ Balsam poplar _ Silvermaple
OrganicMatter _ BlackAsh _ White pine
Watertable _ Blackspruce 0 Hemlock
River $ White spruce _ Windthrow

.. _ Medium OutwashSand 0 Northernwhite-cedar
Coarse OutwashSand

Figure 3.2 Representative fiver valley cross sections from the Manistee River in District 9
• (Newago) and the AuSable River in Subdistrict 8.2 (Grayling), Huron-Manistee National

, Forest, northern Lower Michigan.
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In contrast, the AuSable River in Subdistrict 8.2 flows past several.large ice-contact hills
before encountering the West Branch and Glennie moraines. Its riparian areas are more

narrow (Figure 3.2B) with a species composition similar to northern floodplains described
by Nanson and Beach (1977) and Brinson (1990). Unlike these floodplains, the AuSable
riparian area does not appear to experience"ffequent over-bank flooding. Instead, its water
source is primarily groundwater rather than streamflow. As a result, the alluvial terraces
along the fiver receive substantial groundwater, have large accumulations of organic soil, and

•are dominated by northern white-cedar swffinps. At the river's edge, sandy loam soil and an
overstory of Populus balsamifera, Fraxinus pennsylvanica, and Abies balsamea characterize ..
this riparian ecosystem (Figure 3.2B).

, These differences in riparian ecosystem composition reflect the distinct combinations of
gross physiography and macroclimate thatcharacterize the Newaygo District and the Grayling

• Subdistrict. However, within each regional unit there is much more variation.

PhysiographicSystems

In the next level in our classification, we recognize the influence of landform on the structure
of the riparian zone. We distinguish glacial landforms as physiographic systems---- distinct

• groups of ecosystems that repeat in a landscape mosaic within each regional unit; these
include outwash plain, moraine, ice-contact terrain, and lake plain. Different physiographic..

features produce differences in both form and type of soil parent material encountered by

rivers in the landscape, so physiographic features are often associated with changes in
gradient, channel pattern, local hydrology, or fluvial landforms (Bent 1971; Schumm 1977;
Hupp 1982; KaUiola and Puhakka 1988).

Just as channel boundary sediments are known to affect channel cross-sectional shape, the
materials in different physiographic systems can result in markedly different valleys with
distinct patterns of fluvial landforms (Swanson et al. 1988). In the Manistee National Forest,
most rivers occur in nonpitted outwash plains (Baker 1995). However, where these rivers
occur adjacent to moraines, their valleys often encounter the underlying glacial till. For
example, along the Big South Branch of the Pere Marquette River, valleys in the outwash
plain have broad floodplains with uniform topography and few terraces (Figure 3.3A).

• ' Ecosystems in these valleys are relatively contiguous with proportionately more interior area
than the edge. Valleys in outwash-plain-over-moraine have narrow floodplains with diverse

• topography and many terraces (Figure 3.3B). Ecosystems in these valleys are relatively
discontinuous with a large ratio of edge-length to interior-area. As the Pere Marquette flows
away from a moraine and into an outwash plain, its valley and riparian landscape rapidly
Change from one to the other (Figure 3.3C).

In addition to influencing the spatial patterns of fluvial landforms, physiographic systems
also contribute to riparian ecosystem diversity by affecting the kinds of ecosystems that occur
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Outwash plain .i:i";:1_ _,_"

• _?_]

¢, Transition From

Outwash/Moraine

To Outwash _i' ":,. "::'._.::_
Plain I:,:i _i_!

• ___,r m First Bottoms
i_ Se(_ondBottoms

_:;:;.';:_L_

_Outwash/Moralne

Figure 3.3 Fluvial landforms within non-pitted outwash plain of the Big South Branch of
the Pere Marquette River in District 9 (Newaygo), Manistee National Forest, Lower
Michigan. Outwash plain valleys (A) have several ecosystem types (thin black lines) on

• broad, continuous first-bottom floodplains (dark shaded areas). Outwash-over-moraine
(outwash/moraine) valleys (B) have narrow and discontinuous first bottoms, large second
bottoms (light shaded areas), and many nonflooded terraces (unshaded). At the transition
from outwash/moraine to outwash plain (C), the narrow, multi-level, discontinuous
outwash/moraine floodplain becomes gradually more uniform in elevation and broadly.

Continuous as it passes into outwash plain. (From Baker and Barnes 1998. With permission.)
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on each landform. For example,naturallevees in outwash plain (EcosystemType 1, levee-
silver maple-redash, in Table 3.1) are lower and wider than those in outwash plain over
Underlyingmoraine.(Type13). Outwash-plainfirst bottoms contain moreecosystem types
(Types2 to 6), and these are lower, wider,and wetterthanthe single ecosystemtype where
0utwash occurs over a moraine (Type 14). -"_In addition, a markeddominance of Acer
saCcharinum ratherthan Fraxinus pennsylvanica, and the unique occurrence of Lar/x
laricina, Platanus occidentalis, Juglans cinerea, and Quercus bicolor, distinguish these
ecosystems(Table3.2). The patternof fluviallandformsina fivervalleyis thephysiographic
expressionof variationin the relationship between a fiver and the local landscape. Such ..
differencesin valley geomorphologyresultin distinctsegments of riparianecosystem along
a fivervalley. --

Q

Fluvial Landforms

Fluviallandforms(levee,first-bottomfloodplain,andterracein Table3.1) form the next
hierarchicallevel withinthe ecosystemclassification of fivervalleys. Withinaphysiographic
system, thediversity of riparianecosystems is closely linked to fluvial landform. Huppand
Osterkamp(1985) andOsterkampandHupp(1984) reportedthatdifferentfluviallandforms

• had.distinctsoil as well as vegetation. On these landforms,as distance fromandelevation
above the river channel increase, flood frequency and duration decrease.

InDistrict 9 of the ManisteeNationalForest, this patternis also quite clear. Along these
rivers, floodplain inundation occurs due to both over-the-bankflooding and water table
fluctuation(Baker 1995). Naturallevees (Types 1and 13 in Table 3.1) occurnearthe river
channelbutaregenerallyhigheranddrierthanadjacentfirst bottoms(Types2 to 6 and 14).
Inbothoutwashandoutwash-over-morainefloodplains, the levee hasfew treespecies (Table
3.2). The first-bottom,a fiat low-lying surfacebeyondthe levee, is generallylowerandhas
poorerdrainagethaneitherthe levee or second-bottom. In bothoutwashplainandoutwash-
over-moraine,thefirstandsecondbottoms aredistinguishedby theirrelativeelevation. Such
physiographicdifferences affect soil drainageand pH, depth of plant rooting, and plant
composition(Table3.2).

Differences in species composition can also be relatedto the position of terraces. High
• ' terraces; formed early in the developmentof the fivervalley, often developdeepsoil profiles.

Becauseof their origin, glacio-fluvial terraces in outwash-over-moraine valleystypicallyhave
coarsesand soil andvegetation such as Quercus velutina, Q. alba, andPinus strobus ffype
18 in Table 3.1). Younger soil profdes, more silt and clay, and species of the northern
hardwood forest characterize lower alluvial terraces (Type 17). Thus, the fluvial landforms
in a fiver valley represent different kinds of both floodplain and terrace ecosystems.
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Table 3.1 A partial classification of fiver valley landscape ecosystems in District 9 of the
Manistee National Forest, and Subdistricts 8.2 and 7.1 of the Huron National Forest, northern

Lower Michigan. This table shows only the detailed hierarchical structure for'outwash plains

in District 9 and Subdistrict 8.2. An abbreviated name for the ecosystem type emphasizes the
local physiography and vegetation. (From ]_Tlker and Barnes 1998 w/p.)

District 9 (Newago)
A. Outwash Plain

1. Non-pitted outwash plain (reworkedby,water)
Riverv_leYrmour_Rments associated w]_ outwash plain

_._vee I Levee--silvermaple-red ash '"
First Bottom 2_ First bottomfiat -silver maple forest

3. First bottomflat-alder-wil/ow thicket
4. First.bottomfiat-cattail-iris marsh
5. Backswamp-black ash-silyer maple-northernwhite cedar .
6. Meander scarswamp--normemwhite cedar-hemlock-tamaracK

SecondBottom 7. Secendbottom -sugarmaple--northernred oak-swamp white oak• Terrace
Well-drained 8. Terracel_latea.u-.hemlock-whitepine-beech

9. Terracetlat-wnite pine-hemlock.'-whiteoak-black oak
10. Terraceriser-hemlock-white oak

" Poorly-drainedII.Terraceswaml_:b,lackash-hemlock
-" . " 12.Terrace seep-4vhitepine--hemlock

Rlvervalleyv.looc:ttj__gmentassociated with moraine
• _,_vee 13. Levee-red ash-alder-Americanelm

FirstBottom 14".Swale-red ash-willow-black ash
Second Bottom 15. Well drainedridge-sugar ma.ple-basswood-northemred oak

16. Poorly drained backswamp-I_lackash-hemlock-silver mapleTerrace
• Well-drained 17. Lg..wterraceflat-he.ml,ock-no,_em .red9ak-sugarmaple

18. High terracena.t-whi.teo_--nempcK-wnite phie-rea pine
19. _erraceriser-wrote mne-nenuocK

Poorly-drained 20. Terrace swamp-norfhernwhitecedar-white pine-yellow birch
21. _efface seep-yellow birch-northernwhite ceoar

2.Pittedoutwashplain (notreworkedbywater)
Fioodp_dn 22 l_.vee-r_l ash-balsam poplar-alder .

FirstBottom 23_First oottom-balsampoplar-northernwhite cedar
24. Backswamv--black as'h-alder-Americanelm

Second Bottom 25. Second botlom-white pine .
26. Backswamp-northem _vhitecexlar• Terrace

Well-drained 27. Terraceflat-white oak-white "vme
28. Terraceriser-white oak-whit_p'me

B. Ice-ContactTerrain_kettle-kametopography)
Floooplain

FirstBottom 29. First bottomfiat-red ash-balsarppoplar
,, ,., 30. Backswamp-northem white ceoar

Terrac%eConatmttom 31. Second bottom-sugar maple-northern white cedar-basswood
Well-drained 32. Low terraceflat-sugar maple-hemlock

33. _Highterracetlat-wni.tepili.e-redpine-white oak-north, pinoak
' 34. i efface riser-wrotepme-wmte o,_. .

• " Poorly-drained 35. Terracemeander scar-northernwhite ceoar
C. Lake Plain_

• D. "Moraine
Floodplain

Levee 36. Levee-redash-willow-alder
- FirstBottom 37.First bottom-red ash-basswood

Second Bottom 38. Well-drainedsecond bottomflat-white pine-basswood .
39. Poorly-drainedsecond bottomswamp-northernwhite ceoarTerrace

' Well-drained 40. Low terraceflat-northern red oak-hemlock
41. High terracefla.t-white oak-white pine
42. Tefiace riser-white oak-hemlock

Poorly-drained 43. Terraceswamp-hemlock-black ash



°

Diversity in RiparianLandscapes 57
Subdistrict 8.2 (Grayling)

A. Outwash Plaih
1. Non-pittedoutwash plain

Rivervalleysegmentsassociatedwithoutwashplain
" Flood'plam 44. Ho0ci.plained_e-bals.ampop.l.ar-red,ash-p.aperbirch

. " 45. Drst_ttom tiat-normemwroteceoar-wmtespruce
Terrace 46. First t3ottombackswamp--blackash--Americanelm

Well-drained 47. Io_.w"te_r_ fiat-whi.tepine--b.alsamfire .
48. High terracetlat.--jacKpine--reopine--northernpinoak

" 49. !efface riser-redpine--whitevine--northernpinoak
Poorly-drained 50. lewace.swaml_nbrthern white cedar-blackspru.ce--balsmn

Rop=ar--oalsamt.lr
• 51. i errace'seep--wnitepine--northernwhite ceoar

- River valleysegmentsassociatedwith moraine .,
Floodplain

FirstBottom 52. F!rstbottom--red ash--basswood-balsampoplar
, , Second Bottom 53. well drainedfiat-sugar maple--balsamfit-@hite pine

Terrace 54. Poorlydrainedswamp--normemwhite cedar-blackasn
Well-drained 55. Terraceflat--no._,ernpin oak-white pine

• 56. Terraceriser-white o.ag-northernp.inoak
Poorly-drained 57. Terraceswam.l>_.ormemwhite ce/tar-baisa!nfir-black spruce

2.. Pittedoutwashplain' 58. Terraceseep-white pine--northernwhiteceoar
-

B. Ice-ContactTerrain_
C. LakePlain_
D. Moraine_

Subdistrict7.1 (Standish)
A. OutwashPlain (non-pittedoutwashplainover,lacustrineclay)Fl0odplhin

First Bottom 59. Firstbottom-willow-ninebark
• Second Bottom 60. Second bottom--redash-basswood
, ThirdBottom 61. Welldrainedridge--sugarmaple--basswood--whiteash

Terrace 62. Poorlydrainedd_pressmn-northemwhite cedar--blackash
Wen-drained 63. Terraceflat-northern hardwoods

• 64. Terraceriser-white pine-white oak-northern pinoak
Poorly-drained

• Shallow organicL<.2 ft of organic soil) ....
65. wet-mesic sw..amp--nemmcA-r_maple

°rgani66"_7wet swamp--shyermaple-macg asn
Deep (> 2 tt of organic soil) ......

• Terraceswamp-northern wnite ceoar-DlacKspruce
B. Morainem

• i These units occurin the landscape but werenot studied.

Ecosystem Types
. .

• " Within a single fluvial landform, floodplain ecosystem types are typically distinguished along

•, lateral gradients perpendicular to the fiver channel. These gradients include decreasing flow

velocity during floods, decreasing particle size, and increasing soil saturation (Bell and

Johnson 1974; Schumm 1977). Flushing from periodic floods combined with regular soil

aeration prevent peat accumulation close to the fiver (Bell and Sipp 1975; Brinson 1990).

Farther from the fiver, flow velocity decreases and with it the ability of the floodwaters to

retain their suspended load. Fine particle deposition away from the fiver often results inpoor

drainage and the formation of backswamps. On broad, fluvial features, these backswamps
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Table3.2 Comparisonof selectedoverstorytreespecies(% density'(De)or %dominance
(Do)) on floodplain landforms in outwash plain and outwash over moraine, District 9,

•ManisteeNational Forest,northwesternLowerMichigan.

Physiographic System OutwashPlaig_. OutwashoverMorainei

• _F_st _o_ Levee BoOm Secondlandform Levee uonom Bottom

DensityorDominance De Do De Do De " Do De Do De Do De Do

Tree species/No. 12 • 12 66 66 14 14 3 3 8 8 8 8 ,= .q

Acermbmm 0.1 0.1 2.9 2.9 1.3 1.7

Acersacchanun 0.2 0.1 20 13 1.3 1.1 26 22
.._..

Acer saccharinum 41 49 60 71 7.4 13 11 5.0 6.9 6.4 4.1 6.9

Carpinuscaroliniana 0.6 '0.2 1.3 0._ 2.1 0.3 4.5 2.3 5.4 0.1

Fagusgrandifolia 5.1 8.8 12 15
Fraxinusamericana 12 16 3.6 2.4

Fraxinusnigra 1.3 0.5 8.3 5.2 14 11 11 4.0 10 10 3.4 3.4

Fraxinus 25 24 11 7.7 2.1 2.0 42 41 33 37 4.3 2.8

Juglanscinerea --" 0.9 0.7
Larixlaricina 0.7 0.9

Piceamariana 0.2 0.2

Platanusoccidentalis 0.2 0.1 0.9 1.0

Pop,us balsamifera 0.1 0.2 __ 6.3 6.0
Pmnussemtina 1.2 0.8 2.2 3.5

Quercusbicolor 2.7 4.2 1.3 2.0

Quercusmbra 1.6 5.1 0.8 3.4 4.6 12

Salix spp. 11 9.1 1.0 1.3 4.6 6.3

• Thujaoccidentalis 8.9 8.5 2.4 3.6 1.3 3.6
• Tiliaamericana 15 13 3.3 2.4 11 7.8 11 12 23 21

Tsuga canadensis 0.9 1.2 12 8.0 3.5 4.3 4.8 5.0

Ulmus americana 4.2 1.9 2.3 0.6 33 50 5.6 3.7
iii ii

may also experienceprolongedsoil saturationfromahigh watertablewhose fluctuationsare
muchmoremoderatethanthatof the open channel (Bell andJohnson 1974).

IntheHuron-ManisteeNationalForests,we observedlateralgradientsin bothfloodplains
andterraces.Forexample, on a single fluvial landform,such asthe firstbottomin outwash
plain, significantly different site factors and vegetation characterizethe first-bottom flat
(EcosystemType 2 in Table 3.1), backswamp(Type5), andmeander-scarswamp(Type 6).
The first-bottomfiat occurscloserto the fiver, is sandier,andhas less soil organicmatterthan
either thebackswamp orthemeander-scarswamp. In addition, thereis a slight but significant

_
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elevation differencebetweenthefirst-bottomfiatandthemeander-scarswao_p. Theseabiofic
characteristicsarealso reflected in overstoryvegetation. The first-bottomfiat, backswmnp,
andmeander-scarswamparedominatedby Acer saccharinum, Fraxinus nigra, andThuja

Occidentalis, respectively(Baker andBarnes 1998).
In thesevalleys, occurrenceof the meander-_or swamp(EcosystemType 6 inTable 3.1)

appearedtobe closely relatedto its locationatthe foot of the valley wallwheregroundwater
seeps Saturatethe soil. A similar patternwas also observed on higher terraces in many
valleys, particularlythose in outwash-over-nforaine(Types 20 and 21). On these fluvial
features, the step-likephysiographyof sandy terraces and glacial fill at the valley margin _.
producesgroundwater-fedwetlandsat the foot of largeterraceslopes. Thesewetlandsoften
experience slumpingas upslope soils, heavy with water, slide down andcollect at the base
of theslope. Thuja occidentalis andBetula allfghaniensis dominatetheoverstoryvegetation
of this ecosystemgroup. Althoughnot directlyrelatedto the riverchannel,these wetlands
maymoderatethe amountof groundwaterreachingthe streamandcertainlyprovidea sharp
contrastto the dryoak-pineforests (Type 18) of surroundingterraceecosystems.

Summary
Results of our research, together with those of others (e.g., Host and Pregitzer 1992; Host
et al. 1988) illustrate that (1) markedlydifferent landform-basedpatterns of ecosystem
diversityoccur at both regional and local levels and that (2) many more ecosystems are
associated with rivers and streams than with adjacent upland areas. For example, eight
ecosystems were mappedadjacentto the Pine River in the Huron Mountains,Marquette
County,MI,comparedto one inuplandsadjacenttotheriver(Simpsonetal. 1990;Lapinand

• Barnes1995). Inthe CyrusH. McCormickExperimentalForest in UpperMichigan,twice
as manyecosystems (primarilywetlands) were found along the Yellow Dog River as in
adjacentuplandtransectsof the samelength. Other"hot spots" of ecosystem diversitywere
foundalong the MapleRiver, CarpCreek,andVan Creekof the 10,000 acreUniversityof
MichiganBiological Station,EmmetaridCheboyganCo.,northernLowerMichigan(Pearsall
1995). Detailed studies of ecosystem diversity at the University of Michigan Biological

. Stationby PearsaU(1995) demonstratedthat, in fact, biodiversity was markedlygreaterin
" ' areasof greaterecosystemdiversity.

,. Greatdiversity characterizes riparianecosystems at different spatial scales within the
Huron:ManisteeNationalForests. At a broadscale, we found markeddifferencesbetween
riparianecosystems in differentregionalecosystems. These differencesreflect theeffect of
physiographyandmacroclimateon each fiver system. At local scaleswithin a givenregional

, ecosystem, rivers in different physiographic systems have distinct patterns of fluvial
!andforms,and different riparianecosystems are characteristic of each fluvial landform.
Different fluvial landformsrepresenta gradientof edaphic characteristicsand vegetation
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arranged laterally away from a fiver. Across a given fluvial landform, physiographicposition
results in distinct hydrologic conditions that enhanceecosystem diversity at f'mescales.

By starting "from the top down" and examining differences in both the physical
environment and vegetative communities at decreasing spatial scales (Region,
District/Subdistrict,PhysiographicSy_m, Landform,etc.), we observe not only that the
pa_ems of theecosystem types differamongthescales, but thattheircomposition, structure,
andhydrologyalso differ. Although a landscape ecosystem approachhas been appliedin
manyareasof Michigan at the local l_vel (Barneset al. 1982; PregitzerandBarnes 1984;
Spies andBarnes 1985; Archambaultet al. 1990; Simpson et al. 1990; Lapin andBarnes
1995; Pearsall 1995; Barnes 1996), rarelyhas the approachbeen applied across multiple
scales. However, this case study illustrates .one such application and the remarkable
ecosystem diversity thereby revealed. Explicit management strategies are required to
maintainthe great ecosystem andbiJogical diversityof riparianlandscapes.

. Managing with Diversity in Mind

Based on the general review of the literature and on the case study, recommendations are
madefor managingriparianecosystemfor multiplebenefits,includingmaintainLqgand

• enhancingbiological diversity. Thesearegeneralrecommendationsorguidingprinciplesthat
shouldbe consideredwhen makingmanagementdecisions.

.,..

Principle1
' Know your ecosystems

Ecosystem classifications and ecosystem maps, such as those developed by Albert et al.
(1986) for Michiganand Albert(1995) forMinnesota, Wisconsin, andMichigan,providea
useful frameworkof ecological units that areessential for "knowing yourecosystem." By
takingtime to develop local ecosystemclassifications andmappingtheclassification within
the broadercontext providedby Albert's or similarclassifications, managerscan gain an
understandingof the ecological processes that create diversity within a given riparian• .

landscape. In addition to being a powerful teacher, classification and mappingare also
effective tools for sharing ecological informationamongpeople involved andinterestedin
riparian management.

The casestudypresentedinthis chapterillustratesthe utilityof classificationandmapping
to assessregionalandlocal differences inecosystem diversity. Animportantlesson fromthe
processof ecological classification is thatecosystemdiversity,andhencebiological diversity,
at any given site may be controlledby manydifferent factorsoperating at multiplespatial

• -
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scales. Withoutquestion,the managementof naturalresources asen_e ecosystems canbe
more effectively implementedand conductedusing an integrated,multi,factor,multi-scale
Classificationapproachratherthanthe arbitraryseparationof aquatic,riparian;andterrestrial
ecosystems into categoriesbased on single factorssuch as water,vegetation, or soil (Barnes
1985, 1996;Barneset al. 1998). ""

Principle2 . "
Apply a landscape perspectiveto riparianmanagement

The imPortanceof linkagesandinterdependenciesbetween uplandandlowlandecosystems
is a majorthemein our studies of riverv,_lleysin northernLower Michiganas well as in
studies elsewhere. These linkages demanda broadperspectiveandan integratedapproach
to resourceplanningandmanagement.The Huron-Manisteecasestudyillustrateshow these
linkagesoperateat severaldifferent spatialscales. In particular,thevalley segment scale is
importantbecauseit is at this spatial scale thatboth riverandriparianecosystems change.

Bedford and Preston (1988) are correct in asserting that a sound scientific basis for
managingriparianwetlands will not come solely fromacquiringmoreinformationbut also
fromthe "recognitionthat a perceptualshift to largertemporal,spatial, andorganizational

• scales is overdue." The cumulative impactof manylocal actions shouldbe evaluatedover
entireregionalecosystems (Figure3.1) andwatershedsand overboth short-andlong-term
time frames.Perspectivesthat includelargertemporal,spatial,andorganizationalscales are
beginningtobe incorporatedinto Best ManagementPractices(BMPs). IndevelopingBMPs
for forestedwetlands, forexample,Welsch etal. (1995) presentthreeunderlyingprinciples
as the basis for specific recommendations, one of which is to "consider the relative
importanceof the wetlandin relationto the totalpropertyto be managed."

Principle3
Maintainor restorenatural processes

.. that regulateriparianecosystems

Tbjs principledeals with ecosystem dynamics. It is the combinationof geomorphologicand
hydrologicprocessesthat create adiverse physicalenvironmentin riparianecosystems that,
in turn,fosters biological diversity. Geomorphicprocesses associatedwithflowing water
create a complex arrayof landformsand create periodic fluctuationsin the wemess and
aerationof these landformsby over-the-bankflows or water level changes, or both these
processresult ina spatiallyandtemporallydiverse set of physicalenvironmentsthatsupport
an incrediblevariety of plants and animals. Management actions aimed at controlling

°
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seasonal fluctuations of water will reduce the functional, structural,and compositional
diversityof plantsandanimalsill riparianareas(Poffetal. 1997). ".

Somevariationinthefrequencyandintensityof floodingisprobablyn_._ledtomaximize
ecological diversity (Sparks 1995). That is, no single pattern benefits all species. The
cottonwood,forexample,requiresfloodi_l_andsubsequentdepositionofsuspendedmaterials
tO provide suitable substrates for seed germination, followed by several years of reduced
flowsthatenablethetreeseedlingstogrowlargeenoughsotheyarenotdestroyedbythenext
flood. Morefrequentandregularfloo(Ypulsesfavorestablishmentof herbaceousspecies.
It is important to unders_mdthis variationand to understandhow proposed management ""
practices might change this variation (and the implications of these changes) before
implementinga managementpractice. --J

Management should be directed at maintaining the geomorphologic and hydrologic
processesthatcreatediversityin thephysicalenvironment_Additionally,insome rivervalley
segments,over-the-bankfloodingandassociatedgeomorphologicprocessesmaybemuchless
importantthanseasonal fluctuationsin the watertable andgroundwaterflow. Inthe Huron-
ManisteeNational Forestcase study,northernwhite-cedarswampswouldnot exist without
local groundwaterinputs.The standsof silver maple in outwash floodplainswould almost
certainlyhave a different species composition in the presence of rapidand frequentflood
pulses ratherthan prolongedseasonal floods. However, this linkage to groundwateris not
so pronouncedin all river systems in the Huron-ManisteeNationalForests. Along thePine

• River inthe StandishSubdistrict(7.1 in Figure3.1), wherewatershedhydrologyis somewhat
less stable and over-the-bank flooding does occur in response to storms, riparian ecosystems

are markedlydifferent from thosealong m6re stable riversin District 9 andSubdistrict8.2.
Such hydrologic variations probably greatly influence the way riparian ecosystems and rivers
respondto logging, damming,anddevelopment.

Maintaininggeomorphological and hydrologicalprocesses is farcheaperthan restoring
them. However,humaninfluences on riversand theirassociated riparianareas(e.g., darns,
diversions for irrigation,dikes, and levees) areso common and have often so reduced the
compositional,structural,andfunctionaldiversity in these systems,thatrestorationmaybe
theonly option. Not only arethese attemptsto controlthemovementof waterexpensive, but
they areoften ineffective. In theEast, it is the meanderingpathandbroadriparianwetlands
that providethe essential physicalsetting andbiological functionnecessaryfor clean water
andproductiveaquatic ecosystems. Large-scaleriparianrestorationprojectsareunderway
(e.g., theDes Plaines RiverWetlandsDemonstrationProjectin nlinois), and the technology
andknowledge to supportrestorationat a landscapescale aregrowingrapidly.

• Obviously, site-level restorationwill be effective only if it is consistent with processes
operatingat the watershedscale. Before conductingsiteprojects,firstunderstandthe likely
impactsof ongoing or potential alternations(e.g., wholesale land transformationor major
water diversions) occurring within the larger watershed. Starting with a landscape
perspective (Principle#2) is helpfulwhen conductinglocal managementactions.

• , _
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Principle4
Favornativespecies

Non-nativespeciesposeasignificantandincreasingflu'eattoconservingbiologicaldiversity
in aquatic,riparian,and terrestrialecosystems.What makesriparianecosystemsso
susceptibleto speciesmtroductionsis thefrequencyof naturaldisturbanceswhichallows
iavasivespeciestopropagateandestablishalongwiththemobilityprovidedbyflowingwater

- andtheconnectivityprovidedby ripariancorridors. .,
Animportantpartofmanagingriparianecosystemsisdevelopingstrategiesfordealingwith

", theintroductionandrapidcolonizationofexoticspecies.Managersshouldavoidintroducing
nonnativespeciestoriparianhabitats.And.in somecases,measuresto controloreradicate

•no_ative speciesmaybenecessary,andseedingorplantingnativespecieswillberequired
where riparianvegetationhas been severely degraded.

,=

Principle5
Bufferwidth? There are no pat answers
What minimumbuffer widthis neededto protectthe riparianenvironment?The answerto

. this frequentlyasked question dependson many factors. These factorsvaryfrom place to
place, butamongthefactorstoconsideraregroundwaterandflood hydrology,criticalspecies
habitat;the structuralcharacteristicsof the riparian forest, the gradients controlled by
physiographicfactorssuch as slope, andthe degreeof contrastbetweentheriparianareaand

:the adjacent landscape.
Bufferwidthshavebeendeterminedempiricallyfrom variousecological gradientsandfor

, Various.purposes.Based on air and soil temperature,Brosofske et al. (1997) recommend
• uncut buffers 300 ft wide for small streams (6 to 12 ft wide) to maintain unaltered

microclimaticgradientsnearstreams,buttheycautionthatchanges inmicroclimateassociated
with forestedges canextend up to 1000ft for some variables. Maintainingwildlife habitat
is anotherbasis for establishingbuffer widths. In their summmTof wildlife buffersalong
Wetlandandsurfacewaters forwildlife, Chase et al. (1997) recommendbuffers 20 to 30 ft
wide forsmallmammals,10 to 300 ft for amphibians,250 ft forpine marten,and650 ft for

• thecavity-nestingwoodduck. It is also importantto assess factorsthatinfluencetherelative
rateof hydrologictransport(e.g., slope, infiltrationrate, soil porosity)across the landscape.• ,

Because these factors affect the rate of transmissionof uplandactivities to the river and
because this rate affects the magnitudeof impacton the riversystem, the relative rate of
hydrologictransportcanbe used as guides for determiningbuffer width. In general,buffer
width needs to increase as slope increases and as the inf'fltrationrate and soil porosity
decrease. Still anotherrecommendationforbuffer widthis basedon maintainingasupplyof
largewoodydebrisandforprovidingshadeto the watersurface. BMPsprovidedby Welsch

°
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et al. (1995) call for a buffer width equal to one andone half tree heights in width, but they
suggest that this will varywith climate, streamsideslope, and streamdirection.

Recommendationsforbufferwidthalso dependon thecontext in whichriparianareasexist
in the broader-landscape.When contrast is low -- for example, a riparianforest abutsan
uplandforest thatis underuneven-agedorc_xtended-mtationmanagement---anarrowuncut
bufferorstreamsidemanagementzone one ortwo treeheightsin widthshouldprotectaquatic
systems from most activities in the uplands. When contrast is high --.riparian forests
embeddedinalandscapematrixdominated'byfarmlandorurbandevelopment---buffersthat
arehundredsof feet in width areneededfor adequateprotection.

Therewill never be a simple answerto the question about minimumbufferwidth. Too
manyvariablesneed to beconsideredso tho-answeris always---"It depends." A moreuseful
approachisto applya"gradientof impact"wherethe impactorintensityof treatmentdeclines
as the distance to water increases. Further,buffer width may be less importantthan the
continuityof the buffer stripalongthe stream(WeUeretal. 1998). Gapsin riparianbuffers
areimportantpoints for thedischargeof materialsandnutrientsfromuplandsto streamsand
so el'uninatinggaps inbuffers shouldbeamanagementpriority. Inforestedlandscapes,road
streamcrossings are the most prevalentgaps, and their numberand significance as a fme
sediment sourcemay have a greaterimpacton streamqualitythanvariationin buffer width
along the stream. This may not be true, however, in agriculturalandurbanlandscapes.

•

Principle 6
Timber-productionisa secondarybenefit

Althoughtimberproductionwill continue to be an importantobjective in managingriparian
forests, it maybe a secondarybenefit when applyingsilviculturaltreatmentsto guide stand
development.Theprimaryobjectivein riparianmanagementis tomaintainorrestoreriparian
habitatsandecological processes. A suitablemanagementregime for producingtimberin
riparian forests is one that does not degrade or seriously disrupt ecosystem processes.
Through the input of organicfitter, includingleaf litter and other organicdetritus,riparian
forestsprovidesources of energyforaquaticorganisms. Shadefromstreamsidevegetation
prevents excessive warming of water during summer months and thus helps moderate
temperatureregimes in aquatic systems. Woody debris from riparianvegetation provides
habitatfor aquatic organisms,and it influences the development of channelmorphology.
Throughtheregulationof overlandflow of water,riparianvegetationalso affects sediment
transportand,thus,reduces terrestrialinputsof nutrientsto aquaticsystemsfromagricultural

• and urban sources.
, All of theseinteractionsbetweentheterrestrialvegetationandthe aquaticecosystem
suggest theneed forcaution whenit comes to timbermanagement.Harvestoperationsthat
cause severe reductionsin canopy coverageandstocking levels, or cause significantrutting

I
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and compaction of the soil, should be avoided. There are some riparian forests in which
timber production is clearly undesirable. In their guide for managing black'ash in the Lake
States, Erdmann et al. (1987) recommend concentrating silvicultural treatments oh better sites

where seedling and sprout regeneration can be .expected. They do not recommend timber
production on wet sites where the site index is less than 45 ft at age 50, but .instead they
recommend management that focuses on maintaining wildlife habitat and protecting water -"""
quality.

It should also be recognized that the environmental heterogeneity common to riparian
ecosytems makes it difficult to apply universal guides and management prescriptions. The

suitability of silvicultural treatments depends on the condition of the forest and the physical
environment. Each can change dramatically over short times and small spaces in riparian
forests. For the most part, we lack guides for,managing timber that are specific to riparian
forests. When available, the recommendations often sound similar to those commonly
proposed .for upland forests. In these cases, proceed with caution. New and innovative
silvicultural techniques are needed for managing riparian forests (see Chapter 14).

..=
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" The difference between silviculture and riparian silviculture is
that riparian silviculture benefits the water as well as the forest.
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Landscape position determines vegetation types on the low and high terraces of the
' AuSable "mMichigan (upper). Depth to water table determines vegetation structure

• near this small stream in the Suomi Hills, MN.
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