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Abstract:

Human influence and biological condition in streams are commonly assessed with multimetric indices,
which combine measurements at several ecological levels into an overall rating of biological integrity.
Efforts to develop such biological assessment methods for wetlands are relatively recent. This study
examined effects of grazing and cultivation on vegetation in 24 depressional wetlands in western
Montana. The two primary objectives of this research were to (1) evaluate differences in vegetation
among wetlands with different land uses and (2) identify vegetation characteristics that vary
predictably with land use, and, therefore, may be useful in a multimetric index of human influence on
wetlands. I examined plant community composition and vertical distribution of species in wetlands
surrounded by land uses ranging from relatively undisturbed to currently grazed or cultivated. Sites
were selected using physical and chemical criteria to limit natural variability among sites.
Environmental data showed that wetlands differed between the two study areas selected to investigate
effects of cultivation and grazing but were similar within each study area. I found limited evidence for
elevated nutrient concentrations, which might alter vegetation indirectly, in areas of increased
disturbance but considerable evidence of direct, physical impacts such as tillage and trampling. Patterns
of differences in wetland vegetation among land uses were also consistent with direct, physical impacts
of cultivation and grazing and indicated that cultivation caused greater changes in plant communities
than grazing. In cultivated areas, the clearest differences were observed in groups and species related to
life history, successional role or native origin: annuals, perennials, native perennials, moss, Agropyron
species, Eleocharis species, and Juncus balticus. In grazed areas, dominance, Eleocharis species, and
Juncus balticus differed among land uses. Vertical distributions of many species shifted to lower
elevations at disturbed sites. Because land use appears to affect vascular plant communities in a
measurable and ecologically rational way, vascular plants show good potential for use as metrics to
assess wetland condition and human influence on wetlands. Because changes in vegetation were greater
for cultivation than grazing, plant-based metrics are more likely to succeed in assessing impacts of
cultivation.
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ABSTRACT

3

Human influence and biological condition in streams are commonly assessed with
multimetric indices, which combine méasurements at several ecological levels into an i
overall rating of biological integrity. Efforts to develop such biological assessment
methods for wetlands are relatii/ely recent. This study examined effects of grazing and
cultivation on vegetation in 24 depressional wetlands in ' western Montana. The two
primary objectives of this research were-to (1) evaluate differences in vegetation among
wetlands with different land uses and (2) identify vegetation characteristics that vary
predictably with land use, and, therefore, may be useful in a multimetric index of human
influence on wetlands. 1 exammed plant community composmon and vertical
" distribution of species in wetlands surrounded by land uses ranging from relatively
. undisturbed to currently grazed or cultivated. Sites were selected using physical and
chemical criteria to limit natural variability among sites. Environmental data showed that
wetlands differed between the two study areas selected to investigate effects of
cultivation and grazing but were similar within each study area. Ifound limited evidence
for elevated nutrient concentrations, which might alter vegetation indirectly, in areas of
increased disturbance but considerable evidence of direct, physical impacts such as tillage
and trampling. Patterns of differences in wetland vegetation among land uses were also
consistent with direct, physical impacts of cultivation and grazing and indicated that
cultivation caused greater changes in plant communities than grazing. In cultivated areas,
the clearest differences were observed in groups and species related to life history,
successional role or native origin: annuals, perennials, native perennials, moss,

Agropyron spec1es Eleocharis species, and Juncus balticus. In grazed areas, dominance,

Eleocharis spec1es and Juncus balticus differed among land uses. Vertical distributions
of many species shifted to lower elevations at disturbed sites. Because land use appears
to affect vascular plant communities in a measurable and ecologically rational way,

_ vascular plants show good potential for use as metrics to assess wetland condition and
human influence on wetlands. Because changes in vegetation were greater for cultivation
than grazing, plant-based metrics are more 11ke1y to succeed in assessing impacts of
cultivation. :

i




Ll

1
INTRODUCTION

Wetl‘ands are transitional ‘envir.onments between uplands and aquatic
' environments. In wetlands, biological, chemical, and physical components interact in
distinctixre ways that generate basic, ecologieal attributes and functions that influence
adjacent ecosystems. For exampte, biogeochemical changes affe.cting chemical
constituents in the water column and substratum, removal of sediment, reduction in water
velocity, water storage, and provision of unique habitat needed by rnany different
lifeforms are all influenced by the wetland ecosystem (Mitsch and Gosselink 1'993).
. These wetland functions are increasingly reco'gni'zed as valuable to human society, yet
wetland habitat continnes to be threatened by land use either directly or in the
surrounding watershed. |

In Montana, two of the most extensive uses of land affecting Wetlands.are
livestock grazing and cultivation (Montana Agricultural Statistics Service 1990). These
land uses are recognized as strongly impacting Wetland Vegetation in the northern prairie
regron (Kantrud et al. 1989, Millar 1973, Stewart and Kantrud 1972, Walker and
. Coupland 1970, Dix and Smeins 1967).. However Kantrud et al. (1989) state that
information on the impacts of different kinds of agricultural activities on wetland
vegetation is not extensive and for the most part consists of incidental observations :
recorded as part of vegetation surveys or waterfowl studies.

Changes in vegetation are among the most conspicuous and ecologrcally
significant consequences of human act1v1ty in and around wetlands The flora of

depressional wetlands in glaciated landscapes is influenced by the water regime, salinity',
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) »
-and disturbance by humans, but direct and indirect disturbances are so widespread that
they are often the most irnportant factors controlling the distribution and composition of
contemporary Wetland vegetation (Kantrud et al. 1989) Direct phys1cal dlsruptlon of
sites by land use can alter plant community composition by removal of vegetat1on

. introduction of species, or physical alteratlon of the soil. Indlrect effects of land use on
vegetation may result from changes in water and sediment chelnistry in wetlands due to
changes in surface runot‘f or groundwater quality, which may alter plant growth or
competition between Species. Either direct or indirect irr,lpacts to wetlands can result in
broad changes in vegetation.

The primary legal protections for wetlands from human impacts are contained in
the Clean Water Act. Section 101(a) states that the objective of the Clean Water Actisto |
“maintain and restore the chemical, physical, and biological integrity of our Nation’s
waters.” The jurisdiction of this Act includes wetlands (Danielson 1998). Unfortunately,
although this federal mandate as well as state and local regulat1ons are in place to protect -
vlfetlands wetlands are still altered or lost at high rates (Karr and Chu 1997). Impacts in
and around wetlands continue, due in part to a limited understandmg of how land use
affects wetlands and how to aésess the condition of Wetland§ prior to, during, and after
human activity. In addition, while some land uses clearly alter wetlands, the long-term
effects of moderate land use in wetlands, or land use in the surrounding uvat'e_rsheds, are
less obvious, .less well understood, and more.difﬁcult to quantify.

Following passage of the Clean Water Act, ernphasis was placed on deVelopment

_of chemical criteria to maintain and restore the Nation's waters. However, it has become

increaéingly clear that aquatic systems continue to deteriorate as a result of human
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actions (Karr and Chu 1997). Nonpoint source pollution, habitat alteration and
fragmentation, and land use within a watershed can all alter the biological components of
aquatic ecosystems, yet the resulting impacts may not be detected using chemipal criteria
(Danielson 1998). Because chemical criteria alone are unable to méasure the impacts
caused by these kinds of s_tr'essors, the U.S. EPA has begun to focus on direct assessment
and protection of biological condition of aquatic systems (Danielson 1998).

One common approach to diréct assessment of biological condition in aquatic
systems is the use of rhultimefric indices (Karr and Chu 1997). A multimetric index

combines quantitative measurements at several ecological levels into an bverall rating of
biological integrity. Whiie multimetric indices have been dgveloped for stream |
ecosystems in many states (Karr and Chu 1997), efforts to dévelbp biological assessment
methods for wetlands are relatively recent (Danielson 1998). Further, multimetric indices

for streaﬁs have primarily used fish and macroinvertebrates, while in wetlands, vascular
plants may be useful for biological assessment (Adamus and Kentula 1996).

As of 1996, no state agencies in the prairie region were monitoring biological
integfity of wetlands using Vascﬁlar plants (Adamus and Kentula 1996), althqugh
research is now underway in ‘some states. Researchers hlave documented that vascular
plant ;:ommunity composition in wetlands chaﬁges with land ﬁse, although detailed
information that could be used for lquantitative monitoring is limited. Vascular plants
may be especially useful for biological assessment of wetlands because water is not

always present in wetlands to support other assemblages such as aquatic

. macroinvertebrates or fish. Furthermore, because plant popﬁlations are persistent, sessile, -




4

and respond to the soil eﬁvirohment, they may integrate effects of impacts over longer-

periods than either invertebrates or fish.

Research Objectives and Approach

This study examined effects of grazing and cultivation on vegetation in
depressional wetlands in western Montana. The two primary obj ect'ives were to (1)
evaluate differences in vegetation among wetlands with different land use anci (2) identify
vegetation characteristics that vary p‘redictably in relation to land uses and, therefo;e, may
~be useful in a multimetric index of human influence on wetlands. This work was
undertaken pz.u'tially in response to the state of Montana’s need to develop methods for
Wetland assessment in compliance with the Clean Water Act. |

1 stqdied effects of land use on plant community composition and species
distribution relative to surface elevation in'24 d'ebressional wetlands in western Mon‘canat
Twelve sites located in the Mission Valley were used to investigate the effects of
cultivation; these sites were all within a 3-km range. Another twelve sites located in the
_O\}ando Valley were used to ihvestig(ate' the effects of grazing; these sites were within a
30-km range. Each study area of 12 sites was evenly subdivided into three groups: a
reference group representing least humgn iinpact, .a group currently grazed or cultivated,
and a group retired from grgiing or cultivation fof,several years. '

I hypéthesized that wetland veéetation is impacted directly or indirectly by . |

cultivation and grazing and, therefofe, differs among sites with différent land uses.

Tillage can uproot plants, change soil structure and cause erosion and sedimentation.




LY

5

Gra_zing can stress plants' by removinglléaves and reducing photosynthesis and carbon
reserves; defoliai;ion may also allow other spécies to compete more successfull}-l.
Trampling by hooves can da_tr.lage roots and shoots and compact soil, restricting plant
growth. Trémpling, can also alter surface microtopography, and resultant microsite
changes in hydrology may causé changes in spééies composition.

Cultivation and grazing can also affect wetland Vegeéation indirectly by altering
water and sediment chemistry in wetlands. I hypothesized that the most likely indirect
effects of the‘se land uses would be changes in nutrient concentrations in the water -
~ column and sediﬁent. Possible ave.nue.s for changes in nutrient concentrations in
cultivated areas included increased runoff due to soil and vegetation distu'rbance,
transport of fertilizer nutrients from surrounding cropland by runoff, and direct
applfcation of fertilizer in wetlands during drawdown periods. In grazed areas, changes
in nutrient. concentrations may occur due to énimal defecation or.urination in Wetiand
margins, where livestock spend disproportionate amounts of time (Nader et al. 1998).

The study design focused on limiting natural variation among sites in order to
detect alfferences in land uses. All sites were depressional wetlands as deﬁned within a
hydrogeomorph1c classification (Brinson 1993). Depressional Wetlands occur in low
areas in the landscape and receive water from surface precipitation and runoff,
groundwater, ér both: Based on Omernik’s (1987) ecoregion map, the two study areas
were in the same ecoregion. However, the two areas were in different- ecoloéical units,
according to the ecological units map developed by Nesser et al. (1997). The selected
sites met criteria for hydrologic regime, salinity, and landsqape setting. The ‘study sites

were as similar as possible except for the differing land uses around individual sites.




{78 [ |8 14 4 4 /

6

Environmental data were collected to verify that sites were similar and to evaluate
whether land use effects on the vegetation were most likely direct, via physical
disturbance to the wetland, or indirect, vie} water or sediment chemistfy.'

I compéred plant community composition among land uses. Because relatively
- little research has been done on the use of veget.ation to assess biological integrity of
wetlands (Adan)lus and Kentula 1996), 1 examined several groups of plant species, as well
as genera and individual species. These groupings primarily were based on ecological
factors such as life history, lifeform, and whether species were native or exotic. Other
groups were based on results of relevant research and examination of the data.

I also investigated whether disturbance related to land use altered the spatiél
distribution of plant species v_vith ’respect té elevation, and whether species dfstribution
with respect to elevation or water depth could be incorporated as a metric. Physical
disturbance or changes in resources might affect mortality, reproduction, or competition,
resulting in changes i’n abuﬁdance. If these effects varied along the hydrologic gradient,
species distributions could shiﬁ to higher or lower elevation ranges. I compared whether
the distribution of each species with respect fo water surface elevation differed among
reference, fetired, and currently impacted wetlands, and tested whether change in
elevational distribution was consistent among species.

Finally, data were used to identify poteqtial variables for use in a multimetric
index for depressional wetlands in western Montana. In addition to examining land use
impacts generally, sampling two differ'entiland uses allowed me to ;::xamine pat.terns in.

vegetation composition and distribution specific to grazing or cultivation. Understanding




R y o B W VA Ll

7

distinctive effects of these land uses may lead to useful diagnostic tools for assessing

wetlands with unknown land use histories to _deterrhine past impacts.
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LITERATURE REVIEW

Hydrologic regime and salinity are two of the most important natural controls of
plant distribution in depréssional prairie wetlands (Kantrud et al. 1989, Millar 1973,

Stewart and Kantrud 1972, Walker and Coupland 1970, Walker and Coupland 1968).

These factors in turn are influenced by geomorphic characteristics and subsurface

geology. Human disturbance also plays an important role in plant distribution (Kantrud
. .

et al. 1989).
‘Below, I first discuss geomorphic characteristics, hydrologic regime, and salinity

and how they interact in depressional wetlands formed by glaciation. Next, I describe the

state of knowledge regarding the response of vegetation to these environmental factors.

" Third, I discuss vegetation response' to land use impacts. Wetlands examined in this

study are hydrogeomorphically similar to the prairie potholes of the Dakotas, where

much research has been complefed on dépl;essional wetlands in response to conflicts.
between waterfowl ha;t)itat preservation and agriculture. Therefore, much of the literature

cited comes from this region. Finally, I outline the scientific basis for multimetric indices -

and how vascular plants may be useful in a multimetric index.

Geomorphology, Hydrology, and Water Chemistry

Hydrology is the driving force behind the existence of wetlands. “A wetland is an

" ecosystem that depends on cohstant or recurrent, shallow inundation or saturation at or
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near 'th'e surface of the substrate. The minimum essential characteristics of a wetland are
recurrent, sustained inundation or saturation at of near the surface and the presence of
physical, chemical, and 1t)viological features reflective of recurrent, sustained inundation or
- saturation.” (N ational Research Council 1995). Wetland hydrology is the most important
determinant of a wetland’s structure and function (Mitsch and Gosselink i’993).
Geomorphic characteristiqs and subsurface geology influence hydrologic regime, water
source, and water and sediment chemistry in Wetlmds, all of which influence tilé
biological attri‘t;utes of wetlands. |
Depressional wetlands are common in thé gla;:iated northern plains of North
America; they are refe;rred to as prairie pothdles in the United States and as sloughs in
Canada (Kantrud et al. 1989). | These wetlands are formed in glacial deposits: till,
glaciolacustrine sediments, and outwash. All the;ée types of glacial deposition result in
generally similar surface topography: a relatively. young landscape of gently rolling to
hummocky topography with very little drainage development, pockmarked with small,
shallow, and often temporary bodies 6f water in slight dep'ressions in the la:ndscape. The
shallow depressional topography and physical characteristics of the glacial material
influence water source, hydrologic regime, and waterl and sediment chemistry. The
physical and chemical corﬁpo‘sition of tﬁe parent material of the g‘lacial deposits also play
"a role in characteristics of these wetlands (Fetter 1994, Van Voast and Novitzki 1‘968)-.
_ Gla;:ial till is deposited directly by glacial ice without significant sorting By ‘
running water. Generally, till has a low hydraulic conductivity, especially if it is clay-
rich (F e’tter 1994). Permeability of till vdep;ands upon the clay content, mode of deposiﬁon

and degree of weathering (Fetter 1994). Hydraulic conductivity of the unfractured till

T
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matrix is 10° cm/s for in the prairiés of Canada and North-Dakéta (Winter and
Rosenberry 1995). Other researchers report hydraulic conductivity of till raﬁging from
107 to 10 cm/s (Fetter 1994). Fracturing affects hydraulic conductivity. The
unfractured till matrix generally has low hydraulic conductivity;, but the presence of
fractures aue to desiccation, particularly near the surface, gives a secondary permeability,
which may increase the hydraulic conductivity of the overall matrix by or‘ders of
" magnitude (Woo and Rowsell 1993). |
Fetter (1994) states that glacidlacﬁstrine sediments have hydraulic conductivity
values similar to those of tills, ranging from 10'6‘ to _10'8 cm/s. Glacial outwash sedimént
is deposited by meltwater from the glacier, and therefore is wel-l—sorted, giving} it a higher
hydraulic conduct1v1ty Fetter (1994) glves a general range for outwash of 107 to 1 cm/s,
but states that some silty outwash materials have hydraulic conduct1v1t1es as low as 107
cm/s. |
Low hydraulic conductivity slows the downward movement of water, c’ausing.

ponding in wetlands for extended periods. According to Stewart and Kantrud (1971),
permanence of éurface water in prairie potholes is modified by permgability of bé)ttom
“soils. Shjeflo (1968) reports that average outflow seepage ranged from 3x10"7 cm/s to
3x10?6 cm/s iﬁ 10 semi-permanent and seasonal potholes. Sloan (1970) observed changes
in pothole water levels indicatipg that outﬂow. seepage rates are much'hi‘gher from:
ephemeral and temporary potholes. Rates of outﬂolw influence hydrologic regime, as
diécussed below.

Due to low hydrauhc conduct1v1ty, which prevents rap1d equilibration of

groundwater levels, transpiration by phreatophytlc vegetation can cause pronounced
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diurnal depressions in groundwater directly surrounding a pothole. Water levels in the
zone of phreatophytlc Vegetatron adjacent to potholes rise and fall in response to
variations in climate and groundwater flow in much the same way as the pothole water
- surfaces do, hut with much greater amplitude, resulting in groundwater levels that are
often significantly above or below the pothole water surface (Sloan 1970).
| Low hydraulic conduct,i‘\}ity causes water to follow the surface topograph3} of
glacial depos.its closely. Sloarr (1970) notes .that closely spaced potholes are often |
_se'parated by a large vertical distance and a steep water-table gredient, ‘which result from
the low permeability conditions characteristic of the glacial till surrounding the potholes.
The relatiorr of the water table to the Wetland position in the landscape influences
* groundwater flow direction. This relationship causes wetlande to vary in water source.

- Water eource is one of the most irhportant factors controlling Wetland hydrologic
regirhes. ﬁydrologic regime refers to the depth and duration of inundation during the |
growing season (Kantrud et al. 1989). Stewart and Kantrud (1971) state that water
permanence is inﬂoenced by permeability of bottom soils, as exr)lained above, and by
groorldwater. Grohndwater carr be an important contributor to a wetland’s surface water. -
Wetlands typically fall into three categories accordirlg to water source: (i) “recharge
wetlands” recharge groundwater with water derived primarily .from overland ﬂot:v and
snow-catch, (ii) “throughflow wetlands” receive both water from and yield water to the
grounrlwater system, and (iii) “discharge wetlands” obtain some water from overland
flow but receive the majority as groundwater discharge (Arndt and Richardson -1989) .'

Stewart and Kantrud (1971) developed a wetland classification system for natural

ponds and lakes (pra1r1e potholes) in the glaciated prairie region. The hydrologrc regime .
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of the vegetation zone in the central or deeper part of a wetland is used to distinguish
several classes. Majof classes of hydrologic regime are ephemeral ponds, temporary
ponds, season'al ponds and lakes, semi-permanent pénds and lakes, permanent ponds and
lakes, alkali pénds and lakes, and fens.

In the prairie pothole region, reqharge wetiands tena to have ephemeral or
seasonal hydrologic regimes because the main water source is from precipitation, largely
as spring runoff, and water is los’g by percolation as well as evapotranspiration. Dﬁration '
of ponaing Caﬁ be'modiﬁed by the hydraulic conductivity of bottom soils. Flow-through

‘wetlands tend to be seﬁli-permanent because tﬁ_eir water source is shallow groundwater
discharge. Discharge wetlands tend to be se'mi-permanent or permanent because their
'water source, groundwater, is more éonstant than seasonal runoff.

Water chemistry is related to hydroiogic regime, water source, and underlying
substrate, which is dérived from the geologic spurcé material of giacial deposifs. Water
chemistry is largely influenced by the configuration of the water table surrounding the

| wetland (Sloah 1970) an(i subsurface geology (Van Voast and Novitzki 1968).

‘Salinity is the concentration of total dissolved solids in the soil or water column
(Kantrud et al. 1989). Total salinity of water in a pothole is largely controlled by the rate h
of groﬁndwater flow and the relationship of seepage inflow to outflow: generally,
potholes with water relatively low in dissolved éolids have net seepage outflow, and
potholes with high concent‘ration of dissolved solids have net vse_epage inflow (Eisenlohr
and Sloan 1968). Total dissolved solids are low in rainfail, but high in discharging
groundwater. Few dissolved solids are removed from p;)tholes, other than by seepage

outflow or infrequent pothole overflow. Evapotranspiration further concentrates
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dissolved solids (Eisenlohr 1972). Eléctrical conductivity is often measured to estimate
salinity (Cowardin et al. 1979, Stewart and Kantrud 1972).

Tﬁe chemical composition of freshwater in recharge wetlands can vary due to
subsurface geology. Richardson et ai. (1994) state that several cilemical processes other .
than mineralogical controls explair.1 subtle variatic;ns in the dilute solutions characteristic
of recharge wetlands. These controls include Weathériﬂg anci lithological differences,
differences in ionic mobility, exchange relationships between the aquifer media and

solute, and biological cycling.

Natural Controls on Plant Distribution

Water dep1;h and duration largeiy détermine distribution of plant‘species (Kantrud
et al. 1989). In the prairie potholes, the gradienf of depth and duration of water in each
pothoie creates visually conspicuous zonation, with each zone dpminated by a single |
plant species (Kantrud et al. 1989). The Stewart and Kantrud (1972) classification uses _
the central vegetation zone of each wetland to identify hydrollogic ‘regime. Zones
corresponding to less .pefmanent wetlands'may also occur as peripheral bands around
more permaﬁent wetlands. These éones and corresponding hydrologic regime are as -
folléws: a wetland-low-prairie zone associated with ephemeral ponds; a wet-meadow
zone associatedﬁw'ith temporary ponds; a shallow rﬁarsh associated \'vith‘ seasonal ponds
and lakes; a deep .marsh assoc*;iated'with sémiper:_manént ponds and lakes; and permanent
open water associ;ated with permanent poﬂds and lakes (Stewart and Kantrud 197 2). As

long-term hydrologic cycles occur, peripheral vegetation zones may shift in elevation or




L VAR b I}

14

the. central vegetation zone m/ay change altogether as the hyd;jolo gic regime of a wetland
is altered. Consequently, classification of a wetland may change.

Plant species have differing tolerances for salinity. Researchers in the prairie - .
pothole region have found that salinity has a profound effect on the plant community
composition and the distribution of species. (Kantrﬁd et a_l. 1989). Stewart aﬁd Kantrud
(1971) used salinity to define éubclasseé of vegetation types in prairie potholes. Within h
any hydrologic regime, the dominant and squoniinant species may vary with salinity.

As salinity increasés, the number of species diminishes considerably (Kantrud et al.
1989). Walker and Cbupland (1968) report most of the species in sloughs to be strongly
affected by the hydrologic regime and somewhat less affected by saiinity. :

Long-term climatic chaﬁges can alter the wetland hydrologic regime and
vegetation zonation. It may take a year or more for species composition within a zone to .
adjust to environmental change. These lags sometimes fesult in abnormal zonation
patterns, particularly after a change in water level (Kantrud et al. 1989). Kantru& et al.
(1989) caution that because hydrologic regime is a principal factor in controlling
distribution and composition of vegetation, it follows that hydrologic ﬂuctuation will
induce changés in the compbsition and s_tructﬁre of wetland vegetation. Consequently,
any attempt to study the compogition, classification, dr dynamics of the region’s wetland

;

vegetation must recognize the impact of long-term climatic fluctuation.
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Human Influence on Vegetation

4

Direct and indirect disturbances by human activity are so widespread that they are.
often the most important factors controlling the distribu.tion and composition of
contemporary wetland vegetation (Kantrud et al. 1989). Cultivation, grazing, mowing,
~ and burning have altered the composition of pothole vegetation (Kantrud et al. 1989,
Millar 1973, Stewart and Kantrud 1972, Walker and Coupland 1968). Kantrud et al.
~ (1989) and Stewart and Kantrud (1972) d‘ocumentec'i differences in species found in - |
wetlands of the same hydrologic and salinity regime but surrounded by contrasting land
uses of g;azing, haying, and cultivation or.idle land. Walker and Coupland (1968) rated
the intensity of disturbance by mowing, grazing, and cultivation and were able to
distinguish donﬁnant species associated with varying intensities of these la;nd uses. ’.I‘hes;
concluded that cultiv.ation is by far the most d“rastic type of disturbance, complétely
overriding the effects of natural gradients. The Stewart and Kantrud (1971) classification
recognizes a completely separate vegetation phase fof tilled wetlands.

Land use impacts vary with hydrology and qlimate. Relatively permanent
wetlands are exploited for native hay and as pastures, and less permanent wetlands are
used extensively for crop production during dﬁ years (Kantrud et al. 1989). Wétland-
low-prairie, wet-meadow, .ar'ld shallow-marsh zones are frequently cultivated when they
becﬁme dry, which creates early successional plaﬁt communities that differ maykedl‘y
from those of undisturbed sites (Millar 1973.). Folloﬁing cultivation? such communities

often retain early seral characteristics for a few years. Subsequently, the number of
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species decreases progressively as small, rai)idly growing annuals are excluded by
competitiqn; succession plays a significant role during extended periods without |
disturi)ance (Walker and Coupland 1970). |

Although farmers often cultivate as far into depressions as possible, or e\}en
across them when they are dry, these sites are usually too wet to seed crdps (Dix and
Smeins 1967). Whether seeded to a cr.op or not, species may be introduced by 'Fillage.
Cultivated depressions typibally become mudflats after disturbance, providing excellent '
seedbeds t;of weedy species, both native and introduced (Dix and Smeins 1967). Mudflat
communities often develop on such site_s after disturbance. During dry years, how-ever,
. ébme shallow wetlands are planted to crops. Small grain or row crops are often presént in
the cropland tillage phase of prairie potholes .(Stewart and Kantrud 1 972)-. |

Agriculture may result in indirec;,t impacts to vegetation. Agricultural activities
have affectéd many wetlands through runoff that contains large quantities of se&iment, |
nutrients, and pesticides (Kantrud et al.1989). Writing in 1989, Kantrud et al. reported
that indirect effects of runoff water quality on vegetation ha& not been studied in prairie’
potholes. However, impacts 6f nﬁtrient§ on Wetland Veget;ation have been investigated in
other parts of the United States. Fbr examplé, increased agricultural runoff, laden with
phosphorus, is believed to have promoted the spread of Typha spp. in cdnseryation areas
the Everglades in Florida (Gunderson and Loftis 1993, Koch and 'Reddy 1992).

There is conflicting inforrhatio.n on the relative importance of water and sediment‘.
nutrient levels to Wetla\md vegetation change. Numerous experimental studies h:.we
shown tflat submerged plants take up nutrients 1t.)o’ch from the water through the leaves and

from the substrate via foots (Bristow 1975, Carignan 1982). In contrast, Anderson and
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Kalff (1988) state that it is now generally agreed that rooted aquatic plénts derive almost’
all their nutrients from sediments. Because surface water and sediment chemistry are
related through sedimentation and solute exchange, this distiﬁction may be more
important to water quality monitoring than vegetation chaﬁge. :

Grazing has effects similar to cultivation. Dominance types in wetlands ’ghat are
grazed are’oﬂen very different from nongrazed wetlands (Kantrud ef al. ‘1'989). Marshes
often show greater vegetation response to grazing than upland communities (Bassétt
1980). Species cor'npositi'on changes in graz_éd areas because soil is physically disturbed,
planfs are stressed by defoliation, and light‘ cdmpétition is reduced (Archer and Smeins
1991). Changes in vegetation composition are li'kely related to the exposure of soil that
can result from grazing (Millar 1973). Effects of defoliation on species dominance may
be related to differences in the palatability of emergent specie_é which results in -
preferential grazing, and to opening of the otherwise dense canopy, which allows
establishment 6r increase of species that are not abuncial‘nt under closed canopies (Kantrud
1986). Research in riparian wetlands shows a wide range of plant community ‘responses

to grazing (Kauffman and Krueger 1984). Hansen et al. (1995) interpret several Montana

riparian community types as resulting from excessive grazing.

Effects of grazing niay not all be ﬁegative; prairie\: wetlands probably Qere grazed
frequently by nativg herbivores before Eur‘opéan settlement, and had grazing-tolerant
species. Moderate grazing maﬁg promote greater species diversity, complex spatial
patterns, and sharp boundaries bétween vegetation zones in prairie wetlands (Bakker and
Ruyter 198 1). However, overgrazing can reduce primary production, increase water"

turbidity and even eliminate ve,getaﬁon (Kantrud et al. 1989).
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Grazing may affect wetland water and sediment chémistry, though probably less
severely than cultivation. Runoff can be increased by trampling, soil compaction, aﬁd
reduced vegetative cover, which may accelerate sediment and nutrient delivery to
wetlands (Spaeth et al. 1996). Churning of water and sediment by trampling and

defecation and urination may also affect water quality (Nader et al. 1998).

Assessment of Biological Integrity

_ The U.S. Environmental Protection Agency (EPA) has adopted the policy tha;c
measures of biological condition are necessary to maintain biological integrity as |
mandated By the Clean Water Act (Démielson 1998). Biological integrity is “the
capability of supporting and maintaining a balanced, integrated, adaptive community of .-
organisms having a species composition, diversity, and functional organization -
comparable to that of natural habitat of the region” (Kérr 1987). “Continuing degradation
of aquatic systems suggests that chemical measures of water quality are not sufficient to
reflect all impacts that caﬁ occur to aquatic systems (Karr and Chu 1997). Simple
biological measurements such as toxicity bioassays and ‘diversity indices do not ‘provid‘e
integrated assessments of biologicai condition and, therefore, have not adequately
protected aquatic resources (Karr and Chu 1997).

“Multimetric” indices attempt to provide more iﬁtegrative ratings of biological
integrity by including measurements at several ecological levels. A “metric” is a
measurable biological attribute that reflects specific and predictable responses of

organisms to changes in landscape condition, is sensitive to a range of factors that stress
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biological systems, and is relatively easy to measure and interpret (Karr and Chu 1997).

A multimetric index combines metrics of different attributes of an assemblage (e.g.

. aquatic invertebrates, fish, or vascular plants) into an overall score of integrity, or

condition, of an aquatic ecosystem.

" Development of a multimetric index for v’vetland's starts with classification of
wetland types and regional environments (Danielson 1998). Systems for wetland
classification include the Army Corps of Engineers5 hydrogeomorphic classification
(Brinson 1993) and the Fish and Wildlife Service’s Classification of Wetlands and
Deepwater Habitats of the United States (Cowardin et al. 1979). Stewart and Kantrud’s
classification of natural ponds and lakes in the glaciated prairie region (1971 isa
régional classiﬁéation‘of depressional wetlands. Classifications of regional environments
include the EPA’s Ecoregions (Omernik 1987), and the U.S. Forest Service’s Ecological
Units (Nesse; et al. 1997). | |

Within each wetland clas;, biological attributes of one §r more assemblages are ‘.
measured over the range of human influence, from “refe.rence,” or relatively unimpacted,
to severely impacted sites. The biological measureménts that show a clear response to
this gradient of impact are identified as potential metrics. Ideally, several metrics
reﬂecting different ecological levels of the assemblage will be identified. Each rriétric is
scored individually, and all métﬁc scores are combined into a final index score. The
index is then tested and validated on new wetlands. "

Adamus and Kentula (1996) recommended aﬁalysis ofa broéd array of
community level and in.dividual species measurements during initial pha.ées of

bioindicator development; subsequently, the most useful measurements should be refined
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and combined. Barbour et al. (1995) also advocated combiniﬁg several biological
measurements to arrive at an overall score for environmental health. A multimetric index
should be composed of measurements from the individual, population, community, aﬁd
ecosystem levéls into a multimetric index (Karr and Chu, 1997).. Danielson (1998)
suggests that within a multimetric index, some metrics should be more sensitive to
chemical alteration, others to physical alteration, and still others to biological alterations
in order to discern many types of human influence.

Multimetric indices have been developed pfima;ily for stream systemé and have
been based on ﬁsh or macroinvertebrates. Forty-two states now use multimetric
assessments of biological condition of streams (Karr and Chu 1997), but efforts to
develop multi'fnetrié indices for Wetlands are relatively recent. Several states, including
_Florida, Maine, Minnesota, _Moﬁtana, North Dakota, and Ohio, are currently developing
biological assessment methods for mqnitc;ring wetlands (Danielson 1998). In Montana,
development of wetland multimetric indices utilizing macroinvertebrates' and diatoms has
been initiated (R. Apfelbéck, 1997, personal ‘c.ommunicatio\ri).

Indices based on vegetation may be 1.1seﬁ,1\1 to assess wetland biological condition,
éither alone or in conjunction with another assemblage. Plants may be easier for noﬁ-
specialist field personnel to quantify, may integrate Water quality over longer time -scaleé,
and may respond somewhat differently to wafer quality and digturbance, thus providing
additional 'information about water quélity and biological integrity. Chémicals frém
high-intensity, occasional events or low-level but chronic impacts may be transient in the
water column, but remain and accumulate in wetland substrates. Becausg plants take 1_11;

chemicals primarily from sediment, they may show the effects of these types of impacts
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- more effectively than aquatic organisms. Perhaps most importantlly, vegetation can be
sampled when no water is present, which is not possible with most other biological
;clssemblages used in wetland bio'assessment.‘

Adamus 'and‘Kentula (1996) 'suggested that vasculqr.plants may be the best
biological indicators of ongoing or recent ;:hanges in wéter regime or salinity, good’
indicators of excessive rﬁutrients and anoxia, and fair to poor for monitoring herbicides,
insecticides, and heavy metals. Small et al. (1996) sampled many riparian Wetlapds in
the Chesapeake Bay watershed and found that differences in stream water quality could
be identified by analyzing vascular plant communiti‘es.‘. Small et al. (1996) note’d that
vegetation is ideal for an initial biosurvey becaﬁse plants are easier to identify and
qpantify than othér or_gapisms used in biomonitoring of stream impairment. The
Minnesota Pollution antrol Ageﬂcy is developing a multimetric ihdex for biological
assessment for depressional wetlan(is using emergent and submerged vascular plants,
mc;ss_es, and liverworts. Initial development has shown effective identiﬁcati(;n of
impaired and unimpaired sites (M. Gernes, 199_7,: personal communication). Because the
use of vascular plants for as-sessmentlof biological condition of wetlands is not yet well

Iestablished; particularly for glaciated depressionél wetlands (Adamus and Kentula 1996),

there are no clear conventions in the selection and use of vegetation groups. for

quantitative monitoring.
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METHODS -
Study Areas

Study Design
I studied effects of land use on plant community composition and species

distribution relative to el'evatio.n in 24 depres.,sional Wetiands in western Montana. 'I"he
study desigﬂ included two rﬁajor land uses, three levels of impécf within each land;use,
and four replicate sites for each level of impact. Twelve sites located in the Mission.
Valley, at the Ninepipe Wildlife Management Area, were sampled to investigate the
‘effects of cultivation and 12 sites located in the Ovando Valley were sampled to
'investigate the effects of grazing. The 12 wetlands in each of these valleys will e;ach be
referred to as the “ Ninépipg area” or “Ovando area.” Each area contained threeI‘ land use .
groups with four replicates: a reference grc’)up representing least human impact, a group.
currentiy grazed or cultivated, and a group retired from grazing or culti\-/ation for several
B ‘years. These three land_use groups will be referred to as “reference,” “retired,” and
“current” or “currently impacted” sites. Because land usé impacts were not interspersed

or randomly assigned among wetlands, there is potential to confound land use effects and

- . ) -~ . )
inherent site differences; thus caution is required when extrapolating results.




Site Selection

The study was limited to dei)ressibnal wetlands, as defined by a hydrogeomorphic
classification system (Brinson 1993). Study site selection took plaée in May 1997, when |
~over 50 candidate sites were surveyed over a'240 km range in western Montana to
determine the general study location. Two study areas were selected baéed upon public
access and the range of land use impa;cts present.

After écreening to.}sel'ect general study areas, an additional 50 sites were sampled
within‘those areas duripg the final site éelection process in June 1997. Study sites were
selected using physi\cal and chemica;l criteria to limit natural variability among sites. Two
prirﬂary selection criteria related to hydrology and salinity. All sites had semi-permanent
or ext;nded seasonal inundation, based on information from lénd managers, past rlesearch
dat;cl, presenée on topographic maps, and presence of vegetation known to be tolerant of '
these hydrologic regimes.' Surface water at all sites ha_d'conductivity under 800
umhos/cm during site selection in June.

Secondéry site selection criteria included absence of surface water connections
with-other wetlands, moderate slopes around wetlands, similar depths arﬂong reference
and impacted sites, size between 0.1 and 1.2 hectares, similar tbpographic settiﬁgs, and
isolation from othér human inﬁue_nces. Ove_rall, the emphasis in applyihg secondary/

criteria was to keep hydrogeomorphic characteristics similar among sites.
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Description of Study Sites

The study of cultivation impacts took place in the Mission Valley of Montana,
approxiniately 30 km south of Flathead Lake (Figure 1). Environme;tal characteristi_cs
and land use aré summarized in Table 1. A large portion of the Mission Valley is
cultivated. The study area was on the Ninepiﬁe Wildlife Management Area, which is
managed for waterfowl habitat. Parcels of land in the Ninepipe area that were managed
at differing intensities of land use we‘re used in thg study design. Sites were all within 3
km of one another (Figure 2).

Some of the 1\%ine Pipe Wildlife Management Area is cultivatéd every other year
with a cereal grain crop, a portion of which is left unharvested for v;faterfowl food and
cover. Wetlanfls sampled in these areas will be referred to as the “current” group to
" reflect continuing cultivation. Cultivation historically occurred as close to water’s edge
as soil conditions Wbuld allow farm machinery to operate effectively. Impacts to
vegetation associated with cultivation include physical disturbance and the introduction
of species during drawdown bériods. The local topography, featuring low slopes of: 2~
8%, allows some runoff to occur. Bécau;e crop fertilization was infrequ'ent and
application of herbicides was oﬁly occasional (J. Grant, 1997, personal communication),
chemicals carrie& by runoff probably did n/otl affect these wetlands greatly.

A nearby area of land on the Nine Pipe Wildlife Management Area was once
cultivated in a similar manner, but was retired from cultivation and seeded with tame
grasses and legumes 10 to 12 yéars ago (J. Grant, 1997, personal communication). These

sites will be referred to as the “retired” group'. If past and current agricultural practices
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Figure 1. Location of the Nincpipc and Oxando study areas in western Montana.



Table 1. Environmental charactensﬂcs and land use information for the Nmeplm: study area. All sites were within a 3-km range.

Characteristic - Reference sites Retired sites _Current 51tes
Number of sites 4 4 4

Land use ic.ue retired from cultivation currently cultivated
Legal description' ‘ NW 1/4 836, T20N, R20W NW 1/4 S26, T20N, R20V_V NE 1/4 827, T20N, RZOW
Aébect‘ SW SW SW

Elevation! [m (f)]

Mean annual precip.” [cm (in)]
.Mean annual temp.” [°C CP))
Soil landform’

Soil parent material’

Land use history

Current influences

930 - 933 (3,050 - 3,060)
41-46 (16-18)
.8- (46)
lake plains / m'or;aines '
glaciolacﬁstdne deposil;/till

grazed up to 50 years ago;
never cultivated *

undisturbed pasture, low-density

roads and houses nearby

930 - 933 (3,050 - 3,060)
41-46 (16 - 18)
8 (46)
lake p.lains / moraines

glaciolacustrine deposits

retired from cultivation 10-12
years ago and pasture seeded
w/ tame grasses and legumes4

infrequent herbicide
application !

930 - 933 (3,050 - 3,060)
41 -46 (16 - 18)
8 (46)
lake plains / moraines

glaciolacustrine deposits

cultivated ﬁeid; evidence of
recent tillage through wetland edges

cultivation, infrequent fertilizer/
herbicide application *

' U.S.G.S. Charlo and Fort Connah Aquadrangles, 7.5 minute series. °
2 MAPS Atlas-A'land and climate information system (Caprio et al. 1994).

? Soil Survey of Lake County Area, Montana (NRCS 1997).
% John Grant, Montana Department of Fish, Wildlife, and Parks, Wildlife Area Manager, 1997, personal communication,

9T .
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Figure 2. Location of study sites in the Ninepipe Wildlife Management Area. Adapted from U.S.G.S. Charlo and Fort Connah quadrangles, 7.5 minute series.
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are assumed to be ;s,imilar, the retired sites can be treated as intermediate with respect to -
disturbance and recovery between currently cultivated ;md re_ference groups. Hov?ever,
-because retired sites ana adjacent fields were seeded, they dq not represent completely
passive successional development.
Some land on the Nine Pipe Wildlife Management Area has never been cultivéted
_ énd contains the least impacted éites available_ .for this study. These sites will be referred
to as the “reference” group, to-which the‘ retired and cultivated sites are compared. This’
land was grazed from settlement until approxirﬁately 50 yéars ago. These uncultivated
pastures are small (a quarter section ér less) and adjacent to a highway, and therefore are
likely to have somé' low-level human impacfs. |
Rock piles creatéd historically by fartp,ers aided site selection'.. Farmers removed
rocks from cultivated areas and piled them ihto wetlands (J. Gfaﬂt, 1997, personal
' commlinicatioh). These 0.3 to 0.6 meter high rock piles afe now under water. Presence
of rock piles in wetlands indicates that they were wet regularly enoﬁgh that farmers .
thought they were nét losing arable ground and that water levels Weré sometimes low
enough to permit farmers to drive equipment well into the Wetlands. Presence of rocks
implies ﬂuct:ua‘tions between periods of extended seasonal or semi-permanent ponding
and périods dry enough to allqw cultivation well inside current wetland. boundaries.
n Rock piles were preéent in all current and_ retired wetlands sampled.
. Grazing impacts Wére studied in the Ovando area, east-northeast of Missoula,
Montana (Figure 1). Environmental characteristicg and land uses are summarized in

Table 2. Because sites in the Ovando area were further away from one another than those

"at Ninepipe, backgro'uhd variation among sites was likely to be greater (Figure 3). In




Table 2. Environmental characteristics and land use information for the Ovando study area.” All sites were within a 30-km range.

Characteristic Reference ) Retired . Current

Number of sites ' 4 ‘ 4 ) -4

Land use idle, game raﬂge | reti;ed from gra\zing currently érazeq

Legal deg;cr'iptionl R . E 1/2 821, N 3/4 827, TI5N, R14W E 1/2 821, T14N, R11W W1/2 815, TlSN, R13W

Aspect! | - S. ' S ' .\ S |

Elevation’ [m (f)] . ' 1,268 - 1,280 (4,160 - 4,200) 1,305 - 1,329 (4,280 - 4,360) . 1,250 - 1,262.(4,100 - 4,140)

Mean annual precip.2 [<;m (in)] | 36 - 41'-(14 - ‘16) - 46 - 51 (18 - 20) : 41 - 46 (16 - 12;)

Mean am;ual temp.” [°C CP)] ) 6 (42)' | ' A _4 1) B ~5 (;“)

Soil landform’ ' - _ | moraines . alluvial fans / strcam terraces mountéins / moraines

Soil parent materi_al3 : ‘ alpine till ’ | alluvium / colluvium / .outwash ) till

Land use history - " grazed up to 50 years ago4 pasture retired 15 years ago pasture grazed througt.\ 1996
' ~from heavy grazipg without rest’ " using moderate stocking rates

tussocks, poclgflarked soil visible and seasonal pasture rotation®
Current,i.nﬂuences - elk refuge : wildlife use ' livestock grazing, wildlife use

' U.S.G.S. Woodworth, Ova_ndo, and Marcum Mountain quadrangles, 7.5 minute series.

"2 MAPS Atlas-A land and climate information system (Caprio et al. 1994). '

"3 Soil Surveys of Missoula and Powell County Areas, Montana (NRCS 1995, NRCS undated). .

. I Mike Thompson, Montana Department of Fish, Wildlife, and Parks, Wildlife Biologist, 1997, personal communication.
> Greg Neudecker, U.S. Fish and Wildlife Service, Wildlife Biologist, 1997, personal communication.
6, Joe Brewster, Bandy Ranch manager, 1997, personal communication.
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Figure 3. Location of study sites in the Ovando Valley Reference sites are located in the Blackfoot Clearwater Game Range, retired sites are located in Uie
Blackfoot Waterfowl Production Area, and currenUy grazed sites are found on the Bandy Ranch. Adapted from Lolo National Forest map.
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addition to eating wetland plants, cattle oﬁe,ﬁ congregate around water, trample
vegetation and soil, and imbact water quality (Nader et al. 1998, Kauffman and i(rueger
1984). Thus effects on vegetation may include both physical impacts and nutrient inputs.

Currently grézed si’ges Wére on a half-section i)asture éf the Bandy Ranch, a
research area mana;ged by University of Montana. Pastures were g_razed annually using a
seasonallrest—rotation system through the summer of 1996, the year prior to data
collection (J. Brewster, 1997, personal commﬁnication). These are referred to as the .
“current” sites.

Retired sites were on a USFWS Wateffowl Production Area, which had not been
grazed by cattle for 15 yeafs. Aithough_ specific records were no’; available, USFWS land
managers believed use was without rest and heavier than the land could sustain (G-
Neudecker, 1997, persénal communication). Similarity of historical grazing impacts on
retired and currently grazed sites could not be evaluated. If impacts were similar, rested
sites can be treated as intermediate between currently érazed and referenbe sites. If not,
h'owever; differences due to succession will be confounded with differences in original
level of impact:

Reference sites were loéated on the Blackfoot-Clearwater Game Range, owned by
Montana Departmeqt of Fish, Wildlife, and Parks. This refuge had not been graz;ed by
livestock for 50 years (M. Thompson, 1997; pc_erson;cll communication). Comparison of
grazing impacts between reference and retired and currently grazed sités was complicated

by grazing by wild animals, particularly elk, on the Game Range.
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~Sampling and Analysis

Hydrologic Measurements

A staff gage was ins‘talled at the center of each weﬂand. Distances from the top of
thé gage to the sediﬁent, and from the top. of the gage to Water surface, were recorded in
June, July, August, and Septembei. As a supplement to staff gage measurements, stakes
were placed ét' Water’s'edge in June, July, and Augﬁst to track water level changes.

Shallow open wells (100 cm) were installed in August in six to eight of the
unflooded quadrats in each wetland. Wells were placed from within 0.5 meter of water’s
edge to abouF 3 meters horizontally from water’s edge. Water levels were measured in
Séptember. Depths to the water table were graphed against ground surface elevatioﬁ to
.evaIuate use of surface elevation as an index of each quadrat’s éosition on a hydrologic
gradient. ‘

Nested shallow (40 cm) and deep (i 10 cn'l) piezometers were installed at each
wetland in June. 'July, Auéust, and September water levels were cqmpared to estimate
relative pressure heads between the deep and shallow piezometers and ;co infer vertical

direcfcion' of flow.

Water Chemistry and Physical Measurements
‘Water was collected in late June, early July, and late August. Water samples were

collected at the center of each wetland using a bottle attached to a pole to assure that
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samples were not affected by disturbance caused hy vyalking. Samples were eolleeted 20-
30 cm below the water surface.

Samples were unﬂltered'in accordance with past Montana Department of -
Environmental Quality (DEQ) research protocol (R. Apfelbeck, 1997, personal
communication). Samples for analysis of major ions were preserved with nitric acid in
the field. Total concentrations of calc1um magnesium, potassium, sodrum, iron,
manganese, sulfur, and phosphorus were analyzed by inductively coupled plasma (ICP)
emission spectrometry. Water collected for analysis of sulfate and phosphate levels was
not preserved chemically but was frozen npon return from the field every night. Sulfate
and phosphate were analyzed by ion chromatography. Nitrate and nitrite were preserved
Wlth sulfuric acid in the field and analyzed colormetric'ally. Preseryation methods
followed Standard Methods for the Examination of Water and Wastewater (American
Public Health Association 1989). Water samples were analyzed by the Soil Analytical
Laboratory at Montana State University, Bozeman. | |

Other water quality data were collected in the field -using a Horiba U-10 Water
~ Quality Checker. 'These field data included temperature, pH, and electrical conductivity.
Salinity is- commonly represented by electrical conduct1v1ty measurements (Cowardm et
al. 1979). Durmg the first sampling period, bromcresol green-methyl red alkalm1ty was
determined nightly using a 10 ml aliquot and titrating with 0.01 NHCltoa4.6 pH
endpoint. In the second and third sampling period T used a 20 ml aliquot and titrated wlth \

0.02 N HCl to a 4.6 pH endpoint. Physical and chemical characteristics of water samples

are reported in Appendix A, Tables 15, 16, and 17.
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Sediment Chemistgy. and Physical Measurements

Sediment samples for chemical analysis were collected once in late June. Each
sample was collected. by wading into the wetland past the emergent Vegetatic;n zoné and
as close to the middle as water depth would allow eﬁicieﬁt sampling. Sediment was
taken from the upper 20 cm ﬁsing a shovel, stored in plastic bags éhd frozen uﬁtil
delivered to the S6i1 Analytical Laboratory at Montana State University, Bozeman.
Samples were analyzeci for goncentrations of ammonium, nitrate, t.otal Kj eidahl nitrogen
(TKN), and_ Olsen phospho.rus. Calcium, sodiﬁm, magnesium, and potassium

. concentrations were determineci to estimate Sodium Adsorption Ratio (SAR).

Sediment sample; for phyéical analyéis and additional chemical analyses were
taken in early July. Samples were taicen along a transect that extended from the deepest
part of the weﬂand to the outer edge of the wetlanci. The transect was divided into three
eqﬁal sections and three “eve.nly spaced samples were taken in each of the three sections.
Cores were taken from the .upper 15 cm of the substrate. | Samples from each section were
corﬁposifed and analyzed for particle siz)e distribution, pH, and electrical conductivity:
The hydrometer method was 1'.1sed for particlé size analysis. Electrical rcoriduc'ti\./ity and
pH were measured in saturated paste extracts. Orgapic.matter was estimated by loss on
ignition. During data analysis I 'concluded that it would be more effective to analyze data
for the entire transect rather than three arbitrafy sections, so values for the three sections
were aver_aged. Physical and chemical characteristics of sédimen£ are repbrted in

Appendix A, Table 18.
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Vegetation Sampling

In July a map of each wetland was drawn appr'oximately to scale. In August; a
random systematlc sampling design was used to quantlfy vegetation (Thompson 1992).
A gr1d was overlaid on the map of each wetland, and a subgrid was overlaid on one
section ef the grid. A sampling location was randomly selected within this smaller grid
and the equivalent subgrid sample was systematieally repeated throughout the rest of the
majer grid. Because the transect lines forming the grid were spaced approximately the
same for all wetlands sampled, sampling effort st proportronal to each wetland’s size.
The vegetation was patchy, and this method efficiently provided a representative and
unbiased sample. ‘Sampling by zones was rejected because zonation was not found to be
truly corrcentric or eonsistent within or among wetlands.
A 0.5 x 1.0-meter quadret frame was placed at each sampling location. Species '
were identified according to Dorn (1984) and Hitchcock and Cronquist (1973). I
estimated percent cover visually for each species as well as for litter, rock, bare earth, and
water. Cover estimates were maintained as percentages throughout data analysis.
" Voucher specimens were depesited at the Montena State University, Bozeman,
herbarium. . |
Vegetatron data were organized for analysis by first dividing the data into t.wo |
strata, canopy species and ground cover. Submergent species were 1ncluded with ground
cover. Spec1es that were submerged due to water levels in 1997 but that ord1nar11y would
be found in moist but not flooded soil, such as Mentha arvense or Cirsium arvense, were

treated as canopy species. This study primarily examined wetland vegetation at the
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community level by comparing relative abundance of species and species groups among
'land uses. Raw relative 'abundance data for each species are reported in Appendix B,
Tabie 19.

Groups of vascular‘plants were defined prior to the study, including life history
groups (annual/perennial), lifeform groups (grasses, forbs, grasslike plants, submergé‘d
species),‘nativg and introduced species, weedy species, and dominant species. Some
group§ were defined after initial data anaiysis was completed: native perennials, native
grasslike plants, and weedy annual and perennial species.” These generally were -
refinements of groups defined before analyzing data. Individual species Wefe selected for
statistical analysis based on graphical data e>§‘pldration. S‘eve;al speciés groups and '
species were selected for investigation based on metrics under de\;elopment in other
states, including species With persistent litter, non-vascular ground cover (in this Study,.
only moss), the Carex genus, and Utricularia vulgaris. Relative abundance of dominant
species was calculated iﬁ three vérays: relative abundance of the single most dominant
species in each wetland, the combined relative a‘pundance of the first and second most
dominant species, and the combined relative gbundance of the first, second, and third
most dominant species. Group designations for each species are summa‘riied in

. Appendix B, Table 20. Time of and reasons for inclusion of each species and species
group and expected direction of response fo disturbance are summarized in Appendix B,
Table 21.

Veégetation data were expressed in term§ of ;elativé abundance, frequency, and
species fichnéss for each wetland. These variables are all used comﬁonly in vegetation

analysis (BLM 1996). I evaluated these alternative measures because there is limited
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information on using vegetation for multimetric indices '.co guide analyses. I el).;pected that -
relative abundance would be; most informative, based on other researcher’s experience

“with macrc?invertebrate indices. However, frequency was examin;ad concurrently because
it. is a less time consuming ébéewation than cover estimation and thus would be efficient

-to use for management. When data were explored graphically, the relative abundance
data showed land use effeqts more clearly than frequency or richness. Therefore,

remaining statistical analyses examined relative abundance only.

Topographic Measurements

Elevationé of Iimpori:ant. points at each wetland site were surveyed in August: op.en'
water surface, sta.kes marking the water’s edge in June, July, and August, staff gages,
unflooded quadrats, piezometers, and wells. A benchmaric was installed and surveye;d for
future hydrologic research on these sites. |

Water surface elevation in September was designated as Baseline elevation (0 ém)
for each wetland and all other elevations were expressed relative to this elevation. In this
manner elevation of vegetation quadrats and well measurementé were standardized
relative to water surface elevation for all wetlands. Because vegetation was sampled in
August and well measurements were made in September, quadrat elevations were
corrected for the drop in water level between August and September.

Distribution of species 1n relation to elevation was compared between land uses.
Elevations of all quadrats.in which a particular species was féund were compiled.
Comparisons were made for all species that had two or more observations in both the

reference subset and either the retired or current subset within the range of elevations
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shared between subsets. Elevation distributions of retired and current subsets were

compared separately to elevation distributions at reference sites.

Statistical Analysis

bifferenées among land use groups were tested using analysis of variance
(ANOVA) or median tests. All statis'tical analyses were complgtea in SAS (SAS Institute,

Inc., Cary, NC). Ninepipe and O\./ando data sets were analyzed separately. |

Untransformed data were analyzed by one-way ANOVA unless data failed tests for
_ norfnality and equal variance. If data failed thése tests, tﬁey were iog-transformed and
retested. If transformed data failed tests for normality and equal variance, atest |
comparing medians of land use groups was u‘sed.' |

After ANOVA, reti_red and currently irﬁpacted sites were compared to reference
sites using bunnett’s test, which compares treatments to a single control. Thereis no
equivalent test for pairwisé comparisons following a median test. D.ata analyzed with a
median test. generally included one or rr;ofe land use groups with many zerc values. - |

Differences between land use group means were considered significant at p<0.10.
This liberal p value Was used because my main goal was to detect changes. Fr.om a iand
management perspective, awareness of possible changés in wetlands and the ability to act
on indications of land use impacts is more important than being qertain that change is
occurring (Mapsfone, 1995). |

Oveérall trends in changes in vertical distributioﬂs of rooted;. vascular épecie§ were
also compaféd among subsets using. a sign (+/-) test. Only species that wefe present in .

reference sites and one or both disturbed land use groups were evaluated. ‘The mean
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elevation was calculated for each species excluding quadrats at elevations not present in
both land use groups. If the mean of the reti.red or currently ifﬁpacted sites was higher
than that of the referencé sitgs, a “+” sign was assigned, if lower, a “-”-was assigned.
Where means differed between land use groups by one crﬁ or léss, the means were
considered equal and not used in the statistical comparison. The proportion of specieé

with lower mean elevations (- score) in the retired or current sites than reference sites was

tested at significance levels of p < 0.10.
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RESULTS

Hydrology

Surface water levels dropped an ave:rage of 35.cm during the growing season But .
all sites remained flooded (Table 3). Piezometers indicated that 23 sites w.ere recharging
groundwater by September (Table 4). Th_ree wetlands in the Ninepipe area and four
wetlands in the Ovando area received groundwater discharge initially, but as water levels
fell over the summer, sites were no longer supplied by grogndwater and instead acted to
recharge groundwéter. I was unable to discern flow direction at one wetland in the
Ovando reference area because of data collectiori errors in J_uly' and’ dry piezometers in
August and September. -This site probably was also a seasonal discharge or a recharge
site 1t)lecause water levels dropped at r‘ates similar to those in other Ovando reference
fecharge wetlands.

There was a clear difference in the pattern of groundwater depth relative to
ground elevation at the Ninepipe and Ovando areas (F igufe 4) .. Water levels in the
‘Ninepipe area indicated that beneath exposed areas of Wetlands,r grohndwater drpppéd
away from the wetland water surface. ‘Depth to water increased at nearly twice the rate of
increase in ground surface elevation around the wetland. In contrast, increasing water
del;th in the Ovando wells qorresponded almost directly to increasing groﬁnd surface
elevation, indicating that groundWater .Was nearly level with water surface in the

wetlands.
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Table 3. Monthly water depths in depressional wetlands in the Ninepipe
and Ovando areas. Reference, retired, and current refer to land use
categories that are explained in the text. Water depths were determined
by measurement of a staff gage centrally located in wetlands and
surveying stakes placed at water's edge each month. Measurements are
in cm. The absence of sites 2 and 6 reflects their elimination during final
site selection. ' '

month ~ net
site . June July August  September decrease -
_ Ninepipe
Reference . )

-1 97 93 82 77 19
3 105 102 - 87 86 20
4 80 72 54 33 47
5 73 68 45 36 37

Retired : ,
7 96 89 69 61 35
8 124 © 108 90 . 84 .40
9 73 67 46 33 39
10 84 78 60 50 34
: Current
11 72 .71 53 46 26
12 65 63 40 34 - 32
13 81t =~ 75 52 45 36
14 50 47 L 26 19 32
Ovando
Reference. .
15 213 210 195 186 27
16 86 . 84 77 59 ! 27
17 86 76 45 33 54
18 114 .94 49 29 85
_ Retired o
19 114 112 101 - 89 24

20 47 58 39 34 13
21 59 47 42 37 21
22 104 99 78 66 38
_ ) Current
23 114 ., 108 92 83 31
24 187 176 152 130 56
25 216 211 194 185 : 3_1 '

26 265 261 247 240 25
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Table 4. Direction of groundwater flow in depressional wetlands in the
Ninepipe and Ovando areas. Reference,. retired, and current refer to land
‘ use categories that are explained in the text. Direction of flow was infered
from piezometers open at 40 cm and 110 cm below ground surface. ND =
no data. Asterisks, * and **, signify that the shallow or deep piezometer,
respectively, was dry, preventing calculation of hydrologic gradient. The
absence of sites 2 and 6 reflects their elimination during final site selection. -

month
site July August September.
Ninepigé
Reference _
1 ND discharge recharge
3 recharge recharge Sk
4 recharge recharge *
5. discharge recharge recharge
Retired
7 * _ recharge recharge . recharge
8 discharge recharge recharge
9 ~ recharge recharge recharge
10 recharge recharge . recharge
_Current
11 recharge recharge ‘recharge
12 recharge recharge recharge
13 recharge ND recharge
14 recharge ND *
Ovando
Reference :
15 discharge recharge recharge
16 * recharge recharge
17 ND * ok
18 recharge recharge recharge
Retired
19 discharge recharge recharge
20 discharge recharge recharge
21 discharge recharge recharge
22 recharge recharge recharge
Current
23 * recharge recharge
24 * ok recharge recharge
25 *fHx recharge recharge
26 ok recharge recharge
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y = 1.84x
R2=0.51

a) Ninepipc area

ground elevation (cm)

y = 106x

b) Ovando area

ground elevation (cm)

Figure 4. Depth to groundwater relative to ground surface elevation in depressional wetlands in the (a)
Nincpipe and (b) Ovando areas. \Well water depths and wetland water surface levels were measured in
September and converted to relative elevations based on surveying wells, staff gages, and ground surface
elevation. Ground surface elevations are reported relative to water surface elevation (O) in each wetland.
Dashed lines represent groundwater depth relative to surface elevation if expected groundwater was level
with the surface water in each wetland; that is, if depth to groundwater equaled surface elevation. Solid
lines represent best-fit linear regressions of depth and surface elevation.
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Water and Sediment Characteristics

Field measurgmentéh related to background environmental characteristics of water
are reported for the Nine Pipe area (Table 5) and the Ovando area (Table 6). Inthe
Ninepipe area there were no significant differences among lalnd uses in aﬂy sampling
peri;)d. In the.Ovando 'a'rea, the only significant difference among land uses was for .
water temperl(lture in -June. Significant differences in water teﬁperafure Wwere not seen in
July or August'.. Electrigal qonductivity (EC) did not differ signiﬁcantly among subsets in .
the Ninepipe or Ovando areas. When selected, all sites had EC below 800 pS/cm -
(p,mho;/ cm), the upper limit for freshwater (Cowardin et al. 1979).- Some sites rose
above 800 uS/cm by August, but the highest value was only 879 uS/cm, less than a 10%
deviation from the freshwater criteria.

ﬂydrogéochemistry was similar within the Ninepipe and ngando_ a‘reas but‘
concentrations of dominant cations and anions differed between the two areas (Figure 5).
The Ninepipe sites were dominated by bicarbonate and .sodium. In the Ovando area;
bicarbonate was the dominant anion apd magnesium and calcil.xm were equélly domingnt
cations. | |
Nutrient concentrations in water generally did not différ significantly among lanci uses for

- either the Ninepipe areas (Table 7) or Ovaﬁdo sites (Table 8). In the Ninepipe area,
nitrqfe differed significantly between reference and retired sites in August. This

difference was not found in June or July. In the Ovando area, total phosphorus varied




Table 5. Physical and chemical characteristics of water in depressional wetlands in the Ninepipe area. Reference, retired, and current refer to land
. use categories that are explained in the text. Data were collected in late June (period 1), early July (period 2) and late August (period 3). Electrical
conductivity (EC), pH, and temperature were measured on site using a Horiba U:10 Water Quality Checker near the center of each wetland.
" Alkalinity was measured by titration, which was performed within twelve hours after collecting water samples. Electrical conductivity is reported in
* uS/cm, which is directly equivalent to umhos/cm. Means were compared by ANOVA (A) or a median test (M) using untransformed (U) or log;,

transformed (L) values. The Minimum Significant Difference (MSD) is the critical value for pairwise comparisons using Dunnett's test.’

"Retired—Reference" and "Current—Reference" refer to differences between land use group means. Asterisks (*) designate significant differences (p
<0.10). See Appendix A, Tables 15, 16, and 17 for raw data.

Reference Retired Current Retired— - Current—
variable period mean s.d. - mean .sd. mean s.d. test trans. F P MSD - Reference Reference
EC (uS/cm) 1 = 450 215 274 39 414 182 A U 129 032 253 -178 -40
pH 1 6.9 0.5 6.7 0.2 7.1 04 A U 123 034 0.6 03 0.1
temperature (°C) 1 20.8 4.3 18.8 33 200 25 A U 034 072 53 2.0 0.8
alkalinity (mg CaCOs/l) 1 218 111 117 12 189 8 A L 161 025 . 126 -101 28
EC (uS/cm 2 469 237 273 47 454 194 . A U 149 028 276 -198 -18
pH - 2 A 0.2 6.6 0.2 7.1 08 A U 135 031 0.8 0.5 0.0
temperature (°C) 2 21.1 3.1 223 3.2 187- 17 A U 181 022 4.3 1.3 2.4
alkalinity (mg CaCOs/1) 2 214 117 116 17 191 93 A U 140 0.30 134 -98 =23
EC (uS/cm) 3. 574 291 323 76 607 265 A U 182 022 356 - -253 33
pH ) 3 7.0 0.6 7.0 0.6 6.9 03 A U 003 097 0.8 0.05 0.1
temperature (°C) 3 19.8 1.9 20.3 28 212 24 A - U 034 072 3.7 0.5 14
alkalinity (mg CaCOy/1) 3 272 148 139 29 263 120 A U 179 022 171 -133 9

(%4




Table 6. Physical and chemical characteristics of water in depressional wetlands in the Ovando area. Reference, retired, and current refer to land
use categories that are explained in the text. Electrical conductivity (EC), pH, and temperature were measured on site using a Horiba U-10 Water
Quality Checker near the center of each wetland. Data were collected in late June (period 1), early July (period 2) and late August (period 3).
Alkalinity was estimated by titration, which was performed within twelve hours after collecting water samples. Electrical conductivity is reported in
uS/cm, which is directly equivalent to umhos/cm. Means were compared by ANOVA (A) or a median test (M) using untransformed (U) or log,,

transformed (L) values. The Minimum Significant Difference (MSD) is the -critical value for pairwise comparisons using Dunnett's test.

"Retired—Reference" and "Current—Reference” refer to differences between land use group means. Asterisks (¥*) de51gnate significant differences (p

<0.10). See Appendlx A, Tables 15, 16, and 17 for raw data.

Reference Retired Current Retired- - Current—
variable period mean sd. mean. sd. mean _sd. test trans. F P MSD Reference Reference
EC (uS/cm) ‘ 1 528 176 657 54 450 8. A U 19 021 235 133 -75 .
pH 1 7.4 0.2 73 0.2 7.1 04 A U 079 048 0.4 0.1 -0.2
temperature (°C) 1 214 43 153 1.8 169 16 A U 4838 004 4.4 6.1 4.5 *
alkalinity (mg CaCOy1) 1 - 256 68 313 23 213 9 A U 213 0.18 105 57 -43 -
EC (uS/cm) 2 525 200 651 46 441 183 A L 218 017 499 366 -84
pH 2 15 0.5 7.2 0.2 17 03 A U 234 015 0.5 0.2 03
temperature (°C) 2 213 23 193 43 243 30 A U 236 0.15 5.0 2.0 3.0
alkalinity (mg CaCO3/1) 2 243 76 305 19. - 210 91 A U 192 020 107 63 -33
EC (uS/cm) 3 542 239 695 54 468 204 A U 159 026 284 155 -73
pH 3 15 0.7 72 0.2 7.1 02 A U 121 034 0.7 0.4 0.5
temperature (°C) 3. 18.6 40 172 26 176 26 A U 021 081 48 -1.4 -1.0
alkalinity (mg CaCOs/1) 3. 259 106 346 20 233. 103 A U 187 021 132 86 -26

9F
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Figure 5. Chemical composition of water in dcprcssional wetlands in the Nmepipe and Ovando areas.
Ninepipe area wetlands are represented by diamonds and Ovando area wetlands are represented by circles.
Water samples were collected in late June. See Appendix A, Table 15 for raw data.



Table 7. Nutrient concentrations in water in depressional wetlands in the Ninepipe area. Reference, retired, and current refer to land use
categories that are explained in the text. Data-was collected in late June (period 1), early July (period 2) and late August (period 3). All
concentrations are mg/l. Phosphate (PO,) values below 0.01, and nitrate (NO3) and ammonium (NH,4) values below 0.1 have a lower
- analytical accuracy than data above these values. Means were compared by ANOVA (A) or a median test (M) using untransformed (U) or

logo-transformed (L) values. The Minimum Significant Difference (MSD) is the critical value for pairwise comparisons using Dunnett's
test. "Retired—Reference" and "Current-Reference” refer to differences between land use group means. Asterisks (*) designate significant

differences (p < 0.10). See Appendix A, Tables 15, 16, and 17 for raw data.

Reference Retired Current Retired—  Current—
variable period mean s.d. mean s.d. mean s.d.  test trans. F P MSD Reference Reference
NO; 1 - 0.04 0.03 0.03 0.04 0.02 001 A U 066 0.54 0.04 -0.02 ~0.01 "
NH, 1 0.09 004 0.14 0.05 0.11 006 A U- 078 049 0.07 0.02 0.04
P 1 1.06 091 055 0.17 0.84 052 A U 071 052 0.94 052 ° -0.23
PO ** 1 229 233, 034 0.10 1.13. 098 A L 20 0.19 0.67 -0.61 -0.24
NO; "2 0.05 0.02 0.04 0.02 0.04 001 A U 030 075 0.03 0.00 <0.01
NH, 2 0.09 0.05 0.10 0.02 0.08 005 A U 024 079 0.06 0.01 -0.01
P 2 1.02 096  0.56 0.15 7096 047 A U 066 054 0.96 -0.47 -0.06
NO; 3 0.06 0.03 0.03 0.01 004 - 001 A U 29 0.104 0031 -0.033* -0025
NH, 3 0.12 0.05 0.09 006 013 006 A U .062 056 0.09 -0.04 0.01
P 3 1.11 1.11 0.55 0.16 1.09 035 A U 09 044 1.04 -0.57 -0.02
PO, 3 2.14 276  0.32 015 0.78. 042 A L 093 043 0.78 -0.45 -0.04

**PQ, values are reported as total molecular mass of phosphate per liter. To convert to phosphorus as phosphate, multiply by 0.33. Other
values are reported as mass of nitrogen or phqsphorus per liter.

8¥




Table 8. Nutrient concentrations in water in depressional wetlands in the Ovando area. Reference, retired, and-current refer to land use
categories that are explained in the text. Data was collected in late June (period 1), early July (period 2) and late August (period 3).. All

concentrations are mg/l. Phosphate (PO,) values below 0.01, and nitrate (NO;) and ammonium (NH,) values below 0.1 have a lower '

analytical accuracy than data above these values. Means were compared by ANOVA (A) or a median test (M) using untransformed (U) or

log;o-transformed (L) values. The Minimum Significant Difference (MSD) is the critical value for pairwise comparisons using Dunnett's
test. "Retired-Reference" and "Current-Reference" refer to differences between land use group means." No significant differences were

found (p <0.10). See Appendix A, Tables 15, 16, and 17 for raw data.’

Reference Retired Current . Retired- Current—
variable period mean s.d. mean s.d. mean s.d: test trans. F P ' MSD Reference Reference
NO; 1 0.01 0.01 0.02 - 0.01 002 001 A U 091 044 0.01 0.01 0.01
NH, 1 0.04 0.03 002 = 0.01 0.03 001 - A U 173 023 0.03 -0.02 0.00
P ' 1 - 033 0.45 0.15 0.01 0.09 002 M U - 0.03 -—- - -
PO, ** 1 0.40 0.80 0.00 0.00 0.00 000 M U - 037 - - -
NO; 2 . 0.01 0.00 0.01 0.01 0.01 000 M U - 037 - —— —
NH, 2 0.05 0.03 0.03 0.02 0.05 002 A U 071 052 0.03 -0.02 0.00
P 2 0.29 0.35 0.11 0.02 0.11 003 A L 059 0.8 046 © -0.21 -0.19
NO, 3 0.07 0.08 0.02 -0.01 0.02 001 A L 237 0.15 045 036 -0.41
NH;, 3 0.16 0.19 023 °~ 0.22 0.12 011 A U 037 070 0.27 0.07 -0.04
P . 3 0.18 . 0.18 0.06 0.01 0.08 002 M U - 0.12 - - -
PO, 3 0.26 0.30 0.00 0.00 0.00 000 M U - 0.03 - .- -

**PQO, values are reported as total molecular mass of phosphate per liter. -To convert to phosphorus as phosphate, multlply by 0.33. Other
values are reported as mass of nitrogen or phosphorus per liter. -

"6t
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| significantly among land uses in. June. Because the median test was ;Jsed, 'pairwise

comparisons were not made. Mean phbsphorus concentrations were 50% lovs{er in retired
sites than reference sites and 70% lower in currently grazed than reference sites. Total' _
phosphorus values did not differ significantly during other months. Phdsphate varied
sigﬁiﬁca;ltiy among the Ovando land use groups in August. Again, because the median
test was used, pairwise gomparisons were not made; however, means indicated that
phosphate was present at low but detectable levels in reference siteé bﬁt was below
detection limits in both retired and current sites. This tendency.toward higher me;,an total
phosphorus and phosphate values in reference sites than retired or.currént sites was
observed during all months, although differences were not significant except as feported
above. |

Thgre were no significant differences in s_ediment geochemiétry in the Ninepipe
area (Table 9) SAR varied significantly among land use grdups in the Ovando area.
(Table 9), but because-a median test wés used, specific land use groubs were not
compared. 'However, mean SAR for the retired subset was an order of magnitude higher
than for reference or currently gfazed subsets., Sediment pH aﬂd EC did not differ
significantly between the'reference sites and other, land use groups in the Ovapdo area.

Différenc_es in nutrient concentrations in sediments were found among land use
groups in the Ninepipe area (Tabie 10). Ammonium was significantly higher at retired
than reference sites. thal phosphorus was significantly greater on retired and currently
cult.ivated sites than reference siteg. There were no significant differences in sediment

chemistry among land uses in the Ovando area (Table 10).




Table 9. Geochemical characteristics of sediment in depressional wetlands in the Ninepipe and Ovando areas. Reference, retired,
.and current refer to land use categories that are explained in the text. Samples used for SAR determination were collected in
late June. Samples used for pH and electrical conductivity (EC) determination were collected in early July. Means were
compared by ANOVA (A) or a median test (M) using untransformed (U) or log;o-transformed (L) values. The Minimum
Significant Difference (MSD) is the critical value for pairwise comparisons using Dunneit's test. "Retired—Reference" and
"Current—Reference" refer to differences between land-use group means. Asterisks (*) designate significant differences (p <
0.10). See Appendix A, Table 18 for raw data.

Reference Retired Current . Retired— Current-

vanable mean s.d. mean s.d. mean sd. test trans. F P MSD  Reference Reference
SAR . 6 5 3 1 3 2 A 1067 0.54 5 -2 -2
pH ) 8.1 0.8 15 0.2 7.7 03 A 1.7 0.24 08 06 0.4
EC (uS/cm) 1024 875 471 136 581 200 A 1.2 .0.33 807  -553 -440

: Ovando

SAR 0.4 0.1 3 5 0.4 01 M - 0.03 ¥ ane- ———— —_
pH 8.0 04 8.3 0.2 7.9 03 A 1.5 027 0.5 0.3 0.0
EC (uS/cm) 468 231 541 128 401 93 A 0.75 " 0.50 249, 73 -68

1s




“Table 10. Nutrient concentrations in sediment in depressional wetlands in the Ninepipe and Ovando, areas. Reference, retired,

and current refer to land use categories that are explained in the text. Samples were collected in late June. Means were

compared by ANOVA (A) or a median test (M) using untransforimed (U) or log;o-transformed (L) values. The Minimum

Significant Difference (MSD) is the critical value for pairwise comparisons using Dunnett's test. "Retired-Reference” and ‘

"Current-Reference" refer to differences between land use group means. Asterisks (¥) designate significant differences (p <
0.10). See Appendix A, Table 18 for raw data. - ' ' '

Reference Retired Current - ( Retired— Current—
variable mean sd. mean sd. mean sd. test trans. F P MSD Reference Reference
. S Ninepipe - . .
TKN (%N) 055 0.15 045 006 046 014 A U 078 049 019 -0.10 -0.09
NH, (mg/kg) 37 19 87 28 62 16 A U 5 0.03* 33 50 * . 25
NO;(mgkg) 9 7 5 3 7 6 A U 1 9 . 5 2
P (mg/kg) 30 11 51 10 57 14 A U "6 002 * 18 21 * 27 *
Ovando .
TKN (%N) 073 015 095 031 109 039 A U 14 029 0.46 0.22 0.36
N}L(mg/kg) _ 42 23 22 .18 33 13 A U 1 04 28 -19 -9
NO; (mg/kg) 14 5 20 12 23 15 A U 1 1 18 6 9
P (mg/kg) 42 32 30 - 15 20 .- 4 A U 1 04 31 -12 =21

s




Ninepipe area substrates had higher clay contents than the Ovando substrates
(Figure 6); sediments in nine out of 12 sites were clays or silty clays and three were silty
clay loams. In contrast, sediment in 10 out of 12 Ovando sites classified as loams, silty

loams, or clay loams; two fell low in the clay category.

Vegetation

In the Ninepipe area, life hi~story. groups showed the stroﬂgest differeﬁces betwéen
reference and currently or previously cultivated sites (Table 11). Pe.‘rennialnspecies
differed significantly bet\;veen reference sites and curréntlir cultix}ated or retired sites.
Because a median test was used, pairwise comparisons among land uses were not madé.
However, mean values for cultivated sites were 15% less than for reference sites, while
feans for retired sites were slightly higher than for reference site‘s.

- Native perennials showed greater differences between reference and cultivated
. sites than all perennials combined. Relative abundanée of; native perennials was
- significantly lower on cultivat.ed than reference sites, reflecting a 40% decrease in .mean
values. Retired sites were not significantly different from reference sites. Relative
abundance of all native spéciéé did not differ significantly amoﬁg land use‘groups,'
although values tended to be lower on cultivated than reference sites.
Annuals were significantly less abundant in retired sites than in reference sites; in fact,
they were Virtualiy absent. Althoﬁgh the difference was not statistically significant, the

mean relative abundance of annuals was four times greater at reference sites than
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Ovando reference sites
Ovando retired sites
Ovando current sites
Ninepipe refererence sites
Ninepipe retired sites
Ninepipe current sites
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Figure 6. Sediment particle-size distributions in depressional wetlands in the Ninepipe and Ovando areas.
Ninepipe land use groups are represented by solid symbols and Ovando land use groups are represented by
open symbols. Samples were collected in early July. See Appendix A, Table 18 for raw data.



- . Table 11. Composition of vegetation in depressional wetlands in the. Ninepipe area: a) relative abundance of species groups, b) relative abundance of
selected species, and c) species richness. Reference, retired, and current refer to land use categorles that are explained in the text. Vegetation was
sampled in late August. Means were compared by ANOVA (A) or a median test (M) using untransformed (U) or log;o-transformed (L) values. The
Minimum  Significant Difference (MSD) is the critical value for pairwise comparisons using Dunnett's test. "Retired—Reference" and
"Current-Reference" refer to differences between land use group means. Asterisks (*) designate significant differences (p < 0.10). See Appendix B,

Table 19 for relative abundance data for individual species. See Appendix B, Table 20 for summary of group designations for each species. -

Reference Retired Current ] Retited— Current-
" variable mean sd mean sd  mean sd. test-trans. FE P MSD Reference Reference
a) Species groups 4
Annuals . 0.05 0.05 0001 0001 019 014 A L 115 0003 * 1.14 -1.42 * 1.08
Perennials 0.95 0.06 0999 0001 08 013 M U - 0.01 * -mev
Natives 0.71 0.17 067 030 050 019 A U 094 043 . 035 0.04 - -021
Non-natives 029 0.17 029 030 043 021 A U 0.51 . 0.62 0.36 0.01 0.15
Native perennials 069 017 067 030 031 016 A U 39 006* 034 ~-003 - -038*
Weedy 0.51 026 064 .023 048 023 A U 049 063 0.37 0.12 -0.04
Weedy annuals 002 004 000 000 000 000 M U - 011 weeem e meeen
Weedy perennials 048 028 064 023 048 023 A U 053 061 039 . 016 001
Grasses- 023 017 033 030 047 017 A U 12 036 034 010 . 024
Grasslikes 039 017 029 019 039 025 A U 032 074 0.32 -0.10 -0.01
" Grasslike perennials 039 017 029 019 023 019 A U 078 049 028  0.10 20.16
" Forbs . 013 010 003 003 008 007. A U 19 021 o011 .10 -~ -0.05"
Moss , 0.11 0.11 0.000 0.001 0001 0003 A L 120 0.00* 136 262 %  267%
Submergents : 007 014 0002 0004 006 013 M U - 100 - — ——-
Spp. with persistent litter " 051 012 052 021 009 006 A U 123. 000* 022 - 0.02 -0.42 *
1st most dominant spp. 038 008 048 018 044 013 A U 052 061 021 0.10 - 0.06
1st & 2nd most dominant spp. 061 016 071 016 066 012 A U 048 0.64 0.23 - 0.10 0.05
1st, 2nd, & 3rd most dominantspp. 0.74 019 089 010 078 005 A U 15 028 020 0.15 0.04
Tillage tolerant spp. ' 018 003 017 012 023 022 A U 017 085 023 0.01 0.05

(99




Table 11. (continued)

" Reference Retired Current Retired— Current—
. variable . mean sd. mean- sd. mean sd. -test trans. F P MSD Reference Reference
b) Species or genera S ’ i ' )

Agropyron spp. 000 000 004 005 006 008 M U - 0.06 ¥ a0 e e
Phalaris arundinacea 016 022 029 029 039 019 A U 098 041 0.37 0.13 0.24

Juncus balticus 024 017 013 016 001 003 A U 27 012 021 010 . 022 %
Eleocharis spp. 015 001 014 009 036 025 M U - 040  --m-
_ Eleocharis ovata 0.002 0.004 0.000 0001 015 016 M U - 028 - eem e
' .Eleocharis palustris 0.11 007 014 009 017 017 A U 0.25 0.79 0.18 0.03 0.06
Carex spp. 0.009 0.019 0.000 0.000 0.002 0005 A Uu - 0.58  emeee emeee ceea-
Typha latifolia 023 013 035 016 006 004. A U 56 003* 019 0.11 20.18
¢) Species richness, vascular plants 7.5 30 157 17 A 'N 3.2 9.0 -9.8 * -1.5

17.3 95

0.1 *

o5
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currently 'cultivéted sites. Species ricﬁnesé followed a‘patten‘l- simiiar to annuals. |
Richness did not differ significantly between reference,and cultivated sites, bﬁt was
significantly lower in the retired than feferen_ce sites.

| Agropyron spp. differed siéniﬁcantly among land uses, apparently increasing with

| disturbance. The median test was used, so pairwise comparisons betvézeen land use
groups were not méde. However, there were no Agropyron spp. in reference sites, while
relative abundance of this genus w'as 4% in the retired sites and 6% in currently
culti.vated' sites. Inthe Niﬁepipe wetlands, the Agifoﬁyronx genus was primarily composed
of A. repens and 4. smithii, .an'd some 4. trachycaulum; inconsistent field idenﬁﬁcation of
species required grouping the wheatgrass genus. |
Relative abundance of species with persisten’g litter decreased significantly from
reference sites to currently cultivated sites. Withiri this group, Juncus balticus decreased
significantly from reference to currently cultivated sites. | T ypha latifolia showed
significant differenceé among land use groups.in ANOVA, but no'signiﬁcant differences
in pairwise comparisons wher currently and previously cultivated sites were compared to
reference sites. However, mean relative abundance of 7. latifolia was 50% higher in
retired sites than reference sites and 75% lower in cultivated sites than reference sites.
The rela’;ive abundance of moss as a fraction of ground covef was sign{ﬁcantly lower in
both the retired and currently cultivated groups than the reference group.
Fewer differences among land uses were found in the'O'vando area (Table 12)

than‘ in the Ninepipe area. In the Ovando area, thé combinéd relative abundance of the
three most dominant species present on each site was significantly higher in the currently

grazed sites than in the reference sites. Juncus balticus was significantly lower in




Table 12 Composition of vegetation in depressional wetlands in the Ovando area: a) relative abundance of species groups, b) relatwe abundance of
selected species, and c) species richness. Reference, retired, and current refer to land use categories that are explained in the text. Vegetation was
sampled in late August. Means were compared by ANOVA (A) or'a median test (M) using untransformed (U) or log10-transformed (L) values. The
Minimum Significant Difference (MSD) is the critical valie for pairwise comparisons using Dunnett's test. "Retired-Reference” and
"Current—Reference" refer to differences between land use group means. Asterisks (*) designate significant differences (p < 0.10). See Appendlx B,

Table 19 for relative abundance data for individual species. See Appendix B, Table 20 for summary of group designations for each species.

Reference Retired Current Retired—  Current—
variable ' méan sd - mean sd. mean sd.  test trans. F P MSD Reference Reference
a) Species groups ’ . _ o )

Annuals 0.003 0.005 0001 0.001 0000 0000 A L 055 059 118 . -0.27 -0.57
Perennials 098 004 099 001 098 003 M U - 100 - @ = e
Natives 093 008 093 005 094 003 A U 013 088 008 001  -0.02
Non-natives 007 008 006 005 004- 003 A U 050 062 009 -0.01 -0.04
Native perennials 0.92 008 093 005 094 003 A U 016 08 0.09 - 0.01 0.02
Weedy \ 0.07 008 002° 001 001 001 A U 20 -0.19 0.07 -0.05 -0.06
-Weedy annuals 0.000 0000 0001 000i 0000 0000 M U =~ - 011 = e e
Weedy perennials o 007 008 002 001 001 001 A U 20.019 007 -0.05 -0.06
Grasses 005 004 .006 005 004 003 A U 020 082 006 0.01 0.00
Grasslikes 073 017 088 004 084 009 A U 1.9 021 017 0.15 0.10
Grasslike perennials 072 019 088 004 084 009 A U 19 021 0.19 0.16 0.12
Forbs 022 018 006 002 012 006 A L 093 043 062 037 -0.09
Moss : 001 002 001 001 0.004.0006 A~ L 049 063 173 0.60 0.15
Submergents 008 011 0.06 007 008 007 A U 011 09 0.13 -0.03 0.00
Spp. with persistent litter 021 019 016 014 013 009 A U 034 072 023 -0.06 -0.08
" 1st most dominant spp. 040 014 054 027 051 008 A U 068 053 028 0.14 0.11
Ist & 2nd most dominant spp. 057 018 071 015 073 007 A U 1.6 025 0.21 0.14 0.16

1st, 2nd, & 3rd most dominant spp.  0.66  0.15 1 0.81 009 082 005 A U - 31 010* 0.16 0.15 ©0.16 *
Grazing tolerant spp. 0.140 0.120 0.150 0.140 0070 0060 A U 054 060 0.17 001  -0:07

8¢




Table12. (continued)

Retired—~ Current—

Reference Retired . Current
variable mean sd. mean sd  mean sd. test trans. F P MSD Reference Reference
b) Species or genera : ' . C
Agropyron spp. 001 002 0003 0004 0001 0001 A L 017 084 138 0.00 -0.33
Poa pratensis 002 002 001 001 0003 0005 A U 1.1 037 0.02 -0.02 -0.01 -
Juncus balticus 011 009 004 003 002 002 A U 3.1 0.10 * 0.09 -0.08 -0.09 *
Eleocharis spp. 026 021 0.04 002 -035 021 A L 10.9. 0.00 * 0.46 -0.76 * 016
Eleocharis palustris 024 022 004 002 034 021 A L 103 0.00 * -0.48 -0.75 * 0.18
Carex spp. 036 025 070 -013 044 010 A U 44 0.05* 026 034 %  °0.08
Carex atherodes 020 019 035 032 040 014 A U 080 048 035 0.15 0.20
Mentha arvense 006 007 002 001 002 00l A L 024 079 090 -0.25 0.00
Potamogeton spp. 007 010 004 007 004 004 A U 023 08 011 -0.03 -0.03
Utricularia vulgaris ‘0.003 0.003 0.02 003 003 004 A L 14 030 1.17 0.81 0.72
12.3 44 160 37 143 13 A~ U 12 0.30

¢) Species richness, vascular plants

3.3 2.0 3.8
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currently' grazed sites than in the reference sites. Eleocharis palustris and the total
relative abundance of all Eleocharis spp. were significantly lower.in the retired group
than the reference group. Carex spp. were significantly more abundant on retired than

reference sites.

Vertical Distribution of Vegetation-

Mean elevations a significant majority of individual species’ distributions were
lower in currently impacted sites than in reference sites for the Ninepipe area (Table 13)
and Ovando area (Table 14). When species were grouped by Iifeforrﬁ, grasses and forb
species’ distributions shifted in both directions, but elevatigné of grasslike species, which
represented almost a third of the species compared, were all lower in disturbed than
reference wetlands. Species elevaﬁons did not differ significantly between re_ference and
retired subsefcs in either study area. It is noteworthy that in both study areas, wetland

boundaries defined by vegetation were lower at currently impacted and retired sites than

at reference sites.
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Table 13. Comparison of vertical distribution of plant species in depressional wetlands in the Nmeplpe
area. Reference, retired, and current refer to land use categories that are explained in the text.
Elevations are reported as cm above or below the level of surface water. Mean elevations of retired and
current groups were considered greater (+) or less than (-) reference groups. If the difference was less
than or equal to 1 cm, the mean elevations were considered equal (=). Comparisons were only made for
species and ranges of elevation present in both land use groups, The number of species with lower
mean elevation in disturbed sites was compared to the number of species with higher mean elevation
using a nonparametric sign (+/-) test. Asterisks (*) designate significant differences (p <0.10).

Typha latifolia

Species n mean elevation - n mean elevation +/—
Reference Current
Alisma triviale 4 29 8 22 -
Cirsium arvense 8 37 2 34 -
Sonchus asper 7 36 2 18 -
Carex athrostachya 3 34 2 22 -
Eleocharis acicularis 4 29 4 - 20 -
Eleocharis ovata 3 38 9 23 -
Eleocharis palustris 11 23 30 -1 : -
Juncus balticus 23 126 2 2 .-
Epilobium ciliatum 14 30 2 28 -
Phalaris arundinacea 13 7 41 2 -
Poa palustris . 11 25 8 27 +
Polygonum amphibium 4 3 6 -29 -
Rumex maritimus 6 34 2 26 -
Potamogeton pectinatus 9 -55 21 =32 +
Solanum dulcamara 7 -11 - 4 5 +
Typha latifolia 37 -13 25 -26 e
total (+/-) =3/13 *
Reference Retired
Eleocharis palustris 3 2 11 3 =
Juncus balticus 8 12 5 4 -
Agrostis spp. 1 10 - 2 15 +
Phalaris arundinacea 9 -3 14 -4 =
Poa palustris 2 -8 5 14 +
" Polygonum amphibium 4 3 8- -15 -
Potamogeton pectinatus 9 =55 . 42 +
33 -17 35 -22 —

total (+/-) = 3/3
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Table 14. Comparison of vertical distributions of plant species in depressional wetlands in the Ovando
area. Reference, retired, and current refer to land use categories that are explained in the text.
Elevations are reported as cm above or below the level of surface water. Mean elevations of retired and
current groups were considered greater (+) or less than (-) reference groups. If the difference was less
than or equal to 1 cm, the mean elevations were considered 'eqqal (=). Comparisons were only made for

_species and ranges of elevation present in both land use groups. The number of species with lower
mean elevation in disturbed sites was compared to the number of species with higher mean elevation
using a nonparametric sign (+/=) test. Asterisks (*) designate significant differences (p <0.10).

Species

mean elevation

Cirsium arvense

Carex atherodes

Carex spp.

Eleocharis palustris
Scirpus acutis

Juncus balticus

Mentha arvense

Stachys palustris
Utricularia vulgaris
Agrostis alba

Poa pratensis’
Polygonium amphibium
Potamogeton gramineus
Potamogeton pectinatus
Ranunculus 'spp.
Potentilla anseria

Cirsium arvense
Drepanocladus spp.
Carex atherodes

Carex spp.

Eleocharis palustris
Scirpus acutis

Juncus balticus
Mentha arvense
Stachys palustris.
Utricularia vulgaris
Agrostis alba

Poa pratensis
Polygonium amphibium
Potamogeton gramineus

Potamogeton pectinatus

Ranunculus spp.
Potentilla anseria

Reference
3 -35
39 -60
7 -2
51 -36
4 =52
16 3.
10 -4
4 29
10 -59
2 29
2 29
23 -56
18 -56
26 -94
2 -60
2 31
Reference
3 -35
27 -40
26 ' -18
1 -2
46 27
4 -52
16 3
10 -4
4 29
8 =44
2 29
2 29
17 -29
12 117
13 -44
2 -60
2 31

n mean elevation +/—
Current o
5 7 +

42 -103 -
17 -5 -
47 -46- -
14 -100 -
13 0 -
11 3 +
4. -15 -
30 -80 -
.5 g

3 29 =
33 -80 -
16 -99 -
11 -132.° -~
2 -19 +
5 15 -

total (+/-) = 3/12 *

. Retired
8 12 +
9 -24 +
21 31 -
3 22 +
26 -4 +
58 -34 4
15 11 +
31 -8 -
10 12 =
51 41 +
9 .10 -
7 17 -
30 -18 +
6 31 -
2 =34 T+
2 11 +
7 17 -

total (+/—) = 10/7




63

DISCUSSION

Site Characteristics

The intemret#tion of results of the vegetatién analysis depénds substantially on
how similar sites are in respects other than land use. Environmental data showed that
wetlands differed'. between the two study areas in important ways but were similar within
each study' area.

I chose sites that were as similar as possible using narrow site selection criteria.
Study wetland environments were similar in the most importanf characteristics affecting
vegetation in glaciated depressional wetlands: hydrologic r;agime'andsalinity. | All had
semi-permanent or extended seasonal hydrologic regimes and electrical conductivity
(EC) values. in the freshwater range through most of the growing season: Piezometer data
also support the interpretation that the wetlands are fed mainly by precipitation and
surface runoff rather than groundwater. All wetlands were acting as groundwater
recharge areas by Sleptember and most were recharge sites at al! times. Low EC values at
all sites are typical of precipitation and runoff fed wetlands. These data suggest that sites |
were ail similar in water source.

These observations (;ontrast with research ﬁndingé for prairie potﬁolés in the
Dakotas. In thé Dakotas, semi-permanent wetlands are ﬁsually groundwatef flow-
through or discharge weﬂands (Kantrud et al. 1989). It is possible that low permeability
in bottom soils allow these recharge wetlands in western Montana to maintain collected .

water for a longer period of tifne. Alternatively, a more positive climatic water balance
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may a‘_llow pr:ecipitatibn and runoff to offset evapotranspiration and percolation losses for'
longer periods than typically observed in Dakota “recharge” wetlandé.

Despite similarities in hydrology and EC across all wetlands, environmental data
collected' showed that wetlands differed between the Ninepipe and Ovanao areas in
important ways. Soil surveys show sodic soils mapped throughout the Ninepipe étudy ’
area. This information is corroboratéd by my findings: hy’drogeochemi'(:a.l analysis |
" showed sodium dominated waters, and SAR values, although not high enough to'be fated
-sodic, were an order of magnitude higher in the Nin;pipe than the Ovando area. Sodicity

can inﬂﬁence plant growth (Sparks 1995). The particle size distribution of sediments also
differed bétween study areas. Finally, the 100-km distance and 300-m difference in
elevation contributed to basic climatic differences; terpperatures were an average 3° C
higher in the Ninepipe area than the Ovando area.

In addition to differences in hyﬁrogeochemistry, SAR, sediment clay content, and
climate, reference site vegetation appeared to differ sﬁbstantially beﬁfréen the Ninepipe
and Ovando areas. Ninepipe sites were dominated by Typha latifolia and Ovando sites
by Carex atherodes and other Cyperacea'e. Ninepipe reference sités exhibited é generally
higher relative abundance of weedy and non-native species compared to the Ovando
reference sites. These ’differences in Vegetatic;n may be related to the natural ;.
environmental differences described ab.(;ve, or may be related to higher overall levels of
human influence .in the Mission Valley as compared to the Ovando Valley.. Considering
these differences, I concluded that the two aréas had signiﬁcant environmental contraéts
-and that effects of land use on vegetation should not be compared quantitatively bc;cween

these areas.
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The environmental contrasts described above likely reflect differences in
underlying geology. Hydrogeochemistry differed d@gtinctly between study areas, but
hydrology was broadly similaij. Water chemistry is a largely a function of tﬁe
conﬂgurati(;r} of the water table surrounding a Wetland (Sloan 1970); associated flow
patterns, and subsurface geology (Van Voast and Noxizitzki 1968). Because hydrology
was similér, it is likely that hydrogeocheinical differences between Ninepipe and Ovando
wetlands resulted ﬂom differing geologic characteristics of the glacial deposits | |
underlying the wetlands rather than’differences in relative contributions of precipitation
and groundwater. |

Soil'pafent 'rﬁaterials in the Ninepipe and Ovando areas are derived from the; Belt
Serieé (Veseth and Montagne 1980) and ‘reworked by glaciaﬁon (8. Custer, 1997,
Ipersonal comrﬁunication). Considering similarities in underlying material, the
_ hydrogeochemical diffefences between thé two areas is striking. The Nine Pipe and
Ovando sites ‘may differ because glacial till d‘erived from diffefent Belt Series lithologies
weathers to soils with different physical and chemical properties (Veséth and Montagng
1980). Presumably, this would Be true with glaciolacustrine sediment and outwash as
well. Different Belt Series lithologies may also explain the differences in clay content
between the Nine Pipe and Ovando sediments. However, these differences may allsol
- reflect modes of deposition, as glaciolacustrine sediments typically have high |
concentrations of fine particles:

" TFew differences were observed within each study area. As stated above,
hydrologic regime, water sourée, and EC were all similar. Other environmental data

showed few and inconsistent differences between sites in each land use group. There
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were no significant differences in any of the data collected to characterize natural
environmental conditions in the Ninepipe sites. Ninepipe sites were also likely to be
similar because they were less than 3 km apart.

Environmental characteristics of reference ‘and cur;ently grazed sites in the
Ovando area ciid not substantially differ. The only significant difference observed was
for t’emperaturé on one occasion. Sites retired from grazing were more likely to differ
environmentally from the reference sites due to distance and, i)ossibly, mode of |
(ieposition of the soil pérent material. Retired sites in the Ovando area were 30 km from
reference sites, while the currently grazed sites were 10 km from reference sites. Soil |
sui'veys indicate that reference and currently grazed si‘;es are on glacial till, whereas
Ovando retired sites overlie outwash. . In spite of these differences, hydrogeo‘chemical‘,
soil physical, and hydrofogfc data for the retired (siteAs fell well w’itﬁin the range of
variation of the reference and currently grazed sites. The single exception was SAR, "
which was signiﬁce_;ntly Higher on retired sites.

Overall, results showed that background environmental yariation amongsites with
different land uses was minimal in the Ninepipe area, and that reference and curreﬁtfy
grazed sites in the Ovando area were also very similar. Observed characte’ristics of sites
retired from grazing did not indicate clear differences from reference sites bylt
unmeasured differences might result from their separate locatibn. I infer that differences
observed in vegetation within the Ninepipe and Ovando areas were more likely due to
land use than naturall_site differences. The observational approach taken, thé reliénce on
existing land useé, and limitations of the wetlands available for study prevented

randomization of treatments and interspersion of replicates. Consequently, inferences
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about‘eﬁ“ects of land use on wetland vegetation should be viewed with caution. These
constraints are common in studies of environmental impacts. Although influences other
than land use cann.oit bé excluded, environmente.ﬂ differehqes among sites were
minimized. Considering evidence of physical disturbance, differeﬂces in vegetation

likely were caused by land use.

Land Use Impacts

Cultivation and grazing may influence \?egetation in Wetiands eithe_r directly,
through physical impacts to the vegetation and soil, or indirectly, via cha_nges in water
quality, sediment chémistry, or other factors. I assumed that the most likely indirect
effects of cul;civation and grazing on vegetation were diﬁ‘erénces in nutrient
concentrations in the water and sediment. In this study, I found limited evidence for
elevated nutrient concénfrations in areas currently or previously cultivated or grazed but
considerable evidence of diréct, physical impacts to vegetatic'm and soil‘.

There were few differences in water or sediment nutrient éoricehtratiohs among
land uses in either study area. Inthe NinepipeA area, ammonium concentrations in the
sediment were greater in retired sites than réference sites. Sediment phosphorus was
much greater in retired énd currently cultivated sites than reference sites.. In Ovando,
phosphorﬁs concentrations in water weré sometimes greater in the reference sites thén
disturbed sites, which was opposite to my expectations. There were no significant - .

differences in sediment nutrient levels amorig land uses in the Ovando area.
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Apparent elevétion of sediment phosphonis levels in impacted Ninepipe sites may
reflect cultivation. Phosphorus can be increased in areas disturbed by cultivation because
phosphorus associated with sediment 'is'deposited in wetlands receiving eroded soils
(Neely and Baker 1989). Because phosphorus is not lost to the atmosphére and is
retained in severgl solid phase forms, elevated concentrations can persist in sediments for
exte;ided periods.

Sediment ammonium levels in 1:he~ Ninepipe érea also could reflect cultivation, but _
total nitlrogen levels did not x}ary with land use. Nitrogen is more mobile and transient in
the environment than phosphorus because it is ﬁore rgadily leached into groundwater and
can be lost by denitriﬁéation. i_n addition, be;cause fertilization was infrequent in the
Ninepipe area (J. Grant,- 1997, personal c;ommunication), nitrogen inputs would not have
been elevated as much as they would be in more intensively farmed éropland.

The absence of differences in surface water nutrient c‘oncentrat.ions suggests that
cultivation may not strongly affect water chemistry if fertilization is limited or that the
effects of cultivatidn are tra}nsieht. In contrast, sediment may be altered more than water,
or impacts may persist for a loﬁger time. Thus, it may be more useful to sample' soils and
se_dimentsl.than water to evaluate some types of disturbance. Because cultivation without
regular fertilization is atypical, water quality in the cultivated and retired sites sampled

may represent relatively moderate cultivation effects without the high fertilizer inputs

" that frequently occur in other cultivated areas. Sampling wetlands in areas with more

intensive farming might reveal greater differences in water quality. Cultivation in the

prairie pothole region causes significant contamination of wetlands by nitrate, which is
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predominantly carried by groundwater, and phosphorus, Which is primarily carried on
sediment (Neely and Baker 1989).

Although superficially 'differeqt, both érazing and culti'vation cause direct
physical disturbancé of vegetation and soil. Cultivation is a more severe disturbance than
grazing, but both rem.ove shooté, damage r(;ot systems and soil structure, and may
introduce or promoté non-native or weedy species. Direct observations in the field and
discussions wifh land managers provided evidence of physical disturbance. -

Signs of physical alteration were observed around wetlands in both study areas,
particularly in the Ninepipe area. I observed recent furrows through fhe edges of some
wetlands in currently cultivated areas. 'Water-level fluctuations allow farmers to till soil
during dry years within the area that I observed as inundated (J. Grant, 1997, personal
com_municétion). .Wlllen water levels rose to thé levels seen during the 1997 field season,
the visible effects of ﬁrior cultivation on outer portions of these wetlands remained.
Vegetation data, discussed in the next section, are consistent with this irhltlerpretation’..

In the Ovando area, cattle were seen grazing wetland edges and sometimes
sténding in the mi.ddle of ﬂ;)oded Wetlaﬁds near my study sites. Pastures at the Bandy
Ranch are grazed using moderate stocking rates and seasonal rotation of three pgétures
' among spring, summer, and fall (J. Brewster, 1997, personal communication). Because
management of the currently grazed area does not promote overgrazing, it is unlikely that
| the impacfs that were obser'ved in the currently' grazed sites represent severe disturbance
that may be incurred in areas grazgd without management practices to reduce ecc.)l.ogica‘l
impacts. The previous grazing regime at retired'sites was not well documented, but was

reported to be continuous over seasons and years, probably with excessive stocking rates
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(G. Neudecker, 1997, personal communication). At one retired site, saturated areas
pockmarked with shallow indentations and pedestalled grass and s_'edgé tussocks
protruding above water surface may have reflected past disturbance.

Overall, it is likely that differences seen in vegetation 1n both study areas were
due primarily to physical effects, not indirect effects of water and sediment chemistry.
Evidence of pﬁysical disturbance Was:clear in both study areas and was supportéd by
information from land managers about land use history. The evidence for physical
disturbance was corroborated by patterns of vegetation. There was scant e'viden(;'e of
differences in water quality. Increases in sediment phosphqrus in cultivated areas might
affect vegetation. The following discussion of Vegetatign treats differences among land
uses as r_eﬂections of community response to disturbance and resﬁlting successional -
processes. While recognizing the assumptions i:nherent in interpreting observed
differénces among land use g;bups as changes caused by disturbance and succession, the
relatively successful control of background variation reduces the risk of

misinterpretation.

Vegetation

Ecological Pfatterns Related to Land Use

J Patterns of differepces in wetland vegetation among land uses in the Ninepipe and
Ovando areas were consistént with direct, physicél irpi)acts of cultivation and grazing.
Cultivation resulted in greafér differences between the reference and currently impacted

plant communities than grazing did, and the findings in the Ninepipe area were generally
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consistent with other research on cultivation. W;etlands in the Ovando area showed fewer
) significant differences in vegeta'tion among land uses. Most of these differences were for
different plant groups and species than those that exhibited significant diﬁ’gfences in the
Ninepipe area. Some of the ﬁndings in the Ovando area did not qofrespond with reported
information on effects of grazing .on wetlands. ’

In the Ninepipe area, several major life histo‘ry groups differed strongly between
_reférence and currently or previously cultivated sites. Perennials, annuals, and native
perennials differed amc;ng 1and‘ uses.. Differenceé in these groups across reference,
retired, and currently impacted sites appeared to reflect regression to early successioﬁal
plant communities in currently cultivated sites and subsequent partial recovery from
disturbance in retired sites, which are cdmmor; effects of cuitivation in depressi_onal
wetlands (Stew;drt and Kantrud 1971) and upland sites (Tilman 1988).

Perennial species were less abundant on cultivated sites than either reference sites
or retirgd sites. Annuafs were a inaj or component‘of conimunities on currently cultivated
sites, a minor component on reference sites, and virtually absent from retired sites. - |
Philsical disruption of the soil and vegetation creates openings ideal for the estabiishment
of annuals (Peter.son et al. 1996, Tilman 1988, Millar 1973)‘. .Annual_s are early
éﬁccessional‘ species and are often the most important species in plant communities :
immediately following tillage (Peterson et al. .1 996, Tilman 1988). In the wetlands I
stpdi'ed', annuals were most abundant on Currentiy cultivated sites but weedy perennials
'were more than twice as abundant as annuals on these sites.

. Vegetation of retir.ed sites reflected successional proc.esses. The complete

dominance by perennials. appeared to result from succession, not seeding. Although the
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field these sites occupied was seeded back to tame grassés and legumes when retired (J.
Grant, 1997, personal commﬁnication), the seeded species did not dominate retired sites.
Eighty-ﬁve percent of grass cover was Phalaris druna"inacea and no legumes were
present on these sites. It is possible that wetland areas were not seeded or that upland
grasses wére seeded but failed to establiéh or survive in the saturated soil of the wetlands.

The rarity of annuals on retired sites implies that annuals have decline& since
cultivation stopped. Constant disturbance by cultivation favors some annual species,
while other annual species coexist in reference sites. When cultivation ceésed;
population.s.of annual species that increased with frequent disturbance by cultivation
presumably were eliminated by competition, mortality, and low reproduction. Rapid
successional changes such as this are common following cessation of disturbance
(Tilman 1988). Strong dominance of retired sites by Typha latzj‘olié, Phalaris
arundinacea, Eleécharis palustris and Juncus balticus may exclude annuals that are
common in reference sites.

Species richness foliowed a pattern similar to annuals and consistent w'ith.

- successional processes. Richness was similar on reference and cultivated sites but was
halv‘ed on retired sites. While cultivation did eliminate some species, it also allowed
different species to estéblish, hence the similar number of species between reference and
cultivated ‘sites. However, when cultivation halted, the number of annual species
declined drastically. Otﬁer researchers have observed that the cessation _of cultivation of
potholes is followed by a'progressive decrease in the number of species as small, ;apidly

growing annuals are excluded (Walker and Coupland 1970).
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Native perennials diffe;qd much more between reference and cultivated sites than
perennials in general. Perennials made up SO% of cover or more in all land uses; relative
aBundance of all native species did not differ signiﬁcantly among land uses, although
native perennials comprised over 60% of cover in reference and retired areas but less than
30% of cover in cultivafed areas. Because native and exotic 'annuals énd early
successional perennials can exploit disturbed éites, cultivation can result in smaller
increases in exotic species than might be expected. Different native species were
abundant under different land uses. For example, the ﬁétive annual Eleocharis ovata was
one of the most prevalent annuals on cultivated sites. Dix and. Smeins (1967) note that
cultivated depressions are often mudflats during the first few years after disturbance and
provide excellent seedbeds for weedy species, both native and introduced.

Weedy species did not increase with cultivation because reference sites hada
relatively high proportion of weeds, not because weeds were uncoﬁmon on disturbed
 sites. High weed cover on reference sites was possibly due to a highvs;ay bordering one
side of the pasture and some other human disturbance in the surrounding area. Some-
graéses adapted to disturbance did increase wifh distlllrban;:e in the Ninepipe area.
Agropyron spp., primarily 4. répens, A. smithii, and some 4. trachycaitlz;m, increased
with disturbance in the Ninepipe area. All three sp.ecies are rhizomatous. A. repens is a
notorioﬁs, aggressive weed (Hitchéock and Cronquist 1973) and frequently dominates
abandoned fields early in succession (Tilman 1988, Samuel and Hart 1994). A. smithii is
well known for its rapid increase on abandoned cultivated ﬁefds in the western U.S.,

particularly in swales and other moist areas (Samuel and Hart 1994).
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The type of land use a_ffecﬁng a wetland can influence vegetation response.

Species with persistent litter decreased from reference to currehtly cultivated sites in this .

' study. Typha latifolia and Juncus balticus, the most abundant species with persistent

litter on my sites, decreased from reference to cultivated sites. These two rhizomatous .
perennials accounted for half of the cover in reference and retired sites but only 7% of
cover in cultivated sites. This decrease was opposite to my expectations based (;n the
findings of the Minnesota Pollution Control Agency (MPCA).

The contrast between my results and those of MPCA may reflect the different
types of distu;bance studied. The main wetland impacts investigated by MPCA were
poor water quality from stormwater drainage and agricultural runoff (M. Gernes, 1997,

pérsonal communication), rather than physical disturbance by cultivation. MPCA found

that species with persistent litter increased with land use impacts, possibly due to

increased nutrients or tolerance to other poilutaﬂts. Typha spp. has beén found to
increase in abundance when subjected to increased agricultural r;mof\f (Gunderson and
Loftus 1993, Koch and Reddy 1992). It is noteworthy, however, thaf species with _
persistent litter were a minor component in the single tilled wetland sampled by MPCA

(M. Gernes, 1997, personal communication); this is consistent with my findings. These

_species may tolerate water quality changes but not direct physical disturbance by

cultivation.
Moss, too, apparently cannot withstand physical disturbance. Moss cover was
lower on disturbed sites. In upland range, livestock trampling destroys cover provided by

algae, moss, and lichens (Thurow 1991). Presumably a more severe disturbance, such as

culti'vatibn, has similar or greater effects. The number of non-vascular taxa (liverworts,
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mosses, and lichens) is used as a metric by the MPCA. MPCA views the presence of
these taxa as a sign of a relatively unimpacted wetland (M. Gernes, 1997, personal
cémmunication). | |

While the many vegetation changes in the Ninepipe area suggested strong
influence by land use, 1_:here were fewer clear changes in the Ovando area. At the level of |

‘life _hlistory and life form groups, currently grazed, retired, and reference wetlands were
similar. All were dominated.by grésslike perennials (x > 72%), mainly Carex spp-»
Eleocharis spp., and J. baltiéus. quennials were > 98% of vascular plgnt canopy Cover, -
and natives were > 93% of plant cover. Annuals averaged a fraction of one percént for
each land use.

'In the Ovando area, the relative abundance of the tl'lree most dominant species
present on each site differed between reference and curr'ently grazed wetlands. On
currently 'grazéd sites, the top three domipants made up over 80% of the tptal vegetative:
cover compared to 66% on the reference sites. Increased dominance by a few species
reduces fhé value of common diversity indi,ces (Magurran 1988). ‘Moderate grazing
sometimes enhances species diversity (Bakker and Ruyter 1981).

Both J balticus and Poa pratensis are thought to increase under grazing, though
responses depend on site hydrology and other conditions (Hansen et al. 1995). Kantrud
et al. (1 _989) and Stewart and Kantrud (1972) list J. balticus as common on grazed sites
in the prairie potholes region. In the Wetlands I studied, J. balticus was lower on grazed
than 'ref"erehce sites and P. pratensis did not differ.

The 16we_r abundance of Eleocharis palustris on réfiréd sites cémpared to

reference sites contradicts reports that Eleocharis palustris increases in dominance under -
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moderate graziﬁg (Walker and Coupland 1970). 1t is unlikely that c_mcé established E.

‘ palustris would decline dramatically lwhen grazing ceased on retired sites, because it is an
important dominant in undisturbed sites in the prairie pothole region as well as increasing
with grazing disturbance (Walker and Coupland 1970). Hansén et al. (1995) de;s,cribe E.

- palustris as an early colonizer that also persists in wetlands. E. palustris tgnded to
increase on currently cult‘ivat-ed sites, which, although not statistically significant, is more
consistent with the views of Hansoﬁ et al. (1995) and Walker and Coupland (1970).

The genusrCareJ-c was significantly greater on retired than refere_nce sites. ’Again,
this findihg was counter to my expectations. The MPCA concluded that high rela’;ive
abundance of the genus Carex indicates a relatively undisturbed wetland (Mark Gernes, .
1997, personal cpmmunication). Ttis possible that the environmental differences
between reference and retired sites iI‘l fhe Ovando area influenced the relative abundances
of the genus Carex and Eléocharis in the retired sites.

When 1 gr-ouped and examined species that other researchers have observed to
increase in abundance with tillage or grazing, I found no significant difference between
reference and retired or currently impacted sites. ’i‘his may reflect floistic differences
between rﬁy sites and ghe study areas of 'other researchers, despite the fact that studies
examined Were taken from fhe glaciated plains areas of the Dakotas and Canada.

Because many species on my sités could ngt be ic_lentiﬁéd as either incre'asing,'

" decreasing, or not respénding to tiilagé or graziﬂg, the ability to use these groups to

ciiscem differences between land use groups was probably reduced. -

7
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Vertical Distribution of Vegetation
Veﬁical distributions of many species appeared to shift to lower elevations at disturbed
sites. The observed boundary between wetland and uple.md commur_lities, as déﬁned by
vegetation, wés lower (closer to wetland water surface) in retired and currently used sites -
compared to reference siteé in both study areas. Mean elevations of a significant majofity-
of species were lower in currenﬁy impacted sites than reference sites. Grasses and forb
species did not shift consistently in one direction, but gra_sslike_species, which were
almost a third of 'tﬁe species statistically tested, a]l shifted downward in mean elevation
on impacted sites. |

This analysis excluded the higher elevations that were present in the reference
wetlands but absent in disturbed sites. If the full range of elevations present in the
refe‘rence sites were .included in the analysis, the shiﬁ would have been more pronpunced.
Lower méan elevations of species in the currently cultivated and grazed sites may be due
to disturbance at the edg.es of the wetlands. Higher elevations are drier and therefpre
more accessible to both farm machinery and cattle. Cultivation, trampling, and herbivory
by livestock may damage planfs (Walker and Couf)land-19_67 , Spaeth et al. 1996) and |
eliminate some species from higher elevafions. In the Dakotas, the ubper wet meadow
area of depressionallwetlalnds is rﬁost easily an(i heavily disturbed (Peterson et al. 1996).

Vertica] distributions did not differ significantly between reference and retired
- sites. Vegetation on retired sités may not have significantly altered distribution because

wetland plants may have been able to recolonize higher elevation, disturbed areas with

suitable environments.
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These results may indicate that recovery f;om impacts is also related to the
duration and frequéncy of inundation annually and over long-term hydrologic cy_cles'.
The upper areas are subject to more frequent impacts than lower areas that are exposed to
disturbaﬁce less often. Farther in fhe wetland the soil is saturated more often and
therefore is accessible to disturbance less often.

It is possible that there is a level of repeated physical impact with which the soil
structure or microsite hydrology is changed irreversibly, preventing or retarding
recolonization by wetland épecies. The reduced extent of wetland vegetation in
cultivated and retired sites may reflect such frequent or se\(eré disturbance. (ihanges in
vegetatio_n during recovery are most likely at elevations exposed to disturbance but not
altered irreversibly. The similarity ch distributions between reference and previously

impacted sites may reflect recovery in areas with moderate levels of disturbance.
Conclusion

Results suggest that vegetation in depressional wetlands in western Montana is
altered substantially by cultivation and to a lesser degree by grazing. Differences in
vegetation cannot be attributed to land use with certainty in observational studies such as
this one. However, background variability among study wetlands was limited by study
design and site selection, and backgrbund variation was evaluated during the study. The
most important environmental controls on depressional wetland vegetation—hydrologic

regime and salinity—were similar across all sites.
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. Lonértem hydrologic variation related to climate is an important factor that
works over much longer time scales than inveétigated in this study. Because vegetation‘
may not adjust immediately to water level changeé related to climate cycles, associations
between site hydrology and vegetation can appear inconsistent during these eﬁended
changes (Kantrud et al. 1989). In this study, distributions of plant species relative to
water depth and. other hydrologié indicators appeared to be consistent with known
relationships. However, interpretation of patterns of vegetation would be gided by bétter
understanding of how long-térm hydrologic fluctuations influence vegetation. |

Effects of land use on vegetgtion were more likely from direct effects of physical
disturbance than from indirect effects of elevatéd nutrient concentrations in the water or
sediment. "I based this conclusion on the magnitude of observed physical disturbance
compared to the relatively small diffei’ences in nutrient concentrations ;clmong land uses. -
Furthermor;a, changes in vertical distribution .of species may reflect greater intensity of
physical disturbance in the drier, outer porﬁons of these wetlands:

It is important to recogni;e that the low level of fertilizaﬁon in the Ninepipe area
was atyﬁical of most qultivated fields and that 1eve1§ of ‘nutrients observed iﬁ th_é grazed
areas méy have not reflected conditions in more heavily grazed areas. Investigation of
more typical cultivated areas with higher fertilization rates would provide a better test of
possible nutrient impacts. Indirect effects of nutrient inputs may alter the direct effects of
physical disturbaﬁce on vegetation. Some species may respond differently to these
different types of disturbance. Contrasting responses of the same species in this study
compared to th(;sé of MPCA could reflect the relative importance of physical disturbance

and nutrient enrichment in each study area. Understanding effects of nutrient enrichment
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on vegetation would provide more complete information on the range of impacts caused
by agricultural land use.

Cu&ently impacted wetlandé sampled in the Ovando area were subjected to
relatively moderate levels of grazing. This may be one reason that few differences in
vegetation were found among land uses in tfle. Ovando area. Additionally, 15 years may
_ have allowed substantial recovery from the relatively heavy grazing that took place on
the retired sites. My results did not provide evidence of major impacts by grazing. Well-
managed grazing may not damage vegetation substantially beyond short-term irﬁpacts
and the potential recovery may be good even after heavy grazing. waever, research
with better undefstaﬁdiﬁg and control of grazing histoﬁes and with better interspersion of
land uses is needed to verify these interpretations. |

While cultivated and grazed areas both .experienéed pﬁysice}l disturbance, the
 differing intensify of disturbance between cultivation and gra;ihg were also probably
impbrtant in this study. Cultivation had major effeéts.on vegetation, resulting m early -
successional conditions in currently cultivated siteé. Grazing appeared to have much
véreaker effects on vegetation than cultivation. Grazing generally is n;)t as damaging as
cﬁltivation; Wélker and Coﬁpland (1967) state that. cultivation is by far the most drastic
‘- type of disturBance affecting prairie wetlands. Consequently, it may be more difﬁculf to
quantitatively discern effects of grazing than‘ cultivétion.

Selection of appropriate reference sites is important and sometimes contro've'rsiaI.. .
I interpret my results as evidence that land use differences can be detected even when
reference sites are not pristine. One concern in interpreting results in the Ninepipe area is

that the isolated quarter section of native pasture containing reference wetlands appeared
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to be affected by surrounding land use. The similar abundance of weedy speciés on .
réference, retired, and currently cultivated sites may indicate some human influence in ‘
reference sites. Vegetation in the refgrence site closest t(-) tﬁe highway consistently
diverged from otﬁer reference siteé, possibly reflecting subtle disturbance or |
opportunities for colonization by ruderal species. Given the relatively ﬁigh populatiori
Jevels and extensive cultivation in the Mission Valley; these were the least disturbed
reference sites availéble in the area. Despite these limitations of reference sites, which
would be expected to make them more like the impacted wetlands, many differences i‘n B
vegetafioﬁ were found. On the other .hand, moderate levels of gr‘azing may have made
differences in vege'tation. less obvious, and any impacts to reference areas such as grazing
by elk would further obscure land use effects. |
Vegetation on sites retired from cultivation and grazing did not represent a simple

quantit.ative intermediate between.referen(.:e and currently impactéd wetlands. _Vegetation
in previously cultivated areas was consistent with literature describing early stages of
succession after cultivation ceases. This is not su'rprising'but comp.licates'use éf
vegetation to evaluate impacts. 'The effects of time since disturbance on potential

indicators of biological condition need more research.
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RECOMMENDATIONS

The results of this stﬁdy suggest that land use impécts affect vascular plant
commﬁnity composition in a measurable and ecologically ratioﬁdl way in depressional
wetlands in western Montana. Vascular plants show good potential for use as metrics to
assess wetland condition and human influence in wetlands. Because changes in'
Vegetation were greater for cultivaj:ion than grazing, plant-based metrics are more likely
to succeed in assessing impacfs of cultivation.

While the statistical evaluation of ecological differences is a more conventional
| way to examine ecological data, graphical evaluation is bﬂen used by applied ecologists
 during initial development of bioindicatdrs (Karr and -Ch.u. 1997). According to this
perspective, biologicai trends may be discerned from visual interpretatioq of graphs even
when they are not reflected in statisti;:ai re;ults. This épproach essentially uses non-
statistical c;iteria to identify potential metrics.

In addjtion to the variables that éhowed statis.tically significant differences among.
land uses, some other groups and spécies ‘showed promise as ‘metrics when evaluated
graphically. Thése groups are discussed below. The additiorial groups and species
discussed in this section were selected based on the number of sites with values that
‘overlapped between reference and currently impacted groups. A group was selécted if
not more than one refefenc;e site overlapped with more than one currently impacted site.
Tﬁis graphical criterion was selected because the rﬁost valuable quality of a metric is to

5
clearly and consistently distinguish between reference and impacted sites.
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Most of the groups identified using this criterion were also significantly different '
statistically; these groups were discussed in the previous chapter. Here I oniy discuss the
additional groups and species identified that did not show staﬁstically significant
differences between reference and currently impacted sites. Thi.s" includes grouf)s that did
not differ in pairwise comparisons between land uses and groups for which the median
test was used, which did not allow pairwise comparisons. Differences between reférence
and currently impacted sites are empha51zed because they showed impacts most clearly
and logically and because interpretation of retired sites is comphcated by lack of
information abqut site history. In addition, retired sites in the Ovando area were
separated from reference sites by a considerable distance.

In the Ninepipe area, several a.dc.litional groups and species were identiﬁeci.
Relative abundance of annual species a showed clear incfease from reference to currently
cultivéted sites. ' This increase is consistént with research from the glaciated northern
plains, where annuals increased in tilled depressional wetlands (Peterson et al. 1996,
Millar 1973).

There was a- clear increése in the relaﬁve abund.ance of Agropyron spp. from
reference to cultivated sites, with low overlap between land use groups. This genus waé
composed .primarily of A. smithii, A. repens, and smaller amounts of 4. trachycaulum.
These species are all rhizomatous, and as discussed in the previous chapter, 4. smithii and
A. repens are aggressive colonizers of disturbed sites. Phalaris arundinacea also showed
low overlap between reference and cqrrently culﬁivated sites. P. aﬁtdz‘hacea isan -

invasive grass that can alter its form and mode of reproduction in response to
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environmental conditions (Galatowitsch-and McAdams 1994). This grass can exploit
disturbed conditions in a way similar to the Agropyron gfoup.

Eleocharis spp. increased from reference to currently cultivated sites. This
increase Wés driven primarily by increases in E. ovata and E. palustris. E. ovata showed
clear separation between land uses. E. ovata is a native annual that likely increased in
response to the distufbance in the cultivated sités. Although differences in E. palustris
were not statistically significant and values overlapped, the mean value for the currently
cultivated sites was 50% greater than the reference sites.

. In the Ovando area, fewer species Ior groups were identified graphically. E.
palustris clearly increased from reférence to currently grazed sites. This finding is
consistent with reports that E. palustris increases with grazing in prairie potholes (Walker
and Coupland 1970). |

Tﬁe relative abundance of the two most dominant species was greater on grazed
than reference sites, corroborating the statistically significant increase in dominance
shown by the three most dominant species. As discuss.ed in the previous chapter,
increased dominance contradicts research suggesting grazing increases diversity of
vegetation in wetlands (Bakker and Ruyter 1981). |

Utricularia vulgaris showed low overlap between groups, increasing in re}ative
abundance with grazing. In contrast, the Minnesota Pollution Control Agency considers
the presence of this species indicative of reiatively unaltered sites (M. Gernes, 1997,
personal communication). Differences b'etween my results and those of MPCA may
reflect differences in the dominant type of disturbance; between the two studies. Impacted

sites sampled by MPCA were influenced mainly by changes in water,quality.. Because U.
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vulgaris is a submergent species, it would likely be more sensitive to.water quality

changes than most émergent species that dominated my sités. Submergent species

respond to water quality more than emergent species (Adamus and Brandt 1990).

Recommended Metrics

Most, though not all, metric recommendations are based on results for cultivated

areas in the Ninepipe area. . Response of each potential metric is discussed in terms of

relative abundance based on statistical results and graphical evaluation. Words in

parentheses indicate whether the recommendation is based on findings for cultivation or

grazing. Most responses are also supported by research literature.

@)

@

@)

Annual species. (Cultivation) The increase in annuals indicates physical
disturbance that shifts plant community composition to an earlier successional
state. This result is well-supported by literature documenting that physical ‘

disturbance often promotes an increase in annual species (Tilman 1988).

. Native perennial species. (Cultivation) Native perennial species decrease on

phyéically disturbed sites. - This group shows the effects of physical disturbance
even more clearly than annuals, perennials, or native species.

Eleocharis. (Cultivétion and grazing) The genus Eleocharis includes Eleocharis

species that were found to increase with disturbance in this study, including F.

palustris and E. bvata, as well as species reported by other researchers to increase
with cultivation and grazing, such as E. acicularis (Stewart and Kantrud 1989,

Millar 1973, Walker and Coﬁpland 1970).
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Moss (or all non-vascular ground taxa; moss, lichens, liverworts).
(Cultivation) Mosees appear not to tolerate eultivation. Moss was virtually
absent from currently cultivated sites in the Ninepipe area.

“Aggressive” grasses. (Cultivation) Several grasses in the Ninepipe area,
including Agropyron repens, A. _smt'thii, and Phalaris arundinacea, increased
after cultivation and persisted on retired sites. These species are known to be
aggressive colonizers of disturbed sites. Other species may warrant further |
investigation for inclusion in this group. For instance, Millar (1973) identifies
Alopecurus oequalis, Beckmannia syzigttchne, Glyceria grandis, and G. pulchella
as species that increase in response to soil-exposing events, including cultivation.
Juncus balticus. (Cﬁltiyation) J. balticus appears to decline substantially with
oultivation. Verifying decline with other physical disturhance, including grazirrg,
would increase its value as a metric More work needs to be done to evaluate its
response to grazing. Although my results indicated that J. balticus decreased wrth
grazing, some authors report the opposrte (Harisen et al. 1995, Stewart and
Kantrud 1989).

Some species or groups that showed significant statistical differences or low

overlap between land uses when graphed are not included here as potential metrics:

species with peréistent litter, relative abundance of the most dominant species, and

Utricularia vulgaris. These groups may merit further investigation but warrant greater

caution before being proposed as metrics. Of course, all groups proposed above need

further research to- verify and quantify responses to land use.
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The groﬁp of species with persistent litter was not included Because it is not well-
defined, ecologically. Better u'nderstanding.ot.’ the response of specific species in this
group to disturbance is needed. Many pf the speéies included are cémmon emergents of
undisturbed sites. Decomposjtion of their litter and their role in nutrient cycling needs to
. be exaﬁlined further if this is to be a logical groupi Relativé abundance of the most
domin‘ant species in each wetland increased in currently grazed sites in the Ovando area.
This opposes findings of ]éakker and Ruyter (1981). There was no clear increase in the
most dominant species in the currently cultivatea sites. The response of U. vulgaris -
observed in this study was.contradicted by MPCA researchers M. Gerng's;_ 1997,
personal 'communicati%)n). |

Two additional observations related to vegetation distribution may provide a basis.
for metrics, but need further research. Distributions of several species apparenﬂy shift
downward with disturbénce, while other opportunistic species tend to occupy areas
vacated in upper elevations. This pattern makes sense because disturbance tends to be
greatest in drier, outer areas. More research would l;)e needed to identify disturbance-
sensitive species that tend to be excluded from upper zones and opportunistic species that,
increase thefe. A metric might be based on the relative distribution of disturbance-
sensitive and opportunistic species. Another possible ﬂletﬁc related to elevation could
be based on the mean elevations 6f grasslike .'species, which showed the most consistent
differences among land uses. Lower mean elev'ations' may indi_caté disturbanée. It may
\ ~ be possible to compare elevation of grasslike species to species that tolerat.e‘distUrbance. ‘

For either of these potential metrics, it would be important to evaluate contributing
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species and to distinguish respoﬁSes to hydrol_ogic ﬂuctuati_ohs from responses to
disturbance. |

Spe_ctrlal greeﬁness of vegetation also should be investigated. I observed more
brown leaf matter on T} yphd latz’folid on currently cultivated sites than in referénce or
retired sites. Production and biomass may also be useful measureménts. T. latifolia in
curréntly cultivated .sités appeared to be shorter and less dense than on reference or
reiired sites. 'On the other hand, T latifolia plants in retired 'sites were clearly taller than

in the reference sites, possibly due to stimulation or thinning by past disturbance.
Conclusion

Overall, vegetation shows strong potential for usé ina m_ulti-metric index of
biological integrity of depressional wetlands in this region. This'study and other research
have, documented that certain features of vegetation respond consistently to physical
disturbance. Because this study primarily investigated thé impacts of physical -
disturbance, othér studies are neéded to learn how vegetatioh varies with other impacts,
sﬁch as nutrient enrichment or sedimentation. If vegetatién response to several types of
disturbance is consisteﬁt, a robust index could be developed. Alternatively, different
responses might be used to distinguish types of disturbance and levels of impairrﬁent.
The potential metrics suggested above need to be measuréd on other sites to test them
with independent data and to obtain more information on their range of variability in

relation to land use intensity and other factors. Ultimately, controlled studies of
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vegetation response to land use change are needed to provide insights not possible with
observational sfudies. |

Develqpment of plant groups that clearly respbnd té human influence would élso
benefit from mofe systematic designation of the species included and excluded. Clear
criteria for group'inclusion must be determined and species meeting those criteria must
be identified. Determinations should ultimately be based on controlled résearch rather
than informal observatioh. Groups that would particularly benefit from such work
include species with persistent litter, weedy species, and grazing and cultivation tolerant
species.

One challengé to using a vegetation-based index is that it is difficult to select a
single area that is truly representative of an entire wetland without introducing bias, even
if the sampling area is selected raﬁdomly. Therefore, use of a systematic random sample

around the entire perimeter of the wetland, similar to the approach used in this study, is

. needed to avoid bias and to obtain adequate coverage of natural variation in vegetation

within a wetland. One possible approach is to use transects that extend radially from the
center of the wetland and are sampled at regular intervals out to the edge of emergent
vegetation. Vegetation may not need to be sampled across the open water portibn of
wetlands to use the potential metrics recommended above.

The fact that values of some variables, such as abundance of annuals, were not
intérmediate for retired sites complicates development of metrics to indicate different-
levels of Biological integrity. Simple numerical sc_:ales may not be appropriate for some
metrics. More studies need to be done to relate biological integrity and vegetation

change to time since disturbance. Metrics should account for succession.
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Lcng-tem hydrologic ﬂu‘ctuationsvon these sites present a final challenge. Long-
term studies need to be-undertaken in this region to_e\./aluate honv vegetntion and
proposed metrics are inﬂuenced by natural variation. Studies need to deal with the
practlcal issue of whether the samplmg location needs to be adjusted for hydrologic

variation and how lags in vegetatlon response to hydrologlc cycles may affect dlstrlbutlon

and compos1t10n of wetland vegetation.
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APPENDIX A’

" WATER AND SEDIMENT DATA




Table 15. Riysical and chemical characteristics of water collected in late June in depressional wetlands in the Ninepipe and Ovando areas. Numbered
sites are categorized as Ninepipe (N) or Ovando (O) study areas and either Reference (RF), Retired (RT) or Current (C) land use groups. Reference,
retired, and current refer to land use categories that arc explained in the text. Electrical conductivity (EC), pH, and temperature were measured on site
using a Horiba U-10 Water Quality Checker near the center of each wetland. Alkalinity was estimated by titration, which was performed within twelve
hours after collecting water samples. Laboratory analysis was performed by the Soil Analytical Laboratory at Montana State University, Bozeman.
Electrical conductivity is reported in uS/em, which is directly equivalent to umhosicm. Phosphate (PO4) values below 0.01, and nitrate (NO3) and
ammonium (NH4) values below 0.1 have a lower analytical accuracy than data above those values.

Area Group Site pH EC  Temp. Alkalinity NO3 NH4 P PO4 Ca CI Fe K Mg Mn Na 5 Si $04

uSfem 0C "

N RF I 7.6 675 271 340 007 002 127 289 106 1120 159 115 127 003 1361 492 146 1081
N RF 3 67 200 179 138 002 0.05 048 064 109 832 298 123 53 068 429 112 24 075
N RF 4 6.4 250 18 HO 002 0.07 025 030 7.7 750 141 160 34 024 368 149 15 158
N RF 5 7.1 586 201 283 006 013 227 533 6.2 1400 248 93 41 044 1319 254 86 192
N RT 7 65 270 167 118 0.00 020 076 0.45 6.2 845 3.63 158 3.8 043 300 097 38 109
N RT 8 65 238 112 105 0.08 011 036 023 66 730 228 129 36 031 333 120 10 112
N RT 9 68 250 175 113 001 0.09 051 037 7.7 618 257 160 37 0.5 359 153 26 197
N RT 10 6.8 328 237 133 002 014 058 029 6.8 985 328 162 44 029 569 L76 2.0 167
N C 1 76 581 173 213 002 0.08 097 L70 173 1570 154 225 &7 01 961 287 9.6 5.46
N C 12 71 560 187 258 002 0.18 148 220 175 1370 3.25 334 106 0.6 741 L75 174 169
N C 13 6.7 240 207 HO 002 0.13 062 032 89 666 418 180 44 056 289 164 170 2.14
N C W69 2714 231 118 0.03 005 027 027 69 1065 141 209 45 017 353 ITI 134 0.40
0 RF 15 7.4 381 198 193 0.00 003 0.08 000 511 090 003 51 120 001 43 027 55 025
0 RF 16 75 784 243 350 002 007 100 160 582 1385 0.04 32.6 385 0.1 323 1550 29.0 43.15
0 RF 17 75 453 254 225 002 0.03 013 000 321 264 0.0 207 274 0.08 88 056 63 052
0 RF 18 7.0 492 16 255 0.00 000 013 000 495 138 005 46 269 0.06 55 118 89 215
0 RT 19 7.3 688 179 330 002 0.02 015 0.00 642 600 001 9.6 331 0.05 197 7.08 8.0 17.98
0 RT 20 7.3 664 137 295 002 001 015 000 643 427 001 40 2719 0.02 114 977 713 21.78
0 RT 21 75 698 145 335 001 001 014 0.00 670 552 001 &1 315 000 246 1003 49 27.30
0 RT 22 71 571 18l 290 001 0.02 017 000 652 272 005 81 241 0.06 1001 213 132 424
0 C 23 7.4 683 154 333 002 003 008 0.00 689 502 002 208 327 0.06 100 136 300 1.87
0 C 24 67 229 158 108 0.02 0.05 008 000 259 230 011 65 85 0& 28 028 127 0.16
0 C 25 6.9 390 174 183 001 002 013 0.0 452 367 006 83 137 0.08 43 075 129 097
0 C 26 7.5 499 188 230 0.02 003 009 000 524 433 006 161 209 011 70 077 19.0 0.96

* PO4values are reported as total molecular mass of phosphate per liter. To convert to phosphorus as phosphate, multiply by 0.33. NO3and NH4 are

reported as mass of nitrogen per liter, and all other values are reported as mass per liter.



Table 16. Physical and chemical characteristics of water collected in early July in depressional wetlands in the Nmepipe
and Ovando areas. Numbered sites are categorized as Ninepipe (N) or Ovando (O) study areas and either Reference (RF),
Retired (RT) or Current (C) land use groups. Reference, retired, and current refer to land use categories that are explained
in the text. Electrical conductivity (EC), pH, and temperature were measured on site using a Horiba U-10 Water Quality
Checker near the center of each wetland. Alkalinity was estimated by titration, which was performed within twelve hours
after collecting water samples. Laboratory analysis was performed by the Soil Analytical Laboratory at Montana State
University, Bozeman. Electrical conductivity is reported in uS/em, which is directly equivalent to umhos/cm. Phosphate
(PO4) values below 0.01, and nitrate (NO3) and ammonium (Nil,) values below 0.1 have a lower analytical accuracy than
data above those values.

Area Group Site pH EC  Temp. Alkalinity NO3 NH4 P Ca Fe K Mg Mn Na 5 i

uSkem 0C mgCaCO%L It

N RF I 13 750 178 350 0.04 0.08 112 136 073 105 146 0.08 1351 4.04 127
N RF 3 68 305 196 123 0.03 005 036 109 261 125 53 037 423 106 0.3
N RF 4 72 240 251 HO 003 0.06 0.26 7.9 184 134 33 019 358 133 05
N RF 5 72 582 207 213 008 016 2.34 65 244 80 41 056 1306 253 6.3
N RT 7 65 263 196 113 003 012 0.67 6.0 2.80 156 3.8 042 385 096 17
N RT 8 65 232 224 98 0.02 0.07 034 6.7 241 123 37 057 326 L13 03
N RT 9 66 261 268 115 0.07 011 0.60 7.9 281 158 3.9 0.19 365 153 LI
N RT 10 69 335 205 138 0.05 0.10 061 6.7 332 147 43 042 553 173 15
N C 11 84 640 174 288 004 014 113 102 2.04 206 94 0.67 12009 235 48
N cC 12 69 600 180 253 0.04 0.08 147 185 3.38 352 11.0 0.60 788 156 9.9
N CcC 13 65 2714 180 113 0.03 0.07 0.92 104 592 190 49 101 308 146 162
N c 67 301 212 no 003 003 034 76 146 235 48 017 372 11§ 118
0 RF 1 79 337 221 165 001 001 0.05 444 001 55 122 001 43 023 38
0 RF 16 77 811 239 348 0.01 0.06 081 603 0.02 35.0 41.0 0.07 342 1535 310
0 RF 17T 69 466 185 223 001 0.04 020 335 0.16 23.3 284 033 92 047 59
0 RF 18 7.4 484 206 235 0.00 0.08 011 482 0.05 45 294 004 6.0 093 37
0 RT 19 75 660 235 315 0.00 0.03 0.08 665 001 9.4 347 003 201 675 5.9
0 RT 20 7.0 654 147 290 0.00 0.05 011 659 001 51 331 002 19.0 1166 538
0 RT 20 74 695 167 328 0.00 0.04 013 683 0.02 56 343 001 270 880 3.8
0 RT 2271 581 223 288 0.00 001 013 683 0.04 83 264 0.07 109 187 128
0 C 23 81 668 267 33 0.00 0.03 012 701 001 213 351 0.02 110 124 312
0 C 4 75 235 264 HO 0.01 0.06 0.09 276 007 67 91 006 3.0 030 130
0 cC 25 75 370 238 170 0.01 0.04 010 462 0.04 85 146 003 45 070 106
0 26 7.8 490 203 238 0.00 007 015 53.7 0.05 163 21.8 0.06 7.4 075 101
* PO4values are reported as total molecular mass of phosphate per liter. To convert to phosphorus as phosphate, multiply

by 0.33. NO3and NH4 are reported as mass ofnitrogen per liter, and all other values are reported as mass per liter.



Table 17. Physical and chemical characteristics of water collected in late August in depressional wetlands in tlie Ninepipe and
Ovando areas. Numbered sites are categorized as Ninepipe (N) or Ovando (O) study areas and either Reference (RF), Retired (RT) or
Current (C) land use groups. Reference, retired, and current refer to land use categories that are explained in the text. Electrical
conductivity (EC), pH, and temperature were measured on site using a Horiba U-10 Water Quality Checker near the center of each
wetland. Alkalinity was estimated by titration, which was perfonned within twelve hours after collecting water samples. Laboratory
analysis was performed by the Soil Analytical Laboratory at Montana State University, Bozeman. Electrical conductivity is reported in
uSlem, which is directly equivalent to umhosicm. Phosphate (PO4)values below 0.01, and nitrate (NO3) and ammonium (NH4) values
below 0.1 have a lower analytical accuracy than data above those values
Area Group Site

RF
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§.52
1.21
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Fe

0.35
3.34
2.94
3.25
3.73
3.04
2.30
3.4
1.10
3.0
§.39
5.16
0.01
0.01
0.15
0.02
0.01
0.03
0.03
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0.07
0.05
0.03

K

T

13.2

Mg

378
42.8
36.7
300
39.9
10.2
16.0
239

NO3and NH4are reported as mass of nitrogen per liter, and all other values are reported as mass per liter.

Mn

0.12
0.31
0.66
0.50
0.34
0.36
0.48
0.81
0.28
1.86
1.14
138

Na

172.0
55.0
48.6
198.0
517
41.8
48.4
78.3
1424
128.8

S

4.60
1.27
1.68
4.12
1.54
131
1.74
2.19
212
2.15
1.73
2.03
028
15.77
0.68
0.47
5.96
13.82
1.22
1.59
1.05
0.27
0.50
0.70

Si



Table 18. Physical and chemical characteristics of sediment in depressional wetlands in the Ninepipe and Ovando areas. Nutrient and
geochemical concentrations were determined by the Soil Analytical Laboratory at Montana State University, Bozeman from samples
. collected in late June. Texture, EC, and pH were determined using standard laboratory methods from samples collected in early July. '

Area Group :Site pH . EC TKN NH, ~NO; Na Ca Mg P clay sand silt
uS/cm %N mg/kg----- Yormmm-
N RF 1 90 2,043 037 . .28 2 712 2462 440 29 38 2 40
N RF 3 7.6 369  0.73 15 17 82 11320 1080 16 29 43 28
N RF 4 7.4 223 . 0.59 58 4 272 1458 880 31 42 32 25
N RF 5 86 1,462 0.0 45 14 1184 1698 1060 43 . 34 27 39
N RT 7 7.8 461  0.42 82 3 250 1294 1880 60 32 35 33
N . RT 8 73 423 - 047 59 5 224 1456 1840 38 35 27 38
N RT 9 73 340 052 125- 9 162 1422 1260 52 39 . 41 20
N RT 10 75 659 039 81 2 382 1092 580 53 .25 46 28
N C 11 8.2 822 035 40 2 448 1850 1660 45 35 29 36
"N C 12 78 656  0.49 64 9 392 1466 1020 52 17 20 63
N C 13 7.4 358 -+ 0.34 79 2 134 1270 700 77 16 27 56
N C 14 7.6 490  0.64 64 ~ 14 200 1540 860 51 45 26 29
O RF 15 7.8 320 0.52 13 10 44 5124 880 9 . 48 11 40
O RF 16 8.5 780 081 . 53 21 . 96 10480 " 1260 - 40 48 18 34
O RF 17 16 270 073 65 10 70 3306 306 84. 41 12 47
O RF 18. 179 500 087 - 36 15 46 5322 558 32 45 23 32
O RT 19 84 540 112 26 ‘M 136 10720 330 .17 48 11 40
O RT 20 8.2 720 116 7 37 180 11960 318 39 - 35 18. 48
0 RT 21 81 460  1.05 9 18 148 13280 - 276 17 45 10 45
O 'RT 22 . 84 440 049 46 10 1068 1662 . 274 45 48 13 40
0O ¢ 23 8.1 500 138 37 42 88 9220 482 . 23 ©38 10 53
o C 24 7.9 290  1.43 39 25 56 6600 394 19 41 10 49
o .C 25 8.2 450  0.93 42 16 62 11320 226 25 47 .9 45
0O C

26 7.5 360 0.61 14 7 72 8040 418 15 38 13 49 .

201
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Table 19. Relative abundance of plant species in depressional wetlands in the Ninepipe and Ovando areas. Plant cover data collected in late August. Numbers 1-103
are canopy species, numbers 200-217 are ground cover and surface categories. Species codes are defined in Table 20.

Species  Species o Welland Sites. oo
mber  Code T R T A R NV £ U O N A 1 U AL R A S VA K B L Y L S
| ALIPLA 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0,02 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 SAGCUN  0.00 0.00 0.00 0.00 0.00 0.00 0,00 0,00 0.00 0,00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00
3 CICDOU 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4 SIUSUA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
5 ARTBE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6 ARTLUD  0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 ASTJUN 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00
8 BIDCER 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O(M) 0.00 0.13 0.00 0.00 0.00 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00 0.00 000
9 CIRARV  0.02 001 0.00 0.00 0,00 0.00 O(K) O(M) 0.00 O(M) 001 O(M) 0.01 0.00 0.01 0.5 0.01 OM) 0.01 0.01 0.00 O(M) 0.01 O(M)
10 GNAPAL  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11 LACSER 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 SONASP  0.03 0.04 0.00 0.00 0,00 0,00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 RORPAL  0.00 001 0.00 0.1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4 THLARE  0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
15 DRESPP.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.26 0.00 0.00 0.00 0.10 0.02 0.00 0.00 0.00 0.00 0.00
6 DIAARM 001 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
{7 CHESPP.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 CARATH  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.10 0.02 045 0.23 0.30 0.00 032 0.78 0.22 033 0.50 0.53
19 CARATHR 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0,00 001 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20 CARLAN  0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.04 0.00 0.03 0.00 0.00 0.00 0.00 0.00
21 CARMIC  0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
22 CARNEB  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.01 0.01 0.03 0.0 0.00 0.00 0.00 0.00
23 CARROS 000 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.29 0.78 0.7 0.00 0.00 0.00 0.00 0.00
20 CARSPP.  0.00 0,02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.01 0.20 0.14 0.00 0.03 0.00 0.00 0.10 0.05 0.01 0.00
25 ELEACI 0.14 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.03 o2z 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.00
26 ELEOVA  0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 036 0.9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
27 ELEPAL 000 0.5 0.16 0.13 0.13 001 020 022 007 020 001 039 014 056 0.14 011 0.05 0.06 0.01 0.04 0.60 0.42 0.16 0.17
26 ELESPP. 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0,00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00
29 SCIACU 0,00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.01 0.00 0.03 0.00 0.00 0.04 0.00 0.00 0.14 001 0.26 0.0 0.00 0.00 0.08 0.02
30 SCIMAR  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
31 DESYL 0,00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
32 ELACAL 001 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
33 EQUFLU 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
34 EQUSPP.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00



Table 19. (continued)

Species  Species Wetland Sites

Number Code [ 3 4 5 17 % 9 10 1w o1 1 o518 118 19 20 2 2223 U %06
35 EQUSYL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
36 TRIHYB 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3T MYRSIB 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
38 HIPVUL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
39 HYPPER 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00
40 HYPFOR 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
41 JUNBAL 0.23 0.31 0.00 041 0.27 0.00 0.00 0.27 0.00 0.00 0.05 0.00 0.10 0.24 0.09 0.03 0.02 0.05 0.07 0.01 0.02 0.05 0.02 0.00
42 JUNBUF 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
43 JUNENS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
44 JUNLON 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
45 TRIMAR 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00
46 MEN ARV 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 001 0.00 0.06 016 001 0.03 0.02 0.02 0.03 0.01 003 0.00
47 STAPAL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00
48 LEMMIN 1.00 074 021 0.00 0.5 0.22 0.00 0.08 0.08 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00
49  UTRVUL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.06 0.00 0.02 001 0.01 0.03 0.10 0.00
50 EPIPAN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
51 EPICIL 0.03 0.03 0.00 0,01 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
52 AGR SMI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00
53 AGR SPP 0.00 0.00 0.00 0.00 047 0.02 0.00 0.03 0.00 0.17 0.01 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
54 AGRTRA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.0L 0.00 0.00 0.00 0.00 0.00
55 AGRALB 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 001 0.00 0.00 0.10 0.00 0.00 0.02 0.00 0.01 0.00 0.08
56 AGRSCA 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0,00 000 000 000 0.00 000 000 0.00 0.00 0.00 0.00 0.00 0.00
57 AGR SPP 0.00 0.00 0.00 006 0.01 0.00 0.00 0.00 000 0,00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 ALOAEQ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
59 ALOPRA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.06 0.00 0.00 0.00 0.00
60 AVEFAT 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
61  BEC SYZ 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0,00 0.00 0.00 000 000 0.00 0.00 0.00 0.00 000 0.00 0.00 000
62 BROJAP 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00
63 CALNEG 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00
§4 CATAQU 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
65 PHAARU 0.06 0.08 049 0.00 0.24 070 0.22 0.00 0.63 033 0.43 0.19 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
66 PHLPRA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0,00 000 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 000
67 POAPAL 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0,02 0.00 0,00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.0 0.00 000 0.00
68 POAPRA 0.09 0.00 0.00 0.05 0,00 0.00 0.00 0.00 0.00 0.00 000 0.01 0.00 0.05 0.00 002 0.01 0.01 0.02 001 0.00 0.00 0.00 0.00



Table 19. (continued)

Species  Species Wetland Sites

Number Code |3 4 5 7§ 9 w0 u L 1B W 151 17 18 19 20 2 2 23 WU 2 2
69 POA SPP 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
710 POATRI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
71 POLMON  0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
72 LIN SEP 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,02 0.00 0.00 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13 POLAMP 0.00 0.05 boo 0.00 0.01 0.00 0.03 0.07 0.00 001 0.00 0.00 036 0.00 001 000 0.02 0.02 0.00 0.00 001 0.03 011 0.17
14 POLCON 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
75 POLDOU 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
76 POLLAP 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 000 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
17 POL PER 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
18 RUM CRI 000 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 001 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
79 RUMMAR 000001 000 0.01 0.00 0.00 0.00 0.00 0.00 001 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
80 POL SPP 000 000 000 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
g0 POTGRA 000 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.14 0.00 0.00 0.00 0.14 0.00 0.02 0.06 0.02
§2 POTPEC 028 000 000 000 0.01 QGO 0.00 0.00 0.26 0.00 0.00 0.00 0.04 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00
83 CENMIN 000 000 000 000 0.00 QOO0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 RANAQU 000 000 000 000 0.00 QOO 0.00 0.00 0.00 000 000 0,00 0.00 0.00 0(K) 0.01 0.00 0.0(1 0.00 0.00 O(K) O(K) O(K) 0.00
85 RANGME 000 000 000 Q00 0.00 QOO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00
86 RANSCE 000 000 000 000 0.00 QGO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
§7 RANSPP 000 000 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00
86 RICNAT 000 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
80 GEUMAC 000 000 000 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
90 GEU SPP 000 000 000 000 0.00 Q00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
91 POTANS 000 000 000 000 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
92 POTGRA 000 000 000 000 0.00 Q0O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
93 POTRIV 000 000 000 0.00 0.00 0.00 0.00 0,00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
94  ROSWOO 000 000 000 QOL 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
95  GALAPA 000 000 000 0.00 0.00 0.00 0.00 000 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
96 SALEM 000 000 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
97 PEN SPP 000 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
98 GRANEG 000 000 000 000 000 OO0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00
99  PEN CON 000 000 000 000 000 000 00O 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10 soLDUL 0.04 000 000 000 000 000 000 Q00 0.01 0.00 0.00 0.01 0.00 000 0.00 0.00 0.00 000 Q00 QQO0 0.00 QG0 000 0.00
101 SPA SPP 000 000 000 000 000 000 000 000 000 000 0.00 0.00 QGO 0.00 Q00 0.00 0.00 000 000 OQD 0.01 Q00 QCO 0Q0
102 TYPLAT 033 006 034 020 023 020 0.55 0.41 0.10 0.07 0.05 001 QOO0 0.00 0.00 0.00 0.00 000 000 QC0 0G0 OCO QOO 0QO
103 VI0 SPP. 000 000 000 000 000 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 000 0C0 Q00 0.00 QC0 OO



Table 19. (continued)

Species  Species Wetland Sites

Number Code |3 4 5% 7 ¢ 9 10 0 L B W 151w 17 18 19 20 2 2 23 2 B 2
200 water 0.78 0.68 031 0.46 065 0.60 0.65 0.68 0.57 0.84 0.69 0.69 058 0.60 090 032 079 051 057 0.77 081 0.80 0.68 0.88
201 dry soil 0.03 0.13 0.04 035 0.00 0.05 0.00 0.00 0,02 0.04 0.00 0.03 0.00 0.00 0.02 0.06 0.00 0.00 0.00 0.00 001 0.02 0.01 0.00
202 algae 0.17 0.08 0.00 0.00 0.03 0.11 032 0.16 0.04 0.05 013 001 032 0.06 0.00 0.06 0.07 0.12 0.06 0.01 0.2 0.01 011 0.04
203 litter 0.17 032 0.17 0.05 0.04 001 0.01 002 001 0.03 005 0.5 0.01 002 001 002 0.07 025 021 0.05 0.03 0.04 0.01 0.04
204 moss 0.08 0.26 0.01 0.10 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.01 0.00 0.00 000 0.03 0.00 0.01 0.03 0.01 0.01 0.00 0.00 0.00
205 sat. soil 0.41 0.03 0.14 0.00 0.09 0.00 0.00 0.04 001 005 011 0.10 0.00 0.04 0.06 0.07 0.00 0.01 0.00 0.0 0.00 0.00 0.03 0.00
206 unkn. submer. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00
207 unkn. forb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
208 unkn. grass  0.01 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0,00 0.00 0.00 0.00 0,00 000 0.00 001 0.00 0.00 0.00 0.02 0.00
200 unkn. emer. 000 0.01 0,00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
211 rock 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0L 0.00 0.00 0.01
213 litterlwrack 000 0.00 0.10 0.00 0.03 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
215 bulrush litter 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.09 0.00 0.00 0.00 0.00 0.00
206 cattail litter — 0.42 020 0.01 0.03 0.00 0.00 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
217 woody debris 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00



Table 20. Species group designations for depressional wetlands in the Ninepipe and Ovando areas. X designates characteristics which were conflicting or could
niot be ascertained through the available literature. )

Species  Species . Annual/  Native/  Grass/Grass-like/ Persistent Tillage Grazing
Number Code - Genus - Spec'iesl ’ : Perennial! Non-native' Forb/Shrub Weedy1 Litter> Tolerant® Tolerant’
- _ @P)  NANN)  (GIGLEFS) W) @ o ©
1 ALIPLA  Alisma plantago-aquatica L. P N F ’ T G
2 SAG CUN Sagittaria cuneata Sheld. P N F '
3 CICDOU  Cicuta douglasii (DC.) Coult. & Rose P N F w
4 SIU SUA  Sium suave Walt. P N F G
5 ARTBIE  Ariemesia biennis Willd. A N F T
6 ARTLUD Artemesia ludoviciana Nutt. P N F W G
7  ASTJUN  Aster junciformis Rydb. P N F.
8 BIDCER  Bidens cernua L.. A N F
9 CIR ARV  Cirsiunt arvense (L.) Scop. P NN F w
10 GNAPAL Gnaphalium palustre Nutt. A N F w
11 LACSER . Lactuca serriola L. A NN F w
12 SONASP  Sonchus asper (L.) Hill P NN F W
13 RORPAL Rorippa palustris (L.) Besser A N- F T
14 THL ARE Thlaspi arevense L. A NN F w T .
15 DRESPP. Drepanocladus sp. X - X F G
16 DIAARM Dianthus armeria L. A NN F w.
17 CHESPP. Chenopodium sp. A X : '
18 CARATH Carex atherodes Spreng. p N GL
19 CAR ATHR Carex athrostachya Olney P N - GL
20 CARLAN Carex lanuginosa Mlchx ) P N GL
21 CARMIC Carex microptera Mack. N p N GL
22 -CARNEB Carex nebrascensis Dewey P N GL
23 CARROS Carex rostrata Stokes P N GL
24 CARSPP. "Carex spp. P N .GL
25 'ELEACI  Eleocharis acicularis (L)R. & S. " P N GL T G
26 ELEOVA Eleocharis ovata (Roth)R. & S. A N GL o
27 ELEPAL = Eleocharis palustris (L)R. & S. P N GL .T G
28 ELESPP. Eleocharis spp. X N GL
29 SCIACU - Scirpus acutus Muhl. P N . GL P G
30 SCIMAR Scirpus maritimus L. P N GL
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Table 20. (continued) :
Species Species Annual/ Native/ Grass/Grass-like/ Persistent Tillage  Grazing
Number Code Genus - Species1 Perennial! Nonnative' Forb/Shrub Weedy1 Litter’ Tolerant’ Tolerant®
: @P)  NNN)  (GGLEFS) W) @ ®  ©
31 DIPSYL  Dipsacus sylvestris Huds. A NN F w P
32 " ELA CAL Elatine californica Gray A N F
"33 EQUFLU Equisetum fluviatile L. P N F
34 EQUSPP. Eguisetum spp. P N F
35 EQUSYL Eguisetum sylvaticum L. P N ' F .
36 TRIHYB. Trifolium hybridum L. P NN F w
37 MYRSIB Myriophyllum spicatum L. P N © F
.38 HIPVUL Hippurisvulgaris L. P N F )
39 HYPPER  Hypericum perforatum L. P * NN F w
40 HYPFOR Hypericum formosum H.B. K. P N F
41 JUNBAL Juncus balticus Willd. P "N GL : P G
. 42~ JUNBUF  Juncus bufonius L. A N GL w
43  JUNENS  Juncus ensifolius Wikst. P N GL
44  JUNLON Juncus longistylis Torr. P . N GL
45 TRIMAR Triglochin maritimum L. P N F
46 MEN ARV Mentha arvensis L. P N F
47 STAPAL  Stachys palustris L. P "N F
48 LEMMIN Lemna minor L. A N F G
49 UTR VUL Utricularia vulgaris L. X X F G
50 EPIPAN  Epilobium paniculatum Nutt. A N F
51 EPICIL Epliobium ciliatum Raf. P N F w
52 AGR SMI  Agropyron smithii Rydb. P N G T G
- 53  AGR SPP. Agropyron spp. P X G
" 54 AGRTRA Agropyron trachycalum (L.) Beauv. P. N G
55 AGR ALB- Agrostis alba L. ‘P NN G
56 . AGR SCA  Agrostis scabra Willd. P - N G’ W
57 AGR SPP. Agrostis spp. p N G
58 ALO AEQ Alopecurus aequalis Sobol. P N G T G
59 ALOPRA Alopecurus pratensis L. P NN G
60 AVEFAT Avenafatua L. A NN G w .
61 BECSYZ A N G w T G

- Beckmannia syzigachne (Steud.) Fern.
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Table 20. (continued)

Persistent  Tillage VGrazing

Species  Species - Annual/ Native/  Grass/Grass-like/
Number Code Genus - Species1 Perennial’ Nonnativel' Forb/Shrub Weedyl Litter’ Tolerant® Tolerant® .
, @P).  NNN)  GOLFS) W ® O ©
62 BROIJAP  Bromus japonicus Thunb. A NN G w N
63 CALNEG Calamagrostis neglecta (Ehth.) G. M. & S. P ‘N G
64 CAT AQU " Catebrosa aquatica (L.) Beauv. P N G-
65 PHA ARU Phalaris arundinacea L. P X G w
66 PHLPRA  Phleum pratense 1. P NN G w G
67 POAPAL Poapalustris L. P ‘NN -G
68 POAPRA Poa pratensis L. P NN G
69 POASPP. Poa spp. P X G
70 POATRI  Poatrivialis L. P . NN "G
71 POLMON Polypogon monspeliensis (L.) Desf. A NN G
72  LINSEP _Linanthus septrionalis Mason A N F
73 POL AMP Polygonum amphibium L. P N F P T
74 POL CON  Polygonum convolvulus L. A NN F W P T
75 POLDOU Polygonum douglasii Greene A N - F , P E
76 POLLAP  Polygonum lapathifolium L. A NN F w P T _
77  POLPER  Polygonum persicaria L. - A N F w P
78 RUMCRI Rumexcrispus L. P NN F - W
79 RUMMAR Rumex maritimus L. A N F .
80 POL SPP.  Polygonum spp. X X F P
81 .POTGRA Potamogeton gramineus L. P N F G
82 POTPEC Potamogeton pectinatus L. P N F
83" CENMIN Centunculus minimus L. A N I }
84 RANAQU Ranunculus aquatilis L. P "N F T G
85 RANGME Ranunculus gmelinii DC. p N F
86 RANSCE Ranunculus sceleratus L. A "N F T
87 RANSPP. Ranunculus spp. X X . ‘F
88 RICNAT Ricciocarpus natans X X. X G
89 GEUMAC Geum macrophyllum Willd. P N F '
90 GEUSPP. Geum spp. P N F
91 POTANS Potentilla anserina L. P N F
92 POTGRA Potentilla gracilis Dougl. P . N F -




Table 20. (continued)

Species  Species Annual/ Native/  Grass/Grass-like/ Persistent  Tillage  Grazing
Number Code Genus - Species1 Perennial' Nonnative' Forb/Shrub Weedy' Litter’ Tolerant’ Tolerant’
(A/P) (N/NN) (G/GLF/S) (W) ® M G

93 -POTRIV - Potentillarivalis Nutt. A N F
94 ROSWOO Rosawoodsii Lindl. - P N SH P
95  GAL APA  Galium aparine L. A N F w
96 SALEXI  Salix exigua Nutt. P N SH P
97 PENSPP. Penstemon spp. X N F
98 GRANEG Gratiola neglecta Torr. A N F T
99  PENCON Penstemon confertus Dougl. p N F
100 SOLDUL Solanum dulcamara L. P NN . F
101 SPASPP.  Sparganium spp. P X F P
102 TYPLAT Typhalatifolia L. P N H P
103 VIOSPP. Viola spp. P N F
200 - water
201 dry bare ground
202 algae
203 litter
204 moss
205 saturated bare ground
206 unidentified submerged sp.
207 unidentified forb sp. F

. 208 unidentified grass sp. G
210 unidentified emergent sp.
211 rock S
213 litter/wrack
215 dead bulrush
216 dead cattail
217 dead bush

TDom 1984, Gleason and Cronquist 1973.
2 Mark Gernes, Minnesota Pollution Control Agency, 1997, Personal Communication.
.3 Kantrud et al. 1989, Millar 1973, Stewart and Kantrud 1972, Walker and Coupland 1970, Walker and Coupland 1968, Dix and Smeins 1967.
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- Table 21. Rationale for inclusion of a) species groups, b) species, and c) species richness in vegetation analysis. Groups and species are identified

according to their inclusion before (B) or after (A) examining the raw data. Original groups were included based on ecological generalizations (E) or
research findings by Minnesota Pollution Control Agency (M) or the EPA Biological Assessment for Wetlands Work Group (G). Ecological
generalizations or research findings and expected response to increased land use impacts are briefly explained for all groups and for species included

before the study began.
Variable - Inclusion Basis Ecological generalization or research finding Expecte_d TESpOnse
a) Species groups ’ ' o

Annuals B E Life cycle often adapted to disturbance Increase
Perennials ’ B E Life cycle often not adapted to disturbance Decrease
Natives B E Disturbance often allows competition from non-natives Decrease
Non-natives B E Disturbance often allows non-natives to establish Increase
Native perennials - A - Natives, perennials often decrease with disturbance Decrease

 Weedy B E Life cycle adapted to disturbance " Increase
Weedy annuals - A - Annual life cycle and weedy spp. adapted to disturbance Increase
Weedy pérenilials A - Weedy spp. adapted to disturbance Increase
Grasses B E Some spp. more palatable to cattle Decrease

" Grasslikes B E Some spp. sensitive to disturbance Decrease
Grasslike perennials- A - Some grass-likes, perennials decrease w. disturbance Decrease
Forbs B E Some spp. less palatable to cattle, have weedy characteristics Increase
Moss B M Some spp. sensitive to physical disturbance Decrease
Submergents B E Respond to changes in nutrients and light availability Increase -
Spp. with persistent litter B M Persistent litter is associated with some weedy spp. Increase
1st most dominant spp. B G Dominance may increase with disturbance Increase
1st & 2nd most dominant spp. B - G Dominance may increase with disturbance Increase
1st, 2nd, & 3rd most dominant spp. B G Dominance may increase with disturbance Increase .
Tillage tolerant spp. B E Spp. appear to tolerate or establish after physical disturbance Increase
' B. E Species unpalatable or able to withstand grazing pressure

Increase

Grazing tolerant spp.
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Table 21. (continued)

Variable

Inclusion

Basis

Expected response

b) Species or genera
Agropyron Spp.
Phalaris arundinacea
Juncus balticus
Eleocharis spp.
Eleocharis ovata
Eleocharis palustris
Carex spp. '
Typha latifolia
‘Poa pratensis-

- Carex atherodes
Mentha arvense
Potamogeton spp.
Utricualria vulgaris

c) Species richness, vascular plants

T O GG N

o

Ecological precept or research finding -

~ Some spp. arc sensitive to disturbance

Sensitive to water quality changes

Moderate disturbance allows new species to establish

Decrease

Increase

€1l
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