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Abstract.-The riparianiwetland  vegetation communities of the upper and
middle Rio Grande watersheds in New Mexico were surveyed in 1992 through
1994. The communities are hierarchically classified in terms of species compo-
sition and vegetation structure. The resulting Community Types are related to
soil conditions, hydrological regime, and temporal dynamics. The classification
is part of a comprehensive effort to develop a systematic understanding across
the state of the diversity of riparian/wetland communities and how they are
influenced by specific hydrologic, edaphic and climatic environments. An
overview of the classification is presented with an emphasis on the middle Rio
Grande watershed. The floristic composition, structure, environmental relation-
ships, and successional trends of example communities are briefly described.
Also discussed is the classification process which leads to the initial inventory
and mapping of resources, and the identification of high quality sites.

INTRODUCTION

In New Mexico and elsewhere in the Southwest
riparian areas are the conspicuous narrow belts of
vegetation along ephemeral, intermittent, and
perennial streams that occupy less than one per-
cent of the western landscape (Knopf et al. 1988).
Despite their limited extent, these areas support
some of the greatest diversity of plant and animal
communities in the region Vase  and Layser 1977,
Hink and Ohmart 1984, Siegel and Brock  1990,
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Howe and Knopf 1991, Crawford et al. 1993,
Durkin et al. 1995). The geographic extent of native
riparian/wetland ecosystems is declining rapidly
along many of the major river systems in the
Southwest (Carothers 1977, Fenner et al. 1985,
Howe and Knopf 1991, Crawford et al. 1993,
Stromberg et al. 1993, Busch and Scott 1995, Durkin
et al. 1995, Roelle and Hagenbuck 1995). It is thus
considered to be a highly threatened ecosystem. In
response to this decline in resource value the state
of New Mexico, through the Environment Depart-
ment, has initiated the development of a Wetlands
Protection Plan for this ecosystem following the
guidelines of the National Wetlands Policy Forum.
The primary goals of this plan are inventory and
assessment of wetland resources, the identification
of wetlands protection mechanisms and the devel-
opment of strategies for implementation of the
plan.

To meet the first goal of inventory and assess-
ment, a classification of riparian/wetland  vegeta-
tion communities of the state was initiated to aid
in inventory and assessment. We present the
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hierarchical structure of this classification and list
the vegetation communities we have identified for
the upper and middle Rio Grande watershed. We
also provide selected examples of typical commu-
nities showing their position in the landscape in
relation to one another, their associated soils, as
well as the hydrological regime and vegetation
dynamics. We then discuss how the classification
process has been useful in identifying and assess-
ing the processes, dynamics and quality of riparian
ecosystems.

STUDY AREA

The study area includes the “upper” and
“middle” watersheds of the Rio Grande in New
Mexico (Fig. 1). The upper Rio Grande stretches
from the Colorado border to Cochiti Dam. The
major tributary is the Chama River, along with
several smaller ones such as Embudo Creek, Red
River, and the Nambe River. The middle Rio
Grande stretches from Cochiti Lake south to
Elephant Butte Reservoir. Its major tributaries
include the Rio Puerto,  Rio San Jose and Rio
Salado.  Important smaller streams include the
Jemez River, Santa Fe River and Galisteo Creek to
the north, and the Alamosa, Palomas and Las
Animas Creeks to the south.

Precipitation patterns vary, but the primary
pattern is that of predominantly late-summer rains
(60430%)  derived from the Gulfs of Mexico and
California. However, with respect to runoff, while
summer storms contribute significantly to late-
summer and fall discharges, peak runoff usually
occurs in late spring (May-June) in response to
snowmelt  in the surrounding mountains.

Streamflows of the Rio Grande m New Mexico
vary not only as a function of local climatic factors
and environment, but also as a result of stream
diversions and impoundments. Regulated stream-
flow on the Rio Grande begins near the headwa-
ters at the Rio Grande Reservoir in southern
Colorado, but the impact on flows in New Mexico
is minor. Irrigation drawdown in the San Luis
Valley in Colorado can have impacts on mid- and
late-summer flows. Despite these upper watershed
inpoundments and diversions, the Rio Grande
from the Colorado border south for 50 miles
through the Rio Grande Gorge is still considered
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Figure 1. Distribution of riparian/wetland sites assessed
and the tributary reaches sampled in the Rio
Grande watershed, New Mexico.

free flowing, and is protected by the Wild and
Scenic Rivers Act of 1968 (Bullard and Wells 1992).
South of the Gorge, the Rio Grande opens up into a
wide floodplain at Velarde, and down through
Espanola. Here, significant irrigation diversions
occur, and channel controls have been imple-
mented for flood and erosion control, and water
delivery.

In the upper Rio Grande several tributary basins
have also been altered. The Rio Chama has three
major water impoundments (Abiquiu, Heron and
El Vado)  and, via transmountain tunnels, receives
water from the San Juan River as well. Other
smaller tributaries, for example Embudo Creek, are
contained by small levees bordering the channel,
and have water diverted into small irrigation
systems (acequias).

The middle Rio Grande runs through the middle
basin from Cochiti Lake to Elephant Butte Reser-
voir (roughly 150 miles). It is intensely managed
and altered hydrologically. Nearly every major
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tributary, with the exception of the Rio Puerto  and
Rio Salado, contains a reservoir or diversion dam
for flood and sediment control, or irrigation. Water
delivery demands and flows are regulated at
Cochiti Dam. The channel is periodically dredged
and straightened, and banks are rip-rapped to
prevent erosion. Additionally, river bars are
mowed of their vegetation to maximize water
delivery along a 600-foot-wide corridor maintained
by a network of flood-control fencing (jetty jacks),
and levees. Flows are also diverted into ditches
and conveyance channels that drain an area of
nearly a quarter million square miles (Hink  and
Ohmart 1984). Despite these major alterations, the
Rio Grande, in certain localities, still overflows its
banks within the levees (Crawford et al. 1993).

The middle Rio Grande currently supports one
of the most extensive and continuous forested
wetlands or “bosques” in the Southwest. The
bosque is dominated by Rio Grande cottonwood,
along with scattered shrub and herbaceous emer-
gent wetlands of willows and sedges (Hink and
Ohmart 1984). Exotics such as Russian olive and
salt cedar have become problems, and because of
hydrological manipulations the long-term status of
these forested wetlands is uncertain (Howe and
Knopf 1991, Crawford et al. 1993). The upper Rio
Grande and the tributary reaches are considerably
less modified and tend to support montane for-
ested wetlands dominated by narrowleaf cotton-
woods, and various shrub and herbaceous wet-
lands. Exotics are less of a problem, and overall
site conditions are better.

METHODS

Site selection and field sampling

Vegetation sampling was designed to character-
ize the communities throughout the study area and
to evaluate their relationship to the hydrological
regime and soils. Using aerial photography and
reconnaissance flights along each of the major
reaches of the Rio Grande and its tributaries
identified above, potential sites for field sampling
were categorized by gross vegetation structure,
species composition, size and condition. National
Wetlands Inventory maps were consulted to
confirm gross vegetation type (NW1  1984). Sites

dominated by both native and exotic vegetation
such as saltcedar or Russian olive were considered.
Final sampling site selection was determined by
ground reconnaissance. The final sample set was
structured to maximize geographic distribution,
floristic variation and stand quality. Sites that were
drastically altered by human activities such as
cultivation, dumping of refuse, livestock holding
sites, logging, and mining were not included in the
sampling. Site selection was also dependent on
finding a relatively homogeneous stand of vegeta-
tion 0.1 hectare in size (1,000 meters2)  or larger.

To evaluate potential flows at a site, cross-
sections of the channel and the adjacent floodplain
were surveyed using either a ground-based level
and rod, or by using aerial photographs to
photogrammetrically determine elevation and
distance along a cross-section(see Durkin et al.
1995 and BOR 1995 for details). Along each cross-
section the elevations of current water surface,
high-water marks, locations of flood debris and
root crown heights for significant riparian species,
as well as bank heights of the main channel, and
channel substrate character were recorded. Stream
gradients along the reach were also measured with
a level and rod, and discharges on the day of
sampling were measured with an electronic flow
meter.

Each cross-section contained one or more veg-
etation plots and associated soil pits in stands of
homogeneous vegetation that represented the
typical vegetation community. Within each stand,
a 400 m*  square or rectangular plot was established
and canopy cover of all species present estimated.
Trees were tallied in two-inch diameter stem-size
classes. Height of the canopy was measured, and
one or more dominant trees was cored to deter-
mine age. Other variables estimated or measured
at each site included: elevation, aspect (stream
bearing), valley floor width, ground cover, land-
scape position, hydrologic and geomorphic fea-
tures, adjacent upland communities, indications of
wildlife or domestic livestock utilization, and other
disturbances (i.e., flooding, fire, windthrow,
logging, etc.). Soil sampling and profile descrip-
tions followed guidelines established by the Soil
Conservation Service (SCS 1991). For each horizon,
bulk samples for pH and salinity determinations
were also taken.
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Analysis

Hydraulic analysis was performed on each
cross-section resulting in estimated flows at desig-
nated stage heights. The analysis of simpler and
smaller streams was done with XSPRO (Grant et
al. 1992). Modeled flows were calibrated from
discharge measurements for the date of sampling,
or from nearby U.S.G.S. gauges. Complex model-
ing of the larger Rio Grande was accomplished in
cooperation with the Bureau of Reclamation and
their STARS program which estimates flood stage
height and discharge by comparing the hydraulic
gradients of two or more cross-sections (back-
water calculation). Water surface stages are inter-
actively computed for all cross-sections until they
correspond (BOR 1995).

Return intervals for flows at various stages on
the cross-sections was determined using the
recurrence probabilities calculated at stream
gauges by Waltemeyer (1986). For the cross-
sections located on smaller tributary basins with-
out stream gauging stations, recurrence intervals
were calculated using Waltemeyer’s (1986) linear
regression equations based on drainage basin size
and elevation.

As a corollary to recurrence interval, the ratio of
the cross-sectional area of the floodplain to the
cross-sectional area of the channel at bankfull
height was calculated. Each vegetation plot located
on a cross-section has a recurrence interval associ-
ated with it along with cross-sectional ratios and
actual cubic feet per second (cfs)  discharges neces-
sary to flood the site.

Soils were classified to the family level of Soil
Taxonomy (Soil Survey Staff 1992). Soils were also
ranked in terms of wetness based on Great Group
and Family characteristics. Percentages of plant
available water based on soil texture were esti-
mated for the moisture control section of the soil
profile (Donahue et al. 1983). Depths to gleying
and redox  features were also determined.

The vegetation community classification was
developed using agglomerative cluster analysis.
Euclidean distance and Ward’s Method was used
as an initial organizational tool to define the
riparian/wetland community types. The program
SYNTAX IV (Podani 1990) was used to generate a
dendrogram of hierarchical groupings of plots
with similar vegetation associates. Plots were then

sorted using synthesis stand tables into final
vegetation community types following procedures
outlined in Mueller-Dombois and Ellenberg (1974).
Hydrological, soil and other site characteristics
were then correlated to community types.

RESULTS

The classification system

The classification system is organized in a multi-
level hierarchical and open-ended system based
primarily on the existing natural vegetation. The
system draws upon Cowardin’s (1979) classifica-
tion of wetlands and deepwater habitats of the
United States; Brown, Lowe and Pase’s (1979)
classification of biotic communities of the South-
west; and UNESCO’s physiognomic-ecological
classification of plant formations of the earth
(Mueller-Dombois and Ellenberg 1974, Driscoll et
al. 1984, Bourgeron and Engelking 1994). The
UNESCO system is currently used by Natural
Heritage Programs throughout the United States as
a basis for regional, national and international
comparisons. The classification of Cowardin et al.
(1979) was adopted by the U.S. Fish and Wildlife
Service for use in its National Wetland Inventory

Initially, all riparlan/wetland  communities are
considered part of the Palustrine System as de-
fined by Cowardin et al. (1979). There are seven
hierarchical levels to the classification structure:

1. Class - The major physiognomic type based
on dominant growth form and cover; similar
to Class of Cowardin et al. (1979) and
UNESCO (Driscoll et al. 1984);

2. Zone - Moisture and temperature-defined
sub-classes; similar to Brown, Lowe and
Pase’s (1979) Climatic Zone and Subclass and
Group in part, of UNESCO;

3. Regional Biome - Biogeographically related
Series Groups; similar to Brown, Lowe and
Pase’s (1979) Biome;

4. Series Group - The dominant plant commu-
nities within the same biome, zone, and class
related by equivalent sets of morphological,
environmental or floristically related series;
commonly equivalent to the Cowardin et al.
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(1979) Sub-class and UNESCO Formation
(Driscoll et al. 1984);

5. Series - Sets of Community Types related by
at least a single common dominant; equiva-
lent to the primary Dominance Types of
Cowardin et al. (1979) and patterned after the
Series of Daubenmire (1968),  and the Alliance
of Braun-Blanquet (1965) and Bourgeron and
Engelking (1994);

6. Community Type - Fundamental repeated
assemblages of species; synonymous with
plant association of Braun-Blanquet (1965)
and Bourgeron and Engelking (1994); some-
what equivalent to secondary Dominance
Types of Cowardin et al. (1979);

7. Phase - Floristic variants of Community
Types; synonymous with sub-association of
Braun-Blanquet (1965); the term Typic refers
to the modal species composition of the
Community Type.

Upper and Middle Rio Grande Basin
riparian/wetland  communities

A preliminary classification of riparian/wetland
vegetation communities of the upper and middle
Rio Grande Basin is presented in Table 1. It is
based on data from 52 cross-sections, and 109
vegetation plots and soil pits distributed through-
out the basin (Figure 1).  Communities are divided
into three main Classes - forested, scrub-shrub
and persistent emergent herbaceous riparian/
wetlands. Within each Class there can be either
Cold Temperate or Warm Temperate Zones (Level
II), followed by Regional Biomes such as Rocky
Mountain Montane, Rio Grande/Great Plains or
Southwest (Level III). Level IV’s are commonly
defined as either needle-leaved evergreen series
groups, or broad-leaved deciduous series groups.
At the lowest levels of the classification, we identi-
fied 20 Series and 58 community types within
those series.

Table 1. A preliminary riparian/wetland  vegetation community classification of New Mexico for the upper and middle Rio
Grande watershed. The classification is hierarchically arranged within the Palustrine System into Class (level I),
Zone (level II), Regional Biome (level Ill), Series Group (level IV), Series (level V) and Community Type (CT; level VI).
Organization of the classification system follows Cowardin’s (1979) classification system with modifications based
on NMNHP’s  statewide classification (see text). The Series Group, level (IV), is parenthetically cross referenced to
the UNESCO classification system (Driscoll et al. 1984). Community Types are identified by their common name,
scientific nomenclature, and six- or seven-letter acronym.

PALUSTRINE SYSTEM-RIPARIANhVETLAND  VEGETATION

I. FORESTED WETLANDS CLASS - FORESTS AND WOODLANDS
II. COLD TEMPERATE FORESTED RIPARIAN/WETLANDS

III. ROCKY MOUNTAIN MONTANE FORESTS
IV. NEEDLE-LEAVED EVERGREEN SERIES GROUP (closed forests, cold temperate, evergreen)

V. BLUE SPRUCE (PICEA  PUNGENS) SERIES
1. Blue Spruce-Thinleaf Alder CT (Picea  pungens-Alnus  incana; PICPUN-ALNINCT)

IV. BROAD-LEAVED DECIDUOUS SERIES GROUP (closed forests, cold temperate, deciduous with evergreens)

V. THINLEAF ALDER (ALNUS INCANA) SERIES
1. Thinleaf  Alder/Bluestem  Willow CT (Alnus  incanalSa/ix  irrorata; ALNINCTSALIRR)

V. NARROWLEAF COTTONWOOD (POPULUS ANGUSTIFOLIA)  SERIES
1. Narrowleaf CottonwooctThinleaf  Alder CT (Populus angustifolia-Alnus  incana; POPANG-ALNINCT)
2. Narrowleaf Cottonwood-Arizona Alder CT (Populus angustifolia-Alnus  oblongifolia;  POPANG-ALNOBL)
3. Narrowleaf Cottonwood-Rocky Mountain Juniper CT (Populus anQustifo/ia-Juniperus  scopulorum;

POPANG-JUNSCO)
4. Narrowleaf Cottonwood/New Mexico Olive CT (Populus angustifolialforestiera  pubescens  CT;

POPANG/FORPUBP)
5. Narrowleaf Cottonwood/Coyote Willow CT (Populus angustifo/ialSa/ix  exigua;  POPANGSALEXI)
6. Narrowleaf Cottonwood/Bluestem Wil low CT (Populus angust/fo/ia/Sa/ix  irrorata; POPANGISALIRR)
7. Narrowleaf Cottonwood/Kentucky Bluegrass CT (Populus angustifo/ialPoa  pratensis; POPANGIPOAPRA)

(Cont ’d. )
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Table 1. Continued

III. SOUTHWEST MONTANE FORESTS
IV. BROAD-LEAVED DECIDUOUS SERIES GROUP (closed forests, cold temperate. deciduous with evergreens)

V. ARIZONA ALDER (ALNUS  Of3LONGIfOLIA)  SERIES
1. Arizona AlderAoodding’s  Willow CT (Alnus  ob/ongifo/ia---Sa/ix  gooddingii; ALNOBL-SALGOO)
2. Arizona AlderSeepwillow CT (Alnus  ob/ongifo/ia/Baccharis  salicifolia;  ALNOBLIBACSAL)

III. RIO GRANDEiGREAT  PLAINS FORESTS
IV. BROAD-LEAVED DECIDUOUS SERIES GROUP (woodlands, cold temperate. deciduous with microphyllous

shrublands or thickets)

V. RIO GRANDE COTTONWOOD (POPULUS  DELTOIDES)  SERIES
1. Rio Grande Cottonwood--Russian Olive CT(Popu/us  deltoides-Elaeagnus  angustifolia;

POPDELW-ELAANG)
2. Rio Grande Cottonwood-Cneseed  Juniper CT (Populus de/toides--Juniperus monosperma;

POPDELW-JUNMON)
3. Rio Grande Cottonwood-Saltcedar CT (Populus deltoides-Tamarix  chinensis; POPDELW-TAMCHI)
4. Rio Grande Cottonwood/New Mexico Olive CT (Populus de/toides/Forestiera  pubescens;  POPDELWi

FORPUBP)
5. Rio Grande Cottonwood/Coyote Willow CT (Populus de/toides/Sa/ix  exigua; POPDELWISALEXI)
6. Rio Grande Cottonwood/Water Sedge CT (Populus de/toides/Carex  aquatilis;  POPDELWICARAQU)
7. Rio Grande Cottonwood/Smooth Horsetail CT (Populus de/toides/Equiserum  laevigatum;

POPDELWIEQULAE)
8. Rio Grande Cottonwood/Kentucky Bluegrass CT (Populus de/toides/Poa  pratensis; POPDELWIPOAPRA)
9. Rio Grande Cottonwood/Sparse CT (Populus de/toidesSparse;  POPDELWSPARSE)

V. RUSSIAN OLIVE (ELAEAGNUS  ANGUSTIFOLIA)  SERIES
1. Russian Olive-Saltcedar CT (Elaeagnus  angustifolia-Tamarix  chinensls:  ELAANG-TAMCHI)

IV. NEEDLE-LEAVED DECIDUOUS SERIES GROUP (cold deciduous microphyllous thickets)

V. SALTCEDAR (TAMARIX CHINENSIS)  SERIES
1. SaltcedariCoyote  Willow CT (Tamarix chinensis/Sa/ix  exigua: TAMCHISALEXI)
2. SaltcedariSparse  CT (Tamarix chinensis/Sparse:  TAMCHIISPARSE)

II. WARM TEMPERATE FORESTED RlPARlANiWETLANDS
III. SOUTHWEST LOWLAND FORESTS

IV. BROAD-LEAVED DECIDUOUS SERIES GROUP (closed forests, warm temperate. deciduous with evergreens, or
microphyl lous shrublands or thickets)

V. NETLEAF HACKBERRY (CELTIS  LAE VlGATA)  SERIES
1. Netleaf  HackberryiSkunkbush  Sumac CT (Celtis  /aevigata/Rhus  trilobata;  CELLAERIRHUTRIT)

V. ARIZONA WALNUT (JUGLANS MAJOR) SERIES
1. Arizona WalnutiSideoats  Grama  CT (Juglans  major/Boute/oua  curtipendula;  JUGMAJIBOUCUR)

V. ARIZONA SYCAMORE (PLATANUS WRIGHT/I) SERIES
1. Arizona Sycamore-Arizona Alder CT (Platanus  wright/i-Alnus  oblongifolia;  PLAWRI-ALNOBL)
2. Arizona SycamorelSeepwillow  CT (Platanus wrightii/Baccharis  salicifolia;  PLAWRIIBACSAL)
3. Arizona SycamoreiSideoats  Grama  CT (Platanus  wrightii/Boute/oua  curtipendula;  PLAWRIIBOUCUR)
4. Arizona Sycamore/Sparse CT (Platanus  wright&Sparse;  PLAWRISPARSE)

V. FREMONT’S COTTONWOOD (POPULUS FREMONTII)  SERIES
1. Fremont’s Cottonwood-Velvet Ash CT (Populus fremontii-Fraxinus velutina;  POPFRE-FRAVEL)
2. Fremont’s Cottonwood-Goodding’s  Willow CT (Populus fremontii-Sa/ix  gooddingii; POPFRE-SALGOO)
3. Fremont’s CottonwoodiYerba  Mansa  CT (Populus fremontii/Anemopsis californica;  POPFREIANECAL)

I. SCRUB-SHRUB WETLANDS CLASS - SHRUBLANDS
II. COLD TEMPERATE SCRUB-SHRUB RlPARlANiWETLANDS
III. ROCKY MOUNTIAN MONTANE SHRUBLANDS

IV. BROAD-LEAVED DECIDUOUS SERIES GROUP (scrub, cold temperate, deciduous shrublands or thickets)

(Cont ’d. )
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Table 1. Continued

V. BLUESTEM  WILLOW (SAL/X /RRORATA)  SERIES
1. Bluestem  Willow-Coyote Willow CT (Salix  irrorata--Sa/ix  exigua;  SALIRR-SALEXI)
2. Bluestem  Willow/Sparse CT (%/ix  irroratalsparse:  SALIRRSPARSE)

Ill. RIO GRANDE/GREAT PLAINS SHRUBLANDS
IV. BROAD-LEAVED DECIDUOUS SERIES GROUP (scrub, cold temperate, deciduous shrublands or thickets)

V. COYOTE WILLOW (SAL/X EXIGUA)  SERIES
1. Coyote Willow-Rubber Rabbitbrush CT (Salix exigua<hrysothamnus  nauseosus; SALEXI-CHRNAU)
2. Coyote WillowiRedtop  CT (Salix exigua/Agrostis  gigantea; SALEXliAGRGIG)
3. Coyote Willow/Water Sedge CT (Salix exigua/Carex  aquatilis;  SALEXICARAQU)
4. Coyote Willow/Woolly Sedge CT (Salix exigua/(=arex  lanuginosa:  SALEXICARLAN)
5. Coyote WillowSaltgrass  CT (Salix  exiguall3istichli.s  spicata; SALEXI/DISSPI)
6. Coyote Willow/Common Spikerush CT (Salix exigua/E/eocharis  palustris; SALEXl/ELEPAL)
7. Coyote Willow/False Quackgrass CT (Salix exigualflymus x pseudorepens: SALEXIIELYPSE)
8.  Coyote Willow/Smooth Horsetail CT (Salix exigua/Equisetum  laevigatum; SALEXIIEQULAE)
9. Coyote Willow/Baltic Rush CT (Salix  exigua/Juncus  balticus;  SALEXIIJUNBAL)

10. Coyote Willow/American Bulrush CT (Salix exiguakirpus  americanus; SALEXIISCIAME)

II. WARM TEMPERATE SCRUB-SHRUB RlPARlANiWETLANDS
III. SOUTHWEST LOWLAND SHRUBLANDS

IV. BROAD-LEAVED DECIDUOUS SERIES GROUP (scrub, cold temperate, deciduous shrublands or thickets)

V. SEEPWILLOW (BACCHARlS  SALICFOLIA) SERIES
1, Seepwillow/Prairie  Wedgescale CT (Baccharis sa/icifo/iaLSphenopho/is  obtusata: BACSALISPHOBT)

V. COYOTE WILLOW (SAL/X EXIGUA)  SERIES
1, Coyote Willow-Seepwillow CT (Salix exigua-Baccharis  salicifolia;  SALEXI-BACSAL)
2. Coyote Willow/Yerba  Mansa  CT (Salix exiguaiAnemopsis  californica;  SALEXl/ANECAL)
3. Coyote Willow/Sparse CT (Salix exiguaSparse;  SALEXIISPARSE)

I. PERSISTENT-EMERGENT WETLANDS CLASS - HERBACEOUS RIPARIAN/WETLANDS
II. COLD TEMPERATE PERSISTENT-EMERGENT RIPARIANIWETLANDS
III, ROCKY MOUNTAIN MONTANE HERBACEOUS RIPARIAN/WETLANDS

IV. PERSISTENT SERIES GROUP (terrestr ial herbaceous communit ies, sedge swamps or temperate reed swamps on river
banks)

V. BALTIC RUSH (JlJNClJS  BALT/CUS)  SERIES
1. Baltic Rush-Nebraska Sedge CT (Juncus balticusxarex  nebrascensis; JUNBALXARNEB)
2. Baltic Rush-Common Spikerush CT (Juncus balticus-Eleocharis  palustris; JUNBAL-ELEPAL)
3. Baltic Rush/Smooth Horsetail CT (Juncus ba/ticus/Equisetum  laevigatum; JUNBAL/EQULAE)

V. AMERICAN BULRUSH (SCIRPUS  AMERICANUS) SERIES
1, American Bulrush<ommon  Spikerush CT (Scirpus americanus-Eleocharis  palustris; SCIAME-ELEPAL)

2. American Bulrush/Smooth Horsetail CT (Scirpus americanus/Equisetum  laevigatum; SCIAMEIEQULAE)

III. SOUTHWEST LOWLAND HERBACEOUS RlPARlANiWETLANDS
IV. PERSISTENT SERIES GROUP (terrestr ial herbaceous communit ies, sedge swamps or temperate reed swamps on river

banks)

V. WATER SEDGE (CAREXAQUATILIS) SERIES
1. Water Sedge/Smooth Horsetail CT (Carex aquati/is/fquisetum  laevigatum: CARAQUEQULAE)

V. COMMON SPIKERUSH (ELEOCHARIS  PALUSTRIS)  SERIES
1. Common Spikerush-Rice Cutgrass  CT (Eleocharis  palustris4eersia  oryzoides; ELEPAL-LEEORY)
2. Common SpikerushiSmooth  Horsetail CT (Eleocharis  palustris/Equisetum  laevigatum; ELEPALIEQULAE)

V. BROADLEAF CATTAIL (TYPHA LATIFOLIA)  SERIES
1, Broadleaf Cattail/American Bulrush CT (Typha /atifoWScirpus  americanus; TYPLATISCIAME)
2. Broadleaf Cattail/Rice Cutgrass  CT (Typha /atifoWLeersia  oryzoides; TYPLATILEEORY)
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To elucidate the usefulness of the classification,
examples of four representative cross-sections
from various parts of the study area are given
below. The cross-sections are described in terms of
community types, their composition and where those
communities lie in the landscape, as well as their
soil and hydrological conditions, and implications
in terms of community dynamics and sustainability.
Three of the examples are from river reaches that
are only minimally modified, and a fourth (Corrales
Bosque) is from a reach that is highly modified.

Rio Grande/Great Plains riparian/wetlands

The cross-sectional diagram in Figure 2 depicts a
typical landscape on the Jemez River, supporting
an example of riparian/wetland communities of
the Rio Grande/Great Plains. In this reach the
hydrological regime is relatively intact with only
minor irrigation diversions. The gravelly channel
is moderately entrenched and slightly confined by
the valley, but definite depositional bars and
terraces occur. Depositional bars adjacent to the

12.50-

channel support young stands of the Coyote
Willow /Smooth Horsetail community. These sites
are currently flooded annually and are potentially
good sites for cottonwood regeneration. Hence, the
community type can be intermixed with young
cottonwood seedlings and saplings. The under-
story is dominated by grasses and sedges/rushes
that are tolerant of water-saturated soils (Aquic or
Oxyaquic Ustifluvents), such as Canada wildrye,
creeping bentgrass and American spikerush. With
recurring flooding, the sites often collect more
flood deposits and are built up into higher bars
and terraces. Over time the bars build up to the
point that they are no longer frequently flooded;
cottonwood regeneration stops and the cotton-
wood forest develops and matures. In this case, the
highest terraces, at about eight feet above the
channel, and support a mature Rio Grande Cotton-
wood/New Mexico Olive community. This is
probably the most mature type of forest commu-
nity that can occur here. The sites are only occa-
sionally flooded (5-25 year flood-return intervals),
and are relatively stable. Large scouring floods
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Figure 2. Cross-sectional profile of the Jemez River at the Canon Site depicting the location of Rio Grande/Great Plains
ripariamwetland  communities, the predominant soil textures of each type and depths of soil pits (black bar). Also
shown is the water level on the day of sampling and the estimated flows required to flood the different communities.
For example, an estimated flow of 2228 cubic feet per second (cfs) would recur at 5 year intervals for the Rio
Grande Cottonwood/New Mexico Olive Community Type while an estimated flow of 1010 cfs would recur every other
year for the Coyote Willow/Smooth Horsetail Community Type.
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could still potentially remove the old forest, and
restart the cycle. Otherwise, the forest community
will probably be sustained on this site until the
trees die, either from old age, or if the water table
is altered (either naturally, by changing channel
configuration, or artificially).

In Figure 3 the cross-sectional diagram also
depicts Rio Grande/Great Plains communities
along the middle Rio Grande, but on the main
stem at Corrales. Here the hydrological regime is
highly modified. Flows are regulated at Cochiti
Dam and there are numerous upstream irrigation
diversions. The floodplain is bounded by levees
and conveyance channels, and stabilized with jetty
jacks creating a 600-foot-wide channel that is
essentially “locked” in place. The bed of the chan-
nel is predominantly sandy with mixtures of
gravels and silt. At low flows, low-lying deposi-
tional bars become exposed and are good sites for
cottonwood regeneration. These sites, however,
are continually flooded on an annual basis and the
cottonwood seedlings are removed, rarely becom-
ing sapling-sized trees, or reaching maturity. Mature

stands of Rio Grande Cottonwood/New Mexico
Olive communities border the river on high terraces.
Unlike the communities on the Jemez cross-section,
these stands are even-aged and are often intermixed
with exotic trees, commonly Russian olive, salt cedar,
and Siberian elm. The communities require more
than 10,000 cfs to flood. Restarting the cycle with
these flows, however, is beyond the maximum
prescribed release that is currently allowed from
Cochiti. Hence, the native forest communities will
likely be replaced by the exotic trees that do not
require flooding for development and maintenance.

Southwest riparian/wetlands

Figure 4 depicts a riparian zone that is different
overall from Rio Grande/Great Plains. This land-
scape is from the southern end of the study area
along Palomas Creek. This reach supports South-
west riparian/wetland communities that are
closely related to communities of the Gila River
basin to the west, and others rivers of Arizona and
northern Mexico. The gravelly/cobbly channel is
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Figure 3. Cross-sectional profile of the middle Rio Grande at the Corrales Bosque Site depicting location of Rio Grande/
Great Plains riparian/wetland  communities, the predominant soil textures of each type and depths of soil pits (black
bar). Along this regulated segment of the river, flows of 10,000-l 1,000 cubic feet per second (cfs) would nearly reach
the highest terraces supporting Rio Grande cottonwood/New Mexico olive communities every 25-100 years, whereas
the same flows under unregulated conditions would recur at 2-3 year intervals. The lowest side bars which support
sapling-sized cottonwoods would currently require flows of 9,000-10,000  cfs to re-flood these sites and recur at lo-
25 year return intervals, while the same unregulated peak flows would recur at approximately 1-2 year return intervals.
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moderately entrenched and moderately confined
by the valley. It meanders across a narrow flood-
plain, and overflows the lowest banks at one- to
two-year intervals. Within two feet of the active
channel herbaceous persistent-emergent vegeta-
tion is common beneath an understory of young
seepwillow (the Seepwillow/Prairie  Wedgescale
community type). Reproduction of cottonwoods,
willows, and alders occurs in this zone where the
soils are frequently saturated. Further away from
the channel and slightly higher above it, the
Arizona Alder/Seepwillow Community Type
develops on drier, coarse sandy-gravelly soils
(Aeric  Fluvaquents). These soils have either ag-
graded as a result of continued deposits of sedi-
ments during flooding events, or the channel has
moved laterally away-from the site, or the channel
has become slightly incised. Common understory
species include sapling-sized Arizona walnut,
Goodding’s willow, and boxelder, as well as the
vine Arizona grape. These sites are only occasion-
ally flooded at 5-25 year intervals and are rela-

tively stable. Beyond two overflow channels and
only slightly higher on a terrace, a third commu-
nity co-dominated by Fremont’s cottonwood and
Goodding’s willow further diversifies the site on
slightly different and more developed soils
(Oxyaquic Torrifluvents). Hydric indicators are
located deeper within the soil profile suggesting
that the site is rarely inundated (greater than 25
year return intervals). Sub-canopy trees including
Arizona walnut, boxelder  and velvet ash may also be
present, while understory grasses such as deergrass
and alkali muhly may also be well represented.
This is a stable forest community that will either be
replaced by the sub-canopy trees in the community,
or the forest will be reset by large scouring floods.

Rocky Mountain montane

In the upper reaches of the watersheds at higher
elevations the Rio Grande/Great Plains and South-
west riparian/wetlands are replaced by Rocky
Mountain montane community types. In Figure 5,
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Figure 4. Cross-sectional profile of Palomas Creek depicting the location of three different Southwest riparian/wetland
communities, the predominant soil textures of each type and depths of soil pits (black bar). Streamflows on the day
of sampling were measured at 2 cubic feet per second. Based on hydraulic analyses flows of approximately 1900
cfs would scour the lowest bars at 5 year intervals , while flows of 50-350  cfs would flood the communities every 2-5
years. Streamflows of approximately 655 cfs would flood the oldest forested community (Fremont’s Cottonwood -
Goodding’s Willow Community Type) at lo-25 year return intervals.
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along the Chama River, the dynamics of the com-
munities are driven by a relatively intact hydro-
logical regime that still allows for natural repro-
duction of obligate riparian/wetland  species. At
this site the cobbly channel is moderately en-
trenched and slightly confined by the valley. The
lowest depositional bars adjacent to the channel
support the Narrowleaf Cottonwood/Coyote
Willow Community Type characterized by young
cottonwood saplings and seedlings intermixed
with willows, and various shrubs and forbs.
Stratified layers of vegetation are well developed
and the community is species rich. Bearberry
honeysuckle and redosier dogwood are common
sub-canopy shrub species while forbs and grasses
include cutleaf coneflower, cowparsnip, field
horsetail, Kentucky bluegrass and meadow fescue.
These sites are currently flooded at one- to two-
year intervals. Recurring floods over time have
built higher terraces between three and six feet
above the active channel that support the
Narrowleaf Cottonwood-Thinleaf Alder Commu-

nity Type. Communities closest to the main chan-
nel are younger, dense and diverse, while forests
further from the channel are older and thinner.
With additional floods at up to five year intervals
new sites are created for cottonwood regeneration.
But as the interval increases, the sites elevated high
above the active channel become drier. Soils
closest to the channel are fairly well drained Aeric
Fluvaquents with water saturation indicators
within 75 cm of the surface, while soils furthest
from the active channel tend to be coarser
Oxyaquic Udifluvents with hydric indicators
found deep within the soil profile. On the driest
sites cottonwood reproduction ceases and the
stands of trees mature and ultimately die.
Narrowleaf cottonwood dominated communities,
like their lower-elevation relatives require flooding
to reset the community. Otherwise, the trees will
generally grow old and die and will only be re-
placed by an occasional root sucker.
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Figure 5. Cross-sectional profile of the Rio Chama near Chama, NM depicting the location of two Montane riparianl
wetland communities, the predominant soil textures of each type and depths of soil pits (black bar). Streamflows on
the day of sampling were measured at 49 cubic feet per second. The highest terraces which support a mature
Narrowleaf cottonwood-Thinleaf alder community would require streamflows of nearly 2000 cubic feet per second
to reset the community every 50-100  years, while intermediate-aged stands on lower sites require 630 cfs every lo-
25 years. The lowest sites adjacent to the river support Narrowleaf cottonwood/Coyote willow communities and are
flooded every 2-10 years with flows of approximately 380 cfs.
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DISCUSSION

The high number of community types identified
in this study reflects the high diversity of the
riparian zones in New Mexico. This classification is
based on a limited sample pool, and there will
likely be more types that will be identified in the
future, particularly with respect to high montane
communities, and herbaceous/emergent wetlands
in general. The herbaceous emergent and persis-
tent wetlands identified here are under-repre-
sented in the landscape as a whole. This may be a
reflection of the highly altered condition of the
middle Rio Grande, where modification of flows
and the channel have resulted in a tree-dominated
ecosystem, rather than a more diverse matrix of
forests, shrublands and herbaceous communities.

The classification has provided a structure for
the analysis and discussion of riparian ecosystem
species composition and dynamics. We have
identified several naturalized “exotic” community
types dominated by Russian olive or salt cedar, and
we are further investigating the conditions under
which these communities thrive. Through the
classification we are developing models for testing
concepts on site progression originally outlined by
Leonard et al. (1992),  both under naturally occur-
ring or artificially controlled systems. This we
hope will lead to a greater understanding of the
impacts of hydrological manipulations by humans.

We believe the classification developed here will
prove useful for comprehensive inventory and
quality assessment of New Mexico’s riparian/
wetland resources. The process itself of developing
the classification was important as a tool for
initially evaluating the quality of specific occur-
rences of riparian ecosystems in the state. This in
turn has led to the first steps in the protection
planning process of identifying high quality,
functional or restorable wetlands (see Durkin et al.
1995). The classification process has amplified a
definite need to implement riparian/wetland
ecosystem protection planning in New Mexico. Of
the 109 sites evaluated in the study area, only 18
(16%) were assessed as high quality, i.e., sites
lacking significant impacts of hydrological modifi-
cations and landuse, and were not greatly im-
pacted by exotic vegetation. Further, many of the
best sites were in the higher elevations of more
remote tributaries where hydrological modifica-

tions were limited. Although this survey was
selective for reaches previously known to have
extant riparian vegetation, it also points towards a
general downward trend of the condition of
riparian/wetland communities in New Mexico.

The natural and restorable riparian/wetland
ecosystems of New Mexico are an invaluable
resource for the state. Their protection enhances
not only biological diversity, but also economic
stability and environmental quality. With plan-
ning, these highly productive ecosystems can be
managed in a natural, cost-efficient wTav  that can
be compatible with many uses such as hvestock
grazing, recreation, and even agriculture and
urbanization, and still maintain their overall
biological diversity. Such an effort will require a
systematic, comprehensive inventory based on the
classification system and site quality evaluation
criteria developed here, along with a program of
ongoing research and monitoring to ensure the
long term sustainability of these vital resources.
Through careful wetlands protection planning and
implementation, the so called “train wrecks” over
issues such as rare and endangered species and
water pollution may possibly be avoided.
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