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MAPPING METHODS AND VEGETATION CHANGES
ALONG THE LOWER COLORADO RIVER
BETWEEN DAVIS DAM AND THE BORDER WITH MEXICO

I. INTRODUCTION

AAA Engineering and Drafting, Inc. (AAA) completed the 1986 Riparian
Vegetation Type Mapping and Study of the Lower Colorado River for the Bureau of
Reclamation's Yuma, Arizona Project Office from February 25 to September 21U,
1986. The purpose of this project has been to update twenty-one (21) riparian
vegetation type maps and report on the vegetation changes since 1981 for 275
miles of the Colorado River Flood Plain from Davis Dam to the Mexico boundary.

All work has been completed under the direction of professional foresters
and biologists experienced in vegetation cover type mapping. Mr. Jim Rorabaugh
as the Contracting Officer's Technical Representative has worked closely with AAA
and Bureau personnel to moniter and improve the products produced under the
contract. The work was accomplished in Yuma, Arizona, along the lower Colorado
River, and at AAA's office facility in Salt Lake City, Utah.

The following report includes a brief summary of the previous studies,
describes the methods used to complete the mapping effort, discusses the accuracy
of the vegetation type maps, and presents a brief assessment of the vegetational
changes since 1981. A copy of the Bureau of Reclamation contract specification
work statement and modification number one are included as the appendix.

AAA Engineering and Drafting, Inc. is grateful to have been selected by the
Bureau of Reclamation to complete this project. Through the employment of
professional mapping progcedures and close coordination with Bureau of Reclamation
biologists a high quality and accurate product has been achieved.

II. PREVIOUS STUDIES

In 1973 Dr. Bertin W. Anderson and Dr. Robert D. Ohmart, of Arizona State
University Center for Environmental Studies Dbegan studying the riparian
vegetation of the lower Colorado River extending from Davis Dam at the
California-Nevada-Arizona boundary to the Mexico border.

The major objectives of the previous studies were to 1) divide the riparian
vegetation into broad categories or types characterized according to general
floristic and physiognomic characteristics, 2) determine the densities and
diversities of wildlife associated with each vegetation type or habitat, and 3)
develop a classification system that could easily be used in the field by
engineers, hydrologists, biologists, and other persons responsible for resource
management . The classification system developed and the related wildlife
associations have since been used by Bureau of Reclamation, U.S. Fish and
Wildlife Service and state game and fish agencies in the management of vegetation
and wildlife along the lower Colorado River.
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To stratify the riparian vegetation 1into types large enough to manage, the
Anderson/Ohmart classification system emphasized the similarities rather than the
differences between the vegetation communities. This enabled the delineation and
classification of intermeshed stands of vegetation from twenty-five to hundreds
of acres which are large enough in area so that wildlife can be accurately
quantified at all seasons. Aerial reconnaissance of the riparian vegetation
verified that the stratification of large areas followed natural stand
boundaries. The previous reports ocompleted by Anderson and Ohmart discuss in
detail the methods used to quantify the differences and similarities for the
stratified vegetation stands and wildlife-vegetation relationships.

Through ground reconnaissance Anderson and Ohmart concluded that riparian
vegetation stands differed from each other primarily in dominant vegetation and
vertical oonfiguration. <The resulting classification system recognized
dominant riparian vegetation community types (see Table 1) and 6 structural
vegetation types (see Figure 1) yielding a total of 27 community and structural
types out of a possible U48. Mistletoe (Phoradendron californiocum) was also
quantified since its berries and foliage represent an important food and nesting
resource for some vertebrates. In addition, 7 marsh vegetation types were
identified.

To test the classification system community types (based on dominant plant
species) and structural types (based on vertical configuration of the vegetation)
measurements were taken every 500 feet along more than 100 one half (1/2) and one
(1) mile long transects located in all major riparian plant communities from
Davis Dam south to the Mexico boundary. The total length of all transects was
approximately 75 miles.

Ultimately these plant community and structural types were delineated from
aerial photographs and then ground-truthed to provide vegetation type maps for
the entire study area. These wmaps provide an inventory of the vegetation
resource which in concert with wildlife use and density data, also provides a map
of wildlife habitat quality along the lower Colorado River. The previous
vegetation type maps and reports are contained in the following two
publications.

ANDERSON, B.W. AND R.D OHMART. 1976. Vegetation Type Maps of the Lower
Colorado River from Davis Dam to the International Boundary. USDI, Bureau
of Reclamation, Boulder City, Neveda. Upp and maps.

ANDERSON, B.W., AND R.D. OHMART. 1984, Lower Colorado River Riparian
Methods of Quantifying Vegetation Communities To Prepare Type Maps. USDI
Bureau of Reclamation, Boulder City, Nevada. 59 pp and maps.

Both publications are available from the Bureau of Reclamation. In these
publications, numerous other related literature has been cited.
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To complete the 1986 study, AAA used the classification system developed and
tested during these previous studies. Since there are relationships between some
community types and specific structure types, AAA first considered using the
classification key (Table 9) from the 1984 report. Since table 9 did not include
all the community/structure type ocombinations possible the Bureau biologists
encouraged AAA to design a classification key that would be complete. AAA found
that the complexity of such a Lkey only increased the difficulty of using the
simple oriteria on which the key would be based.

The following tables 1 and 2 and figures 1 and 2 present and illustrate the
basic criteria needed to classify the riparian vegetation found along the lower
Colorado River. Table 1, "Vegetation Communities and Criteria Used in
Classification” was adapted by AAA from Table 2 in the 1983 Wellton-Mohawk
Irrigation District report by, Jackson and Anderson.

AAA found it was more practical to olassify the community types and
structure types independently using the following tables and figures. By
presenting the already developed classification system in the most basic and
concise format it was easier to understand and use in the field and for aerial
photo interpretation.

Presented hersafter are the mapping methods used by AAA to update the 1981
riparian vegetation type maps completed by Anderson and Ohmart and included in
the 1984 report.
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Table 1

VEGETATIVE COMMUNITIES AND CRITERIA
USED IN CLASSIFICATION
Lower Colorado River, 1986

COMMUNITY

Cottonwood-Willow
(cwW)

Salt cedar
(sC)

Salt cedar-Honey mesquite
(sH)

Salt cedar-Screwbean mesquite
(sM)

Honey mesquite
(HM)

Arrowweed
(awW)

Atriplex
(ATX)

Marsh
(MA)

Creosote
(CR)

CRITERIA

Salix gooddingii and Populus fremontii ( the
latter in extremely 1low densities)
constituting at least 10% of total trees.

Tamarix chinensis constituting 80-100% of
total trees.

Prosopis glandulosa constituting at least
108

of total trees; rarely found to
constitute greater than 40% of total trees.

Prosopis pubescens constituting at least 20%
of the total trees.

Prosopis glandulosa constituting 90-100% of
total trees.

Tessaria sericea constituting 90-100% of
total vegetation in area.

Atriplex lentiformis, A. canescens and/or
A. polycarpa constituting 90-100% of total
vegetation in area.

Predominately cattail/bulrush
(Typha/Scirpus) and carrizo (Phragmites).

Larrea divaricata constituting 90-100% of
total vegetation in area.
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TABLE 2

MARSH TYPES AND CRITERIA USED IN CLASSIFICATION
Lower Colorado River, 1986

Iype Criteria
1 Nearly 100 percent cattail/bulrush,

small amounts of phragmites and
open water.

2 Nearly 75 percent cattail/bulrush,
many trees and grasses interspersed.

3 About 25 to 50 percent cattail/
bulrush, some phragmites, open water.
some trees and grass.

4 About 35 to 50 percent cattail/
bulbrush, many trees and grasses
interspersed.

5 About 50 to 75 percent cattail/
bulbrush, few trees and grasses
interspersed.

6 Nearly 100 percent phragmites,
little open water.

7 Open marsh (75 percent water),
adjacent to sparse marsh vegetation;
includes sandbars and mudflats when
Colorado River is low.
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To stratify the riparian vegetation into types large enough to manage, the
Anderson/Ohmart classification system emphasized the similarities rather than the
differences between the vegetation communities. This enabled the delineation and
classification of intermeshed stands of vegetation from twenty-five to hundreds
of acres which are large enough in area so that wildlife can be accurately
quantified at all seasons. Aerial reconnaissance of the riparian vegetation
verified that the stratification of large areas followed natural stand
boundaries. The previous reports ocompleted by Anderson and Ohmart discuss in
detail the methods used to quantify the differences and similarities for the
stratified vegetation stands and wildlife-vegetation relationships.

Through ground reconnaissance Anderson and Ohmart concluded that riparian
vegetation stands differed from each other primarily in dominant vegetation and
vertical configuration. The resulting classification system recognized 8
dominant riparian vegetation community types (see Table 1) and 6 structural
vegetation types (see Figure 1) yielding a total of 27 community and structural
types out of a possible U8, Mistletoe (Phoradendron californicum) was also
quantified since its berries and foliage represent an important food and nesting
resource for some vertebrates. In addition, 7 marsh vegetation types were
identified.

To test the classification asystem ocommunity types (based on dominant plant
species) and structural types (based on vertical configuration of the vegetation)
measurements were taken every 500 feet along more than 100 one half (1/2) and one
(1) mile long transects located in all major riparian plant communities from
Davis Dam south to the Mexico boundary. The total length of all transects was
approximately 75 miles.

Ultimately these plant community and structural types were delineated from
aerial photographs and then ground-truthed to provide vegetation type maps for
the entire study area. These maps provide an inventory of the vegetation
resource which in concert with wildlife use and density data, also provides a map
of wildlife habitat quality along the 1lower Colorado River. The previous
vegetation type maps and reports are contained in the following two
publications.

ANDERSON, B.W. AND R.D OHMART. 1976. Vegetation Type Maps of the Lower
Colorado River from Davis Dam to the International Boundary. USDI, Bureau
of Reclamation, Boulder City, Neveda. Upp and maps.

ANDERSON, B.W., AND R.D. OHMART. 1984, Lower Colorado River Riparian
Methods of Quantifying Vegetation Communities To Prepare Type Maps. USDI
Bureau of Reclamation, Boulder City, Nevada. 59 pp and maps.

Both publications are available from the Bureau of Reclamation. In these
publications, numerous other related literature has been cited.
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To complete the 1986 study, AAA used the classification system developed and
tested during these previous studies. Since there are relationships between some
community types and specific structure types, AAA first considered using the
classification key (Table 9) from the 1984 report. Since table 9 did not include
all the community/structure type ocombinations possible the Bureau biologists
encouraged AAA to design a classification key that would be complets. AAA found
that the complexity of such a key only increased the difficulty of using the
simple criteria on which the key would be based.

The following tables 1 and 2 and figures 1 and 2 present and illustrate the
basic criteria needed to classify the riparian vegetation found along the lower
Colorado River. Table 1, "Vegetation Communities and Criteria Used in
Classification™ was adapted by AAA from Table 2 in the 1983 Wellton-Mohawk
Irrigation District report by, Jackson and Anderson.

AAA found it was more practical to olassify the community types and
structure types independently using the following tables and figures. By
presenting the already developed classification system in the most basic and
concise format it was easier to understand and use in the field and for aerial
photo interpretation.

Presented hereafter are the mapping methods used by AAA to update the 1981
riparian vegetation type maps completed by Anderson and Ohmart and included in
the 1984 report.
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Table 1

VEGETATIVE COMMUNITIES AND CRITERIA
USED IN CLASSIFICATION
Lower Colorado River, 1986

COMMUNITY
Cottonwood-Willow
(cw)
Salt cedar
(sc)

Salt cedar-Honey mesquite
(sH)

Salt cedar-Screwbean mesquite
(sM)

Honey mesquite
(HM)

Arrowweed
(AW)

Atriplex
(ATX)

Marsh
(MA)

Creosote
(CR)

CRITERIA

Salix gooddingii and Populus fremontii ( the
latter in extremely 1low densities)
constituting at least 10% of total trees.

Tamarix chinensis constituting 80-100% of
total trees.

Prosopis glandulosa constituting at least
10;

of total trees; rarely found to
constitute greater than U0% of total trees.

Prosopis pubescens constituting at least 20%
of the total trees.

Prosopis glandulosa constituting 90-100% of
total trees.

Tessaria sericea constituting 90-100% of
total vegetation in area.

Atriplex lentiformis, A. ganescens and/or
A. polycarpa constituting 90-100% of total
vegetation in area.

Predominately cattail/bulrush
(Typha/Scirpus) and carrizo (Phragmites).

Larrea divaricata constituting 90-100% of
total vegetation in area.
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TABLE 2

MARSH TYPES AND CRITERIA USED IN CLASSIFICATION
Lower Colorado River, 1986

Type Criteria
1 Nearly 100 percent cattail/bulrush,
small amounts of phragmites and
open water.
2 Nearly 75 percent cattail/bulrush,

many trees and grasses interspersed.

3 About 25 to 50 percent cattail/
bulrush, some phragmites, open water.
some trees and grass.

§ About 35 to 50 percent cattail/
bulbrush, many trees and grasses
interspersed.

5 About 50 to 75 percent cattail/
bulbrush, few trees and grasses
interspersed.

6 Nearly 100 percent phragmites,
little open water.

7 Open marsh (75 percent water),
adjacent to sparse marsh vegetation;
includes sandbars and mudflats when
Colorado River is low.
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PIGURE 1

PROPORTIONAL DISTRIBUTION OF VERTICAL LAYERS
OF VEGETATION BY STRUCTURE TYPE

Type Type Type Type Type Type
1007 7 I i IV Vv

vi
90~
80
70~
60- N
50
40+
30+ |
20+
10-
o

Percent of Foliage Density

=8
A'B'claA’B'clA’'B'clA'B'clA'B'clA'B'C
Height

From the 1984 Anderson/Ohmart report (Figure 11-A) depicting the
proportional distribution of the vegetation in 3 vertical layers. Data was
taken only from subplots within various stands of vegetation which overall
were classified as belonging to 1 vertical structural type (1-VI). Horizontal
lines represent mean values; large rectangles represent :1 standard
deviation; small rectangles represent +2 standard errors. A =0.0-0.8 m(0-2 ft);
B=06-485m(2-151); C=>4.5m (>15 R).
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FIGURE 2. Examples of vertical configurations for the vegetation structural types
defined in Figure 1. From the 1984 Anderson/Ohmart report.
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III. MAPPING METHODS

A. CONSULTATION WITH BUREAU BIOLOGISTS

Prior to beginning the field reconnaissance and photo interpretation phases
of the contract, AAA reviewed all oontract requirements with Bureau of
Reclamation biologists in a two-day prework oconference and field orientation at
Yuma, Arizona.

Riparian vegetation cover types occurring along the Colorado River were
viewed and classified in the field using the 1984 Anderson/Ohmart report. The
specific oriteria needed to identify the vegetation types on the aerial
photographs and in the field were agreed on with the Bureau biologists in the
field.

B. FIELD RECONNAISSANCE

The November and December 1985 1:6,000 scale color aerial photography
provided by the Bureau of Reclamation was of high quality and provided the best
view of the riparian vegetation being mapped. Stereosacopic viewing of the aerial
photographs enabled the recognition of much of the detail for both community
types and structure types needed to delineate and oclassify the riparian
vegetation.

The aerial photographs were viewed and typed in the field in order to
determine the specific relationships between photo signatures or detail and
ground truth. Special emphasis was placed on identifying photo signatures that
could be verified on the ground. This familiarization became the basis for the
interpretation of aerial photographs in areas not visited.

While in the field, AAA's photo interpreter visited enough of the area to
view and locate all major changes in types and ground conditions. Major species
and structure changes were noted on the aerial photographs to supplement the
specific relationships that had been established.

C. AERIAL PHOTO INTERPRETATION

Professional photo interpretation techniques were used to produce a high
quality delineation and classification product on the aerial photographs.
Legible lines and labels were achieved by drafting on 7 mil clear acetate photo
overlays with a Pilot SC-UF black permanent marker. The acetate overlays were
registered to every other photograph and showed an effective area boundary, river
and water boundaries, riparian vegetation cover type boundaries, and riparian
vegetation type codes. The fudicial marks and photo numbers were also marked on
each overlay.

AAA completed this phase of the project without referring to the 1981
vegetation type maps. This enabled AAA's photo interpreter to act independently
in all cover type delineations and classifications. The completed photo overlay
provided documentation to the Bureau of Reclamation of AAA'S independent
workmanship for all 275 miles of the River. By stereoscopic study of the aerial
photographs AAA's photo interpreter was able to identify the majority of tree and
shrub species and structure types found along the lower Colorado River. The
vegetation community types were recognized by the unique photo signatures visible
for the different species present. Color and growth form were the primary
signatures used to interpret these types. The structure types were recognized by
the height of the vegetation visible stereoscopically.
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Stands consisting of 90 percent arrowweed, 80 percent salt cedar or honey
mesquite were the least difficult to identify. Mixed community types of
saltcedar-sorewbean mesquite and salt oedar-honey mesquite were the most
difficult to separate from each other. The ground verification of these types
showed that in most cases the community type classification remained the same as
shown on the 1981 maps. The majority of the revisions on the 1986 maps for these
types have been in the extent of the polygon boundaries and the structure type
classification. Stands of honey mesquite have showed 1ittle change since the
1981 mapping effort. The dchanges in most cases were not enough to change the
classification of these standa.

Following are conditions that were commonly encountered. Certain conditions
or community types usually placed a stand of vegetation into one or more specific
structure types.

1. Salt cedar was present in the majority of riparian stands along the
lower Colorado River.

2. Stands of arrowwsed, quail bush or inkweed were always structure
VI.

3. Salt cedar or honey mesquite stands with large patches of arrowweed
and/or quail bush were always structure types V or VI.

4, Regenerating stands and recent burns were always structure type VI.

5. Honey mesquite and salt ocedar stands lacking large patches of
shrubs, arrowweed and trees <5 feet in height were always structure
types I, II, III, or 1V.

6. Structure type III honey mesquite - salt cedar had the largest
proportion of vegetation between 5-15 feet in height with only
small amounts of vegetation in the 0.5-5 feet and/or above 15 feet
height layers.

7. Structure type I salt cedar consisted only of athel tamarisk and
had vegetation in each of the three layers with the largest
proportion of vegetation above 15 feet in height.

8. Struocture types for mixed community types IV, V, and VI were easily
definable depending on the amount of shrubs or trees <5 feet in
height.

9. In cottonwood/willow-salt cedar stands structure types I and II
differ from type III by the amount of cottonwoods versus willows.
Mature ocottonwoods grow taller and broader than willows and thus
make up the larger canopy component found in types I and II. Type
IT lacks a willow midstory but may have a partially developed
understory of salt cedar, mesquite, or shrubs. Type I had a
well-developed canopy of cottonwoods, a midstory of willow, salt
cedar and/or mesquite, and an understory of annuals, shrubs, and
grasses. Cottonwood/willow-salt cedar stands structure types III,
IV, V, and VI have a decreasing cottonwood component due to
increasing decadence in the stand.

10
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In the Limitrophe, Yuma and Parker Divisions some cottonwood
willow-salt ocedar stands are young, not decadent stands, and often
have proportionally the same or more cottonwoods and willows as
other structure types. In the Limitrophe Division many previous
marsh types are now young cottonwood and willow stands with few
other species present.

There were no cottonwood/willow structure type I stands classified
during the 1981 or the 1986 study.

AAA's photo interpreter was able to make accurate and consistent decisions
based upon previous experience and a keen understanding of the minute detail that
was recognized on the photos stereoscopically. Though some detail was not
available due to limitations in resolution, amazing detail was visible on the
1:6,000 scale photographs. Maximum photographic detail ocannot be recognized
monoscopically or by persons not trained in the use of stereoscopic equipment.
Mr. Chris Andersen performed the photo interpretation and field verification for
all 21 riparian vegetation type maps. The use of one professional
photointerpreter has enabled AAA to maintain the quality and consistency of
interpretation that would not have been possible if more than one individual had
been assigned to perform these tasks.

AAA's photo interpreter delineated and classified many patches of vegetation
smaller than 25 acres. Anderson and Ohmart in the 1984 report concluded that
wildlife predictions are not reliable in small stands. The 1981 and 1986
vegetation type maps show vegetation stands smaller than 25 acres where 1) small
isolated patches of vegetation are present and 2) a pure vegetation type could be
delineated and classified within a larger mixed stand. By delineating these
small patches of vegetation the majority of the riparian vegetation along the
river has been mapped and the designated vegetation types are dependable.

The Abrams 2x4 Model CB-1 Stereoscope and Topcon Mirror Model 3 Stereoscope
with a scanning-stage and 3X binoculars were used by AAA's photo interpreter.
Photo interpretation was completed in conjunction with the field reconnaissance,
at Yuma, Arizona and at AAA's Salt Lake City office.

D. FIELD VERIFICATION CHECKS

After completion of the field reconnaissance and photo interpretation AAA
conducted field verification checks to assess the accuracy of the completed
delineation and classification. The field verification involved a visual on site
evaluation of the vegetation, but included no vegetation measurements. Special
attention was given to species composition and structure types that were the most
difficult to recognize on the photographs. This inspection was conducted using
the prepared photo overlays and revised blue-line copies of the 1981 vegetation
type maps. Selected locations on each of the 21 maps were visited in the field.
732 of the total 1,537 delineated polygons were field verified. This equals a
field check of approximately 50 percent of the riparian vegetation mapped.

11
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The polygons checked were noted on the blue-line copies showing any changes
in lines and/or classification. To conduct a quantitative analysis of the
accuracy of the initial field reconnaissance and photo interpretation effort
AAA's notes documented all the changes that were made. Changes were made in a
different colored marker and the following code system was used to document the
field work completed by both AAA and Bureau of Reclamation biologists.

CODE CODE DESCRIPTION

F Field Reconnaissance

v Field Verification Checks
B Bureau Verification Checks

From these notations AAA was able to determine the number of polygons
visited in the field, the number of ochanges made, and measure the percent
acouracy for the initial field reconnaissance and photo interpretation effort.
The results are summarized for each of the ten management divisions and the
entire projeat in Table 3. Of the 732 polygons verified in the field 86 polygons
or 12 percent of the polygons verified were not classified correctly. The
classification errors were grouped as follows:

PERCENT OF
NUMBER OF ERRORS DESCRIPTION TOTAL ERRORS
40 Salt Cedar, Salt Cedar-Sorewbean Mesquite, 47%

Salt Cedar-Honey Mesquite, and Honey Mesquite
Vegetation Community Types.

26 General Riparian and Marsh Vegetation 30%
Community Types.

17 + 1 Structure Type 20%

3 + 2 Structure Types 3%

86 TOTAL 100%

The errors were either in the classification of the vegetation community type or
the classification of the structure type and did not occur in a combination for
any one polygon checked. Structure type errors were only detected in Salt Cedar,
Salt Cedar-Screwbean Mesquite and Cottonwood-Willow vegetation community types.
14 of the 20 structure type errors were in the Cottonwood-Willow vegetation
community types.

All errors detected during the field verification checks were corrected on
the final maps. The above summary of errors in combination with the percent
error documented in table 3 indicates the degree of classification error to be
expected in polygons not field verified.

12
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E. FINAL MAPPING

All mapping was performed by experienced cartographers and photo 1lab
technicians. The mapping step required the following procedures and processes:

1. Revision updating of the 1:24,000 scale Bureau of Reclamation base
maps.

2. Transfer of delineations and classifications from 1:6,000 scale
aerial photographs to the 1:24,000 scale base maps.

3. Design

4. Drafting, type stick-up

5. Preparation of negative sets and final matte composites

1. Revision Updating of the 1:24,000 Scale Bureau of Reclamation Base Maps.

The River course had changed on 16 of the 21 base maps since the last
revision in 1984. The entire River course had changed for map number 1 and also
major changes occured for map numbers 2, 3, U, and 7. The new course of the

River was plotted from the 1985 aerial photographs and all changes were made on
the respective negative separates.

2. Transfer of Delineations and Classifications from 1:6,000 Scale Aerial

Photographs to the 1:25,000 Scale Base Maps.

Since the 1981 type mapping effort changes had occurred in the vegetation
community types and the structure types on all 21 maps with substantial change in
the Limitrophe, Parker, Havasu, and Mohave Divisions. Using the delineated and
classified 1:6,000 scale 1985 aerial photography all lines and symbols were
transferred to blue-line copies of the previous vegetation type map and shown in
red pencil. This preliminary map was used to check the accuracy of the work in
the field and was submitted to the Bureau of Reclamation biologists for review
prior to proceeding with the final mapping.

On approval of the Bureau of Reclamation this preliminary map was used as
the base for completing a new compilation manuscript. All type lines and codes
were transferred to a clean sheet of mylar registered as an overlay to the
preliminary map. The aerial photo interpretation, transfer, and compilation
manuscoript were completed by the same person to insure consistency, accuracy, and
to avoid any loss of detail. As the transfer of each map was completed, it was

coordinated with the surrounding maps to assure edge to edge matching of lines
and types.

These compilation manuscripts were used by the drafters to complete the
final maps. They also provide detailed documentation of the field verification
and accuracy of the maps.

3. Design

Map design included the selaection of type and lineweights for all symbology
and the arrangement of the legend and margin information. The interior and
margin type were arranged and set on AAA's Comp/Bdit 5310 AM Varityper
type-setter. Specific type styles and point sizes were selected to present the
final map information in a professional cartographic manner. The lineweights
selected for the vegetation type and river boundaries highlight these features
from the Bureau of Reclamation base map detail. Map polygons representing areas
clear of vegetation are not labled with symbology.
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4. Drafting and Type Stick-up

The mylar compilation manuscript ocontaining the transferred vegetative
boundaries was registered beneath a clean mylar map sheet and the polygon lines
were drafted in ink. All lines were inked down the center of the transferred
image. Rach vegetation overlay was completed in registration or reference to a
positive of the Bureau 1:24,000 scale updated base maps showing roads, tracks,
land grid and other related features to insure that there is no unnecessary
overlap of line work that would result in the loss of any one feature in the
final composite map.

Lithographic type was used to depict the classification symbols and margin
information by using a sticky-back oclear film material that adhered directly to
the drafted mylar overlay.

5. Preparation of Negative Sets and Final Matte Composites

21 sets of the following 1:24,000 scale photographic and hand cut negatives
were prepared for use in completing the final map composites.

a. Bureau of Reclamation revised base map

b. Vegetation type and margin information overlay
¢. River peel

To highlight the extent of the river, the river peel negative was hand cut
along the exterior boundary of the river to oreate an open window negative.

The three separate negatives for each map were then photographically
combined onto one matte mylar. During the photographic process the Bureau of
Reclamation Revised Base Map Negative was screened at 54% black and the River
Peel was screened at 31% black. This helped to highlight both the vegetation
type and margin information overlay and the river course. All plates were
registered with a three (3) hole punch to assure exact alignment of map detail.
from the matte mylar composite, quality cepia and blue-line paper copies can be
produced. Also the matte mylar composites are able to be used as planning and
field maps since they can be drawn on and then used to run blue-line copies for
distribution.

From the 1:24,000 scale matte mylar composites photographically reduced
1:48,000 scale negatives were produced. The high quality 21 maps following in
this report were produced from these negatives on an off-set press.

Also many other advantages may result from the use of the negative source
positives and the negatives used to oreate the final map composites. The
following are examples of what can be accomplished through the use of these
negative sets.

1. Four color maps could be printed since each negative could be produced
as a separate color.

2. In the composite process different screens can be wused to
photographically create different shades of gray for each separate negative.

3. Additional negatives can be added to the negative set to add features
and/or colors not presently on the final map composite.
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4, Future changes can easily be revised on the negative source positives
affected and naw negatives and composites produced to update the map to reflect
current conditions. This may include changes or additions to vegetation types,
boundaries, roads, etc.

Either by addition or revision many changes can be made at a fraction of
what the cost would be if the entire mapping process was to dbe repeated.

F. ACREAGE COMPILATION

Acres for each vegetation cover type polygon were computed to the nearest
acre and recorded on blue-line copies of the final maps. An electronic digital
planimeter was used to measure and check the acres of each type. Acreage for the
entire project was then compiled and summarized by vegetation type and river
division.

The exact surveyed acres by vegetation stand may vary. The map photo
interpretation and map construction techniques previously described are generally
accepted as accurate for vegetation mapping. Higher order methods of mapping are
available that would enable AAA to specify the percent accuracy of the acreage
compilation compared to a ground survey. Though, higher order methods are more
expensive and normally are not justified since vegetation boundaries are often
subjeative on the ground and photography. The skill and the judgement of the
photo intrepreter and map compiler are the critical factors on which the accuracy
of the acreage compilation is dependent. AAA believes the vegetation maps
produced and the resulting vegetation acreage are highly accurate for the order
of mapping required.

G. PRODUCT REVIEW

Quality control was continuous through each step of producing the vegetation
type maps. The quality ocontrol was performed by the project manager and the
person responsible at each step. Periodic checks have been made to assure
accuracy, quality, and consistency at all levels of production. A good example
of the value of these reviews has been the addition of 1) photo centers and
numbers for use in locating the respective aerial photography used 2) the
inclusion of an F in the classification symbol to denote that designated polygons
have been field checked and 3) the photo analysis of Cottonwood-willow types to
estimate the percent vegetation cover of Cottonwood-willow and the other major
vegetation species present.

In addition to in<house review, AAA presented the aerial photo
interpretation, revised blue-line maps, acreage compilation, final maps and
report to the Bureau of Reclamation for review and comment through out the
duration of the contract.

Through the employment of professional photo interpretation and mapping
procedures and product review, a high quality and accurate 21 sheet Riparian
Vegetation Type Map of the Lower Colorado River has been achieved. It will
become a valuable tool for present and future management of the River vegetation
and wildlife resources.

16



__________“‘al’l;\; AAA ENGINEERING & DRAFTING, INC.

IV. VEGETATION CHANGES SINCE 1981

Tables 4, 5, and 6 present the total vegetation in acres by community type
and division respectively for 1986, 1981, and the changes since 1981. The total
acres of vegetation between Davis Dam and the Mexico boundary have increased only
slightly. Considerable change has occured in more than one-half of the
vegetation community types mapped. The amount and the location of these changes
along the River are documented on the tables that follow.

Not all of the differences between the 1981 and 1986 acreages are a result
of actual onethe-ground change. The greater amount of on-the-ground change
occured in the Limitrophe, Parker, Havasu, and Mohave Divisions on map numbers 1,
12, 17, and 19. AAA's initial plan was to show on-the-ground change and then
check the classification of the remaining vegetation stands as delineated on the
1981 maps. After reviewing the 1981 maps in comparison to the aerial photography
it was apparent that the accuracy of all 21 maps would be increased by re-mapping
all 275 miles of the river.

AAA independently interpreted the stand boundaries and classifications
steroscopically on the 1:6,000 scale aerial photography. The aerial photography
provided the best view of the stand boundaries. AAA's photo interpreter in the
field checked the aerial photo interpreted delineations and classifications with
what could be seen on the ground. The results of this verification showed that
the aerial photography was the most dependable source for the extent of stand
boundaries. Though vegetation stands are able to be classified on the ground it
is often difficult to see the continous line of separation between stands. The
result of the photo interpretation approach to mapping the riparian types enabled
AAA's photo interpreter to delineate the extent of stand boundaries in greater
detail and identify some pure stands of vegetation not previously mapped.

Except for the changes outlined above, AAA found only minor changes in the
classification of community and structure types since 1981. AAA's field
verification the majority of the time oconfirmed the 1981 classification of
community and structure types. AAA  used the 1981 delineations and
classifications in the areas not covered by 1985 photography. The errors
discovered in the 1981 maps were in areas where the vegetation could not be
adequately viewed from the ground.

The use of different methods and/or different photo interpreters will result
in different maps. Classification of riparian habitat is subjective making it
difficult to come up with a product every one will agree with in every situation
possible. AAA's methods emphasized photo interpretation techniques. At the
1:6,000 scale a tremendous amount of detail was visible. AAA is confident that
photo interpretation is the soundest approach for mapping riparian habitat at
this scale for the detail required.
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Table &
1996 ACREAGES BY COMMUNITY AND DIVISION
Lower Colorado River
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Table 5

1981 ACREAGRS BY COMMUNITY AND DIVISION
Lower Colorado River
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Lover Colorado River, 1986
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ACREAGE CHANGES SINCE 1981 BY COMMUNITY TYPS AND DIVISION
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V. COTTONWOOD-WILLOW VEGETATION TYPES

Cottonwood=willow vegetation community types total 5,754 acres or 5.3
percent of the total acres of vegetation communitites mapped between Davis Dam
and the Mexico boundary. Although they are a relatively scarce type,
Cottonwood-willow stands are of high value to wildlife. By definition,
percentages of ocottonwood and willow trees in these stands can vary from 10 to
100 percent. Because of the importance of this community type a detailed
evaluation of individual stands was undertaken. Table 7 shows the vegetation
composition by division for the 169 stands of Cottonwood-willow vegetation
community types identified. Through steroescopic study of the aerial photography
AAA's photo interpreter estimated the percent vegetation cover of the
Cottonwood-willow and the other major vegetation species present. The
photo-interpretation analysis for each stand has been documented on a set of 21
blue-line copies of the 1:24,000 scale vegstation type maps and provided to the
Bureau of Reclamation.
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USDI Bureau of Reclamation Contract No. 6-CS-30-03800

SECTION C
DESCRIPTION/WORK STATEMENT

STATEMENT OF WORK
UPDATING THE COLORADO RIVER RIPARIAN VEGETATION-TYPE MAPS

Maps showing the distribution of vegetation types in the lower
Colorado River Valley were produced under contract in 1976 and
revised in 1984 (Anderson and Ohmart, 1976, 1984). These maps
and the acreages of vegetation derived from them are used to
assess environmental impacts resulting from Bureau of
Reclamation (Reclamation) projects. These maps have also been
used by Reclamation hydrologists in water conservation and in
water use studies and by biologists in numerous environmental
studies and projects, both within and outside of Reclamation.

The 1984 maps, which are the most recent version, were produced
from 1981 ‘aerfal photographs. With high water the last two
years in the Colorado River, the riparian vegetation bordering
the river has changed; in some areas, the change has been
dramatic. Other factors such as fire and development have
caused additional changes in the vegetation. Due to these
changes, the existing vegetation-type maps are no longer
accurate.

I. O0BJECTIVES
The primary objectives of the mapping effort are:

A. To provide type maps of Colorado River riparian
vegetation between Davis Dam and the border with Mexico.

B. To provide a written narrative including:
1. A detailed description of methods.

2. A description of changes occuring in the
vegetation of the lower Colorado River.

3. A discussion of the accuracy of the maps.

II. SCOPE OF WORK

The Contractor shall provide:

A. Colorado River Vegetation-Type Maps: Colorado
River Flood Plain from Davis Dam to the Southerly International
Boundary.

A series of riparian vegetation-type maps will be
developed which display the various community (species
composition) and structure types as defined by Anderson and
Ohmart (1984). The total area covered by the maps shall be the
same as the 1984 maps, the scale shall be 1:24000, and the size
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of each delineated patch of vegetation shall be calculated. The
resolution of the maps shall be 10 hectares (25 acres).
Reclamation will supply 1985 color aerial photagraphs, 1984
vegetation-type maps, and 1:24000 base maps.

Mapping procedures will involve two steps:

1. Familiarization with the appearance and
characteristics of the various community and structure types--on
the ground, from the air, and on aerial photographs. The
Contractor shall refer to Anderson and Ohmart (1984) for a
detailed discussion of the characteristics of the vegetation
types.

2. Field reconnaissance and aerial
photograph interpretation to delineate structure and community
types. Vegetation types shall be identified primarily by use of
Table 9 and Figures 11A and 13 in Anderson and Ohmart (1984) and
Appendix 1 of Jackson and Anderson (1983). Reclamation will
supply the Contractor with definitions of marsh types.

3. The following guidelines will also be
used to draw vegetation-type boundaries:

(a) Boundaries will be drawn to
maximize the acreage of pure stands.

{b) 1In stands of mixed structure type,
that structure type making up the greatest proportion of the
area will be used to identify the stand.

(c) Where a choice must be made
between maximizing acreage of pure structure types and
maximizing acreage of pure community types, delineation of pure
community types shall take precedence.

4, The final vegetation-type maps shall be
produced by the Contractor. Vegetation-type boundaries will be
drawn in ink on 1:24000 reproducible transparency base maps, to
be supplied by Reclamation. Acreages of each delineated patch
of vegetation will be drawn on paper copies made from the
transparencies and supplied by Reclamation,

B. A report containing the following:
1. A description of methods with enough detail
given so that the mapping effort could be repeated using this
report.

2. A brief assessment of vegetational changes
along the lower Colorado River, by division, since 1981.

3. A discussion of the accuracy of the maps,
including a quantitative analysis.
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II1. REPORTS AND CORRESPQONOENCE

The Contractor shall submit five double-spaced copies of a review draft
of the final report. An unbound original and 35 copies of the final report
shall be submitted within 30 days after receipt of Reclamation's comments to:

Bureau of Reclamation

Project Manager, Attention: YPQ-150
Yuma Projects Office

P.0. Bin 12487

Yuma, Arizona 85365

Iv. ORAL PRESENTATION

The Contractor shall make at least two oral presentations. The oral
presentations will be held:

A. As soon as practicable after award; and
B. Upon completion of the field maps.

The oral presentations shall be made with sufficient written documen-
tation, charts, sketches, drawings, etc., to allow Reclamation to make an ade-
quate review of the study.

A1l presentations shal] be held at Reclamation's Yuma Projects Office in
Yuma, Arizona, unless it is determined by the Government that an alternate site
would be beneficial to both the Contracting Officer and the Contractor.

V. REPORT REQUIREMENTS

A. Quarterly Reports
Quarterly progress reports shall be required 3 months and 6 months
after the award of the contract. These reports shall be brief and in abstract
form.
The quarterly reports shall include:
1. A description of overall progress including:
a. Method of study.
b. Summary of results.
C. Any derived conclusions,
2. An indication of any current problems which may impede

performance.
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3. Proposed corrective action of problems identified.

4, A discussion of work to be performed during the next study
period.

8. Final Report
Writing the Document

1. The Contractor shall submit a consolidated final report that
complies with American National Standard Institute's “"Guidelines for Format and
Production of Scientific and Technical Reports" (ANSI 239.18-1974), which docu-
ments and summarizes the in-depth results of the entire contract work.

2. A11 reports shall include original tables, graphs, diagrams,
drawings, and/or photographs in sufficient number and detail to comprehensively
explain the results achieved under the contract.

3. A1l reports shall be prepared in a manner suitable for repro-
duction by a photographic process.

C. Draft Report

The draft report shall be of the same format as the final, but will
be double-spaced.

IV. REFERENCES CITED

Anderson, B. W., and R. D, Ohmart. 1976, Vegetation Type Maps of the
Lower Colorado River from Davis Dam to the Southerly International
Boundary. Bureau of Reclamation, Boulder City, Nevada. 4 pages and
maps.

Anderson, B. W., and R. D, Ohmart. 1984. Vegetation Community Type Maps,
Lower Colorado River. Bureau of Reclamation, Boulder City, Nevada.
59 pages and maps.

Jackson, J. M., and B. W. Anderson. 1983. Quantifying variables for

classifying Desert Riparian Vegetation with Applications on the Lower
Gila River. Wellton-Mohawk Irrigation District. 30 page.
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Modification No. 01 to Contract 6-CS-30-03800
The contract is modified as follows:
Section C--11 “Scope of Work" add the following:

1. Update the River alignment and boundary to the November/December
1985 aerial photographs and depict the River in gray on the final maps.
($1,950)

This will be accomplished by 1) plotting all significant changes in the
river course from the current aerial photographs, 2) opaquing the old river
course from the existing negatives of the 1984 1:24,000 scale base maos,

3) hand cutting a peel negative of the river for all twenty-one maps and
4) photographically print the river in gray on the final maps. The length
of the river is presently shorter than shown on the previous base map.

2. Change name placement where major conflicts exist with the present
base map and the alignment of the River. Remove extraneous notes from base
map. ($800)

This will be accomplished by opaquing the conflicting name off the base map
negative and setting new type in negative form at the correct position on
the base map. Type style and size will be matched as close as possible to
the existing map lettering.

3. Screen the base map detail at 79 percent black on the final map
composite. ($300)

This will help highlight the vegetation-type boundaries, symbols, legend
and title block from the base map detail. Screening can be accomplished at
various densities of black to create different shades of gray. At 75%
black blue-line copies will also show all base map detail, Screening will
also reduce the visibility of any poor (not opaque) line work on the origi-
nal base maps.

This price includes the extra negative opaquing that will be necessary to
maintain the quality of the base map negative. AAA photographically over-
exposed the negatives of the original mylars provided by the Bureau to pick
up some gray lines (not opaque) on the original.

4. Add photo centers and numbers to each map. (S$1,750)

Contractor shall provide a delineated and classified photo overlay for each
photograph used along the river., The photo centers will enable immediate
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reference to which photograph the map data was taken from. A map user will
know which photographs to request for photographic coverage for any area of
interest along the river.

This will be accomplished by plotting the photo centers to the compilation
manuscript, type setting the photo numbers, and setting the photo center
solid circle and number on the drafted mylar vegetation type overlay. The
first, last, and every fifth photo in each flight line per map will be
labeled with a photo number,

5. Oraft an "F* as part of each type symbol ($250)

The "F" will designate that the vegetation community and structure type
has been verified in the field. This designation will be used for all
vegetation types checked By AAA during initial field work, field verifica-
tion and by the Bureau during field checking. (AAA believes that since the
amount of field checking is a significant part of the project that this
will help document the amount of field work and increase the confidence of
the map user in the map.)

6. Photo analysis of all Cottonwood-Willow types to estimate the per-
cent vegetation cover of Cottonwood-Willow and other major vegetation spe-
cies present. The resulting data would be presented in summary form and
included as part of the final report. ($1,500)

7. Contractor shall revise the River's course on the original inked
base maps to be provided by Reclamation. This shall include the redrafting
of the River boundary within the levee system for the same changes shaown on
the revised vegetation type maps for the twenty-one maps. ($1,750)

Tne total increase for all work to be completed under this modification
is $8,300.

Adjustment in the Contract Price: The contract total is increased from
’ y ’ to ') .

Adjustmqufin Contract Time: No additional time is required because of

this moditication.

Release: The Contractor agrees that this supplemental agreement is a
complete equitable adjustment for all Contractor claims whatsoever arising
out of, resulting from, and directly related to the above occurrences, and
this supplemental agreement hereby releases the Government from all liabi-
1ity under this contract for further equitable adjustments for said
occurrences, revisions, and this supplemental agreement,
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