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ASSESSMENT OF WATER RESOURCE CONDITIONS

IN SUPPORT OF
INSTREAM FLOW WATER RIGHTS FOR ARAVAIPA CREEK

Introduction

During 1981, the Bureau of Land Management (BLM) submitted an Application
for Permit to Appropriate Water to the Department of Water Resources (DWR).
The purpose of the application was to seek and perfect a water right for the
maintenance of perennial flow occurring in that portion of Aravaipa Creek
located within the Primitive Area (now designated as a Wilderness Area). The
application number assigned was 33-87114.

The application was initiated to protect the natural attributes of the
Primitive Area. The remoteness of the area and the ecological values (i.e.
flowing water, riparian vegetation, good water quality) provide ideal condi-
tions for numerous and varied wildlife and native fish species, as well as an
attraction for nature lovers and outdoor enthusiasts. People use the canyon
to enjoy the recreational opportunities the area offers. The goal of the
instream flow right is to protect and enhance these values by maintaining

naturally occurring flows.

Two years prior to the submission of the application (in early 1979), BLM
initiated in situ flow measurements, with a current meter, at the east end of
the Primitive Area. During mid to late 1980, two streamgaging stations were
installed to collect daily streamflow data. The BLM realized that sometime in
the near future, they would have to quantify and appropriate the minimum
amount of water needed to protect and maintain the flow through the canyon and

the uses associated with that flow.

On August 28, 1984, the 4,044-acre Primitive Area was designated a BLM

Wilderness Area, with some additional acreage along tributaries included with
i - i of

the following tributaries: Parson's, Hell Hole, Paisano, Booger, Horse Camp,
Virgus, Javelina, Hell's Half Acre, and Painted Cave Canyons. The beginning
and ending points of the creek itself remained unchanged. Figure 1 shows cur-

rent wilderness boundaries and locations of BLM gaging stations.

Environmental Setting

Aravaipa Creek, a tributary to the San Pedro River, is located in Pinal
and Graham Counties of southeastern Arizona. Its watershed begins in the

Galiuro Mountains, extending 10 to 15 miles to the central ridge of the Santa
Teresa Mountains, and ends about 35 miles to the north. The watershed com~
prises 541 square miles and includes elevations between 2,160 and 8,441 feet
(above mean sea level).

Of the approximately 17 miles of perennial surface flow, 11 1/2 miles are

located within the Aravaipa Canyon Wilderness managed by the BLM. It is this
stretch of flow for which instream flow is being quantified. A detailed dis-

cussion of the hydrology and geology of Aravaipa Creek is contained in
Ellingson (1980).
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Aravaipa Canyon Wilderness and BLM Streamgages.

Figure 1.




Precipitation patterns are characterized by spring droughts, summer mon—
soons, and regular winter rainfall. Precipitation over the watershed averages
about 16" per year, or 480,000 acre-feet, of which an estimated 95% is lost to
evaporation and transpiration. Of the 7,400 acre-foot base flow, another
2,400 acre—-feet can be expected to be lost to evapotranspiration.

Temperatures in the canyon consist of hot summers with mild winters. Mean
maximum temperatures range from 90 to 100 degrees Fahrenheit from June through
September, while mean minimums are between 30 and 40 degrees from November to

February.

Vegetation varies from open woodland and chaparral communities in the
upper watershed to grassland, desert-scrub, and riparian in the lower por-
tions. Approximately 300 species have been recorded on the watershed, half of
which occur in the wildermess. A list of species can be found in Appendix A

of Minckley (1981).

Specifics of the Application

The application requested a quantity of in situ surface flow in the amount
of 10,860 acre—feet, or 15 cubic feet per second (cfs), per annum. The given
legal description, as amended, includes the entire length of the surface flow

contained within the then Primitive Area, as follows:

T. 6 S., R. 19 E. Sec. 19, W%

T. 6 S., R. 18 E, Sec. 24, N}
Sec. 23, NE
Sec. 14
Sec. 15, N%
Sec. 16, N%
Sec. 17, N}
Sec. 18
Sec. 8, SW

Sec. 7, SE
T. 6 S., R. 17 E., Sec. 13, E}

C o~

The quantity of flow claimed on the application was broken into two separ-—
ate use categories. The first category claimed 10 cfs (7,240 acre—feet) year-
long for wildlife and fisheries consumptive and non—consumptive use. The rest
of the Explanatory section listed the threatened and endangered fish and wild-
life species found in or adjacent to the main channel. The second category
claimed an additional five cfs yearlong (3,620 acre—feet) for riparian eco-
system maintenance and aesthetic recreational values.

The separation of the quantities of flow into two different beneficial
uses should not be construed as two separate and distinct requests for
instream flow, but should be considered as a single request for a quantity of
water to fulfill each and all of the stated uses. Initially, the reasoning
was that separate flows should be distinguished according to the beneficial
uses applicable under state law. In retrospect, the uses should not have been
separated but should have been combined to avoid the belief that the quanti-

ties were indeed separate.
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" Water Resource Values

The natural values of Aravaipa Canyon are inextricably linked to the water
resource, The riparian habitat created by the perennial water flow is unique
from the surrounding Lower Sonoran desert-shrub., Without the water, many
plant and animal species would disappear. The biological diversity would be
reéduced as the existing riparian community was eliminated. Instream values
and recreational experiences are also dependent upon instream flow (including
floods and related groundwater conditions). Baseflows and riparian zone water
tables are maintained almost entirely by inflows from the upstream Aravaipa
Valley watershed. Depletion of the streamflow from upstream diversiomns could
reduce instream flows, eventually affecting the riparian habitat and fish pop-

ulations within the canyon.

Perennial water in the southwestern United States draws people for numer-
ous water-based recreational activities. Aravaipa Canyon provides the user
with a chance to be closely associated with nature through immediate contact
with the surface flow and all of the water—dependent attributes or qualities.

The existing natural resources and the quality of the recreational experi-
ence are totally dependent upon a sufficient quantity of flow through the can-
yon. Very low flows (less than 10 cfs) could be tolerated by the entire
system for short periods of time. But, extensive low flows (in excess of two
months) coupled with high summer temperatures may cause stresses on the flora
and fauna from which they could never recover. Long duration low flows would

certainly affect the quality of the recreational users' experience.

‘Streamflow Measurement

East End

In March of 1979 the District lnitiated streamflow measurements at the

base data prior to the 1nstallat10n of a streamgaglng station. The stream-
gaging station was installed in late July of 1980, and became fully opera-
tional by August 1, 1980.

Due to problems with this station over the years, this flow data will not
be used for analyzing instream flows. Only the monthly/semi-monthly flow mea-
surement will be inserted for a comparison with the monthly/semi-monthly
measurements collected at the west end (see Appendix 2). Flow has been con—
tinuously measured at this site nearly every month, and more often twice a
month (see Appendix 1). All measurements are in accordance with U.S.

Geological Survey (USGS) standards.

West End

In September, 1980, the District installed a streamgaging station at the
west end of Aravaipa Canyon, where the flow exits from the wilderness area;

the station became fully operational in December.
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This station continued to record data until October, 1983, when all of the
instrumentation and flow measuring equipment was lost during that flood.
Included in the loss were three months of chart data. Flow measurements were
not taken until May 1984 when new equipment was obtained. The gaging station
was restored to operational status and has been functional since. Consistency
in measurement has been maintained since 1982 by using the permanent Park
Ranger who lives near the site.

Streamflow Data

West End

Earlier problems with the data have been resolved due to the development
of a new rating curve. The original computations were taken from one early-
developed rating curve even though the staff gage had been lost and replaced
several times. Steps have been taken to ensure that the data conforms to USGS
standards. A minimum of two flow measurements are taken each month and rou-
tine station maintenance is carried out at least three times a month.

Nearly six years of flow data is tabulated for the West Aravaipa gaging
station (Appendix 2). Of the six years of data, the lowest flow (a discharge
of 7.0 cfs) occurred during July of 1982, Unfortunately the chart data for
July 1983 was lost preventing an examination for comparative flow. Since the
1983 flood, the lowest discharge, 18.2 cfs, occurred on July 23, 1987,

A quick examination of the tabulated flow data reveals that, in portions
of the columns there are no numbers for daily cfs. This lack of data occurred

because very few flow measurements were taken during, or after periods of
flooding. Most flow measurements occurred during lower flows. Although data
in excess of 100 cfs is lacking, the range of flows of primary concern to BLM
is 10-100 cfs. Therefore, lacking actual high flow data, the ratlng curve for

—___this station is projected. The projection line allows a "best guess” for

flows above 100 cfs.

Since BLM's application is for naturally occurring flows in the range of
10 to 40 cfs, the greatest emphasis in accuracy is placed on measurements in

this range.

BLM Gaging Station vs USGS Gaging Station

The use of the BLM gaging station to measure the Aravaipa streamflow has
advantages over using the USGS gaging station located downstream. The advan-—

tages are enumerated as follows:

1. The BLM gaging station measures the flow as it exits from the
canyon, while the USGS station is located 5.75 air miles further

downstream.

2. The BLM station is maintained two to four times a month while the
USGS station is usually serviced once a month,

3. Flow is usually measured twice a month at the BLM station.
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4, A number of domestic residences exist between the two stations.
Many of the residences use irrigation from the creek for their gardens,

orchards, and fields. This use would have to affect the quantity of
flow occurring at the lower gaging station.

5. The USGS rates the data from Station No. 09473000 as fair due to
irrigation occurring upstream.

Although the BLM gage provides measurement of flow exiting directly from
the canyon, only seven years of data are available for the station. Most of
this was collected in wet years and does not accurately reflect long—term

averages.

Due to upstream irrigation withdrawals, the USGS gaging station records
lower flows than the BLM gage. This affects the months of April through
September but is especially apparent in the data between April and June. The
USGS gage provides a long—term view of flow trends, and may provide a better
overall average since it includes data from both wet and dry years. For this
reason, the 21 years of USGS flow data summarized by Minckley was considered

along with the BLM data for purposes of comparison.

The following chart summarizes mean'monthly flows for both stations:

Month J F M A M J J A S 0 N D
USsGs

21-yr. avg. 25 58 43 14 10 9 21 30 23 28 15 39
BLM, West

7-yr. avg. 34 40 49 29 24 21 26 29 28 24 26 35

Wildlife Considerations

Aravaipa Canyon supports a wide variety of wildlife species, many of which
are dependent on the perennial water and adjacent riparian habitat provided by
the creek. A total of seven native fish, eight amphibian, 47 reptile, 237
bird, and 46 mammal species have been reported in the canyon; of these 305

species, 20 receive federal or state protection (Appendix 3).

No group of animals is as susceptible to changes in water quantity and
quality as the fishes. For this reason, biological resource analysis is based
on flows needed to maintain the native fish population. Three of the seven
species of fish in Aravaipa are protected by federal and state regulations.
The loach minnow (Tiaroga cobitis) and spikedace (Meda fulgida) are Federally
Threatened, while the Gila roundtail chub (Gila robusta gpahami) is a Federal
Category 2 Candidate species. All three are listed as Group 3 Threatened by

the State of Arizona.

In 1980-81, the USFWS financed a study of flows in Aravaipa Creek (Turner
and Tafanelli, 1983) required for the Federally Threatened Meda and Tiaroga.
They concluded that ... "a discharge of 20 cfs provided the most available
habitat for adult Meda and Tiaroga.” Habitat ... "rapidly decreases at dis-
charges less than 10 cfs for both species. A minimum discharge of 13 cfs at

USAV-00005807



BLM's East Aravaipa gaging station would be an acceptable minimum flow for
adult Meda and Tiaroga during low-flow periods in the summer and fall.”

The USFWS study (Appendix 4) discusses yearlong flow requirements for the
two species of fish. While it concludes that scouring flows during winter
probably are necessary to clean silt and sand from cobble sites used for
spawning, no recommendations were made for these flows.

The BLM study by ASU (Minckley 1981) analyzes 21 years of monthly average
flows from the USGS gaging. It also discusses the relationship between flows
and fish and riparian habitat.

Dr. Minckley commented on some ecological principles to consider for
instream flow. He believes that high winter and summer flows are necessary to
clean gravel, scour pools, and recharge the riparian zone. Based on his 25
years of experience in Aravaipa, a stable flow of 15 cfs would probably be
disasterous. He recommended that flows vary in a pattern following the natu-—
ral, unregulated flow regime. His estimation for the low flow for
April-May-June should be approximately 10 cfs, and a similar low flow in the
October-November period. The difference between 10 and 15 cfs for these
months should be added to winter and summer months. He pointed out a defi-
ciency acknowledged in the USFWS report: The flow recommendations were for
adult fishes only; there are no data for the needs of egg or fry.

Generally, the population of the seven species of native fish vary in
absolute numbers and in proportion with each other. The environmental factors
that allow seven species to coexist in a relatively small stream are created
at least in part by a complex pattern of discharge amounts. Complex environ—
ments allow species diversity to increase as no single species can specialize
for all the conditions present. No other stream in Arizona supports more than
five native fish species. Aravaipa Creek is unique in its diversity.

Based on this input, fisheries needs in Aravaipa would best be accommo—
dated with a varying flow regime while maintaining a 15 cfs average as follows:

Month J F M A M J J A s 0 N D
cfs 20 25 20 10 10 10 15 20 10 10 10 20

Recreational Considerations

The water of Aravaipa Creek and its tributaries is extremely important to
the recreational experiences of visitors to Aravaipa Canyon. Nearly every
recreational opportunity found in Aravaipa Canyon is enhanced by or focused on
the water of Aravaipa Creek. The presence of a perennial stream in a desert
setting attracts many people from Arizona and throughout the world, not only
for hiking, wading and swimming activities, but for birdwatching and viewing
other wildlife that the water of Aravaipa Creek supports directly or by pro-

viding riparian habitat.
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These conclusions are based upon verbal comments by visitors to Aravaipa
rangers and other BLM employees, written comments on visitor register sheets
at the wilderness trailheads, letters and articles. Comments received during
the preparation of the Aravaipa Canyon Wilderness Management Plan also recog-
nized the importance of maintaining necessary and adequate streamflow in

Aravaipa Creek.

An Aravaipa Canyon Wilderness (ACW) recreation visitor survey was con—
ducted by the University of Arizona during a 12-month period in 1987-88 to

obtain information about visitor preference regarding a variety of factors
that affect experience in the wilderness. A total of 665 responses (83% res—

ponse rate) were received and evaluated. Data from that survey has been used
to prepare A Preliminary Analysis of the Significance of Water to Recreational

Visitors at Aravaipa Canyon Wilderness, Arizona, a copy of which is attached
as Appendix 5.

The analysis showed that water and water-related recreational activities
in Aravaipa Canyon Wilderness are highly valued by people visiting the area.
Of 13 Aravaipa Canyon elements listed, water was ranked most frequently as the
most important element in the canyon. Water was ranked among the top five of
those Aravaipa Canyon elements by 82% of the respondents. Other elements
ranking highly included peace and quiet, solitude and wildlife.

Two activities, hiking in the creek and swimming, were highly rated by
visitors. The survey showed that 95% of the respondents liked or strongly
liked hiking in the creek. Considering a more common assumption that people
would rather hike with dry feet, that response is significant with respect to
the importance of Aravaipa Creek to ACW visitors. About 78% responded that
they would like or strongly like to swim during future wilderness visits.

Analysis of data from the survey also indicates that visitors are sensi-
tive to changes in Aravaipa Creek streamflow. Approximately 88% of the
respondents found streamflow at preferable levels. Further analysis of the

data showed that visitors to the wilderness prefer some streamflow levels over
others. Through that analysis, it was possible to determine at what stream-—

flow volumes respondents were more likely to indicate that they saw less water
than they prefer, as much water as they prefer or more water than they prefer.

The researchers postulated that declines in streamflow increased the like-—
lihood that respondents would report they found less water than they prefer-
red. Since visitors appear to be highly satisfied with current flows,
declines to less than those experienced are likely to cause dissatisfaction.
The availability of swimming and other water-related activities is decreased
as deep pools and swimming holes disappear at low flows. The aesthetic char-
acter of the canyon is also changed, with dying vegetation and stagnant pools
increasing due to lessened flow.

Many Aravaipa Canyon Wilderness visitors have been to the canyon before.
The recreation visitor survey showed that over 51% of the respondents had pre-
viously visited ACW. These repeat visitors are more likely to be accustomed
to average flows and thus more likely to be dissatisfied with flows that vary
from the natural flow regime. If flows were to decline below the requested

USAV-00005809



quantities some visitors might seek other locations with water-related quali-~
ties they desire. The attraction of Aravaipa Canyon for recreation could be

diminished.

Without a sufficient flow of water in Aravaipa Creek, the uncommon, and in
some cases, unique recreation opportunities present in Aravaipa Canyon would
not exist. The chances of seeing a rare bird or viewing desert bighorn sheep
in the canyon are greatly improved by the presence of a perennial stream and
the vegetation and habitat it supports. Other recreational activities pos-
sible in a desert wilderness setting are made more enjoyable by the flowing
stream. In the opinion of many visitors, the water of Aravaipa Creek and its
tributaries is the single most important element of Aravaipa Canyon Wildermess.

Aravaipa Canyon is a wilderness area and must be managed to maintain its
wilderness character, including natural conditions and outstanding opportuni-
ties for primitive recreation. The maintenance of the natural ecosystem
requires flows to follow their natural cycles. Adequate flows are also neces-
sary to perpetuate recreational opportunities and the aesthetic attraction of
Aravaipa Canyon. For this reason, a range of flows that would satisfy visitor

expectations without varying from the natural flow pattern is requested.

USAV-00005810



SUMMARY AND CONCLUSION

An application for an instream flow water right in Aravaipa Creek was
filed by the BLM on June 1, 1981. This request for 15 cfs was based on a
"best guess” of the minimum needs for the recreational and wildlife uses.
Since that time, three studies of particular concern were conducted in the
canyon. Minckley (1981) summarized the physical and biological characteris-
tics of the creek, and included USGS statistics on flow data for a 2l-year
period, with monthly averages. Turner and Tafanelli (1983) evaluated the
instream flow requirements of native fishes in Aravaipa Creek. These reports,
coupled with recent discussions with Minckley, resulted in a recommendation
for varying monthly flow amounts, while maintaining an average flow request of

15 cfs over the year.

Moore and Brickler (1988) analyzed visitor satisfaction at Aravaipa Canyon
Wilderness, and attempted to correlate this with stream discharge. They found
that visitors were sensitive to changes in streamflow, and suggest that below
average flows would result in some visitor dissatisfaction.

Seven years of flow data from BLM's West Aravaipa gaging station and 21
years of flow data from the USGS station downstream (Minckley, 1981) were com~

pared for streamflow trends. The long-~term monthly flows of the creek vary on
a seasonal basis. In most months, flows are higher than the 15 cfs requested
in the original application; for three months flows are lower. The USGS data
for April-June suggest that there may be insufficient flow during those months
to support the original 15 cfs request during these months, the 7-year BLM
average indicates otherwise.

High flows are needed to scour silt to produce sites for fish egg—laying.
They also tend to wash out mats of aquatic vegetation, making a more pleasant
recreational experience for hikers. To account for the seasonal fluctuations
in flows, BLM proposes to modify the original application according to the
21-year average. The monthly requests for flow follow the natural flow pat—

tern of the creek, as established by the West End gage. Flows were also sel-

ected not to exceed average flows occurring at the USGS gage downstream.
Figure 2 compares these three flow patterns.

Although recent studies indicate that flows greater than 15 cfs would be
beneficial for some periods, we have attempted to reconcile all beneficial

uses while staying within the 15 cfs average of our 1981 application. Over-
all, the instream flow request accounts for less than half of the average

monthly flow measured at the West End gage.

Month J F M A M J J A S 0 N D

Instream Flow
Nomination 20 25 20 10 10 9 10 20 11 15 10 20

The instream flow requested above, which averages to the 15 cfs in the
original application, is compared to USGS and GLM averages in Figures 2a and

2b.
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Subject to valid existing rights, the BLM regards this flow regime as a
valid representation of current instream, non—consumptive uses in Aravaipa
Creek. As such, this regime represents the minimum amounts of flow needed to
maintain and preserve the character of water—dependent values in the Aravaipa
Canyon Wilderness. Any diversions of stream flow from Aravaipa Creek which
would result in a net depletion of streamflow at the east entrance to the area
will diminish the water dependent values within the wilderness. Therefore,
these flows are not considered average monthly flows, but, rather, average
daily flows. In other words, we cannot tolerate some days of 30 cfs and some
of 0 cfs even though they average to 15 cfs.

This flow regime results in a 10,840 acre—-feet per year request, compared
to the 10,860 acre—feet per year calculated at the 15 cfs per month rate of
flow. BLM will continue to measure flow through the canyon, and will use the

West End gage to monitor flows granted through this application.

-10-
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APPENDIX 1

Monthly/Semi~monthly Streamflow Measurements
at East and West Aravaipa Streamgaging Stations

" East West East West
Aravaipa Aravaipa Aravaipa Aravaipa
Date CFS Date Date CFS Date CFS
1979 1981
03/14/79 33.2 03/10/81 23.1 03/13/81 32.9
03/20/79 31.2 04/16/81 23.2
04/02/79 36.7 06/02/81 16.8 06/04/81 10.2
04/23/79 34.3 07/08/81 14,1
07/17/81 34,3
05/10/79 28.1 09/09/81 17.4
05/30/79 29.4 10/23/81 14.6
06/13/79 29.5 10/28/81 13.6
06/27/79 33.0 11/23/81 16.3
07/11/79 23.0 12/24/81 16,1
07/18/79 20.9
08/16/79 29.8 12/31/81 15.5
10/23/79 24,0
1980 1982
F
06/20/80 21.6 01/15/82 20.5
06/26/80 18.6 01/29/82 17.3 01/27/82 24.5
07/15/80 21.4 02/24/82 18.8
07/17/80 13.5 03/02/82 17.5 03/05/82 23.8
03/12/82 16.7
07/22/80 20.3 04/09/82 23.8
——07/29/80 243 04/27/82 12.3
08/06/80 26.0 05/13/82 16.0
05/24/82 10.8
10/24/80 14,7
12/12/80 06/04/82 11.9
06/09/82 9.2
12/19/80 21.3
07/06/82 6.8 07/09/82 7.8
07/20/82 10.8 '
08/03/82 17.3
08/31/82 17.8
09/22/82 7.8
09/29/82 16.1
10/09/82 12.6
10/19/82 10.2 10/16/82 14.3
10/31/82 16.6
11/05/82 9.2
11/13/82 15.6
12/02/82 14.9
12/18/82 9.9
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East West East West
Aravaipa Aravaipa Aravaipa Aravaipa
Date CFS Date CFS Date CFS Date CFS
1983 1984
01/04/83 16.5 01/10/84 31.0
01/22/83 10.1 01/24/83 23.4 01/22/84 33.1
02/11/83 21.2 02/27/84 37.9
02/15/83 26,2 02/18/83 32.3 04/03/84 27.5
02/28/83 17.2 04/17/84 36.3
03/10/83 38.3 04/30/84 30.7
04/02/83 43.9 05/02/84 37.1
04/08/83 26,7 04/12/83 43,9 05/14/84 33.1
04/17/83 44,3
04/29/83 17.0 06/11/84 30.1 06/15/84 31.6
06/22/84 25.3
05/01/83 27 .4 07/04/84 26.7
05/16/83 16.6 05/15/83 27.4 07/16/84 26.7 07/15/84 41.5
05/29/83 22.3
08/04/84 34.4
06/04/83 18.5 08/10/84 43.4
- 06/17/83 17.9 06/13/83 21.9 08/24/84 66.8
06/29/83 10.0 06/30/83 11.1 09/13/84 37.0
09/19/84 34,2
07/12/83 20.8
07/18/83 19.9 10/01/84 30.7
07/22/83 27.5 10/06/84 31.2
07/30/83 32,4 10/16/84 . 29.3
10/21/84 30,7
08/09/83 21.9 11/02/84 30.4 11/04/84 31.4
08/29/83 25,2 08/28/83 23.0 11/16/84% 27.9 '
09/14/83 20,7 11/20/84 30.0
09/25/83 28.5 12/10/84 29,2 12/05/84 34,4
12/22/84 47.0 12/19/84 46.2
10/18/83 40.0
11/17/83 33.4
11/22/83 28.7
11/25/83 30.5
12/07/83 43,7
12/12/83 34.6
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East West East West
Aravaipa Aravaipa Aravaipa Aravaipa
Date CFS Date CFS Date CFS Date CES
1987 1988
01/05/87  25.6 01/04/87 25.1 01/04/88 22,7
01/11/87  26.5 01/10/88 23.0
01/19/87 25.8 01/19/88 24,8 01/23/88 27.8
01/31/87 45.6 02/01/88 20.6
B 02/07/88 34.2
02/01/87  25.9 02/15/88 21.3
02/13/87 26,9 02/28/88 21.8 02/28/88 22.9
02/20/87  25.9
03/02/87  30.6 03/01/87 94,7
03/16/87  30.5 03/14/87 40.7 03/13/88 22.2
03/30/87  23.6 03/29/87 28.6 03/20/88 22.3
04/04/88 19.6 04/03/88 19.9
04/13/87  26.2 04/11/87 26.4 04/19/88 19.8 04/17/88 20.9
04/27/87  23.6 04/29/88 23.2
05/03/87 24,7
05/11/87 21.8 05/04/88 18.0
' 05/17/87 23.1 05/15/88 20.0
05/25/87  23.5 05/29/87 21.1
06/08/87 22.5
06/14/87 21.4
06/22/87 21.0
06/28/87 20.6
07/06/87  20.2
07/12/87 19.0
07/20/87  21.7 i
07/26/87 18.9
08/03/87 25.0
08/09/87 22.3
08/17/87 22,7
08/23/87 21.9
08/31/87 21.6
09/07/87 21.9
09/14/87  21.8
09/20/87 19.6
09/28/87  21.6
10/04/87 20.1
10/12/87  21.6
10/18/87 23.3
10/28/87  23.2
11/02/87 26.5
11/10/87 22,2
11/23/87 21.3
12/07/87 22,0 12/06/87 23.7
12/21/87  24.1 12/20/87 44,2
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East West East West
Aravaipa Aravaipa Aravaipa Aravaipa
Date CFS Date CFS Date CFS Date CFS
1985 1986
01/16/85 39.2 01/13/86 28.3 01/12/86 27.4
02/12/85 62.4 02/14/85 65,7 01/27/86 27.1 01/25/86 26,3
02/26/85 52.6 02/11/86 29.3
02/24/86 27.7 02/21/86 34,2
03/01/85 71.0 : X
03/11/42.4 03/10/86 24.3 03/09/86 26.9
03/16/85 58.1 03/23/86 55.2
03/22/85 42,1 04/08/86 29.4 04/06/86 30.5
03/31/85 45,2 04/20/86 27.6 04/20/86 28.2
04/08/85 37.8 05/04/86 26.0 05/04/86 27.2
04/14/85 44,4 05/19/86 25.7 ‘
04/22/85 40.2 - 06/02/86 25.8 06/01/86 23.0
04/30/85 39.5 06/16/86 24,9 06/15/86 21.9
06/29/86 22,9
05/06/85 37.7 .
05/12/85 37.5 07/21/86 22.9 07/20/86 21.2
05/20/85 36.4 07/29/86 31.3
08/04/86 24,0 08/03/86 23,7
06/03/85 35.1 08/18/86 29.4
06/09/85 33.0 08/23/86 23.9
06/17/85 31.3 06/23/85 28.5
06/30/85 29,2 09/01/86 30.6
09/07/86 25,5
07/15/85 29.5 09/21/86 23.9
08/12/85 35.8 09/29/86 24,5
08/26/85 31.8 08/25/85 27.7
10/15/86 24,6
09/09/85 27.6 10/13/86 35.8
09/14/85 28,2 10/27/86 24.8 10/25/86 26,7
09/23/85 29.2 11/10/86 25.6 11/09/86 27.6
09/29/85 43,4 11/24/86 28.1 11/23/86 25.6
10/07/85 28.2 12/01/86 23.8
10/13/85 35.2 12/08/86 48.4
10/21/85 29.3 ' 12/11/86 38.6
12/15/86 26,7
11/04/85 29.9 11/02/85 29.6 12/22/86 26.8
11/18/85 28.7 11/17/85 30.0 12/29/86 25.8
12/02/85 31.6 12/01/85 55.5
12/16/85 28.8
12/21/85 31.4
12/30/85 26.4
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APPENDIX 2

Streamflow Tabulation Data for BLM West Aravaipa Gaging Statiom,
1981-1988
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west Aravaipa

STREAMFLOW TABULATION

STATION:
Month: December January
( S:as,e{ Stage | CrS AF rS'::sge e 2
' 1.24 }33.5 |
& ' 1.24 33.5 |
3 1.24 133.5 |
4 123 132 o
5 1.25 |34.8 . |
£ 1.25 }34.8 i
N 1.26 - §36.0 ?
g 1.26 136.0 f
.} !1.26 36.0 f
in A nl.ZG 36.0
3 "1.23 34.8
12 v 1.19€| 27.7 I1;25- {34.8
13 1.24 } 33.5 1.24 J33.5
14 1.22 | 31.0 1.24 }33.5
;q, 1.23 | 32.2 1.24 [33.5
‘4 1.24 | 33.5 |1.23 32.2 !
. 1.24 | 33.5 1.23 [32.2 i
18 1.24 }33.5 1.23 }32.2
19 .1,2‘4 33 ¢ 1.24—433.5
~n 124 1335 1.24 J33.5
L 1.24 ) 33.5 1.22 P31.0
22 124 133.5 1.22_P31.0 _
o | 1.24 | 33.5 1.23  [32.2 |
ar 1.23 |32.2 1.21  §29.8
25 I 123 132,92 1.21 j29.8
26 lv 1 94 laq e 1.22 J31.0
27 E 1.23 {32.2 1.22  11.0 !
23 !ﬁ 1.24 |{33.5 1.22 J31.0 ‘,
29 I 1.24 |33.5 1.23  132.2 }
10 ' 1.24 33.5 1.22 31.0 l
1 1.25 | 34.8 1.21  [29.8 !
TAL 57.8 [1304.7 1019.8 2022,7"
VE. 32.8 65.2 32.8| 65.2
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STATION: We Aravalpa STREAMFLIW TABULATION WY: 1981
Montgh:e February March April May
stace| CfS [ ar [ stage| CFS | AF [ sctage | crs | AF | steze | Cec | ar
; t.21 4 29.8 1.20 | 28.5 |1.08 | 19.4 | 1.13 }22.9 | %
RSN R | 1.58 110. 1.10 1 20.5 s 9.4 | |
5 1 1.22 1 31.0 1.76  [204.0 .15 1 24.5 ! 1.06 118.3 E |
. 1o1 | 2908 1.82 |248.0 1.14 1 9q 5 103 16.6 ; :
5 1.21 } 29.8 1.56 |103.6 1.14 | 23.7 ‘ 1.03 l1e & -‘ |
} 1.22 1 31.0 2,02 |-== 1.13 | 22.9 | 1.03 J1i6.6 | i
? 1.22 | 31.0 1.66 146.0 1.14 23.7 1.02 116.1 :
1.22 | 31.0 1.39 ]55.8 1.14 1 23.7 102 {16.1 | _
1.67 | 31.0 1.32 | 44 3 1.15 | 24.5 | 102 161 L
v | 1.52 | 89.2 36.0 1.15 | 24.5 1.00 }15.0 b
] 1.26 | 36:0 27.7 1.14 | 23.7 .99 |14.6 B
2 | 1.23 | 32.2 28.5 1.15 | 24.5 .95 113.1 i_i
v | 1.22 | 330 31.0 1.15_ | 24,5 l 93 112.3 |
| 1.21 | 29.8 28.5 114 1 23.7 ? .94 f12.7 ,'z
.1 1.21 f 29.8 26.1 1.13 ! 299 93 §12.3 f !
.1 1.21 | 29.8 26.1 1.18 | 26.9 .97 113.9 ? s
I.21 | 29.8 26.1 1.13 22.9 .98 {14.2 i
] 1.21 | 29.8 1.16 25.3 1.10 20.5 .99 {14.6 :‘ :
b g2 lag g 1162523 1091 70.0 XTH T BE
.1 1.21 |09.8 1.18 | 26.9 1.08 19.4 .99 114.6 |z
| 1.20 [ 28.5 " 1.17_ | 26.1 1.08 | 19.4 . 99 '14.6 ; 2
! 1.20 ’ 28.5 1.16 | 25.3 1.08 19.4 ;.99 114.6 Ljé
| 1.20 | 28.5 1.16 | 25.3 1.07 | 1s.8 § 98 14,2 | -
1.20 | 28.5 1.15 24,5 1.06 18.3 . ’ .98 }14.2 2
1.20 | 28.5 1.1 2.5 101 15.6 | oa |14 5 R
1.22 131.0 “ 1.15 24.5 -99 14.6 ! .96 ]13.5 f .
1.20 | 28.5 1,12 22.1 .99 14.6 .96 }13.5 {7‘
| 1.21_120.8 1.09 | 20.0 aq | 14.6 .96 113.5 fil
ﬂ 1.10 ] 20.5 o | 14.2 | .95 |13.1 '
’ 1.2 122 1.01 15.6 .94 112.7 g e
{ _ H1.08 19.4 1.06 18.3 | -
N 1 1023.02] 2029, 1f 1502.8 | 2981.0k 643.5 12763} 448.71889,9 ' _
| I 36.5 | 72.4f 50.0 99. 20.7 1 41.1 14.9 1 29.6 '

USAV-00005821



STATION:W. Aravaipa STREAMFLOW TABULATION WY: 1981
Month: June August ber
| Stace| CFZ £ Stage| CFS AF Stage | crs AF | Stage | CFS ‘ AT
j .93 12.3 .93 12.3 1.22 | 31.0 .95 13.1 ! |
92 12.0 9] 11.6 1.11 | 21.3 .96 13.5 |
5 | .87 10.6 a0 11.2 1.10 | 20.5 .96 13.5 f
o 88 10.13 .90 11,2 1.10 20.5 .99 14.6 * !
) -84 9.8 .90 11.2 1.09 | 29.0 1.00 15.0 |
-84 9.8 .90 11.2 1.11 | 21.3 1.20 28.5 f
.89 11.0 91 | 11.6 108 | 19.4 1.04 | 17.2 ?
.92 12.0 1.29 39.7 1.01_}-15.6 1.03 | 16.6 | k_
.92 12.0 94 | 12,7 1.02 | 16.1 1.03 ) 16.6 |
. 1 .98 12.0 947 --7 LOST DATA 1.02 | 16.1 B
.87 | 10.8 1.21- " | 29.8 .01 | 15.6 E
.87 | 10.6 1.33 | 46.0° 1.00_} 15.0 ’ :
.88 10.8 30| 20.5 1.00 15.0 ! !
..90 112 1.07 18.8 1.00 | 15.0 | 1
.88 10.8 1.09 | 20.0 1.00 |} 15.0 |1
.88 10.8 1.09 20.0 1.00 15.0 : ¢
-89 11.0 _ i 22.1 T.36 [ 50.9 1
.90 11.2 1.10 20.5 1.05 17.8 ,L:
.91 11.6 08 }19.4 0651172 =
| .92 19 0 1.13 22.9 1.01 }15.6 f 2
| .92 12.0 1.10 20.5 1.01 15.6 2
)’ .91 11.6 1.32 44,3 .87E 10.6 1.24 33.5 _2_:‘
| .86 10.3 1.14 23.7 .89 11.0 1.27 37.2 ’::
J -85 10.0 h1.13 22.9 .95 13.1 1.04 17.2 }2:
| .82 9.30 ﬁ1.31 42 .6 a6 | 13.5 1.02  §16.1 ’ 22
‘ -88 10.8 Rl.ll; 23.7 89 | 11.0 1.02 116, [ 2:
! .90 11.2 ﬁl-lS 24,5 .88 10.8 1.02 16.1 ’ 2"
| .90 11.2 ﬂ1.13 22.9 94 | 12.7 1.03_ | 16.6 ’L
f .91 11.6 1.10 | 20.5 -94 12.7 -96 13.5 |
! .93 12.3 ‘.1,;31 49,2 .94 12.2 .95 13.1 ' 3
fL 11,49 | 79.6 94 1 12,7 .
! 1332.0 | 658.0 760.0 | 1508.0 307.0 |608.0 552.0 | 1095.0!
7k | 11.0 22.0 25.0 so.ob P ien 2.0 18.3 364"
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STATION: W. Aravaipa STREAMFLOW_TABULATION WY: 1982
Month: October November December Jaouary
Stace| CFC AT Stage CE&FBA? Stage | Crs AF :FS_:age CEs AT
; .97 | 13.9 .97 13.9 1.05 17.8 1.03 } 16.6
2 1 1.2 | 36,0 | 14 los | 17:2 L22 | 31,0
30 1.9 | 27.7 99 | 146 1.03_| 16.6 1.36 { 50.9
1 1.08 | 194 a8 14,2 1.03 | 16.6 1.18 | 26.9
5 | 1.08 1 19.4 .96 13.5 1.01 15.6 1.04 §23.7.
. | 1.07 | 18.8 88 10.8 1.02 | 16.1 T.38 1 54.2
o 1.06 18.3 .89 il.o 1.02 16.1 2.06-§ -~
1.06 { 18.3 .92. 190 1.02 !.16.1 1.36 | 50.9
3 f 1.05 | 17.8 .98 16,2 1.03 | 16.6 1.27 | 37.2 ;
o 4 1.04 | 17.2 T AV 1.03 | 16.6 1.22 | 31.0 ?
1| 1.03 | 16.5 146 1.04 | 17, Loy | 298 %
12 | 1.02 | 16.1 15.6 | - 1.04 | 17.2 1.97 | --
=3 BN IRP 5.6 ] 41-04 17 == 1PST DATA —-
w | 1.00 | 1500 15.6 N BN
1g 1 1.00 ] 15.0 15.6 Iil.os 17.8
4 1.01 15.6 15.0 , 1.04 17.2
- | 1.01 | 13.6 14.6 {106 | I7.2
18 | .99 | 14.6 13.9 1.03 |-16.6 |
19 299 1 .u £ 1752
20 .98 14,2 15.0 1.03 16.6
2y .96 | 13.5 15.6 1.03 | 16.6
33', .96 | 13.5 16.1 1.03 | 16.6 =
- ! .96 13.5 16.1 1.03 | 16.6 -
2 .96 13.5 16.1 1.03 16.6 ’ -
5.1 .96 13.5 16.1 1.03 1 16.6 ! -
A .95 13.1 1.04 17.2 .03 ! 16.6 ' :
7 1 .95 | 13.1 1.04 17.2 1.03 |} 154 1.14E }23.7 | g
'3 .96 13.5 ] 64 17.2 1.02 16.1 1.13  {22.9 ‘_1
9| .96 | 13.9 I1.39 55.8 1.03 | 16.6 1.16 }25.3 E
ol .97 1.19 | 7.7 1.03 |16.6 1.18 Jog o B
- ! 1.03 |16.6 L& 125.9 ’ N
ALL 435.0 T-G8T. 498.0 | 987.3 519.0 11029.0 476.01 944,1"
EL' 16.4 | 33.0 17.0 1 33.0 17.0 ¥ 33.1 ﬂ 32.0 '62.9 |
A -
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STATION: W. Aravdipd STREAMFLOW TABULATION WY: (982
Month: February March April Mayv
Stace| CFC [ &r Stage | CFS | AF [ sStage | cts | AF |stage | ce¢ AT

} 1.15 | 24.5 1.15 | 24.5 1,11 | 21.3 1.05 } 17.8

v B BV, 114 | 23.7 1.12 | 22.1 1.05 | 17.8

5 1.13 22.9 1.14 | 23.7 114 | 23,7 1.05 + 17.8

B ] 1.12 | 209 .14 | 23.7 .14 | 23.7 1.19 | 27.7

5 11 4 oy 113 | 22.9 s | 24,5 1.14 | 23,7

L 1.11 21.3 1.13 ) 22.9 15 | 24.5 1.08 ] 19.4
4111|2143 IRCR TR 1.15 | 24,5 1.06- | 18.3
g | 1.12 4 221 1.12 | 22.1 114 |0n S 17.2 f
3 1.13 | 22.9 1:12 | 22.1 1.13 | 22.9 17.2 !
in 1 1.14 | 23.7 i Lff‘;?‘ 203 IRV LR 17.2 | f
1 | 1.76 | 20.2 it o 1.16 | . 5 16.1

12 | 1.48 | 77 i3 | 226 1.13 | 22.9 16.6
13 | 1.30 Al;n 165" 160.0 1.10 | 20.5 16.6

6 1 1.23 § 32.2 138 | 77,1 1.10 | 20,5 15.6

151 1.20 s 1.45 | ¢q & 1.08 | 19.4 I 1.01 §15.6

e V1.19 ) 27.7 1.28 | 38.5 1.09 | 20.0 ' 1.01 p15.6

= | 1-18 | 26.9 i L.21 } 29.8 1.09 } 20.0 .99 fl4.6 |
18 | 1.34 | 47.6 1);9 41,0 1.10 }-26.5 .99 6
a9 1 1.32 | 44.3 1.40 | 57,5 10—t s 98— 1422

-n | 1.26 | 36.0 1.30 | 41.0 1.08 | 19.4 95 1131

o 11.23 32.2 1.21 29.8 1.08 | 19.4 .93 12.

22 11.21 | 29.8 1.18 | 26.9 1.08 | 19.4 .92 f12.0 -
oy 0 1.18 26.9 1.14 23.7 1.08 19.4 .90 11.9 I
2 1.17 26.1 h-1.09 20.0 1.08 }19.4 .89 I1.0 ’
23 1 1.23 | 30 5 I 1.08 | 194 1.08 | 18.8 g 11.0 ?
6 11,19 27.7 l 1.12 22,1 1.07 1813 .88 10.8 { -
17 ) 1.17 26.1 5 1.20 28 5 1.06 18.3 -89 1.0 !
25 | 1,16 1 25.3 l 1.08 | 19.4 1.06 | 18.3 90 110 ’j
’9 i 1.12 22.1 1.06 183 .92 12.0 :
0 I 1,12 | 22,1 1.06 1 17.8 92 112.0 -
- . l 1.10 | 20.5 22 112.0 ? .
AL 834.0 [1652.00 1042.4 | 2068. 629.4 112484 23,2 1939.0 !
I | 30.0 | s9.0f 34.0] 7. 21.0 ¥ 42.0 15.2 1 30.2 '
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STATION: W. Aravaipa STREAMFLOW TABULATION WY: (us2
Month: June v Augyst Sentembar

Stacef CFC AT Stage| CFS AF Stage | CI'S AF Is;ase Ces AT
p 90 | 11.2 .80 | 8.8 98 | iy,2 1.05 | 17.8 A
2 90 | 110 79 | 8.6 .90 | 1.2 1.05 | 17.8 ?
3 .89 a .79 8.6 .90 | J].Z 1.06 { 18.3
4 gq | 11.2 9 2 & 89 | 1.0 1.06 | 18.3 ?
5 | .90 | 11.2 79 | o ga |0 1.06 | 18.3.
B 89 | 11.0 .76 | 8.2 90 11].2 T.06 | 18.3 '
7| .88 | 10.8 78 | g - 88 |/02 1.06 - | 18.3 i
3 .84 9.8 74 7.9 88 110.% 1.08 { 19.4 ‘ !
] s 191 NRER L .89 | )i.o 1.06 | 18.3 t
n | .80 | 8.8 R IR | s 103 1.54 | 96.4 |
1t .79 &:.Q_ 767 |8 ' 1.07 |/ 4 ' 60.0
12 | .78 | 8.5 e | 8.1 '1.66 )4¢t.0 127.4
13 | .82 | 9.3 .76 8. . l — LOL‘I DATA]-— 22.1
14 .85 110.3 . 751 8.0 ' 17.2
st .85 110.0 .72 | 7.8 r 16.1
« | .85 |10.0 71 ] 7.4 16.1
- 1 .83 ] 9.5 j -75 | 8.0 | 16.1 ]
1s | .78 . .89 "11.0 L | - 15.0
o | .77 .3 82 9.3 93— }12.3
~n .78 | 8.5 .80 8.8 .92 12.0
v 1 .83 9.5 .81 9.0 .98 v14.2
22 | -84 | 9.8 -81 9.0 .92 J12.0 }
- 1 .83 | 9.6 l .81 9. .90 J11.2 ’
57, .83 9.6 I .81 9.0 .90 11.2
s | .83 9.6 l .82 9.3 .98  f14.2
26 | .83 9.6 I .82 9.3 .99 14.6 (
27 | .82 9.3 4 .82 9.3 .99 | 14.6
23 1 _8n 1 8.8 .81 3.0 1.00 |15:0 !—
29 | a1 9.1 I .82 9.3 1.01 }15.6 ;
10 |_.82 9.3 l .80 8.8 1.01 }15.6 |
- | 1.22 | 31.0 1.05E | 17.8 ,
TAL 291.0 | 577, 290.0 | 575.0 296.0 | 587.1 714.011416,2!
Ve 9.7 | 19.2 9.3 | 19.0 23.0 | 45.1 24.0] 47.2i
ra 4.83

4.94
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1983

STATION: W. Aravaipa STREAMFLOW TABULATION WY :
Month: ctober November December January
Stace OC?_’AF [ Stage| CFS AF Stage | Crs AF Stage ? AT
| 1.01 | 15.6 1.03 16.6 1.79 | 22.4 .14 } 237 B
Z 1.01 | 15.6 03 1 16,6 1.21 | 29.3 L1d | 535 |
3 1.00 | 15.0 1.02 16.1 1.13 | 72,9 | 1.14 § 23.7 f
H .99 14.6 1.01 15 4 1.11 | 21.3 ‘ 1.14 | 23.7 3 )
5 1 99l 14.6 99 | 14 e Lo | 205 | 1.13 | 22.9 |
3 99 1 14.6 1.01 15.6 1.09 | 20.0 L130122.9 i
T .98 | 14.2 1.03 | 4 4 1.08 | 19.4 13 | 22.9 3
.98 14.2 1.03 16.6 1.07 118.8 1.13 § 22.9 !
.99 14.6 1.06 | 7.9 1.08 { 19.4 1.12 | 22.1
A lo.98 | 4.2 1.05° 5} (7.8 1.35 | 49.9 1.12 | 22.1 ’
1 97 | 13.9 LT M 1.36 |50.9 L1 | 213 f
2 | .94 | 12.7 1.02 | 16.1 1.19 |27.7 1.10 § 20.5 L
3 .91 11.6 1,017 | 15.6 1.15 | 24.5 1.10 | 20.5 : :
Ll 9% | 129 101 | o156 1.15 124.5 1.10_} 20,5 B
s 1293 | 12.3 r.o1 | 1s.6 1.15 | 24.5 1.10 §20,5 B
. .96 13.5 1.03 | 16.6 1.15 24.5 1.10 §20.5 f !
- | .98 14.2 ; T.14 | 23.7 1.14 [23.7 1.17 [ 26.1 [ 1
3 .98 14.2 1.20 28.5 1.14 123.7 1.12 22,1 , 1
» L .99 | 1,0 1.08 | 104 11612307 it 1713 I
v b .99 | 14.8 1.06 | 18.3 1.14 }23.7 1.25  134.8 |2
‘ .99 | 14,6 1.06 | 18.3 1.13 122.9 1.17 26,1 2
},’ 1.00 15.0 1.05 17.8 1.14 [23.7 1.14 23.7 ’_2_
{ 1.00 15.0 1.06 | 17.9 1.22 I31.0 1.13  122.9 , 2:
.99 | 14.6 1.05 | 17.8 1.29 139.7 1.13  §22.9 |,
.00 | 15.0 1.06 | 18.3 1.17 126.1 113 22.9 | 2
1.00 15.0 1.08 19.4 1.14 13,7 1.12 §22.1 ’ i:
1.00 15.0 1.07 18.8 1.13 [22.9 1.11 1213 | a
1.01 | 156 f1.08 194 1.12 122.1 1.26 136.0 !;
1.01 | 15.6 ul.OS 19.4 1.13 122.9 1.56 1104.0 | 2
1.01 15.6 '1.16 25.3 114 P37 = LOST IDATA - l 3¢
1.02 | 16.1 E 1.14 23,7 - " £
Ll 339.0 89T 0f 546.0 | 1083.0 798,0 | 1582.0 761.0 11509.4 !
| b 146 | 29.0 18.1 36.0 26.0 5.0l 26.21 52,0
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STATION:W. Aravaipa

STREAMFLOW TABULATION

Month: February M April May
Scage{ CFC TA:' Stage| CFS AF Stage | Crs. AF fS_tase CFSI AF }
i -~LOST {DATA-- 1.18 26.9 1.36 | §2.9 1.16 }25.3 J i
2 1.19 | 27.7 1.32 | 44.3 .21 29.8 |
3 1.25 | 34.8 1.34 | 47.¢ 1.18 {26.9 t
4 1,92 | == 1,32 14493 1.21 129.8 |
y 2.66_| —- 1.30 |41.0 1.17 |26.1 %
. 2.00 | — 1.29 |39 7 1.06 |18.3 P
’ 1.63 132.00 1.31 {42t 1.13 - §22.9 l .
1.45 69.8 1.30 t 4.0 1.17 |26.1 i ¢
1.30 | Yi.0 ‘Hi.m 25.3 K
) 1.31 | 4Yz2.¢ 1.14 123.7 ’ :
1.29 1 34,7 yl.is 24.5 t
: 1.33 | 4¢.0 .15 §24.5 1
: 135 1 99.¢ ll.lé 25.3 1
1.30 | 410 l1.17 26.1 1
1.30 |40 '1.20 28.5 1
1.31 {420 II.ZO 28.5 1
j 1.31 | dz.( gr.15 J24.5 [ 1:
1.24E | 33.5 1.32 144,3 {1.14 23.7 18
1.21 | 5q ¢ #iaz 4473 I.11 }21.3 1
1.19 | 27,7 1.31 ) 4. 1.15 }24.5 25
1.20 28.5 1.28 | 3.5 1.15 }24.5 21
1.19 | 27.7 2.75 | - 1.27 | 372 1.12 b1 2z
1.19 27.7 2.18 | —- 1.24 | 33,5 1.06 }18.3 2z
1.19- | 27.7 3.01 | —- 1.22 | 3i0 1.06 |18.3 12
1.19 27.7 1.99 -~ 1.23 | 32.L 1.12 22v.1 22
1.19 | 27.7 2.32 | —- 1.22 | 3/.0 1.06 f18.3 26
1.18 | 26.9 E 1.84 | 266.0 1.22 1 3i.0 1.05 h7.8 | 2>
1.18 | 26.9 ! 1.61 | 122.7 1.21 | 29.% 1.02 f16.1 ll;
ﬂ 1.51 85.6 1.22 | 3/.0 1.11  ]21.3 f’“f
[1.47 74.6 115 | 24.9 1.15  pa.s | 3ci
! [ 1.46 | 72.2 116 iZS'.s | n!
T 3IT.8 | 618.3 1482.8 | 2942.0 1188.0]2356.4 734.2 1 1486.3'
| | 28.3 56.—2{ 76.11 147.0 39.61 78.5 2330 met
e 8.35
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n

STATION: W. Aravaipa STREAMPLOW TABULATION WY: 1983
Month: J =l August September

sga,_qef CFC AT Stage| CFS AF Stage | Crs AF ’S_::.ge ces ' AF i
1.19 | 27.7 - | |
1.16 25.3 i
> | 1.15 24.5 ;
1.14 23.7 ‘
|
i
y
i
?

1.16 | 2
1.14 | 23.7 ‘
1.12 22.1 z
,
1.14 | 23.7 | °
1.13 | 22.9 o ﬁ i B
1.19 | 27.7 “ W —-108T DATA-= -4L0ST pafra-~ " =4L0ST DATA-- !
.14 | 23.7 N | B L.
1.16_ | 20.5 LT l , 1
1.01 — ' 1:
1.03 | 16.6 I 1:
1.09 | 20.0 l ' 16
T T30 g i 7
1.03 16.6 h 1a
1.06 18.3 1%
1.10 | 20.5 2%
1.12 | 22.1 2n
1.09 | 20.0 _33%
11.08 | 19.4 33%
1.13 | 22.9 | - 22}
114 | 23.7 22
111 21,3 | 2
-
1.05; 17.8 —
.88 | 10.8 !53
.86 | 10.3 | 2*
L3¢ | 10.8 l 3C
| |-
5IT. 9 12137 ‘ !
b 2004 | 40.4 l i

USAV-00005828



STATION: W. Aravaipa STREAMFLOW TABULATION WY:_ ]9g4

Month: February M April av._
Stase| CFC [ AT Stage | CFS | AF | sStage | crs | aF |lscage | oc AF |
1.61E} 34.7 |

2 1.60 | 33.6 f

3 1.60 { 33.6 ?

4 159 g ?
1.59 | 32.8. i
1.59E ] 32.8 %
1.59E | 32.8 |
158E | 32.8 ?
158 |} 32.0 |

--LOST [DATA-- N _I{89r DATA-F ~-LOBT DATA$- 158 32.0 :
— y

1.57 }31.2

30.4

1.55 }29.6 1

1.58 }32.0 1

.
] ws
t
- L
. | . .
) w w
o ~
W
—
N
- -

571312 1¢
1

1.57 §31.2 b2

1.57 §31.2 2

! 1.57 §31.2 22

1.57 }31.2 23

1.57 §31.2 22

1.57 }31.2 28

[ 1.57 {31.2 2¢

1.57 {31.2 ! 2=

1.57 }31.2 f 28
|

H 1.57 §31.2 | 2¢

lﬁ 1.57 |31.2 | 5¢

| i 1.57_131.2 !?:
il ! 985.1 }1862.9!
! | i , 31.7 | 62.11

USAV-00005829



STATION: W. Aravaipa STREAMFLOW TABULATION wY:
Month: June RJ%_L_ August ’ September
Stasef{ CFCS AT Stage| CFS AF Stage | Crs AF fS_t:.ge ces AFL ;
! 1.56 | 30.4 1.51 | 26.4 1.63 {37.0 1.65 | 39.3 |
2 | 1.55 | 29.6 p 6o | 339 1.53 | 28.0 1.77 { s4.8 ’
5 | 1.56 {30.4 1.62 1 35.9 1.52 | 27.2 1.62 { 35.9 ]
1 | 1.55 | 29.6 a0 | 1906 1.52 | 27.2 1.61 | 34.7 |
» | 1.56 | 30.4 .36 | 18.0 1.88 | 74.2 1.58 | 32.0. i
1.56 30.4 .43 21.4 1.67 41.6 1.58 32.0 ]
'] 1.56 | 30.4 45 | 226 1.73 | 49.2 1.58 §32.0 i
1.56 30.4 1.40 19.6 1.76 1.53.4 1.58 32.0 J_
1.55 | 29.6 1.38 | 18.8 1.68 | 42.8 1.57 | 31.2 |
v 1 1.55 | 29.6 1565 45,0 1.69 | 43.9 L 1.73 | 49 !
1.54 | 28.8 1.57° | 3.2 2.09 f127.0 h 2.12 hi37.0 !
1.54 | 28.8 1§7 31.2 1.93 | 84.6 ﬂ 1.83 64.7 1
1.54 | 28.8 1.65 | 39.3 1.79 | 57.6 a 1.66 }40.5 1
1.54 | 28.8 1.70 | 46.4 1.91 | 80.2 1.63 | 37.0 1
1.54 | 28.8 1.66 | 40.5 1.83 | 64.7 1.58 §32.0 § _ 1
1.55 | 29.6 1.77 | 54.8 1.73 { 49.2 ~-1057 DATA-A 1
1.55 | 29.6 : 1.91 | 80.2 1.96 | 91.2 1.
1.55 { 29.6 2.18 | 158.0 1.85 | 68.5 15
=t 1.55 ] 29.6 2001 108 ¢ 248 == ]¢
1.55 | 29.6 180 590 1.93 | 84.6 2’
1.55 | 29.6 2.63 ] -- 1.57 | 31.2 21
1.54 | 28.8 ' l 1.88 74.2 1.60 3'3.6 2z
1.54 | 28.8 l 1.97 93.4 1.87 172.3 2:
1.54 | 28.8 l 1.70 |  45.0 1.78 | 56.2 2:
1.63 1 37.0 ' 1.55 29,6 1.59 132.8 22
1.62 | 35.9 ' 1.57] 31.2 1.65 | 39.3 1.67 41.6 2¢
1.60 | 33.6 E 1.56| 30.4 1.53 | 28.0 1.66 | 40.5 2"
1.56.1 30,4 ! 1.581 32.0 165 |39.3 1.64 138.2 ’:
1.53 | 28.0 1.90| 78.0 1.55 | 29.6 1.61 | 34.7 fzf
1.51 1 26.3 1.68]  42.8 1.55 1 29.6 1.60 §33.6 l 3¢
| b o1.56]  30.4 162 1359 1.61 f34.7 |-
N 900.0 [1785.1 1320.0 | 2618.2 1560.0{3094. 2 907.8 | 1800. 6!
| | 30.0 | 59.5 Z5.0| 87.2 52.0] 103.1 3.2 85.7)
< 2.91
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STATION: West Aravaipa STREAMFLOW TABULATION WY:
Morch: Qctober November December January
Stace C—EA'::#{ AT Stage( CFS AF Stage | Crs AF ,:S;ase Ces | AF
) 1.61E | 34.7 .36 30.4 1.62 | 35.9 1.86 } 70.¢ ' ]
NI 1.57 | 31.2 1.57 | 312 175 | sq s | |
SO LBLE G g, 4 1.58 | 32.0 1.61 | 34.7 | 170 | 45.0 i |
“ 1 1.60E | 33.6 1.57 | 31.2 170 | 5.0 | fl.es 39.3 |
5 {1.508 ] 32.8 1.57 31.2 1.64 38.2 ; 1.65 39.3-,3
& 1.57E | 31.2 1.58 32.0 1.66 40.5 | 1.65) 39.3 ! ;
7 | 1.55 | 29.6 1.59 | 32.8 6o | 43.9 165 | 39.3 | :
! 1.54 28.8 1.62 35.9 1.62El - 35.9 2.23 1177.9 l 5_
1.52 27.2 1.61 | 34.7 " o~ # 2.30 {208.0 ;
a | 1.50 | 25.6 1,611 34.7] / “ 1.93 | 84 ¢ !
1 | 1.69 | 25.0 32.0 r " 176 | 53 |
2 1 1.51 | 26.4 26.4 1 1.70 § 45.0 f_
5 | 1.53 | 28.0 25.6 LOST | DATA 1.64) 38.2 | |
4 1.52 27:2 25.0 , 1.62} 35.9 L ‘ 1
s } 1.52 | 27.2 24.4 [ 1.63§ 37.0 | 1
« | 1.51 | 26.4 25.0 1.59 | 32.8 ’ :
- ) 1.51 | 26.4 25.0 1.59] 32.8 B
3 | 1.52 | 57, " 24.4 1.581 32.0 ! 1
s | 1.53 | 28.0 24..4 hd I.57] 31.2 1
5~ | 1.55 29.6 23.8 1.91 ) 80.2 1.56} 30.4 ; 2
|16 | 30,0 23.8 2.12 | 137.0 1.55} 29.6 2
) ! 1.56 | 30.4 25.6 1.83] ¢4 7 1.541 28.8 2
! 1.53 | 28.0 1.54] 28.8 1.73 ] 49.2 1.571 31.2 f::
1.52 | 27.2 L.a7] 23.8 1.72] 47.8 1.81} "60.9 | 2
1.53 | 28.0 1.65] - 39.3 1.64 1 38.2 1.68] 42.8 | 2
1.56 | 30.4 1.801 59,9 1.66 { 40.5 2.21} 169.3 |
1.56 | 30.4 E 1.64)  38.2 2.45 - 2.641 ~ | a
1.53 | 28.0 [ 1.64) 38.2 3.33} 2.31f ~ !;
1.52 | 27.2 H 1.63  37.0 2,93 2.04] 112.0 | o
1.54 | 28.8 l 1.62]  35.9 2.20| 165.0 2.660 - =
1.55 | 29.6 | E 1.95] 89.0 L 2.320 - B
) ! 902.7 | 1790.94 931.7] 1848.0 1017.0] 2017.2; 1640.0 j 3253 ¢f
A bogg | 577 3l e1.6l 60.01 119.d! 60.7 | 120.4i
¢ 6.79 7.28
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STATION: West Aravaipa STREAMFLOW_TABULATION WY: 1985
Month: arv March. ;Pril ' ‘I_a_\_-
T Scas.e[ c‘xffa% AT Stage| CFS AF Stage | Crs AF ,(S_:asa ces AF }
bl 203 | 109.0 1.86 | 70.4 1.70 | 45.0 1.69 } 43.9 ‘ ]
2 ligs | e Q 1.85 | 68.5 1,71 | 46.4 1.69 | 43.9 |
3 12,00 | 100.0 1.83 | 64.7 1.73 | 149.2 169 1 439 |
5] 2.23 177.9 1.82 | 62.8 1.70 | 45,0 169 43.9 |
P loas ]l = 1.79 | _57.6 1.70 | 45.0 160 | 43.9 |
e ) 2,45 = 1.79 | 57.6 1.70 45.0 1.67 41.6 i
7 in 2 1,781 36,2 1.70 | 45.0 1.67 41.6 f
: 1.78 1 ~56.2 171 46.4 1.66 40.5 ,f_
177! 54.8 171 | 46.4 1.65 39.3 !
n LOST | DATA 1 J5 | 53.4 1.71 | 46.4 i 1.64 | 38.2 t :
1 176 > L7l | 46.4 “ 164 _38.2 !
2 178] 56.2 1.72 1 47.8 +6$ 37.0 1
3 \ 4 1,76 53.4 1.72 47 .8 1.64 38.2 1
. 1.83E]  64.7 1.75] 52,0 1.71 46.4 1 1.63 37.0 1
s 11821 62, 1.83] 64,7 171l 6.4 l 1,66 1 382 1
. 1 1.76 | 53.4 1.82]  62.8 1.70 | 45.0 ' 1.63 § 370 b
, 1.74 50.6 - .1.78f 56.2 1,70 45.0 1.62 35.9 | 1;
} 1.74 50.4 _ 1.77} ~ 54 .8 1.71 | 46.4 1.62 35.9 'u
) 1.76 53.4 1.775__54.8 1.68 42 .8 1.62 359 19
» 1.75 52, 1,761  53.4 1.67 41.6 1.62 359 2°
[ 1.74 so.é' 1.74  50.6 1.69 43.9 1.62 35,9 2.
! 1.76 53.4 1.794 52.0 1.69 43.9 1.63 37.0 22
| _1.85 68.3 1.73 49,2 1.69 43,9 1.62 35.9 ’ 3:
l 1.82 62.8 1.74  47.8 1.68 1 42.8 _1.62 359 } 'z;‘
' 1.78 36, 1.7 47.8 1.68 42.8 g 1.61 34.7 ; 2y
’ 1.78 56.2 1.72] 47.8 1.71 46.4 1.61 34.7 i 2¢
’ 1.781  56.2 1.69f 43.9 1.744 _50.6 1.61 34.7 ‘ 7
’ 4_901 78.0 1.67} 41.6 1.72|  47.8 1.61 34.7 ’_”_‘
f 1,72 47.8 1.68| 42.8 1.61 34.7 | o
! ’ | 171 46.4 1,681 42.8 1.62 35.9 | 3¢
’ | l g 1.70 _ 45.0 . 1-62’ 35.3 ‘ kB
i 1 1345,3 12667.0 1683.8 |3329. 1363.1] 2703. 7} 1179.9 2340.3
’ ! 710 1403 54.31/07.7 45.41 90,11 38.0  75.4
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STATION: West Aravaipa STREAMFLOW_TABULATION WY: 1985
Month: v August ' _September
| stace] CFZ | &7 Stage| CFS [ AF [ stage | crs | AF  Jsrage | cec | o
j 1.61 | 34.7 1.51] 26.4 1.63 37.0 1.47 23.8[ Q'
pa 1.62 | 35.9 1.51) 26.4 1.73 1 49.2 1.47 | 23.8 |
3 1.62 { 35.9 1.500 95 ¢ 1.72 47.8 1.48 | 24.4 !
L 1.631 37.0 1.50] 25 ¢ L g2 | 37.0 1.49 | 25.0 |
> 1.63} 37.0 1.49] 25.0 T i 48 | 244 |
L 1.621 359 1.48] 24 .4 1.49 ] 25.01 ‘
1.621 35.9 1.48] 24.4 LOST | DATA 1.51 1 26.4 }
1621 359 1.47] 23.8 J 1 150 | 2561 }
1.621 35.9 1:450 22,6 1.47E) 23.8 1.51 | 26.4 :
A lo161] 34,7 asl 22,6 1.46 | 23.2 I 151 _26.4 | :
L | 1.61] 34,7 LAY 55 ¢ 1.71 ) 46.4 ” 153 _28.0 :
2 | 1618 347 Tad 244 150l 25.6 . 28.0 1
3 ol 146 23.2 1.49 | 25.0 +1.51 26.4 1
A : _1.46 23,2 1.491 25,0 1.50} 25,6 1.
: 1.45] 2206 1.491 250 ' 1.51 1 26.4 | 1:
: LOST | DATA 1.46 23.2 1.49 25.0 I 1.50 25.6 ‘ 1¢
g 1.46] 23 1.49] 25.0 g 1.50] 25.6 | 17
} 1.47) 23.8 4 1.51)  26.4 IF 1.66f 40.5 12
) 1.48 '2444 1.56 30.4 1.56 30.4 19
\ 1.500 256 1.77}  54.8 1.52} 27.2 27
J 1.49 25.0 1.59 32.8 1.50 25.6 Z1
! M 1.54)  28.8 1.53]  28.0 1.50f 25.6 ’-2_
{1,528 27.2 1.51]  26.4 1511 26.4 1.50} 25.6 , 2:
[ 1.52 27.2 h 1.50 25.6 1.50 25.6 1.50} ° 25.6 ’ 2%
[ 150 27.2 ' 1.49 ¢ 1.54]  28.8 1.497 25.0 22
1.52 | 27.2 ‘ 1.49 _ 25.0 1.56! 30.4 1.50] 25.6 | 2
1.52 1 27.92 E 1.30) 75,4 1 54f 28.8 1.52} 25.6 | g
! 1.52 29 o ”. 1.51 26. 1.50] 25.6 1.68)  42.8 'l__
‘ ,
j 1.52 27.2 1.50 25.4 1.49]  25.0 | 1.66} 40.5 j 2
l 1.52 | 27.2 1.49]  25.4 1.48]  24.4 ! 16 347 e
{ ! | 1o g6, 1.47] _ 23.8 f | -
! 1__645.8] 1280. 828.3 1642.7 826.2} )6, 3,7} 881.511748 4"
! 3220 sl 6. 52 309 co.i | 29.3]  58.2i
k 6.20
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STATION: west Aravailpa

STREAMFLOW TABULATION WY:_ 1986
Month: O.;_ggf_er November December January
S:a.f:e{ CFC AT Stage| CFS AF Stage | Crs AF  [Stage | CFS AF

/ 1.71 46.4 L33 29.6 1.78 | 56.2 1.54 28.8 -

2 ] 1.62 | 359 .55 1 29.6 1.67 | 41.6 1.54° | 28.8

5 | 1.62 | 35.9 1.55 1 29.6 1.62 | 35.9 1.55 | 29.6

9 11.62 | 35,9 1.54 | 28.8 1.61 | 34.7 1.56 | 30.4

5 {161 | o, 156 | 28.8 1.60 | 33 ¢ 1.57 | 31.2

& 1'61, 34 .53 9g 1.59 32.8 1.36 30.4

J 1162 | 35.9 1.52 57;;; 159 | 32.8 1.55 - | 29.6

$ 1.61 34.7 1.30 ] 25.6 1.59 }32.8 1.55 | 29.6

] 1.64 38.2 1.49 | -5 g 1.60 | 33.6 1.53 28.0 i
a1 1.74 { 's0.6 L vett 95 1.61 | 34,7 1.53 | 28,0 !
1 f 183 | g L8| i 1.62 | 35.9 153 | 28.0

12 | 1.63 | 37.0 154 28.8 1.64 | 38.2 1.52 § 27.2
3 e 3ag LT3 075 1.62 | 15 o 1.52 ] 27.2

16 | 1.59 | 3r8 1:50 | 0. 1.63 | 37.0 1.51 | 26.4

s p 157 312 1.52] 27.2 1.62 | 35.9 1.50 } 26.4

& } 1.60 | 33.6 1.54f 28.8 1.61 | 34.7 1.50 } 25.6

124 1.68 42.8 . 2,551 29,6 1.60 | 33.6 1.49 25.0

13 | 1.60 | 33.6 1.55 29.6 1.59 } 32.8 1.48 | 24.4

1o | 1.57 ] 31.2 1.56) a0, 159 | 32.8 147y

-n | 1.56 30.4 1.57 31'2T 1.57 | 31.2 1.47 23.8

| 1.54 28.81 1.58] 32.0 1,57 ] 31.2 1.48 | 24.4

22 | 1.54 28.8 ' I 1.57) 312 1.56 | 30.4 1.49 | 25.0

2i v 1,55 29.6 l 1.57 31,2 1.55 | 29.6 1.50 25.6 !
2. 1 _1.55 29.6 ' 1.58 32.0 1.53 | 28.0 1.51 | 26.4 f
o5 | 1,55 29.6 ‘ 1.80] 59, 1.53 | 28.0 1.51 | 26.4

26 | 1.56 30.4 2.26]  19q g 1.52 | 27.2 1.51 | 26.4 i
27 1.57 31.2 i 1.84  66.6 1.52 | 27.2 1.51 26.4

23 4 1.574 a5 5 1.66) 40,5 1.52 | 27,2 1.52 | 27.2 ’;
9 | 1.58 32.0 i 1.6l 34,7 1.53 | 28.0 1.51 | 26.4 |
10 ] 1,58 32.0 '7 2.14 137.0 1.53 | 28.0 1.51 | 26.4 |
| 1.57 31,2 l 1.53 | 28.0 1.52 | 27.2 B
AL 1089.3 [ 2160. TIT5 8| 251T.5 1049.5 20813 840,01 1666. 1
IE. I 35.1 69{%' 40.5] 80.3 33.8] 67.1 27.0  53.7;
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STATION:_west aravalpa STREAMFLOW_TABULATION WY: 1986
\onth: Februarv March _aaril ' Mav_
S:a_r.e[ CFZ T AT Stage [ CFs AF Stage | Crs AF ,'S_:ase ces AT

i y1.62 35.9 Sl 1.23 | 136.3 L.16] 57 4 |

2 l1.60 | s L7 | 312 1.23 | 163 LIS] 26.s

3 1158 4 .90 1-56 | 304 122 | 3.0 1.15] 26.5

4 11.58 32.0 1.56 | 30.4 1.21 ] 32.1 11al 25.6

5 .58 32.0 1.55 | 29.¢4 1.21 | 32.1 1.15) 26.4

£ 1 1.57 31,2 .55 | 296 1.19 | 29.3 1.15] 26.4

7 _11.66 405 1.53 | 25.0 1.20] 30.0 1.15) 26.4

3 1.66 40.3 1331 28.0 1.18 | 28.6 1.15] 26.4 »
3 | 2.45 - 1.52'] 27.2 L 1al 28.6 1.14] 25.6 f
in | 1.94 86.8 154l oaa 1.18] 2 ¢ 1.13) 24.9 !
1 { 1.74 506 2,65 ° 1171 27.8 o) 242 |
12 | 1.67 41.6 261] - 1.16] 27.1 1] 235

13 1 1,64 38.2 - :2.51 - 1.161 271 1.11} 23.5

%1.' 1.63 37.0) vy L.16] 575 110} 22.7

g 1. 62 35-9[ 2.a0f - | 116l 27.1 1.10f 22.7

5 ) 1.99 97.3 1.87] .72.3} —r 1.16]  27.1 .09} 22.4

= 1.86 70.4 3.03 - 1.15}) 26.4 .09 22.4 |
138 | 1 69 43.9 3,038 T 116f—27.1 1.09f 22.4

1o | 164 | 38.2 2.648] - 116l 271 i8] 221

cn } 1.62 35.9 1.16] 27.1 1.07¢ 21.7 ;
2 1 160 ! 33.6 1.16) 27,1 1.070 21.7

22 1 1.58 1 32.0 LOST | DATA 1.17{  27.8 1.0 22.1 )
o 1.58 32,0 l 1.170  27.8 1.0 22,1

2 | 1.58 32,0 l .31 55.0 1.7l 27.8 1.07} - 21.7 |
23 V_1.57 31.2 l 1.24 46,8 1.17  27.8 1.07]  21.7
26 | 1.58 32.0 ' 1.27)  44.7 1.17)  27.8 1 o 21.7 f
i7 1.57 31.2 _% 1.24 38.4 1.17} 27.8 1.08 21.7 ! ’
23 | 1570 31.2 1.24] 384 1.16] 27.1 1,00 21.7 !_1
79 i 1.24]  38.4 1.16]  27.1 1.0 21.4 ;
10 1.24 38.4 1.16]  27.1 1.07) 21,7 I :
1 ! 1,24/ 38.4 1.08} 22.1 " .
AL 1106.0]2194.0 705.2]1399.0 862.3|1710.3 728.8] 1445.5
/. | 40.9[ 8T. 37.1| 74.0 28.7] 57.0 73.5| 46.5
ak 6.22
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STATION:_West aravaipa STREAMFLOW_TABULATION WY: 1986 ‘
Month: June July August : _S(ﬁmber
Stase| CFC T-A:‘ Stage | CFS AF } Stage crs | AF Istage | s AT

) 1.07 21.7 1.07 21.7 1.05 21.0 1.57 | 241 ‘,
2 1.06 t 21.4 1.07 21.7 113 24.9 T N
R 1.05 21.0 1.10 22.7 1.14 | 25 ¢ ’ \
9 1 1051 21.0 113 | 24.9 L oo | 22.4 LOST | DaTA
5 1.05 21, L1l 23.5 1.08 | 221 } - j
L 1.04 20.7 1.09 22.4 1.10 | 22.7 i V.
N 1.04 20.7 1,09. 22..4 1.13 | 24 9 1.11E | 23.5
3 1.051 21.0 112 | 24.2 1.10 }.22.7 1,13 1 24.9
3 1.05 | 1.0 112 ) 24.2 1.11 | 23.5 1.16 | 27,1 |
‘n 1.06 | 21.4 16945107 110 24,2 .15 | 26.4 !
1| 1,061 2174 1.06 | 21.4 1.1 23,5 | 1.15 | 26.4
12 | 1.05} 21.0 104 ] 207 112 | 240 115 ] 26.4
13 1.05 2i.o . l'OZ 20.7 ‘# 1,091 99 1.14 § 25.6
" 1.05) 21.0 A 4 ) 127 447 114t 25.6
,'i 1.051 21.0 : I 1.16 | 57 4 1.15 | 26.4 |
e 1.05{ 21.0 ' l 1.12] 24.2 l 134 24.9
'e 1.06{ 21.4 j LOST | DATA j 1.17} 27.8 11§ 23.5
18 1.06] 21.4 | 1.11 }—23.5 1.11 | 52 <
1o 1.04 20.7 169 224 1.I1} 94 =
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APPENDIX 3

List of Threatened and Endangered Species Occuring at Aravaipa Canyon

Species State Federal
FISH
Loach Minnow Listed Listed
Tiaroga cobitis Group 3 Threatened
Spikedace Listed Listed
Meda fulgida Group 3 Threatened
Gila Roundtail Chub Listed Candidate
Gila robusta grahami Group 3 Category 2
REPTILES
Desert Tortoise : Listed . Candidate
Gopherus agassizii Group 3 Cagegory 2
Gila Monster Candidate
Heloderma suspectum Category 2
BIRDS
Osprey Listed

Pandion haliaetus carolinensis Group 3

Bald Eagle "~ Listed Listed

—— Haltaetus leucocephalus— ———Group—2——————————Endangered

Subspecies H.1. leucocephalus

Black Hawk Listed
Buteogallus a. anthracinus Group 3
Swainson's Hawk Candidate
Buteo swainsoni Category 2
Ferruginous Hawk Candidate
Buteo regalis Category 2
Peregrine Falcon Listed Listed
Falco peregrinus Group 3 Endangered
Crested Caracara Listed
Polyborus plancus auduboni Group 4
Western Yellow-billed Cuckoo Candidate
Coccyzus americanus occidentalis Category 2
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Northern Beardless Tyrannulet
Camptostoma imberbe ridgewayi

Buff-breasted Flycatcher
Empidonax fulvifrons pygmaeus

Rose-throated Becard
Pachyramphus aglaiae richmondi

American Redstart
Setophaga ruticilla

Snowy Egret
Egretta thula brewsteri

Black=~crowned Night Heron
Nycticorax n. noactle

MAMMALS

Desert Bighorn Sheep
‘Ovis canadensis mexicanus

Listed
Group 3

Listed
Group 3

Listed
Group 3

Listed
Group 3

Listed
Group 4

Listed
Group 4

Listed
Group 3
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APPENDIX 4

EVALUATION OF THE INSTREAM FLOW REQUIREMENTS OF THE
NATIVE FISHES OF ARAVAIPA CREER, ARIZONA

' BY THE INCREMENTAL METHODOLOGY

Submitted to the

U.S. Fish and Wildlife Service
Office of Biological Services
P.0. Box 1306
Albuquerque, New Mexico 87103

by

Paul R. Turner and Robert J. Tafanelii
D t i

New Mexico State University
Las Cruces, New Mexico 88003

June 22, 1983
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ABSTRACT

A study of the instream flow requirements of the native fishes of
Aravaipa Creek in southeast-central Arizcna was done in 1980-198! using
the Incremental Methodology. An IFG4 hydraulic simulation of the
changes in physical habitat was completed for a typical stream reach
located about 3/4 mile upstream from the eastern boundary of Aravaipa
Canyon Primitive Area. For this simulation, field measurements of
stream parameters (e.g. water deﬁih and velocity, bottom substrate)
were made at discharges of 11.1, 16.5 and 24.4 ft.3/sec. and used to
simulate stream conditions for discharges from 5 to 40 ft.3/sec.

Probability-of-use curves were developed for two endemic, riffle-
dwelling cyprinids, Meda fulgida and Tiaroga cobitis, from frequency-
of—capture data on water depths and velocities which were collected by

electrofishing in Aravaipa Creek and the Gila River, New Mexico during
the summer and fall. This analysis revealed that adult Meda were most
commonly collected at water velocities of 1.3 to 2.7 £ft./sec. and were
rarely found in areas with velocities less than 0.6 ft./sec. or greater
than 3.0 ft./sec. Meda apparently preferred water depths of 0. 60 to
0.75 feet and were not collected at depths less than 0.2 feet or greater
than 1.2 feet. Although adult Tiaroga were collected at velocities from
0 to 3.6 ft./sec., they preferred a velocity of about 2.0 ft./sec. Adult
Tiaroga were collected at depths of 0.1 to 1.0 feet, but were founé most

——_““*‘“cummvniy—at—eré—to—evﬁ—éee%T——Adul;_ueda_apparenzly_ngfgzzgd bottom sub-—

strates of sand and gravel, whereas adult Tiaroga preferred areas with
gravel and cobble substrate.

Based on changes in Weighted Usable Area (WUA) at the study site,
a discharge of 20 ft.3/sec. provided the most available habitat for adult
Meda and Tiaroga. WUA decreased rapidly at discharges less than 10
ft.3/sec. for both species. A minimum discharge of 13 ft.3/sec. at the
BLM's East Aravaipa gaging statiom would be an acceptable minimum flow

for adult Meda and Tiaroga during low-flow periods in the summer and

fall. Stream flow dropped below this recommended ninimum discharge
during much of the summer of the 1982 water year. Thus, any additional
water removals from the drainage upstream from the Aravaipa Canyon

Primitive Area would reduce preferred habitats for adult Meda and

Tiaroga in Aravaipa Creek during low-water years.

ii
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INTRODUCTION

Background

Funds for this sfudy were made available to the senior author in
1980 after a Phase Il Instream Flow Study of Arizona streams by the
Ariiona Game and Fish Department (AGFL) was terminated by a joint
agreement between the U.S. Fish and Wildlife Service and AGFD. At the
time the Arizona Phase II study was terminated with AGFD, New Mexico
Sta{é University (NMSU) had just completed a Phase I1 Instream Fl&ﬁ
Stu{y of three Neé Mexico rivers (Turmer et al. 1980). Because the two
graduate students who had performed the New Mexico Phase I1 Study were
still available, the senior autho; agreed to use the remaining unspent
Arizona Phase II funds ($13,125.06 of $35,000.00 initially allocated to
AGFD) for instream flow work on Arizona waters. This research was
authorized as a modification to the original New Mexico instream flow
study with the New Mexico Department of Game and Fish continuing as an

administrative coordinator of the‘contract.

Selection of Study Sites

The streams originally selected for instream flow studies by AGFD
included Aravaipa Creek, Black River at Buffalo Crossing in the Apache-
Sitgreaves National Forest, and West Clear Creek, a tributary of the
Verde River. All previous surveying work at the original AGFD study
sites on the three streams had been destroyed by severe floods duriﬁg
the 1979 water year. Thus, our instream flow study in Arizona was
essentially startihg over as far as fieldwork was concerned. After an
on-site evaluation of Aravaipa Creek in February 1980, we decided to

retain this stream as a study site. At this time, Aravaipa Creek was
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considered a high priority stream by the AGFD because it was one of very
few Arizona streams which still supported an essentially ummodified repre-
sentation of the native Gila River ichthyofauna (Minckley 1973). 1In
addition, the Safford District Office of the Bureau of Land Management
(Safford-ELM) was managing the Aravaipa Canyon as a Primitive Area and
had just completed the Aravaipa Canyon Wildernmess Final Environmental
Statement.

We had been advised by ACFD personnel to eliminate West Clear Creek
as a potential study site, but were not given any specific recommenda-
tions on alternative study sites. During 1980, we contacted the Tucson
anﬁ Pinetop offices of the AGFD, Safford District Office of the BIM, and
the Apache-Sitgreaves National Forest about potential study sites in
eastern Arizona. The BLM at Safford was especially helpful and provided
a helicopter and pilot for an aerial reconnaisance of several potential
study sites in their district including: Bonita Creek, Eagle Creek and
the Gila River. We made on-site evaluations of Eagle Creek upstrean'

from the water pumping station and of the following streams on the

Auaghg:si;gxgaygs_Nazignal_EQresz;-Black_Riuex_az_Buffalo_C:ossing,

West and East Forks of the Black River, Blue River and Campbell Blue
Creek. Because of the lack of any impending changes in the instream
flow regime of these streams and limited funding, we decided to concen=-
traie our efforts on Aravaipa Creek; the poor accessibility of the‘Gila
River "box" upstream from Safford and the highly modified nature of the
ichthyofauna at this potential site were the main reasons for eliminating
the Gila River from potential comsideration.

During the process of our selection of instream flow study streams

in 1980, the senior author was contacted by the Phoenix District Office
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of the BLM and Dr. Randy McNatt, U.S. Fish and Wildlife Service (USFWS)
about doing an instream flow study on the Burro Creek drainage in west-
central Arizona. After preparation of a cooperative agreement between
BLM and USFWS, a contract was awarded to the senior author to conduct an
instream flow study of the Burro Creek drainage using the CIFSG's Incre-

mental Methodology (Turner and Tafanelli 1983).

Aravaipa Creek

_With the exception of the incision of the channel in sections not
protected by bedrock and the elimination of cienegas in the floodplain
abo&e the canyon portion, Aravaipa Creek has apparently retained nuch of
its original physical character and almost all of its native flora and
fauna (Minckley 1981). Although temporary diversion dams of mounded
sand and gravel are used to irrigate several hundred acres above the
USGS gaging station near Mammoth, Arizona (USGS 1981), man's impact om
Aravaipa Creeg and its flora and fauna is minor when compared to other

streams of the Sonoran desert (Minckley 1981). In particular, intro-

duced fishes have remained rare and the native ichthyofauna is still

composed of five cyprinids: spikedace (Meda fulgida), loach minnow

(Tiaroga cobitis), roundtail chub (Gila robusta ggahami), longfin dace

‘ Q_gosia chrysogaster), speckled dace (Rhinichthys osculus); and two

catostomids: Somora sucker (Catostomus insignis) and desert sucker

(Catostomus or Pantosteus clarki). Although all of these fishes of the

Gila River drainage have experienced reductions in their distribution
in Arizona because of reservoir construction and regular dessication in
many of the originally permanent reaches (Minckley 1973), the status of

Meda fulgida and Tiaroga cobitis have been mostvseriously impacted.
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Listing packages for these two species are currently being prepared by
the USFWS and both species are being considered for "threatened" status
under the existing guidelines of the Endangered Species Act of 1973;
Aravaipa Creek is being considered as potential "critical habitat" for
both fishes (Dr. Jim Johnson, USFWS, pers. comm.). In addition, the por-
tion of Aravaipa Creek managed by the BIM will probably be officially
designated as the Aravaipa Canyon Wilderness Area during 1983 by the

U.S. Congress and become the first BLM-managed area to receive wilder-

ness status.

»*

I will not attempt to summarize most aspects of the excellent
rep&rt on the physical, chemical and biological aspects of Aravaipa
Creek (Minckley 1981) which was based on studies started in 1964 and
intensified in 1976~1978 by Dr. W.L. Minckley and his colleagues.
Minckley's (1981) report provides a thorough review of the available
literature on the history, geology and hydrology of the Aravaipa Creek
drainage and summarizes the results of an intensive survey of its flora
and fauna in relation to their physical and chemical environment.

‘Minckley (1981) reviewed the discharge patterns in Aravaipa Creek

based on USGS data for gaging stations located near the mouth of the
drainage. He found that streamflow at the downstream gaging station
generally reached its highest levels in the winter (December-March) and
summer (July-September) with lowest discharges during April-Juné in most
years. Winter discharge minima exceeded summer minima by 2-3 times and
the frequency distribution of the mean daily discharges at the geging
station near Mammoth, Arizona exhibited a strong bimodality at 5 and 10
ft.3/sec. Minckley (1981) comsidered the 5 ft.3/sec. discharge as the

base flow of the aquifer in the summer (less irrigation uses); the
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higher mode was attributed to either periods when no irrigation was being
practiced or when local spates (small floods) were occurring in the drain-
age because of localized thunderstorms. Discharges at the downstream USGS
gaging station were less than 20 ft.3/sec. about 90% of the time. This
relatively low discharge provided "adequate stability for development

and maintenance of a diverse biota"; flooding of more than 100 ft.3/sec.
occurred-léss than 3% of the time and had no long-lasting detrimental
impacts on the native flora and fauna (Minckley 1981).

; Since Minckley's (1981) review of the discharge patterns for the
downstream gage,‘severai significant events from a hydrological stand-
point have occurred. The maximum discharge since 1931 occurred on
December 18, 1978, when a flood peaked at 16,200 ft.3/sec. at the.down-
stream gage (USGS 1981). Although the impact of this flood wés still
evident in the floodplain, the streaﬁ and its aquatic biota had appar-
ently recovered from any adverse impacts by the spring of 1980.

Of more significance to this study was the establishment in 1980 of

two new BLM gaging stations near the upstream (East Aravaipa) and down-

stream (West Aravaipa) boundaries of the current wilderness area. The
upper gaging station (East Aravaipa) now provides a daily record of the
discharge entering the canyon and should allow careful monitoring of
‘streamflow conditions. Although the East Aravaipa gaging station only
provides complete data for the 1981 and 1982 water years, the discharge
records indicate a relatively stable discharge patternm for the upper
part of the drainage (Appendix A). Mean daily discharge for the East
Aravaipa gage during the 1981 water year was 18.7 ft.3/sec. (range of
13.7 to 30.9‘ft.3/sec.) compared to a provisional mean of 20.4 ft.3/sec.

(range of 6.0 to 276 ft.3/sec.) at the USGS gaging station near Mammoth,
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Arizona (Appendix A). Discharge at the East Aravaipa gage was slightly
lower during the 1982 water year with a mean daily discharge of 14.7
ft-3/sec. (range 7.3-34.3) ft.3/sec.; mean monthly discharge ranged from
10.2-11.0 ft.3/sec. during June, July, October and November of 1982
(Appendix A). Although the East Aravaipa gaging station has only been
operational since August 1, 1980,‘3 comparison of the streamflow records
with the USGS gage near the mouth of the creek indicates considerable
differences in ihe variability and magnitude of discharge between the
.uppéi and lower parts of the drainage. Insufficient data exists to make
a thorough comparison in seasonal discharge patterms at this time, but
monitoring the discharge at BLM's_East Aravaipa gage should provide the
best indicator of instream flow conditions both above the canyon and irn
the Aravaipa Canyon Primitive Area.

Because of the previously discussed reasoms, our instream flow

study of Aravaipa Creek concentrated on the instream flow requirements,

particularly the physical habitat requirements, of the spikedace and

joach minnow. We chose Meda and Tiaroga because we considered these

species the most sensitive to instream flows and because we could
obtain more reliable information on their habitat requirements than

for other native fishes of Aravaipa Creek.
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MATERIALS AND METHODS

Study Site (T.6S., R.1I9E., NE%, Sec. 19)

The instream flow study site was selected after either walking or
driving along the flowing portions of Aravaipa Creek upstream from the
mouth of Turkey Creek. The study site, located about 3/4 mile upstream
from Turkey Creek, was a 358-foot reach (T.6S., R.19E., NEX, Sec. 19) of
the creek in the George Whittell Wildlife Preserve which is owned and
managed by the Defenders of Wildlife. Preliminary electrofishing efforts
on Méy 14, 1980 at the proposed site, prior to surveying and placement
of transects, yielded all seven of the native fishes found in Aravalpa
Creek (Minckley 1973). We found both adult and juvenile roundtail chub .
in the small pool at the downstreém portion (Transect 1) of the study
gite. Adult spikedace and adult loach minnows were found in the run and
riffle habitaf types characterized by Transects 2-6. Although other
native fishes were also observed at the study site, no attempts were

made to quantify our fish collections. Our sampling efforts for fish

were specifically designed to obtain quantitative data on the physical
habitats used by spikedace, loach minnow and roundtail chub in and

adjacent to the study site.

Except for the pool at Tramsect 1 where depths reached nearly 2 feet,
water depths throughout the ;tudy site rarely exceeded 1.1 ft. Bottom
substrate was dominated by sand and gravel at all transects, but small
amounts of cobble were present at Transects 2-4 and 6. Channel width at
the time of field measurements ranged from 16 to 26 ft. except for the
run at Transect 2 which was only 10 to 14 ft. wide. Mean coluﬁn veloci-

ties generally ranged from 1.0 to 3.0 ft./sec. in the middle of the
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stream channel except for Transect 2 and for our measurements at the
highest discharge (24.4 ft.3/sec. an March 4, 1981). Maximum mean col-
umn velocity during our field measurements was 4.6 ft./sec. at Transect
2.

The south bank of the creek at the study site was at the southern
edge of the floodplain and was heavily wooded with deciduous specles of

the Mixed Broadleaf Community which includes cottonwood (Populus fremontii),

willow (Salix spp.), sycamore (Platanus wrightii), velvet ash (Fraxinus

pennéylvanica velutina), box elder (Acer negundo) and walnut (Juglans

major) (Minckley 1981). Water cress (Rorippa Nasturtium—aquaticum) was

present along the shallower margins of the study site during the summer
of 1981, but was not apparent during May 14-15, 1980, presumably because
of a series of floods in January, February and March of 1980 (USGS 1981);
The north bank at the study site was considerably less steep and was

less heavily vegetated by woody riparian species than the south bank.

Field Methods

Hyd:aulic_Simulazinn;__Igchnigngg for placement of transects and

collection of physical data on water depths, velocities and bottom sub-
strate followed Bovee and Milhous (1978). Mean column water velocity
was measured for each vertical during each sampling period with a pygmy
flow meter which was attached to a top-setting wading rod. The wading
rod was also used at each vertical to determine water depth to the near-
est 0.1 foot.

The initial surveying and placement of the stakes for the ttanseﬁts
and bench marks were accomplished on May 14-16, 1980. Because of obvious

streambed movements over the winter, we took three additional sets of
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field measurements at the study site on March 4, July 21 and August 26,

1981.

Collection of Habitat Data on Fish., Most fish were collected by

dip nets after being immoSilized by DC current produced by a Smith-Root,
Inc., Type VI or Type VII (backpack) Electrofisher. Sufficient amperage
was used to produce galvanonarcosis and special attempts were made to
minimize sampling bias by following the recommendations given by Bovee
and Cochnauer (1977). Electrofishing efforts generally proceeded either
upst;eam or laterally to the current in stream sections suspected of
supggrting populations of the target species. In areas which were con-
sidered likely habitat for loach minnows, a small seine (1/4- or 3/16-
inch mesh) was held in place a few feet downstream and then the area
immediately upstream was electrofished. Because adult Tiaroga were
carried along the bottom downstream to the seine by the current, it was
necessary to either carefully note their original location when shocked
or sample discrete sections with homogenous habitat characteristics.

The original location of each target specles was marked by dropping

color-coded markers at the site where the fish was first observed. The
markers consisted of 3-inch sections of 1/2-inch wooden dowel rods which
had been painted various colors and tied by njlon twine to a 3-inch pilece
of iron rebar. The twine was carefully rolled around the dowel rod and
the weight of the rebar caused it to unroll immediately afiter being
dropped. Because we only had sufficient color combinations to identify
six different fish groups, it was possible to mark the locations for
adults and juveniles of only three species. During most sampling runs,

a single person was responsible for dropping the location markers which

were carried in the various compartments of a carpenter's apron.

-9
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In Aravaipa Creek, we restricted the placement of location markers
to spikedace, loach minnows and roundtail chubs. Fiéh habitat data from
Aravaipa Creek were only collected from between the first upstream and

first downstream stream crossings immediately above and below the

—\ .,r'.l
ﬁz’ {

- 2

on spikedace and loach minnows in the Gila River in New Mexico, some ¢2

instream flow study site. Although we concentrated our sampling efforts

habitat data was obtained for roundtail chubs, Sonora suckers and desert )
suckers; all of our sampling was done downstream from the Highway 1390 —
brid%e.

Z‘After a sampling run was completed, the crew would determine water
depgh and mean column water velocity with a top-setting wading rod and a
pygmy flow meter at the site of the iron rebar aﬁchor of the location
marker. Bottom substrate within a 6-inch radius of the iron rebar was
categorized to the nearest 10Z into categories of the Modified Wentworth
Particle Size Scale described by Bovee and Cochnauer (1977). When pre-

sent, instream cover within 1 foot of a location marker and the presence

of overhead cover (e.g. riparian vegetation) was noted.

Data Analysis

Bydraulic Simulation. The IFG4 analysis was done by Tim Hardin, a

former CIFSG employee, using the computer facilities ;t Oregon S;ate
University in Corvallis, Oregon: The CIFSG computer programs used in
this analysis wefe described by Milhous et al. (1981). Because of
streambed movements between our March 4 and August 26, 1981, sampling
dates, it was necessary to eliminate the data from the two upstream
transects and make the IFG4 simulation with only four .transects. The

computer output includes the input data used in the computer analysis

-10-
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and contains a plot of the bottom profile across each tramsect. Mr.
Hardin made some minor adjustments in the input data to improve the IFG4
simulation; both the unmodified and adjusted input data are provided in

the computer output.

Probabilitv-of-use Curves. The habitat data that was collected

from Aravaipa Creek and the Gila River, New Mexico was sent to the CIFSG
in Fort Collins, Colorado for preliminary evaluation. Our data was coded
intq the computer and analyzed by a CIFSG computer program designed to
evaiuate probability-of-use data. The input data and computer output of
thié analysis 1s contained in the followiug appendices: Appendix B for
Sonora sucker, desert sucker and roundtail chub; Appendix C for spike-
dace; and Appendix D for loach minnow. A written summary of this com=
puter analysis by Ken Bovee, CIFSG, is contained in Appendix E.

We prepared probability-of-use curves for water velocity and water
depth from the computer-drawn marginals for spikedace and loach minnow.

For comparative‘purposes, probability-of-use curves were also prepared

by frequency analysis (Bovee and Cochnauer 1977) of the raw habitat data

for velocity and depth. For our analysis, the probability-of-use weight-
ing factors were taken directly from the frequency-of-capture data which
were clustered in different increments to produce weighting factors which
had the least variance between adjacent clusters (Bovee and Cochauer
1977). The frequency-of-capture data from Aravaipa Creek and the Gila
Riveg were summarized separately, but were combined when preparing the

probability-of-use curves. In a few cases, it was necessary to sum the

Crar MV

frequency data from adjacent increments to reduce the variance of the e
larger increments which were used in the frequency analysis of either

velocity or depth. When this was done, the weighting factors were given

-11-
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the same value in both adjacent increments. In two cases where a school
of spikedace had been collected together and assigned a single depth and
velocity value, the school was counted as only a single observation in
thg frequency analysis. This method avoided excessive weighting of data
which may have been influenced by schooling behavior associated with
electrofishing efforts. Because Fhe actual availability of different
velocities and depths was unknown for most areas where fish habitat data

Aias collected, we did not attempt to deVelop true habitat preference

curves.

Weighted Usable Area

The weigh;ed usable area (WUA) for all fish species was determined
by using the CIFSG's HABTAT program (Milhous et al. 1981) with the IFG4
hydraulic simulation of the instream flow stﬁdy site. For adult Meda
and Tiaroga, the different sets of weighting factors developed from the

computer-drawn curves and from our frequency analysis of the habitat

data were both used in separate HABTAT runs to evaluate the impact of

varying the probabiuty-of-usE—wEtght:tng—fac1:ors—on—weigh%ed»asab%e—a;ea_—__—__w_w~

over a range of discharges. The weighting factors used for the HABTAT
analysis fof Sonora sucker, desert sucker and roundtail chub were taken
directly from the probability-of-use curves developed for these species
in Burro and Francis creeks; the analysis of WUA for these three species
was done mainly to evaluate how WUA varied for species which had substan-

tially different probability-of-use curves from those of Meda and Tiaroga.
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RESULTS AND DISCUSSION

Hydraulic Simulation

Hydraulic information was obtained for the Aravaipa Creek instream
£low site at the following discharges (based on our estimate for tran-

sect 3): 14.7 ft.3/sec. on May 15, 1980; 24.4 ft.3/sec. on March 4,

3

1981; 16.5 ft.3/sec. on July 21, 1981; and 11.1 ft. sec. cn August 26,

1981. Our estimates at the instream flow station were consistently
2.533.1 ft. /sec. less than measured during 198l at the BLM gaging
station located downstream near the upstream boundary of the wilder-
nes; area. Thus, 3 ft.3/sec. was added to our recommended instream
flow values so that the BLM gaging station (East Aravaipa) could be
used to monitor streamflow.

Because of extensive streambed movements between May 15, 1980 and
March 4, 1981, we eliminated the measurements on May 15, 1980 from our

hydraulic simulation; this was not a serious problem because the flow on

July 21, 1981 was quite comparable. Although mean daily flow at the

East Aravaipa gaging station only varied from 14.0 to 30.9 ft. /sec.
between our March 4 and August 26 sampling dates in 1981, there was suf-
ficient streambed changes at 2 of our 6 tramsects to cause problems with
the assumption of no streambed movement which is required for the IFG4
hydraulic simulation. Thus, we were forced to eliminate transects S and
6 from our simulation.

Based on field observations, the sand and gravel substrates which
predominate in the stream channel upstream from the primitive area
move quite readily during even short periods of increased flow associ-

ated with afternoon thunderstorms. Based on this observation, it is
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desirable to make field measurements within a 2-4 week period when dis-
charge varies by only about 10 ft.3/sec. in order to minimize streambed
movement. In hindsight, the BLM streamflow records indicate that these
criteria were best met from May 1-13, 1981.

The IFG4 simulation was based on three sets of data with a range of
11.1 to 24.4 ft.3/sec. Using the accepted CIFSG guidelines for IFG4
simulation at 0.4 times the lowest flow to 2.5 times the highest flow
(Milhous et al. 1981), our simulation of the instream flow site on
Arav;ipa Creek should have been acceptable within a range of flows frem
4.4 to 61.0 ft.3/sec. Because flows seldom axceed 40 ft.3/sec. above
the canyon except during floods, weighted usable area was only simulated

over the range from 5 to 40 ft.3/sec.

!

Although streambed movement was a problem in this study, the IFG4 ,
|

simulation was considered preferable to a Water Surface Profile (WSP)

simulation because it allowed evaluation over a wider range of flow con-

ditions. After reviewing our results in Aravaipa Creek, it appears that

a single set of hydraulic measurements taken at 12-15 ft.3/sec. and a /

WSP simulation would have provided a sufficient range of simulated flows

/
/
to adequately evaluate habitat conditions for Meda and Tiaroga. K

Habitat Preferences of Kev Species

Probability~of-use data were collected for spikedace and loach min-
now on June 18—i9, 1981, from the Gila River, New Mexico, and on July
19, August 27-28, and November 8-10, 1981, from Aravaipa Creek, Arizona
(Appendices C and D). Limited data on Sonora and desert suckers were
obtained on March 5-6, 1981, from the Cila River, New Mexico (Appendix
B). However, the probability-of-use curves used for both suckers and

the roundtail chub were developed from data collected from Burro and
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Francis creeks, Arizona during the spring and summer of 1981 (Turner

and Tafanelli 1983).

Spikedace. Probability-of-use data on Meda fulgida were obtained

140 adults from Aravaipa Creek; é '

—

data on juvenile spikedace were restricted to 7 fish collected on August

for 54 adults from the Gila River and

27-28, 1981 in Aravaipa Creek (Appendix ).

Th;.ptobability-of-use curve derived from the computer-drawn margi-
nal prepared by the CIFSG (Appendix C, Figure 1) indicated a probability-
of-u;e for spikedace of 1.00 for velocities between 1.6 and 2.0 ft./sec.;
probability-of-use dropped to 0.10 as velocity decreased to 0.4 ft./sec.
and increased to 3.0 ft./sec. (Table 1). However, our analysis of the
velocity data (Table 2) indicated that the probability-of-use curve for
velocity should be more plateau-like with a probability-of-use of nearly
1.0 for velocities of 1.3 to 2.7 ft./sec. (Figure 1). Very few Meda
were collected at velocitiles either less than 0.6 or greater than 3.0
ft./sec (Table 2). The probebility-of-use weighting factors (Table 3)

which were used for the alternate computer analysis of available habitat

(Run 2) were determined directly from our analysis of data on capture
frequencies at different mean column velocities. Our best estimate of
tﬁe velocity preferences for spikedace is represented by the smoothed
curve drawn for these probability-of-use factors (Figure 1). 1If a
probability-of-use curve had been drawn for capture data from the Gila
River, probabilities~of-use would have been slightly greater at mean
column velocities less than 1.7 ft./sec. and lower at velocities greater
than 1.9 ft./sec. However, the limited habitat data collected for Meda
Comue F2s 7

from the Gila River had little impact on the probability-of-use curve

developed from the combined data (Figure 1, Table 3). Except for one
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Table 1. Probability-of-use weighting factors for water velocity

and depth used to determine

weighted usable area for adult

spikedace and loach minnow in Aravaipa Creek, Arizona.

These factors were based

prepared by CIFSG.

on computer-drawn marginals

Velocity Probability- Depth Probability-

Species (ft./sec.) of-use ~ (feet) . of-use
Spikedace 0.0 0.0 0.00 0.00
(Meda fulgida) 0.4 0.1 0.15 0.00

: 1.0 0.6 0.30 0. 40
1.6 1.0 0.45 0.60

. 2.0 1.0 0.60 1.00
2.4 0.6 0.75 1.00

3.2 0.0 0.90 0.45

100.0 0.0 1.05 0.10

1.20 0.00

Loach Minnow 0.0 0.2 0.00 0.00
(Tiaroga 0.8 0.6 0.10 0.00
cobitis) 1.3 1.0 0.24 0.38
1.7 1.0 0.30 0.65

24 0.7 0.36 0.85

3.2 0.2 0.4 1.0¢

4,0 0.0 0.50 1.00

100.0 0.0 0.58 0.80

0.72 0.20

0.85 0.05

1.00 "~ 0.60

100.00 0.00
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Table 2. Frequency-of-capture data for loach minnow and spikedace
collected at different water velocities in Aravaipa Creek,
Arizona and the Gila River, New Mexico.

Loach Minnow Spikedace
Velocity Aravaipa Gila Aravaipa Gila
(ft./sec.) Creek River Total Creek River Total
0.0 - 1 1 - - -
0.1 -— 3 3 - 1 1
0.2 1 5 6 - - -
0.3 - 6 6 - - -
0.4 2 4 6 - 1 1
0.5 - 7 7 -— e -
0.6 1 4 5 -— 2 2
0.7 4 5 9 1 1 - 2
0.8 1 2 3 1 2 3
6.9 2 3 5 1 2 3
1.0 1 4 5 6 1 7
1.1 9 7 16 1 -— 1
1.2 5 5 10 1 -— 1
1.3 5 - 5 7 5 12
1.4 2 2 4 6 3 9
1.5 10 3 13 4 1 5
1.6 8 4 12 6 1 7
1.7 7 1 8 5 11
1.8 10 -— 10 gb 2 8b
1.9 10 5 15 4 1 5
2.0 9 4 13 12 1 13
2.1 12 5 17 7 2 9
2.2 8 2 10 10 2 12
2.3 3 2 5 9 - 9
2.4 11 2 13 4 1 5
2.5 4 1 5 7 4 11
2.6 3 3 6 7 1 g8
2.7 3 - 3 5 1 6
2.8 4 6 10 3 -— 3
2.9 4 1 5 2 - 2
3.0 - 1 1 1 - 1
3.1 - 1 1 - - -
3.2 - 6 6 - - -
3.3 1 - 1 -_— - -
3.4 - 3 3 - - -
3.5 -— 3 3 1 - 1
3.6 - 2 2 - - -

2, school of 15 spikedace which were first observed at a location
with this velocity was counted as a single observation.

bA school of 23 spikedace which were first observed at a location
with this velocity was counted as a single observation.
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Table 3. Probability-of-use weighting factors for velocity and depth
for spikedace and loach minnow developed by frequency
analysis of capture data from Aravaipa Creek, Arizona and
Gila River, New Mexico. .

Velocity Probability-of-use Depth Probability-of-use
(ft./sec.) Meda Tiaroga (feet) Meda Tiaroga
0.0 0.00 0.20 0.00 0.00 0.00
0.2 0.04 0.36 0.15 0.00 0.06
0.5 0.12 0. 40 0.25 0.06 0.29
0.8 0.30 0.40 0.35 0.17 0.61
1.1 0.33 0.60 0.45 0.23 0.87
1.4 0.96 0.60 0.55 1.00 1.00
1.7 1.00 0.70 0.65 0.79 0.58
2.0 1.00 1.00 0.75 0.35 0.17
2.3 0.96 0.62 0.85 0.35 0.06
2.6 0.93 0.34 0.95 0.15 0.01
2.9 0.22 0.36 1.05 0.09 0.01
3.2 _ 0.04 0.18 I.15 0.06 0+00
3.5 0.04 0.18 1.25 0.02 0.00
4.0 0.00 0.00 1.50 0.00 0.00
10.0 0.00 0.00 16.00 0.00 0.00
-19-
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fish collected at a mean column velocity of 0.1 ft./sec. from the Gila
River, adult spikedace were not collected at velocities less than 0.4
ft./sec. Mean columm velocities at capture lqcations ranged from 0.85
to 3.0 ft./sec. in Aravaipa Creek, but ranged from 0.1 to 2.7 ft./sec.
in the Gila River (Appendix c).

The computer-drawn marginal for probability-of-use for depth of .
adult spikedace (Appendix c, Figufe 2) indicated that probability-of-use
was 1.00 for water depths of 0.60 to 0.75 ft. and then dropped to 0.00
vwhen depths either decreased to 0.15 ft. or jncreased to 1.20 ft. (Table
1). *Our analysis of the frequency-qf-capture data for depth (Table 4)
indicated more restrictive depth preferences for adult spikedace with
a strong preference for depths of 0.5 to 0.6 ft. (Figure 2). The
probability-of-use weighting factors which we determined from our fre-
quency analysis (Table 3) were lower at depths from 0.20 to 0.45 ft. and
from 0.60 to 1.05 ft. than the weighting factors generated from the com=
puter-drawn marginal (Table 1). Both sets of weighting factors were

e ysed—inseparate-computer runs (HABTAT program) to evaluate the sensi-

tivity of the habitat analysis to modificationms in the probability-of-
use curves.
Depths of capture for adult spikedace were slightly greater in

P Aravaipa Creek (mean of 0.65 ft., range of 0.3 to 1.2 ft.) than in the

‘ Gila River (mean of 0.52 ft., range of 0.2 to 0.8 ft.) (Table &),
Probability-of-use weighting factors (Table 3) would have been 0.04-0.15

l? greater at depths from 0.6 to 1.1 ft. if the data for spikedace from the

Gila River had been eliminated from our analysis.

3 The axes of the depth-velocity scattergram (Appendix C, Figure 3),

l are quite skewed and indicate that there is a high degree of correlation

{
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Table 4. Frequency-of-capture data for loach minnow and spikedace
collected at different depths in Aravaipa Creek, Arizona
and the Gila River, New Mexico.

Loach Minnow Spikedace _
Depth Aravaipa Gila '~ Aravaipa Gila
(feet) Creek River Total Creek River Total
0.10 - 1 1 - -— -
0.15 - 3 3 - - -
0.20 2 7 9 -— 1 1
0.25 2 9 11 - 2 2
0.30- 19 17 36 4 - 4
0.35 4 2 6 2 2 4
0.40 35 9 44 6 2 8
0. 45, 8 8 16 2 1 3
0.50 31 22 53 22 14 36
0.55 9 7 16 8 3 i1
0.60 20 13 33 24 9 33
0.65 3 4 7 3 1 4
0.70 6 4 10 12 2 14
0.75 - 2 2 1, - 1
0.80 1 3 4 15 2 17
0.85 - - - - - -
0.90 - 1 1 5 - 5
0.95 - - - 2 - 2
1.00 - 1 - 1 3 - 3
1.05 - - - 1 - 1
1.10 - - - 1 -— 1
1.15 - — - 3b - 2
1.20 - — 1 bt 1

%A school of 15 spikedace which were first observed at a location
with this depth and captured later was counted as only a single obser—
vation in the frequency analysis.

bA school of 23 spikedace wvhich were first observed at a location
with this depth and captured later was counted as only a single obser=

vation in the frequency analysis.
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between depth and velocity in the two streams. This "environmental bias"
in oﬁr data causes our curves for Meda and Tiaroga to really describe

the range of tolerances for a restficted range of envirénmental condi-
tions where both suitable velocity and depth occur together rather than
.the fish's actual preferences for these parameters (Ken Bovee, CIFSG,
pers. comm.). Becéuse we did not have time to collect the PHABSIM type
data needed to simulate the availability of microhabitats at each site
where habitat preference data was obtained, it was impossible to correct
for the envirommental bias in our preference data. The summary of habi-
tat data by Ken Bovee indicated that our curves "are as good as most

curves on FISHFIL," but the curves on Meda and Tiaroga should not be

———————

used on streams that are much different from where we collected the

habitat data (Appendix E).

—

The CIFSG was unable to get computer-drawn preference curves for

substrate for Meda and Tiaroga. A good deal of their difficulties prob-

ably resulted from the differences in how substrate information was

recorded between our June sample from the Gila River and later collec-
tions of habitat preference data from Aravaipa Creek. Our data on adult
Meda indicate an apparent preference for substrates containing smaller .
gravel sizes and sand (Appendix C, Figures 4 and 5).

Although we did not observe spawning activities, observations on
habitat preferences in Arizona watérs are quite consistent with observa-
tions made by the senior author in the Gila River and its tributaries in
New Mexico. The following information refers to habitat preferences in

Arizona waters:

Meda fulgida appears to prefer moving water less than a meter in
depth during most of the year, concentrating near the downstream

ends of riffles, or in eddies. In larger habitats, such as in the
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Salt River Canyon, spikedace have been taken only below the mouths
of creeks, and as young along the margins of large pools over muddy
bottoms. In spring, the fish often frequents fairly shallow areas,
especially over sand and finer gravels in places of swift, relativ-
ely laminar flow (Minckley 1973). '

Spawning habitat in Aravaipa Creek was described as shallow sand-
bottomed areas with moderate water velocities (Barber et al. 1970). The
presence of shallow riffles (less:than 1 ft.) with sand and fine gravel
substrate and relatively moderate, laminar flows coincided with large
aggregations of adult spikedace prior to 1979 in the East Fork of the
Gila.River just upstream from its confluence with the West Fork. How- o
ever, the elimination of this habitat type and its replacement by nar- f
rower, more rapidly-flowing runs by floods in 1978 has resulted in Meda
becoming uncommon in the lower portions of the East Fork in recent years;
In the Gila River downstream from Cliff, New Mexico, spikedace have been
observed to patrol the edges of rapidly-flowing runs within a relatively

narrow range of water depths and velocities. They also utilized eddies

on the downstream portions of runs and shallower (less than 1 ft.) rif-

fles with moderate flows where braided channels provided a variety of

habitat types.

Loach minnow. Habitat preference data were collected for 141 adults

in Aravaipa Creek and 112 adults in the Gila River. Comparable data for
14 juveniles was collected from Aravaipa Creek on August 27, 1981,

In contrast to our data on spikedace, adult loach minnows appear to
have a strong preference for a cobble and gravel substrates and avoid

substrates dominated by sand and finer gravel (Appendix D, Figures 4 and

5). The apparent requirement for cobble and large gravel substrates is

pfobably related to the tendency for Tiaroga to maintain a relatively
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stationary position on the bottom in flowing water. An irregular bottom
caused by the presence of cobble and larger gravels should create micro-
habitats near the bottom with low velocities. These microhabitats should
allow Tiaroga to maintain a stationary position with less energy expen-
diture.

The presence of cobble substrate appears to be necessary for spawn-
ing and satisfactory egg incubation in the Gila River and its tfibutaries
in New Mexico; fertilized eggs were only found attached to the underside
of flattened cobble (average dimensions of 5.3 x 7.1 inches) (Britt 1582).
This- cobble substrate apparently must provide a protected location, which
lacks periphytic growth because of the shading caused by the cobble.
Thus, it appears important that the cobble is not imbedded in finer sub-
strate particles which may eliminate shaded cavities for egg deposition.

In New Mexico, spawning sites were typically found along the head
and margins of riffles and runs at depths of 1.2 to 29.9 inches with a
mean of 5.1 inches (Britt 1982; Appendix D); bottom velocities taken

with a pygmy meter immediately downstream from the cobble spawning site

(after the cobble was carefully repositioned) averaged 0.6 ft./sec.
Eggs of loach minnows were also found attached to the underneath sides
of cobble in Aravaipa Creek in May of 1980, but the size of the cobble
was considerably smaller; the reduced abundance of larger unimbedded
cobble in Aravaipa Creek was probably a factor in the use of smaller
spawning substrate.

Minckley (1973)‘indicates that Tiaroga is "restricted to gravelly
riffles" and is "most often taken in association with beds of filamen-

tous algae such as Pithophora or Cladophora, either in the main channels

of shallow swift reaches, or along the margins of more torrential rapids”

~25-
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of small to moderately-large creeks and rivers. Because algal beds are
typically absent in the Gila River and its larger tributaries in New
Mexico, Tiaroga does not seem to require the presence of aquatic vegeta-
tion. However, it has been collected from submerged beds of vascular
macrophytes in New Mexico streams when this type of veget#tion was pre-
sent. Beds of submerged algae or macrophytes may serve the same purpose
as cobble substrate, which is to reduce bottom water velocities. In the
absence of cobble, the availability of submerged vegetation méy become a
more important habitat feature; however, it is unknown whether submerged
vegetation can provide suitable sites for attachment of the loach ﬁinnow's
adhesive eggs.

Collections of young-of-the-year loach minnows in New Mexico streams
prior to 1981 indicate that juveniles have greater preferences for smal-
ler substrate sizes (e.g. sand), shallower depths and slower velocities
than adult Tiaroga. Although our observations prior to this study were
not quantified, juvenile loach minnows have been commonly encountered

near the edges of riffles and runs and in shallow (less than 6 inches)

portions of braided riffles which have been created by temporary diver-
sion structures or dropping water after high winter and spring flows.
The 14 juvenile Tiaroga which were captured in Aravaipa Creek in 198l
were at depths of 4.0 to 8.4 inches and at mean columm velocities of 0.9
to 2.5 ft./sec. (Appendix D).

Adult loach minnows have a somewhat wider range of tolerance for
water velocity than adult spikedace, especially for lower mean column
velocities (Tables 1-3, Figure 1). When the computer-drawn marginal
(Appendix D, Figure 1) was used as a guide, probability-of-use was 1.00

between 1.3 and 1.7 ft./sec. and dropped linearly to a probability of
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0.20 at 0.0 and 3.2 ft./sec. (Table 1). When our capture frequencies
were compared, it was obvious that Tiaroga preferred slower mean.column
velocities in the Gila River than in Aravaipa Creek (Table 2). In the
Gila River, probability-of-use was essentially 1.0 at velocities of 0.1~
1.2 ft./sec. and decreased to abouf 0.5 at 1.3-3.6 ft./sec. 1In contrast,
loach minnows preferred velocitles of 1.5-2.4 ft./sec. in Aravaipa Creek
with progressively lower probabilities-of-use at velocities less than
1.5 ft./sec. and greater than 2.4 ft./sec. The major differences‘in
velocity preferences between streams could have been caused by one or
more ;f the following factors: loach minnows were collected only in-
early June in the Gila River and habitat preferences may have still been
influenced by spawning activities which continue into June in the Giia
River (Britt 1982); water trénsparency was lower in the Gila River than
in Aravaipa Creek in the summer and fall when Tiaroga were collected;

the presence of mere and larger cobble substrate in the Gila River may

have influenced the use of zlower velocities and shallower water; and

considerably more water with slower velocities wasavailabie forTiarega——————
use in ihe Gila River than in Aravaipa Creek which had a higher propor-
tion of runs and rapidly-flowing riffles in a single well-established
channel in the areas where we collected habitat data.
The use of slower velocities by Tiaroga in the Gila River suggested
a higher preference for this type of water than indicated by the cap-
ture data in Aravaipa Creek (Table 4). Thus, the frequency-of-capture
data for both streams weré combined to produce more generalized
probability-of-use weighting factors (Table 3) for use in the computer
analysis. The combination of capture data resulted in the probability-

of-use factors being considerably greater at mean column velocities less
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than 1.3 ft./sec. and slightly greater at velocities greater than 2.8
ft./sec. than would have occurred if only capture data from Aravaipa
Creek were used. The weighting factors which we developed by frequency
analysis (Table 3) indicated lower probability-of-use values for Tiaroga
betwéen 1.0 and 2.0 ft./sec. than predicted by the computer-drawn marginal
(Table 1; Appendix D, Figure 1).

Although adult Tiaroga apparently have a wider range of tolerance
for velocity than Meda, the probability-of-use curve for mean column
velocity has a much sharper peak for Tiaroga than the plateau-like curve
for Meda (Figure 1). Our habitat data for the loach minnow indicate
greater preferences for higher velocities in streams where cobble sub-
strate provides the preferred microhabitats on the bottom. In the Gila
River, adult loach minnows were not collected at mean column velocities
of 2.5~3.6 ft./sec. unless cobble subétrate was present (Appendix D).
Adult Tiaroga were rarely collected at velocities greater than 2.0

ft./sec. in Aravaipa Creek (Table 2) unless very coarse gravel or cobble

was present.

Adul£ loach minnows préferred siightly shallower water than adult
spikedace in our streams (Figure 2). Based on the computer-drawn margi-
' nal (Appendix D, Figure 2), probability-of-use was 1.00 at a depth of
0.4-0.5 feet and dropped rapidly to 0.20 when depth increased to 0.7 ft.
(Table 1). When the freguency-of-capture data were analyzed (Table 4),
we found that the probability-of-use peaked ét 0.50-0.55 ft. (Table 3,
Figure 1). When the capture data were compared between streams, the
preferences appeared similar at depths greater than 0.25 ft., but loach
minnows used water less than 0.3 ft. more in the Gila River thanm in

Aravaipa Creek (Table 4).
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Although adult Tiaroga were not collected at depths greater than
1.0 ft. during 1981 (Appendix D), they must occasionally occur at greater
depths during spawning because Britt (1982) found eggs in water as deep
as 29.9 inches. This may indicate either sampling bias or environmental
bias in our data collection in 198l; however, the preferred depths for
the species was probably accuratgly described for the summer and fall.
It is likely that habitat preferences may be somewhat different during

winter and spring and during the spawning period.

Other species. Because of time limitations and our belief that

-

Meda and Tiaroga were more sensitive to changes in instream flow, we

collected little data on habitat preferences on other species in
Aravaipa Creek. Although habitat data were obtained for 62 roundtail
chub from Aravaipa Creek, the probability-of-use curves which were pre-
pared from data collected in Burro and Francis creeks (Turner and

Tafanelli 1983) for roundtail chudb (Gila robusta robusta), Sonora sucker

(Catostomus insignis) and desert sucker (Catostomus clarki) (Table 5)

were u ow-available habitat (weighted usable area) for

these species would be influenced by changing discharge in Aravaipa Creek.
Changes in weighted usable area for these three species should be con-

sidered less reliable than for Meda and Tiaroga for the following reasons:

roundtail chub from Aravaipa Creek belong to a different subspecies (Giia

robusta grahami) which is generally found in smaller tributaries and at

higher elevations than Gila r. robusta which occurs in Burro Creek

(Minckléy 1973); Catostomus clarki may differ genetically between

Aravaipa and Burro creeks (Minckley 1973); stream habitat conditions in
upper parts of Aravaipa Creek and where we collected habitat data in the

Burro Creek drainage were quite different, thus our probability-of-use
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Table 5. Probability-of-use weighting factors for water velocity and depth
used to estimate weighted usable area for roundtail chub, Soncra
These weighting factors were based on
habitat data collected in Burro Creek, Arizona for the size ranges
indicated for each species.

sucker and desert sucker.

Velocity Probability- Depth Probability-

(ft./sec.) of-use (feet) of -use
Roundtail chub 0.00 1.00 0.00 0.00
(3~7 inches, TL) 0.30 1.00 0.08 0.00
0.50 0.50 0.15 0.30
0.70 0.25 0.20 0.40
1.30 0.15 0.30 0.80
2.00 0.10 0.40 0.90
2.50 0.00 0.50 0.97
100.00 0.00 0.60 1.00
100.00 1.00
Sonora sucker 0.00 0.9 0.00 0.00
(5-12 inches, TL) 0.05 0.96 0.10 0.00
0.20 1.00 0.30 0.15
0.40 0.95 0.50 0.30
0.50 0.34 0.60 0.50
0.60 0.25 0.64 0.85
1.00 0.12 0.80 0.98
1.60 0.09 0.90 1.00
2.00 0.07 100.00 1.00

100.00 0.00
Desert sucker 0.00 0.85 0.00 000
(3-9 inches, TL) 0.20 0.95 0.09 0.00

0.30 1.00 0.30 0.30 (

0.60 0.70 0.50 0.65
0.80 0.34 0.80 0.93
1.30 0.15 1.00 1.00
2.00 0.07 100.00 1.00

100.00 0.00
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curves were probably influenced by envirommental bias which reduce thelr
comparability between different types of streams; and sampling biases

associated with collecting fish by electrofishing probably has a greater
impact on probability-of-use curves for both suckers and roundtail chud

than for Meda and Tiaroga.

Because of the limited amount of pool habitat available in the sec-
tions of Aravaipa Creek that we sampled, we only collected roundtail
chub at depths of 0.4 to 1.5 feet. Although téég data should be con-
sidered biased because we seldom sampled water over 1.5 feet in Aravaipa
Creek, our data on depth preferences of roundtail chub compared well
with the probability-of-ﬁse curve prepared with data from Burro and
Francis creeks (Table 5). In contrast, our data suggested higher prefer-
ences for mean column water velocities greater than 0.5 ft./sec. in
Aravaipa Creek than in the Burro Creek drainage. When instream cover
was absent, roundtail chub were cellected in similar numbers at mean

colﬁmn velocities from 0.75 to 2.5 ft./sec.; when instream cover (e.g.

undercut banks, submerged logs) was present, roundtail chub were col-

lected more commonly at velocities less than 1.0 ft./sec. These data
were considered to be biased because relatively few pools or areas with
lower water velocities were sampled in Aravaipa Creek except at the shai-
low margins of riffles and rumns where depth probably limited the likeli-
hood of roundtail chub being collected. Our data do suggest a strong

preference for instream cover for Gila robusta grahami in Aravaipa Creek

during the daytime when water transparencies were high.
Because of previously discussed reasonms, estimstes of weighted
usable area (WUA) for both suckers and the roundtail chub in Aravaipa

Creek should only be used for comparative purposes to the more reliable
-31-
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WUA values obtained for Meda and‘Tiarogg. A more complete discussion of

habitat preferences of both suckers and roundtail chub was given by

Turner and Tafanelli (1983).

Weighted Usable Area Versus Discharge

Spikedace. When the weighting factors developed from the computer-
drawn preference curves were used (Run 1), weighted usable area (WUA)
was greatest for adult spikedace at discharges of 20-25 ft.3/sec., but
varied relatively little at flows of 10 to 40 ft3/sec. (Table 6). The
use of our alternate probability-of-use factors (Table 3) caused a 30~
70% reduction in WUA, but WUA still peaked at 20 ft.3/sec. (Run 2, Table
6). In both computer runs, WUA varied by less than 25X as discharge was
simulated over a range from 10 to 40 ft3/sec. WUA decreased rapidly for
both computer rumns when discharge was reduced from 10 tc 5 ft.3/secr
(Table 6). For Run 2, WUA decreased from 4400 to 900 ft.2 per 1000 feet
of stream when discharge dropped from 10 to 5 ft.3/sec. Although the

use of different probability-of-use weighting factors changed the abso-

jute amount of WUA, the peak in WUA for adult spike&EEE‘stiii—Ottﬁffeé——————_________

at 20 ft.3/sec.

Loach minnow. WUA for adult Tiaroga peaked at 15-20 ft.3/sec. for

both computer runs, out was relatively similar at discharges of 10 to 25
ft.3/sec. (Table 6). Although WUA decreased by 45% for adult loach min-
nows when discharge was reduced from 10 to 5 ft.}/sec. (Run 2), the
magnitude of this decrease was not as great as noted for adult spike-
dace. As noted with spikedace, WUA was 30 to 45% less for Tiaroga in
Run 2 than estimated in Rum 1 for the same discharges (Table 6). WA

was greater for adult Tiaroga than adult Meda at all flows from 5 to 35

ft.3/sec.
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Other Species. WUA varied by less than 10% for both Sonora and

desert suckers over the range of discharge from 7 to 25 ft.3/sec. and
then increased slowly with increasing discharge up to 40 ft.3/sec;
(Table 7). In contrast to both suckers where WUA was.lowest at 5
ft.3/sec., WA for roundtail chub was greater at 5-12 ft.3/sec. than
at higher discharges. The relative insensitivity of WUA to varying
discharge for both suckers and roundtail chub was related fo their
preference for low water velocities and tolerance for shallow depths

(Table 5).

Instream Flow Recommendations for Aravaipa Creek

Because of their apparent tolerance of a wide range of discharges
and low-flow conditions, WUA values for both suckers and the roundtail

chub were not as useful as WUA values for Meda and Tiaroga in making

instream flow recommendations for Aravaipa Creek above the Aravaipa

Canvon Primitive Area. The current distribution of the spikedace and

loach minnow is more restricted than for the other native cyprintds—and
catostomids of Aravaipa Creek and the upper portions of the Gila River
drainage. In addition, proposed water developments on the Gila and San

Francisco rivers may have serious impacts on the status of native fishes,

especially the spikedace. Listing packages for both Meda. and Tiaroga
are currently being prepared by the Office of Endangered Species, U.S.
Fish and Wildlife Service. Both species are likely to be recommended
for "threatened" status and Aravaipa Creek is being considered as
".ritical habitat" for both species (Jim Johnson, USFWS, pers. comm.).
Based on changes in WUA, it appears that a discharge of 20 ft.3/sec.

at our instream flow study site would provide the most usable habitat

‘ -4
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Table 7. Weighted usable area and percentage of gross area for

roundtail chub, Sonora sucker and desert sucker at the

Aravaipa Creek Study Site which was located on Defenders

of Wildlife property upstream from the Aravaipa Canyon
Wilderness Area,

Area in Square Feet (x1000) per 1000 Feet of Stream

Weighted Usable Area

Disgharge Gross Roundtail Sonora Desert
(ft.”/sec.) Area Chub Sucker Sucker
5 14.4 3.0 (21)* 0.8 (6% 1.6 an?
7 15.5 3.2 (20) 1.0 (6) 1.8 (12)
10 16.7 3.2 (19 1.0 (6) 1.9 (12)
12 17.2 3.1 (18) 1.1 (7) 2.0 (12)
15 19.0 2.8 (15) 1.0 (6) 2.0 (11)
20 20.4 2.2 (11) 1.0 (5) 1.9 (9
25 21.3 2.3 (11) 1.1 (5) 1.9 (9)
30 22.0 2.2 (10) 1.2 (6) 2.0 (9
35 26.1 2.1 (8) 1.4 (5) 2.1 (8)
40 27.8 2.6 (9) 1.5 (5) 2.4 (9

®Number in parentheses is the percentage of

the gross area.
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for adult spikedace and loach minnow in Aravaipa Creek during the summer
and fall. A minimum flow of 10 ft.3/5ec. would not result in much reduc-
tion in usable habitat, but lower flows would have more detrimental
impacts, especially for Meda. Streamflow data for the BLM gaging sta-
tion upstream from the wilderness area (East Aravaipa) indicates that
June and July are low-flow period§ and flows of 7.5-13.6 ft.3/sec.
occurred in those months in 1982, discharée was less than 10 ft.3/sec.

on 18 days. When using the BLM gaging station (East Aravaipa) for moni-
toring purposes, 3 ft.3/sec. should be added to our flow recommendations.
Thus, ‘an optimum flow of about 23 ft;3/sec. would be desirable during
the late spring through early fall; below about 13 ft.a/sec.. the amount

of WUA would decrease rapidly for Meda and Tiaroga.

Although we did not include substrate preferences in our analysis
of weighted usable area, it appears that cobble substrate which is not
imbedded in the bottom by accumulations of fines and gravel is an impor-
tant habitat requirement of adult loach minnows and may be an absolute

requirement for successful spawning and egg incubation. This informa-

tion indicates that the control of soil erosion and accumulations of
silt and sand in the streambed is desirable. It appears that the
substrate-cleaning effects of scouring flows which occur during the

winter may be a desirable part of the annual flow regime in Aravaipa

Creek.

Any additional water withdrawals from Aravaipa Creek above the
primitive area by either surface diversions during low-flow periods or
groundwater pumping in low-water years should be opposed. A non-
consumptive water right which guaranteed a minimum flow of 13 ft.3/sec. /

at BLM's East Aravaipa gaging station should be obtained for Aravaipa
-36-
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Creek upstream from the primitive area. It may be desirable to purchase
sufficient water rights from private land owners who currently irrigate

limited amounts of agricultural land upstream from the primitive area

to insure instream flows do not drop below 13 ft.3/sec. during summer

and early fall low-flow periods.

Recommendations for Additional Study

Based on our IFG4 simulation, a range of simulated discharges from V
S to 40 ft.3/sec. provided sufficient data for making instream flow rec-
ommendations in Aravaipa Creek for adult Meda and Tiaroga. However, it
would be worthwhile to compare our 1FG4 simulation to a WSP simulation
using the hydraulic information that we collected on May 15, 1980 at a
discharge of 14.7 ft.3/sec. Likewise, it would be desirable to include
substrate preferences for both adult Meda and Tiaroga into an analysis
(using the WSP simulation) of available habitat using the CIFSG's HABTAf.
program. It might be possible to obtain acceptable probability-of-use

curves for substrate by either eliminating the data we collected from

the Gila River from the data set or by combining the various gravel
sizes (e.g. course, medium, pea) into a single coding for all gravel
size for the analysis of dominant particle size (see Bovee's comments in
Appendix E). However, it may be desirable to wait until more extensive
habitat data for Meda and Tiaroga from the Gila and San Francisco River
drainages in New Mexico are analyzed before including substrate prefer=
ences in the HABTAT analysis. The main problems with our habitat data
are the restrictéd range of substrates available in Aravaipa Creek and.
our inability to determine the actual availability of different sub-

strates, velocities and depths in the specific stream sections where we
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obtained habitat data on Meda and Tiaroga. Because of the latter prob-

lem, we were restricted to developing probability-of-use curves with our
data and could not determine actual preference curves for the habitat
parameters.

It would be worthwhile for future investigators to prepare habitat
preference curves for other life stages of Meda and Tiaroga. In parti-
cular, preference curves for spawning, egg incubation and fry may be
quite valuable in future instream flow studies. It appears that the
spawning requirements for Tiaroga are quite restricted and future
studiés should concentrate on substrate size and degree of imbeddedness.
Because eggs are attached to the underside of cobble substrates, it will
require tedious and careful fieldwork to document the actual habitat
preferences. The fieldwork will require the researchers to check poten-
tial spawning sites by removing each possible substrate (e.g. cobble)
from the bottom and examining the underneath side fqr eggs. An alter-
native approach would be studies in a laboratory stream where substrate

sizes and degree of imbeddedness can be controlled. In either case, the

disturbance created by checking the substrate for eggs may alter either

the degree of imbeddedness or the behavior of potential spawners.

Considerations for Desert Streams

HBvdraulic Simulation. The methodology (e.g. WSP or IFG4) chosen to
simulate the hydraulic conditions in desert streams should be determined
after a review of annual streamflow regime, streambed morphology and
accessibility of study sites. If the accessibility of the study sites
during higher flow periods is poor (e.g. Burro and Francis creeks)
because of road conditions and stream fords, it is desirable té either
plan fieldwork during low-flow periods or make arrangements for reaching

-38-
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the study sites by helicopter. When low-flow conditions are likely to
be the limiting aspect for fishes or higher flows are uncontrollable
because of no upstream dams, it is not necessary to simulate hydraulic
conditions at higher flows. Thus, a WSP simulation may be quite ade-
quate for simulating the hydraulic conditions that occur over a
restricted range of discharges about the median flow during low-flow
periods.

A WSP simulation would also be desirable when the stability of the
streambed and predictability of storm events are low. The sand and
finer gravel substrates in the Arizona streams we studied were easily
moved by relatively minor increases in discharge. Thus, the potential
for simulating a wide range of flows by an IFG4 simulation is relatively
low unless the field measurements can be made during a relatively short
time interval when discharge can be expected to decrease in a predict-
able fashion. The first set of field measurements should be made at the
upper end of the expected range in discharges and successive field meas-

urements should be taken when discharge decreases by 20-30% from the

previously measured discharge. If streambed movement is excessive
between the first and second set of field measurements, the first set of
measurements can be eliminated from the data set for the IFG4 simulation
and an additional set of field measurements can be taken as flow con-
tinues to drop.

In the case of lower elevation (less than 4,000 feet) Arizona
streams where there isva wintertime peak in streamflow, it appears that
the optimum time to take a set of field measurements for IFG4 simulation
is from mid-March through mid-June. At higher elevation streams in

Arizona and New Mexico which are influenced by snowmelt runoff, it would
-39-
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be desirable to wait until the snowmelt runoff has started to decreacse
(1.e. April-June, depending on elevation and snowpack) befo:e beginning
any fieldwork. Field me35urementsvmade during the months of July-
September are subject to rapid hour-to-hour or day-to-day changes in
discharge because of the unpredictability of summer thunderstorms.

Our WSP simulaticns in Burro and Francis creeks were complicated
because of the relatively high gradient and presence of large boulders
in the riffle sections. When gradient is high enough to cause stairstep-
type drops in the riffles, it becomes very difficult to adequately cali-
brate a WSP simulation (Tim Hardin, pers. comm.); Effffffil_fﬁf—fffﬁfi-

rence of braided flow through boulder-s;;ggn_;iLilga_Le.g__Bu:zagnui

,..—-——-/—
Francis creeks) during low-flow periods causes problems with WSP simu=-_

lation.
——————

Sampling Bias Associated with Fish Capture. These comments are

based on fish captured during spring, summer and fall sampling trips to

Aravaipa, Burro and Francis creeks, Arizona, and the Gila River .down-

_ stream from the Highway 180 bridge in New Mexico. Electrofishing was

used to capture all £ish, but the sampling bias associated with this
method was quite variable between species. Large boulders, cobble and
algal mats prohibited the use of seines in Burro Creek. Alfhough
seines could have been used more easily in Aravaipa Creek, the exact
location of each fish could not be determined by ;eining unless the
seine hauls were made only in water where.the bottom could be observed.
Visual observations were used mainly for deeper pools and also worked
quite well in slow-moving water for those species that could be readily
jdentified with just a brief sighting. Visual observations were useful

as a supplement to electrofishing data, but did not provide satisfactory
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data in either rapidly-flowing riffles and runs or areas where instream
cover (e.g. logs, undercut banks, boulders, cobble) concealed the fish
until they were either shoecked or flushed from cover. Visual observa-
tions of the movements of fish in relation to electrofishing efforts
provided much of the basis for the following discussion of sampling
bias.

Because the loach minnow is a small (less than 3% inches, TL);
sedentary bottom dweller that apparently remains in place in shallow
flowing water (often near cobble substrate), electrofishing was an
effective method for obtaining data on habitat preferences. This spe-
cies did nof appear to be disturbed and apparently stayed relatively
stationary as the electrofishing crew approached. When shocked, indi-
viduals usually simply rolled over in place and either began rolling
dowvnstream along the bottom or became lodged in crevices between gravel
and cobble. Their original location was relatively easy to establish
and they were usually captured quickly by either dip nets or a seine

set a few feet downstream after being shocked.

The spikedace is a small (less than 3% inches, TL) fish that usually
stays in the lower half of the water column in flowing water. It prefers
moving water less tham 1.5 feet in depth and is often found in small
schools near the edge of rums and in shallow riffles with sand and gravel

substrate. It was more affected by the approach of the electrofishing

——— T —————

crew and sometimes would flee; however, they were relatively easy to

dn—

identify in the water and could usually be captured within a few feet

of where they were first seen. With some care the species could be

shocked without undue effects on their behavior and a reasonably good

determinati original location.
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The desert sucker énd Sonora sucker are both basically bottom dwel-
lers that are relatively mobile, but often use boulders, debris, undercut
banks énd overhanging vegetation as shelter. These two species were
much more affected by the approach of the electrofishing crew than Meda
and Tiaroga and would often flee making it difficult or even impossible
to determine their original position. Sometimes the fish would flee
before they could be identified only to be herded a short distance ahead
(5-10 feet) and shocked'as a group, outside of their original micro-
habitat. In small, shallow pools this was even more of a problem than
in boulder-strewn riffles and runs. More turbid water made fleeing and
herding less of a problem but made seeing the fish more difficult.\h_'///

The roundtail chub is a relatively mobile mid-water species that
was highly sensitive to disturbances éuch as the approach of an electro-
fishing crew. They would usually flee for cover i{f available or swim |
rapidly away from the area; thus, it was often difficult to determine
the original location of roundtail chubs. This was virtually impossible

in shallow pools unless the observers either approached very carefully

and slowly or could first observe their behavior from out of the stream
from a distance of at least 15-20 feet.

1f electrofishing were rated on a scale of 1-10 (poor to excellent)
as the only method for obtaining unbiased data on habitat pteferences;
we would give the following ratings for the species we studied: loach
minnow, 9.5; spikedace, 8.0; Sonora sucker and desert sucker, 3.5-4.0;
and roundtail chub, 1.0. The presence of cover and intermediate water
transparencies which permit observafion of fish, but reduce water

clarity could bde expected to decrease sampling bias associated with
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electrofishing for the latter three species by redu

to flee from the sampling crew.
Because of the difficulties encountered in obt

tat on desert suckers, Sonora suckers and roundtail

cing their tendency

aining unbiased habi-

chubs in Burro and

Francis creeks, an alternative method of collecting data om habitat

preferences would be desirable for supplementing vi
capture data by electrofishing. Although Burro Cre

variety of substrates, velocities, and depths, thes

sual observation and

ek consisted of &

e differences in habi-

tat features often occurred within a few feet of each other in a mosaic

along any given stretch of run or riffle habitat.

The fish moved freely

between these microhabitats, especially when pursued by a sampling crew.

Thus it was difficult to obtain unbiased estimates

of their habitat

preferences in shallow, moving waters by sampling with backpack electro-

fishing gear. Although this sampling bias was note
tions and considered when preparing the probability
difficulty in quantifying observations made during

‘~———————make—if—desi%able_zo_deyg1op a more quantifiable ap

d by visual observa-
-of-use curves, the
electrofishing efforts

proach to characteriz-

ing habitat preferences for fishes like suckers and

desert streams.

Since suckers and roundtail chub use a larger

time interval than less mobile species like the loa

chubs in small, clear

area within a short

ch minnow, it would

seem reasonable to characterize their habitat preferences by character-

1zing the habitat parameters within a larger cell.
species, it might be better to evaluate a large cel
feet, in either a rectangular or circular configura

nmine the relative abundance of each species in that

-43-
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then compared with ratios for other cells of similar size, but with dif-
ferent substrate—velocity—depth characteristics.

This approach could be facilitated by selecting sections of stream
that differ significantly in velocity, substrate, and depth characteris-
tics. These areas should be characterized by using conventional instream
. flow methods by placing tramsects and verticals as close together as is
practically possible at the boundaries of stream sections with more homo-
geneous habitat parameters. After areas that are quantifiably different
have been located, block off as small a stream sectiom of a particular
habit;t type fhat can be effectively blocked by seines without affecting
the relative abundance of different fishes in that section and then
thoroughly sample each section by repeated electrofishing passes (i.e.
depletion saméling). Record the relative number of each species as well
as the relative number of queniles versus adults. - If habitat ptefer-
ences differ between species or between juveniles and adults of a

species, the relative numbers collected in different types of habitats

should show significant differences and could be used—to-supplement
habitat data céllected by visual observations and electrofishing. It
would be desirable to conduct this sampling either with permanent
instream flow study reaches or in reaches which could be characterized
by WSP simulation in order to know the relative availability of differ-
ent combinations of habitat types available for use by the fish speéies.
In either case, the blocking off of sectioms for fish sampling would
have to be based on the observed differences in habitat parameters at
the time of sampling.

It would be desirable to set the block seines both at night and

during the day to determine diurnal differences im habitat preferences;

bl
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the actual collection of fish could be done during the daytime. Although
difficulties in assuring an effective blockage of fish movements is recog-
nized, we feel this approach ﬁay be useful when determining fhe habitat
preferences of species which cammot be observed easily or modify their
location in the stream because of sampling efforts. It would also be
desirable to evaluate potential seasonal differences in habitat prefer-
ences. by sampling throughout the year.' In particulaf, the habitat needs
of a species may differ greatly between winter and summer, depending on
the magnitude of the seasonal or diurnal shifts in water temperature and
flow.' Likewise, the presence of other aquatic organisms (e.g. fishes,
invertebrate prey speciés) which affect the behavior of the species in
question by either competition, predation or serving as a food source
could have substantial impacts on the habitat preferences of fishes and
should be cogsidered when analyzing data on habitat preferences between

different areas or waters.

General Recoumendations-

When considering the jnitiation of an instream flow study using-the— ——

Incremental Methodology, the researcher should carefully read Bovee (1982)

for recommended procedures. The need for close contact with CIFSG per-

sonnel throughout an instream flow study becomes increasingly important

{f the researcher has only jimited familiarity with the methodology. The
development and modification of the Incremental Methodology in the last

few years has resulted in the availability of a versatile and valuable

tool which can provide a rational and sophisticated approach to instream

flow analyéis. Bowever, the ability to use this methodology properly is

largely dependent on the user.becoming thoroughly familiar with the meth-

odology through short courses and direct contact with personnel who are
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intimately knowledgeable of the infracacies and pitfalls associated with
the method. Unless the researcher has considefable experience with the
methodology in similar streams; we recommend involving a member of the
CIFSG in the early phases of all instream flow studies. This involvement
may require the on-site presence of a knowledgeable person to assist in
scoping, site selection and placement of tranmsects (especially 1if a wsP
simulation is‘desirable) for types of streams which have not been evalu-
ated previously with the Incremental Methodology (e.g. desert streams
with unpredictable flow regimes).

in the case of undammed streams with unstable substrates and either
unpredictable or poorly documented flow patternms, it is important to‘
make the field measurements over as short a time interval as possitle
for an IFG4 hydraulic simulation. As stated previously, a 2- to 4-week
period when discharge can be expected to decrease (e.g. near end of
snowmelt runoff or rainy season) is a good time to make measurecents;

this is especially true if it is difficult to reach the stream on short

notice or if the instream flow study team“etther~taﬂae%—be—mainiained
intact or be available when the streamflow conditions require fieldﬁork.
For an IFG4 simulation of Burro Creek with a desirable range of dis-
charges (e.g. 5 to 25 ft.3/sec.), the necessary field measurements
could have been taken only in the latter half of March and again in
late April during the 1981 water year. For undammed desert streacs,
it would always be good insuraﬁce to take the appropriate field meas-
urements for a WSP simulation at a discharge near the median flow during
low-water periods.

When collecting habitat data to develop probability-of-use or habi-

tat preference curves, the researcher should typically discuss the most
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desirable methods with individuals who have personal sampling experience
with the target species in the waters to be sampled. Prior to data col-
lection, the recommendations and methods in Bovee (1981) should be
revigwed to minimize sampling and environmental biases when collecting
habitat data; this may require obtaining the data with innovative meth-
ods tailored to the particular species and streams. Consultations with
CIFSG personnel and other experts should be mandatory. if electrofishing
or other active sampling methods are used to collect data on habitat
preferences, the researcher should provide space on the data forms to
descriﬁe and rank the degree of avoidance and behaviorial modification
associated with the collection of each fish or group of fishes; a coded
ranking or descriptive system may be helpful. Dafi_fgzgg should also \\\\
provide space to record water temperature and transparency, COvVer, /
associated species and general comments.

Our experience with sampling in clear desert streams suggests that

it would be a good idea to periodically utilize a pre-positioned, sta-

tionary observer who can watch the reactionm of theff%sh—%o_;he_appxgach

of the sampling team. When possible, direct observations of fish move-
ments in areas where a grid system can be set up in advance probably
offers the best opportunity to obtain unbiased data on fish habitat
preferences. This approach may require the use of binoculars, polaroid
glasses and elevated platforms, but should always be included with
other methods for obtaining habitat data when feasible. As discussed
earlier, it is obvious that habitat preferences of the same species
will vary from one type of stream to another because of differences

in the types and combinations of physical habitat parameters (e.g.

substrate, cover, water depth) and probably because of the presence

-47-

USAV-00005899



or abundance of other aquatic and semi-aquatic species. Likewise,
seasonal and diurmal differences in habiiat preferences are probably
significant in most streams and should be evaluated whenever appropriate
and economically feasible. For some of the smaller fishes (e.g. cypri-
nids) and for fry and juveniles of larger fishes it appears that habitat
preference data may be obtained by the use of observations in laboratory
streams or specifically modified reaches of natural streams.

In all cases, it would be highly desirable to document the actual
availability of different cpmbinations of habitat parameters for the
specific areas where the habitat préference data are collected. When
feasible, the inclusion of sufficient field measurements to allow either
an IFG4 or WSP simulation of the sampling sites would be appropriate; a
grid map which describes habitat parameters such as instream cover,
streambank conditions, and aquatic and riparian vegetation should be
included. In some casés, it may be practical and necessary to sample

a range of relatively homogenous stream sections (e.g. equivalent to

specific cells in a hydraulic simulation)’to*augmenf—e%hef—habixat

preference data. The ability to effectively segregate these cells may
be difficult with block seines, but some habitats and fishes may lend
themselves to this approach. Although many of the previous recomzenda-
tions aré difficult to put into effect and often time~-consuming, the
availability of meaningful habitat preference curves are critical to
the use of the Incremental Methodology. Our experience with modifying
the probability-of-use curves for adult Meda and Tiaroga indicate the
major impact of even relatively minor changes in the weighting factors

on the predicted weighted usable area at various discharges.
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APPENDIX A
Discharge records for the 1978-1981 water vyears for
the USGS gaging station on Aravaipa Creek near
Mammoth, Arizona and for the BLM gaging stations
on Aravaipa Creek from 1980-1982
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APPENDIX B
Habitat data for Sonora sucker, desert sucker and roundtail
chub collected from the Gila River, New Mexico and

Aravaipa Creek, Arizoma
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APPENDIX C
CIFSG computer analysis of habitat data on spikedace collected

from Aravaipa Creek and the Gila River, New Mexico
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APPENDIX D
CIFSG computer analysis of habitat data on loach minnows

collected from Aravaipa Creek and the Gila River, New Mexico

USAV-00005945



.«:wﬁﬁ ug Ou.ﬂxmz MON -hm\—ﬁx 1 pue rvuozyay
.3@@“0 ﬂ.r—dﬂ>-‘.h< uy po3oarioon {sy1J uo _u..wmnwn— %UHUOﬂU\r 103 MOUUTW yorog Iinpe 10} .ﬁ-..w:.ﬁwq.—ﬂz 1 @hﬁwﬁh
LR IR IR TS
00°y 09°( 02°¢t Ohe2 Ves¢ by [IORR vt v v ‘v
d.'...'..-‘."”l"“"""0"“".““"““0u“"ﬂ"""".‘"““""""""."NM‘"NH..M"A““-h"f"‘-“"."“""”H""“."”""“"W"“Q"”"""hhl”'
) ! I } ! ! ' | I 1 A A
H ] ] i | I 1 [ [ [ [ '
MHesewe 1 1 ] ] 1 [} ] ] ] .
(Y] ssse 1 1 I H i ! ! ] ] ”
" snel} ] ] ! ] 1 I 1 ] 1]
] coe ] 1 I ] ) i 1 ] -
M loee ) ] | ] 1 ' [] 1 v
H ] X H 1 t 1 ! ] ] | -
H 1 o ] 1 ] 1 ! i ] [} »
H ] .o ! ] 1 1 1 ! 1 o
.lhlll)llni_|I|l|l|.&illov1||_lllll..o..v-l!lli:lil—llnxnlvuv_ xxxxx ..lan_lnl..llnl.._-.nnloun...._|o|||v|l|® = gryne
H 1 e ] ) ! } } [} | .
H 1 oo ] ] ] ! ] [} | e
H ] lee I ] ] ) 1 ! ] .o .
1] } ] ee ! ] 1 1 ] 1 1 ae be -
H ] ) (X I ] ' L} 1 ] { oe ” —N—J
(Y] i 1 .e ] ] ! ! { 1 [} ve re
2] 1 1 .o i 1 H 1 ! ! I oo . . nﬂa
] 1 1 ee | ! i ! ! | [ . )
(2] 1 1 « 1 i i ! ! [} In
Mt S TS i e T [ TP, e el EE RN R bt R R e E T R b L . cal” .
" 1 ] -] ] 1 i i ] . .
7] 1 1 . 1 ] ! [ [ L .
v 1 ] es i I [ ! I e .- .
" ] 1 lem ! ! H ] ! [ .
] 1 ) LI ' 1 | [ [ . | . -
H 1 ) I o i i I I 1 . 1 "
o] 1 1 1 L4 i 1 ] ] i oe ] v
(Y] H ] 1 oo ] | 1 ] ! . [} . H
Y] ] ] ] . 1 ] i ] [ - 1 » '
[ St B bt R ==~ cescclemencan. l—lnta..a..au_|..l..|..n||*«vv|....|'..'x.|o ||||| fomenn Seem- DA
H 1 1 ) e 1 1 ! ! LA ! X
1] ] 1 ] e | 1 i H v i + {
" 1 } 1 ol 1 ] ' . ] .
Y 1 1 I el ] | I el ] . -
" 1 ! ! » ! | 1 .ol ; .
" H 1 i o 1 i ! oo | '
" 1 1 } laeo 1 1 ' . | t
w 1 t ! (I 1 i | e ! - '
" i I ! e I Lo e i .
o..v...lill..i.._i!iv..lr..a—lvcs.....yxv_iuaavtlir_...vxo..»rox-r..ua:s.,on~»..c-n..'n|_...-n.'vn..n_||.-|n..l||_ nnnnnnnnnn . voer
- ] 1 ] ] . I ] I ee 1 [} .
H 1 } } ] on ] ! | e i |
" ] 1 ) ! ‘e ] ! teeo i |
(7] 1 1 ] i ae | ] € i '
1] ] ] i i vel { ‘e . H
Y] 1 | 1 t - [ L i ‘
" 1 | | | leo : . ' . .
: 1 1 ! t 1 en : e .
H } ] | L] ] .- we o
. ] | ! 1 ] seere.
M T N T3 T -

USAV-00005946



021 wi)

ollnunnuunounnnunxnuownuunuunn

‘toecspsanvsscrepesnatsssves

1] ]
H !
H 1
H ]
H !
H 1
" i
“ 1
H 1

twmm e | —————

H
H
12}
H

s | -

it
b
H

12
"
(2]
"
n
e en]-
1]
H
"
"
M.
113
2]
i
»
.

1
i
!
|
i
1
!
1
1
!
i
1
i
H 1
|
1
I
i
1
|
I
i
!
!
1
!
1
)
1

- - - . - -

-
“
"
"
"
L]
it
n
"
»
"

t
[}
t
1
t
'
|
!

- .-

- i . . . - Gy mee W e - G G Mo O GMm Wmd Mip M e e oo

o
"
"
"
"
"
"
"
.

‘1861 UT OJTX3ay 4
U0z ay 3891y evdyeavay uy poiodaliod ysjj uvo paseq yidap ol mouujw yowvoy

e g .
tre. * uvy® ule® [ITTR A [OYE A ::,.n et
0"u"ﬂﬂ“ﬂ"”.""""“"“““.““"""“U"'."""”"ﬁ."“H."n”uun.n TTe2sirTrTrE
! I 1 | t ]
evecel 1 1 ] 1 |
Ree 1 1 ) | !
1 oo ] I [} [} [}
i X ] 1 I [} | .
H ow ! 1 I ] 1
] oo '} ) 1 | 1 .
] e | ] ] 1 1 .
1 enl ) 1 i 1 S
1 [ [ | 1 1 .
el e B o e R R B R
] le 1 1 I ] )
| le , 1 | | [
t I e ] L] ] 1 o
1 [ ] J ) [
] ] . ] 1 ] le
1 1 o ] ] 1 |0
1 1 . | ] 1 .
|} i - 1 1 | .
1 1 . 1 ! 1 Y
e it e B el i B e
1 ] . 1 | 1 LI
I ] . H 1 | e !
] ] o 1 | I L [
i I e 1 | < 1
I 1 o 1 ! ! H
| 1 1 ! ! . H
1 1 LI | ) 1 . 1
| I ol | | ° ]
1 [} el 1 I . ]
il i iiabdadaiebsbalnd Rl it Eht bt LR L DS R TR R Sl
1 ! 1 o, 1 1
] 1 . 1 [} . 1
i 1 1o ) T ]
H ] le ! ) - I
$ } | 1 o~ |
¥ 1 I o 1 t \
] ] 1 1 | Y 1
] ] 1 . ] I ]
! I | Y i I 1
e e R b ST B T R
1 [} \" . " . 1
I ] . el |
! 1 s ! . ' ¥ 1
| I . "0 [} L ! ~ !
] 1.3t 1 P . ]
1 \\.“Mz ! e LI 1
| - | o | - ] !
] <) 1 o) e \
1 1 1 e \
| ' H )l‘

—-

s

MON ‘J0ATY BTN pue
31npe 103 teuydavy

[P
e LTIl
' % .o
. ticore 1o
. - .
LI .
: "
} .
) .
i .
[ .
' ..
o ommec e -,
] [
] .
| "
1 .
] .-
1 .
| -
] .
i .
1
.

.
1
i
P
gTmem s e me
] b
] .

D R R

‘2 aandyy

~

o,

-96-

USAV-00005947



3
.
-—
<
>
b ]
4
. <
=
* 4
XTI z::r:-r::z::zrr~z:z::z:::o:z:::::=:-::: T2I1C .
M -
" ¢ : - -.J
" w e R
" " - -
" .
; : 2
n "
" " o
w u Lon
[] " [o}
. .=
" * LU U
" -
" :: . —
1" " o
L " —~—
" - ~ "
i -~ " "-‘
" - ,
" N " [
. ’ " e
" . L] " 3
" e -~
; N . S
" N " ,I’
"
" ! \ " =
v: N ¢ . ': L
. Y
" N\ " >
- " “w o~ St
- " LN b
= " . . \ - v: . i
‘- " ~ " o
N " “ (o]
- " . . p—
N v \ 5 )] .—.:
> " .
.‘ t . N [ ] .= P-og
- ] \ "y (o]
i " . [Or'e T e
- " " e ~
. " A . . Ve s eeA A . " ¢ ~ e * e 0 0 . " "E_
" . -
- " N\ i ———
- n | o -'_-
- 4 v .
= " N " I = C
. ‘e . ) . “~ . - . . . .- . Q o
3 " Co . Q) ~—
- " oo
. - X
LI
: . - Y
. . \ - =
Al “ 9 2 . A e T e T 9 Rl 3 ANe s @ N0 - L] -~ A " .o
"
. . e J
- ) \ “ c I
3 . .- c =
' . » L} 1) ] ¢ > * - . fd
o -— -
. e g -
a z
. \ g
” £ . . e [ N S ) N> a =, ) - ’ -5 _:
. a2
. . Q
' L]
- < & - . —
- ~ e
i -~ 2
N =}
- . T - 1 T N2 0 s i - » g —’:::
. ~ . -
o ‘ o
: . s . - . o =
. - =
. 2
. £ N
. Q-
. ] - ; [ ST 9}
. - o8 <
, ~ - 15
" . . D e
. g - .
. N . ot
: ST
" - . Ty
:' S~ I - i
- - - ~ . . n o
LS TT I IT e - b Il It T el T TIITITT e T TTT . -
i
- . .
- [3ad
v ] S < < ol ]
J E} , - 3 P
. - . - - =
-~ - - . . -
=1
i
=
. - -

USAV-00005948



edreacay uy PP109L 0D

_—m«w uo _uOMH-n_ 9Z1s

"1861 UT 0afxay mey

‘aoayy Y11 puw vuozjay 9o

a1y

218 I Lo AWnimag yoy Wbuoass )y

LIRS IR AR

BYThne BAON U Jpe g o

EILEN YT Y] R F R XN NN

LAY B

?19732aed jueuywop 103 wei3oysyy mouutw 1yow

1 31npy

g, e, T vV

= st Fopa

LI LE PR T olelw
feiaey LR TS

ﬁ:ob:<\bt\$dwnﬁw \h.f&Qg\

*hoaandypy

e 2y
0= Juenes |4, g Ul gumy e
“Wpins) =2 V03649t [0 Jyung * M IR TR VULt e gy
.«a?. ‘0 lueInncy. LTRSS N e Queggne MU TR T YR
RFAZEC Y o=t 0 tus Jlueye UL RTINS I T RO TP TR TAR
Ghe Jhogy,e Toe Jnryay * Lobue gy tu=due nye tue goeuy o
VIPeer YPvreg =9 L0 tuedugge e MR KR T P A LT /AR KUY PR
d*oJLﬂv YFIvOo) ﬂf\di- =S5 tus " L IS E T R IR
nLYe Eovdugge g
w!.i..ﬂ .qn(.q\ T h ﬁ d CANSY
W P FeTwaq
el s =g ALRLINY £ 10 SEY TV T T R T
YR T roey [VE LI ey [ [N e e Y|
* ﬂv.;(sﬂ JQ-& z .ll.ll.l'cllollol-sOl-ll.lf.llaCl..l.ln.lv.ll. ~temtea,y
loo | Y loe .\,, tes leeo \ <
Yrert 2y leo leo loo leo \ D
lee lee X LI
les leo bee L
oo lee fes LI
oo ine LY T
oo ,.cs . Lt
| XS irn e e
S et T . lae ¢ 8"
. lee ¢ 5,*
.uwun... v..d.u.\,l -~ . LA L4 K s.n—um leo . mye
feoeo .t
* loe LI A
»ravyy ..J’uU.: R ad ] fk - J\QL . Toew LR
leow « dn'
lee | * to*
leo LI Y T
low DR TR
LT |
LN |

-98-

USAV-00005949



SIS o

[OLE PN -

o!

o

Y i deegyge

3 Ju’da1ad 103 uey!

SVl

B prianee 3., Chi=sine g ae

W9 ox Sr){

Ve pityae
‘u
100 4990
LRRR L] KPS
VU 400 ¢,

Ube qusgye
Uite Ju g
COe3unyy .
Ute Junppe
BT R

[ W [ (RN

Vg Y Py

ollol!.l'.!lcll.llollo-l.

MOt Hppw o

Utre gy o

hegegpge
(RS TA T
oo qigges BUe 2y, e

‘1861 uy ODTX3 Map ‘aaaTy e119 pue vuozyay
doasTy MouuTm yovog INPY ¢ aangyy

: . - -—0-
Lieve o RV I L APTeS

hJDQN\

‘e
A9 4 ¢ Llegulose btre 300e g
LRET AT Lue gpjuee g, FULY AN
Gy e et e * gy LA
e * Lo g gy HUe gung ¢
"N YU gl

e 97t U< duyyee-

LI

b U TR

LIV ARS SR LIE REPTRA t Fhee) o
Lhe* 2 onibge 1y,
ML —o sV 3] Y35V 1) 4y
[ we Ve® v ‘u*
Ll [ vie rhe LA
- - ."0--."."."."."..-.".
lrolacide Y YR leeo fee A S
v lqe P ieo ins ¢
lew . leeo LS
lee . lew ¢ tvm
Tae lee lece LI ¥ Y
Jeo feew lew [T
e vy
te
RS
wyte
‘Clny
BhHoY
vy
Ny
LO TR
LAY
O
ot °w
LA
D IR

. ‘ * DI BT I

-99~

USAV-00005950



‘1861 ur cu.nxuz MOR ‘a9a1y eTTH pue .
BUOZTaY *jaaay edieavay uy P33937 (0> ys}J uo POSEq £370079A 103 weiZoy 4 mouutw yoeoy 3npy ‘9 aangyy

Rl
ol x5344¢) SO »enming ¢ U] s, e ey, ek .
. . Vo oee 'hbzz:?h?; . '1.1:J SO N o .

USAV-00005951

AL! D03 5 heaweme Yo MoV Iw Koy oy LIOT Ly

LT Y Ly I

T tci,g »

- Whysots,

t0= guvyne

Tue gfuey »
TO«3ug vyo LR TR Qe 4 SL e (e 4trwer Ve gty o Tus yuluee
- Voedng oo I T TENPT bue 420440 Ve algler ~ LUs309¢5°  Jue guange
0V 3LQlee Ve greqge Clteary oy o Fihe gunps, e Wle i sle Lue goyege
: Ve giylye Tue goyny e AL Ll DYTPRPHN N AL T TR T
buedoppee VUsd¢yey * LR LS R TR v 3utg) loegvy mel
¥ric. 2 INtoe wyop [-123 ) !
dect Fnluia Yy, nOU
LELET B NI —
'
METL mete plee ey R T'A TV
° LR SRV Isfe  tlee gy L B TR twe LIRS
ollollollnllcllollnll.ll-llo.l-llcllol'olb.ltulloildotn
—qc—.o-u—co..-..t.oa-o-_-.. os-.o.o-._-'.o-mr:_vom..d_ e
_t'.vc—.o-»t_h:—oa_ua.~...inaanxv.OQ-to_aa-WO_- : LT ]
loclas _00_-tuai—’q_‘:-iv.co.-...o-c.—.._.cmoo LI T
Jas .’-.qc_oq-"_on..c-ov—o-.-.—r._nv_.q_tc LI
_ac-c.—'o_oo.un-’._ov_‘l.’n-ot_on_oo-.o L 2
_'.—n..-'o-..o_oo-o.-.,o.co»a...o—o'-ot_no LN
_-t_cc_tt-co_-o-v_.-on_nt_-_-o_-o . * vue*
_q. .—i.-c.-oo—'l—io.so.o.-a"-oa_la LI A
—tl—n'—.l-r.-vn '“lee -_1a.oc o weo
leoloniooloaghs (XX . Ve ¢ ve
-to—oa_-c_on-o lee L4 O
. ..-o_ao-oc-oa_: iee L TR
‘leolanles ¢ len ¢ wr*
° ! loeclanie, too T
Jeajae . L B
" leriee i ¢ Yy
leoterne : ¢t
‘ leajne f L 40
ieoe _ . Hy
. L) | . by
J

LR I LTI (LN IR




*1861 Ul ooyxay MIN “a8ATy e1TH pue
BUOZTaY ‘jasiay vdjeaeay uy P21231100 ysy3 uo Paseq yadop aoj weadolsyy mouutw yovoer 31npy *( dandyy

tlossignva, g, Lt AL L M SRS KA S
ViTave Ty g 4y ._:I!.,.;...

T ey,

EEEN IS
LEENTRIV TP I IS e e v,

L T N R TP} " g0,

HidIQ Veyr Vi Hoyon 4700y wydoors, y

IV= ¢ p un?® e EAAUTE B

10-3526u*  Joeguing - U U g g T~ gs¢nns Ly, el
. O ey u- MG LTI PRI RULTIRY FEVPR) e guumpgy e

V0o dougte L] X TR e 4Gy WY acevga, e IRV PRy e gyavye
10e350ae2 Ve gyepyye tuspeoge Uit Jwtngy* VO I gue gyngye
10e w2y~ VU Jynuye RC AR TIT] v PVOAICHE S e qupgy o
00035669  LUegyuyy » tusugugy » (LT3 STV VUL Lot U gyuage
OV« 32C0u" Ul Jyenl® Vled o wu Ayunye lv=as¢on® tUeayepl®

) P,.:_. 2N e Sava jyag

“Whyr 2 onde b4y

-101-

. ! SivNN D o
S~ 4 ?
e SIS
9e¢* VA M LY e ey [ 4N e ~e® 0l
. 10°1 2e- to* v R oo - L ve” we' he
ul‘o!lollollollc!'tl‘.lloll.llull-Ciullollull-llollcll-lloll;ll.vl.

. _o.—-o_ov_v.-v.to.o-—oa _oo—.-—on_-_-a_oo . ]l
.vc_:..no._-:“.vhnc _:..oo—‘t—oo—ni . e ®ye

—OQ-...-..:_OQ_.O—VU lee toejoojon. . Gy

joe _-0_0-_0a.oo HEX) freiceloes LY ST

lToeeleerlontae lon lee CICNTE ]

losjontiaelne lee lee e et

leclostiratas fee les LI A |

~ oo lee ne low L Y |
lee lee e loean ¢ gncy

leeo low X leeo ety

1oe leo .o ioe o Invy

fee loa oa ies * V¢

’ lee loo . leoe LI T TR
Y Ene lee LIETURSY

Joo lies leo ¢ ne®

leoo line ¢ ULy

loe Jee LI B}

lee loeo L (TR

leo LS R

leoea LI S IR

USAV-00005952




"1861 UT OOFxXay Moy

‘19ATY BIIH pue vuoziay ‘3931) evdyeAray

!

U0 poseq saur) juaviad pue 9zys arofized JueuTwOp

S d ¥, QoY 321S FViLvyd avywiwod NUNNIWNIYOT? LAY Yoo

once of°y 09 069 vy [
H. ..'-'...'..l."“““I“NO‘“.“IN'l“0ﬂ""".ﬂ.ﬂ.0.“.".“..0..'.““."“3“ﬂﬁlun..ﬁclﬂ-uhﬁ-
‘e ﬂ s .3 &
(1]
H
oo
A ]
o _
Y 4 LN
1]
L] |
1]
*
H
N o (3
H
L]
t
M .._
He : . »
" \
1] \
‘H \6 t ]
. N
I N
“ 3
H N ~
ot ~
L] ] v
" -~ .
-
-~
~.
. * <
~.
. -~
. 4
. [}

TTTITXT eI ZTTZITZTezTZ

-
Tz
-

IS AVVLINvA INYN o

[HEAR ) ulee

~

{ UT Pa1d3TT0d ysyj
imouuTw YoBOY ITHPR 103 weadioljesg

228" . = dF¥ndgs % :

WHIOSUL YOS

(LR A } N vere ve*d
nﬁouﬂﬂnuﬂuu'\'.ﬂ."nﬂvﬂﬂ.

] Y} .o
"
4 -
i "
"
~
[ .
»”

2T

TITITT T

-

TIT et

‘g 2an3yg

L

-102-

ver

Uno*

uyy*

USAV-00005953



IB6T U 0d1xa moy ‘I8ary’eryy pue Luozyay *yanay

ediwaeay u 83007700
US1J uo paseq azys 3Io13aed Jueutwop pue L37o078a - o

*;ouuTw yowvor | 3ynpe 103 weaBiajjeng ¢ ?angyy

R ] (AN} tHc, [ AN [ LT LA R /AR ] (SN P N e
eR=¥z:.z23; d.‘.“ﬂn“-h"0"“""”"“"".""”"u"""“'."“"""”""““"P'"“-".Hh""ﬂ””“ll"""lP”"hh.”hb“"h""“."lﬁ'“ﬂn"“n..
. . . ’ - . e

X ) * .
bt e
b o
1) "
o] - ——— . . *
] N t.ﬂ‘ = R . .
1] o le o . it ~ o
~ o \ b
- ()
. . Chey
o] 0
“ "
1 1] ' ”~
H e ot 7 & U Plleecre ¢ 2 § olevadl o/l e o o .o . e <o "
[1] ‘ \ ’ «
H . ..
" . \ .
» ' % N
H AY "
- . yu'y B
[ 1] Y - 3 R '
12 " ’
[ 2] ’ L )
Y ' ' . '
1] e ‘ [12]
H . \ 1] o
w / . . —
(1 . i
Hleel . te o e 2toe 22 o o ofd¢ €t kL P2 eeC teo Ice ¢ et4lve [ doe ePe sente ¢ N o ¢, wse t

"e

[ " '
“ b

be - b "
" '4 . .. €e¢ o | ¢ ¢ ss de (¢ . « ¢ . - " .
[ 1] \ : .

" \ v

Y] .

. /; 4 . vety

12 > ..

b ,-

[ . 0/1 - . L] L] LX) ope Re [ ) 0

Y N .

L] ’

L (X}

" N\ .“

12 / "

b . s "

. - - - s . vt
.”ﬂﬂ."""""tluuurﬂu""u”:'HUJ ,.u.-u"u"“n“»h'nolnnvunbl”..h.l.hnl,dﬁnhnkﬁu»wuuﬂnnnnu"AHu"."M"nﬂih-.OAuun'-n: .

L R SN O ORI v ey ——

USAV-00005954



USAV-00005955

Pes g pae [ ERU N T S| JRUTERS FEVIN] W LTI PUEY T TR NE RN RRTITR
AT UTTN ISPy SN Hlaaean 0 fagyng Hirws = g u.._:._... ahay a7l :...._..:.. 1l 3yuapag L] T YO LR N ITTIN
ﬁ aar ung ﬁ . ..
falpa e, P2uueys wanie M ITRE TS IS0ty 0¢ Sevty UMY Tiopy
PaIP un) U0y P 1ab0a
PEoyIae oy PEruurys uado wc.:i.:cg.i....xs v 50 Hinpy
LA FFI T LI B TIR Y /RO
PE3ya340 o1 Hdvueys yado S0S:0HOT 29070, thoe O | 0 My
IFFT R n::_....f..._m)

PFOYIdA0 ou flauney) yado .Jlonucxcn«cu>c. 2 m 6" ¢ S Vit
PIT uny «::.......a....... R
PUIIA0 00t foumgs vado 061902199100 3505 591 L] oy

204112 H U E LI RY N
Praysaa0 ou f13uury vado u._c.ucx:«uuucw“u._c- e %0 gy
213319 tue) 10 1ahaa
PEIYIA0 OU ¢ Launmryy yudo mc:u..c.}.gc.,cv.c_ St S0 Vi
A1 ERRTITTE TV -
PEAIDA0 00 S fouiegs wadn, Dt 5:282385. {1 LN} (NELTY
1119 tuog e janaa
PEaYIda0 0y ! 13uneys uado moa..u._cwmomownu..on ({4 90 Hom
E3Ir uns fuoyyeqanan
PrIysane o S avueyd uado mcﬁu._cig.c; LT M| 2°0 NNy
R TV RV T e N iy Er Tt — e Tretm—eel L
=u>cu\:c:&.zuw$ V3iny «JIVHISONS § (5/v) ALTJUIA ) :_.::'1_ oS 11
e e T ——— Y e e e A
18-01 -1 "uuam UoIIPIS 41 2aoge buissosn proy 15y mujagq ﬂ_q._l....w.m
EEIEY 130719370, HTEYIN
e T — L e I T
eaIe una-prue fU0] 1012094 I
PeII2A0 ou 1ouurys wade c...:ﬁu:oicgcwmug. 1 a2 $h°0 vy Al
g yny tuoye1abaa o
Praysaan ou ! {avurys uado mciu:ciuuc:us_ £9°0 $°0 Yoy 1.;
“14112-p1w tuojie30b0a
PPAUIIA0 O ¢ Jauurpd wado S0%3405190 1 3504 $L0°2 S0 Vipy
3MINN1-plu tuoyeqahiva
Pe3yIaau oy Llameeys yado wcn”u._cﬁcgoi,vwc_ L2 90 Viopy
abpa LIPPI T ftuog e jabaa
PPaY1340 oy f1duurys wado wcﬁuzownugon_z.c.‘ Sttt (3] RELMY
abps ¢ 1512 fuo) IP1obaa
T PRI AL oy ! 1auupy vado waw“u:c_uuwcn SLy S0 ity
taae uny tuotyrqabaa
:vucuub—w ou :2.:2_0! vado .«.c-wnc.xc 5&: n [N 20 SN ] LR R
Y30/ W01 1103539 ¥3uv *JIVHISANS § (8/03) A1130734 (V) Hmidig Dvis g
_. —— . e el e U R

fwhhy- 74 19H . uos aapuy

18-6 1| taing

‘vosduos “NSHN 3 J0 137 0)

VI3 #hose]

e |

VIVO HSTJ MO j

’
vorIeIs moypy WELIICH) woay CUEFETYIM
a2y ..n:...\:...«
TR

WY IHLSH)




¢ _.. A B
N
Fove € pui paaval pal Dt Hlaavah it - oy, R N IR A NI
St Saga )y Haseah oy fagqon prvws X gy CLEU TS B PINog ) gy LI L R S TR NN TTTON
Q13314 tuoyiviation
Proydoan o ! Toteyd? uady ut:auugcmupmc- IR [T IS FILY
PV g tuog e jabaa -
PENGIS A0 ou ¢ Jauneyy yado SON L IHUL 9004 TS 00 ilbpy
B una-91 549 U0 abaa
MeaIaA0 ou ! fauueyd uado SO DGUL 0N (YR M) iy
PAI NNI-AT Y31 tuoyae jeahiaa
UURITER RN Y] Lranueys vado mca.“u:..anu.;cn (¥ S U I LTRY
PO UNI-31 510 fuc)irahioa
proysaae oy u?.:::,:... uado IO D00m LY UM} ity
FO4P UNI-21 4512 fun]1eqabaa
pPrausaas ou Howwys wado QY DI0n (] [T Vi
P uNI-1 513 Luo)erabea )
PragIan ot favueys wado IR e "0 Vit
a2 uny fuo) e yatian
PEIYII 0 ou ¢ fouuryd wado S0Y ! OHOC L0 o2 9o ity
FaJe une tuogirtabaa
Peaylaao oy L1onuryd wado S09:9d0of {1 [ S 20 Ty
barx pragssae oy {1ouurys vado S04 Ddam £900¢ 29102 1 $H0 Fnpy
63A peaysaro on £ 13uuryd uado S0%2Dd01 19308 ¢ ) 102 [YRN w0 Vit
haa praysaao ou L1aunrys uado SOC 2 DHOL £ ISy 0| (1) 1upy
“nilis bu)bueyiaao $02%d02 920024 3500 $C0°? o 1y
401118 Lujburysaao SON!DIA0E 1D 10¢ L0 (] Htpy
“utjim bujlupyaaao S0 194022 3507 S $°0 iy
J502
boaa prosyao ou ¢ pauurys yado £2HOZ 1 35022706 1oy SL6°2 $'0 Ay )
baa praysaae oy Lounry uadoe mwwuuu.nwnuwommul:ﬁ SL6° 1L [S21) 1y N
bua praysase ou f1ouueys uado 340¢ IHOC ¢ 250y : “4°0 20 1upy o
baa praysase ou ! jauurys uado SUE DHOS L 9IA0¢ ! D501 St €0 R LUEN ~
bar prayssse oy f jawuryd uado SO% INOE ! 9A0¢ L8°2 50 1inpy !
baa peavaase oy f13uurys uado .n:muc..c._"c,v:ﬁcgc. (124 “nt0 Yty
Baa provsaeae ou Tauurygy uado SOLEOHON DIA0L tasoe [YYAN PN Ly
abpo m “14113 fuopiriabea
PEANEIIA0 ou ! fauueyy uado SO LR muu>cuuuwg [T+ LN ARLIITY
AII12-ple tuo)erahoa
P¥IY1a40 ou tjauurys vado mcuuuocwuumciule_ L Y4 B4 ] iy
“bp g PQ11IT1T Luopieabaa
Prawtare ou fyouury uado . SOF LOHOX D506 LTS "0 ey
 UIOI/NOT11I$ 0 Vi T T . T 7Y ALV TG0 g VI Vg
e 18-g-1|_T939q Wwea13sdn bujuh wjyeqs 0]y wwaa sy

Lwbly 35754 Uos Japiry .::n..Ecc—':m:: IO 10 WAL vdjeaeay

—— . . e

SR fToaRi i1 gy

Viva e e

VIVO HST 4 M0y LU TR ) ' '

USAV-00005956




[UITRN

24 pur frearabh ol

Gt Plaarab un

A tos Laga 994 tjaaeab -y ..._....... Tivws .y ..._:._;.

9hpd g 01114 teeieabaa

Proylaso ou ! fauvuryy uwado
S It ung M afioa

A 0B 2 avurys yado
LS L UAR I N TTTT I YRR WY PR VY

PENIaAR ou ! javuryd wado

AP PREEREL T FHE LTI NI
Q14311 tuojejobaa

Peandaan ou ! rauueya vado
15413 tuopeyaboa

PEIYIIA0 ou ! famiryd wado
13312 u0jIP136as praysoao

ou Iyurq Jrou peuuryn uado
S14I1T tuogvqobaa

PYenaaan ou t rauneyy uoda
214013 tun)eqobaa

Prayaaae ou ¢ famngs vodo
12912 tuogviaboa

PPIYLIA0 0uv ! jauurys uado
214312 t:baa peayaaso ou

HIUey woay 13vuryd uado
23413 101 1e10baa prayadao

ou {Jl0ys arau 12y vodo

SORPOROL LDIAOL L D802
DO DD L 02

LING L OHGH 350
ZWOE D092 70¢

SO TINOCLDIA0E £ T0m
D008 ¢ 350
DOE 2 IHOE D508 1104
SOLEDANZ 1220 L 3A0¢
D08 MO 202002 ¢ D501
0402221094 DJA02
$0240402 £900% 93402

S0t 9102 {9IA0L

1o

1A TS

» AUVHISHNG ¥

{s

Setet ¢

1

ﬁuwﬁvnr-

L34
SLnte
$LLe

W) A0 VIA

EFEIET

130103

haa prayisae ou $1duuryd uado
Haa praylaao ou fjouueyd vado
haa prayasan oy ¢ 1avuryd uado
Bor praysaav ou f1ameyd wadlo
DA PEIIGAL OU ¢ [auurys wado
haa prayasao ou n-u::.:_a ualo
har peayasao ou ¢ aeyns uado
hoa prayisao ou ¢ jauur Yo uvado
Han praysaso ou ¢ L1aumeyn wado
an pup 3504 * S poowuoy 109

HIAOD/ MO LAINIS U v Juy

8.6.,.93_.%2 {210¢
DIA0N? 95. 50613102
sSR! .:>2 unei..:c_
SOYLO0A0E £ IS00 4D 101
SSTIDde2 0008
NISCIDIAGZ ISR 0L
2S04 1DIA08
202 19IA022 3509
S0ZOH0Z¢ 250422702
340f 120A091 201

1e-6-11 :2

L)
109

——————— e o A ]

Toavab e

LLLTUC Y [AUNIB

I 20 taappnoy WYy eapag i

UMY
0

w0

90
90

) nildm

wal)sdn

e3lvHiSUNS %

(s

~

18- ml_. USRA R L]
Awh&y TT9 oy Uos Japiry .::nan-: NISNN ¢

30303

$311q95 ¢bo

tva ns

1)

hi—.—

0

SLL°e 2°0
174 M1 9°0
6°¢ $$°0
261 s 0
htl $°0
9°1 $°0
SLCT S0
sLete S0
$6°1 $°0

?._e: WOTIFIS mopy wearyeu

ST
9

O ik Ny

B TR

1ST.J %0 13 v iisni

6ujss01d wojany

NI vdyeavay

tapn)

S R,

Hrm ¥o0a

R LTINS

Vopy
Ny

iy
Hnpy

Vinpy
rpy
Hinpy
Ny
Vopy
Tnpy
Vinpy

1y

Tvis i

UG P [N
Twradg
Vinpy
1inpy
Ainpy
VIR
ey
Llnpy
Iy
Ty
1ihpy
1y

IS .:_ )

TR TS

It

-107-

USAV-00005957



POrs 5 opue oarab pad Ud Spaseah wngpow DH P jesvalr
R 1Y losran oy Lol | prws LN S T v gy Hduprpnheg gy

DY el
B L I T Y

Yoy Sy

i g 1Jne .a._..: POsMUG Y YO0 BT AL BT 68" [ §] LNRL LY
Ty Vim .f__—_: PoOvMuG Y YO P—Chuu.:_: (4 LM} 1ivyry
ban pragiaan oy Lpouveys wado u.._::m.,x.s.._c.,::_ R YAP (1) ) LILUTY
oy progsaac oy ! jauuryn vadn .s._.~“cu..~"u.§:c Ihe (S47] S
haa praysaau oy LR RUEIT TR TR P RADTR IR T RDR [ Yo Ve
ban pragaass o tpomens uada THOZENIAON IS0 Yy Y0 PELLEY
baa pragsean oy L EUTTE SRSV SO 1I0A08 56'0 [T Vingy
baa praysaae oy t{omnygd vado m:...u.::uugo:nom:n Q02 (1) oy
boa prayaase ou Lomurys vado SOSEDI01 200A0% ¢ D5 0¢ h'e (A87] Vinpy
baa praysaso ou ! fauurya vade SO49400 120008 J50¢ SLte 4“0 iy
baa prayaaao oy Liavue uado m.:ncgoﬂummunu_ww [YVAR] UM LN IITY
baa perayssao ou tjauveyy vado : VINOOL [ o 0 Hitgy
baa gwuysare on fpavurgd uado SUCEVIA08 22500 ) 01 12 0 ALY
baa praysaae oy fravveyd vado SOZDIA0¢ 1350040701 (3 L Vihpy
U 4A0D 0T TATHIS 10y i TV aivuIsEng % IR [ 007 i 0 ’ (YT
e |RSN R P
Taeg bupseon mopag pew g Tuo) i,
Tiavw Ti6193114) . Ty
£$3201010m 0] Ixau ¢ 6aa
PPIYIaA0 ou ! fauuryd uado 24001 S0l (0 Vivpy
baa pedysaao on flovueyn uado SO€ 42408 ¢ 2 10¢ SO (0 Vinpy
A praysaso on f1ouvueyd uado mcwmu&oﬁgc: . $26°1 €0 Vnpy
boa prayaano ou f1ouuryy uado DS L OMSE £ as0¢ 2°0 Pl ity
S3yaueaq
bu1buryadao ¢ rauvesp uado SO 2d0¢ 1920€ £20A0¢ [ ()] Yoy |
sayoueaq g
Buyburyasaae f1ouueyd vado m:.“c&cauuucn_u,;c. €N Y0 1oy m
fas praysaso au fjawurys vado IHOZ1D20219IA0¢ ! 504 1Y{ 81 Lo gy '
Laa peaysaao ou {1amueyd uvado mcnmo:c~ncu>ca K UM Ty
U0 e 10hea prayaano
ARG wody 1y trauuryd uado S02£240¢ 19K01 1D)A0H s 50 1oy
Vo Ir1abaa praysaso
YU woay cq ¢ f1duueya uado SUZEIJ0CIDIA0N ! IS02 A YAM] (1] ey
DIA pPrayseao ou H1auueyd vado wa-uur_cﬁczoeuumc_ €Ly [T Py
baa peayssan ou ! jauurys vado S0t {9d0¢ 190A09 [P L) Vitpy
sm--- 30U IHOL D008 $L%°) 50 Vinpy
buy, masapun
WhIIS !ssasusaire wosy MR D08 DIA00 ¢ IS01 91t 0 Hinm
YIA0I/WOT1dTNIS 10 V iy  JLVHISHNG (5733 AT1207 LR TN L; TEWTS i
. 18-9=1| Ta16q *eas 40TJ wPadIsul mofaq bupssoan pros 15y .",_...JI_,..I.,.W
Aubky TI373 vasJamy ‘uosdwoys-asHn EECEEXTRTR) N2y vdpesesy Turas)
STNG00 ¥hodRT) T
VIVO WST3 MO T WSy

USAV-00005958



LTIN]

sy

LY

UG Prhaatdyr jo bury
J2A0 Juby s tabps LTUE S b DI T O TTY X

POvs g pue aaeab et

N S L T O Eegaen res g tage

e

$SAININ w0y
00 g8 fanieys yado
S2A0D O/ fanuryd wadn
43400 06 Pavurys warlo
42400 0/a javueyr uwado
494A0D ¢ /@ Jauuryd uado
JIAGT O/m Jouuryy nwlo

LALERFENT ™ F Y

SO I,
SO Ot

49400 06 1auuPY uado
1400 0/8 Jomnyd uado

WINOTEN NS Wi v iy

v 3y

TINIH wosdopry ! uosduwong

JIPINOY aren 40 pujiyay

HiSC/Seeingg

AP0y seau 30 puiyeq HI0S/SSntoey tyo)
2PIN0Y Ir3u 20 pujyag HI0$ /908 ¢ 206
uns mojjvys uj BHS2/5SL g2

Japinoq atsu go PUyaq yusce/agLtase
33pInoq 3e3u 30 pugyag MIS2/082486¢
JIPINOY 383U a0 pupyay H005/9¢285¢;

SSEIONSE POIN0Z ¢ DS 0t

SOCEINOE DIA08 £ IS01
SO0 2 Ot

‘i thesval ey

1100

PO
WML ) WY
WO EDIAUY

SO
WEODA0NE D00

Wi X

——f

18-8-14 2314

“OSHN 3010914

A ]
f.-h-
i
LYY A}
£
a6\

st
et
@l
GAN DT

w e

LYt}
$8°0
St
$L°e
$2°0

sl
$L0°1

(ST3T AT1207 A

HIA0)/NOT1dTHIS 10 v Ity TavaISIG %
e Vigaun ey 19-62-¢_ Tain
fdoay ‘uosTin '321999-ngun 1103001 [0)
e e e JTIAOTNSHN 20

HIADD/NOT R TMIS 3G v 3dY

*haa-dja outaanon wPaJIsu] ou
*63acda outiancy weay 1Su] ou

Adourd uado
Adouen uaro S0Z2501
Aloury uvado St

SOCEOHOS LD IAYE
IO EONON DA 0N
SOLI501 49305 490A07

1

£90829A0¢
% 19H09 ¢ IS08

s va

uosJIapuy ‘syjaqgy) 1
‘uosdwoy) -

Aubhy T a3yay

edtvuIsuns § [

S

0¢
L34
L8 )
€1

w82

$/3) ALTOUVIA

AW gt At e gt
shary Ly Pdup)teg oy Prandpog

MEIRE ERY)

[ e

U]
%0
$°0
$70
L}
.,.:.C.

LN
U
()]

(1) Hia )

(1) Hidig

————— e

(V) Hid

19-£2-g_Tav

NSHN : 10123} 0y

111903 ¢hoivy]

Viva HS1 ] KU

UTINIE M0ty e
WY ias

14 WV HISH]

i n,._.:.v .

UOLIFaS ®ol) whassu) Tue

SR

VIO woJ ) whodysusop uNig
A1) edjvearay

Al wopaq bupssoad pros (&1

[ TN

) —_-—-(
LIty
LB LU Y
Mgy
tnpy
Ny

Ty
LAY
e

EYTANTTR,

fuw) .,_.Jl..u

Yty
Ty
iy
Ty
1y
1Nmpy
NPy

vis 1)

Tueid g,

ol juaang
I naang
] juaang
ERR'ETYIS
DL Fnaaty

ovas

i
EUTLWE N RTR

-109-

USAV-00005959



USAV-00005960

PUrs G paeal pad S earals il DL TR R RPTNTA AL LR (PPY TS
PSIN0Y yay R N AN REYTRT -3 falyqa, Hbtws . ) 29 byt LN ER Y} ".-.._._::: -0 o LR T fapo )y AUy .
Adours uago SO Tu::ﬂuwc [ P [N} A puaang
SULTI® peatase ghy SCEHIMICZ D00 Sin°| 0N L oary
O peaaace yipy o, L0621 )0n owi o Sl anyg
“Olle Luphiegaa g I INTDTENTY SLCCY [} YHiwaang
MORras - 1Sont oontnam £90A01 5094 [} Shtuaang
ROLIIe buphueigoae S$u UH R DA 2° o LR AR
BN (YT ENTIS MOLDIA0| LM £°0 SR AT
J9A00 oy SUn A0 ULERD T SSc €0 2 Tvaarng:
EAAUSEETY B [0 1T YA T S0e 120¢ 23704 $26°0 62°0 RN NTEYYIY
J4203 ou SOV IMeE £DIA0) L (0 Tty
haacdia out go g wead suy ou U.:Enc:amuog:n €L9¢ 90 Vv
"03acdys outan weANsuy oy SO LIHOS L 9IA0¢ 2 L0 Nhpy
haatdis outan ey whadsul ou SO HOS 199405 LY Lo Vivpy
*haatdy oul ao A Wewlysup oy mcmnci.ﬂooi: 22 90 VInpy
"BoAd)s oul sann wedlsuy oy m:ﬁo::.hugc; $9°2 $9°0 V| npy
“Guacdya outaaann wWrazisuy) oy m=~nu:=iuu>oa 02 90 1y
QWO P Yaliga %01
urpIvdis buiburyssan oy *92A0%930¢ ¢ 2502 $29°2 ‘N Vinpy
Adours uado mcﬁcu:muuwc:uu.::‘ L4 %0 Vinpy
Paprys faaay Praysaae moic:oﬂ.umc— 61 <60 Vit
meee- 0950013 )¢ $L0° S0 Vinpy
ven- SOCEDIA0C £ )00 $6°1 %0 gy
SO L 2H0€ 19404 St L) iy
SOLEMIGE 9)Ag ity $'0 Viopy 1
SooT [TMOEDA02!S0N 90 S€°2 "0 ity o
VOLiabaa &g papeys JHOS 1 9IADS SeLci L] Ny -
££23030 0. Sups S gaapun uoc..mwoﬂnou»cm SLL) 40 Mnpy 1ﬂ
$5330091's awos I qrapun mn:“uxac~cu>c_ ${9°y vy R EUTY
MOL1I% perayisaao z:—......_..:c..
PN poancraw & jaogaa THOZEDIA0F 1501 ¢ 350 (Y430 £ Ny
4CNTM pragsase yhyy SOf D002 $6°1 LMY Hn
SO N praysa g uhiy SOL L UHOE DAY s§°1 %0 ity
“OL11a prayssan Yoyt apggoa '
PUtyag posnseow Aagougaa SSHOHCNE 5, SLE°0 [ 1) Vinpy
2oL 1w Dujburigaaan
f39an0 OU-wraIY5y JdSniScytyIagg 1 T4 M | (Y] LIV LY
IR0 A e qataa o 4060000219002 5 0 s21°y LN} opy
—WIAUINON TS T vidy VIS N T ) AITH0T3A () Ntd'iv PNVES 10 L
. .2-— s “015 wray un:—
= MOSIAPUY fsyaggq, _z.bnhb.m,wm@ woJ) bupssoan weay 1suNop 3oy Mv@wr,..ﬂ.w
AubAy ooy .::..._.E:f “NSHH $40303) 10) N2 pdjearay Swhad gy
MR X R Ty
VIVO HST4 %003 Wy INTSHT




Yoty

2ap g
B RY

19arstbtaqqay

LRIP)

X300y

x00u
Y02
NOOS

X003
3002
PRIY]
19902 purs * ya04
2714400 ‘ pues * x50y
219902 purs * ya0y
219902 pues ‘%202
%303

%02
3002
%3013
%502
002

dI¥IS A v iy
e — 2T .

WA/ |

W say
nngay
Py

m:_ _ _...-=
“lgao)
B CUTN)
“1990)
214q0)
puyoy
31140)
21490)
puyag
Peiyay
Uy
31990
3149q0)
31qq0)
219903
21q90)
314q0)
s1qqn)
31qq0)
Pulyag
pujyagy
bujyay
puYvagy
PUTyy)
puluag
pulyey
pulyag

vady
puyan
Pulyey
puly
LU
Pujyay

2IPwsag

"Ny ‘1tauege

Shuge)

hurg [ERUS AT
[ELLE LIRS UTTRR

L RUE RE ST TN [EX

‘pnogt [ERUSLERITT
[RGUELTRE PPOTEY
[ELUS TR 9qny

LA NULN]
YY)y
d1qnoy
R UM
214q0)
gy
EAUTTTH
1310abla ) gyay

PURS ! taapahe;) 1494
puky 19Aah 9y

[ELUNT] arqqn)
21990)
2tqqu)
al4yny
21990y
3190y
219q0)

13ava6 31qq0)
dtuqo)
Ajqqo)

Japinog ‘3tagu)

SHagen fruey

14qe0 » pueg

2199 @ g

*19400 p pueg
21990)
Alygo)y
21940
21q4yn)
21940y
d1ugo)y
21990
aqyu)

Hvyrsuns

T e e ]

pue 16/8149 33
I R 1Y T TENTINN

$I11900 ¥vhod

Sty

-N'.—
Sy '
AYN )]
LI
Il
YA M1
<50

[

()]
90
$L$°2
SLse
S6'0
$6°0
€6°0

0

TR
S0
9°4
Sty
a0y
~'°
20

O‘Qﬁv
YTl
L |

8iy

0

0

<0

I8

6°0
DTN T T

DAL S (I TO™D

P.w

NI

VO
L'n
S0
L]

Secsas

() nia

'y
By
iy
gy
L AULY
Yty
LR RL 1IN
Hitiry
Py
Vit
[RLLLY
Ty
ity
-—.-—J.
1Hwy
Vinpy
Hinpy
Ty
LY LR
Viopy
Hnpy
Yinpy
by
1oy
Hivpy
1inpy
Hrpy
Yy
Ynpy
Tinpy
Vivpy
Tnpy
Yinpy
TInpy
Vinpy
Titgy
ity
Ty
Tinpy
iy
Vinpy
Vpnpy
Finpy

T |

W) e apyaq

SRR R " PP ¢ tuopryg

AN v1D Teeaayg

USAV-00005961

-111-

I



p—e

LY g woae LY

N poaliauniee SO TN
ABUE RN IR LY RITATN My
NOD patiyowg g Puigag

Y01 pupagay

JApInoy pujyag
1202 pujyag
X903 3pysag
1203 pujyay
%904 pujyag

pinog pujyay

3pinoy pujyag

tevman

H9pinog pujyay
19pinog apysag

RN
| ERLET AT PITTTR
| RALIE LA TITHORY
12avabtayqqny
12vabtagqgoy

PUPS * TuAtabt g
[LUTE RS FTYINT N 14y
PUES® Jaavay
[0S B EPVIF TN
PUVS * J2as a9
PUrs ‘ [aaean
PUrs ¢ faae
123ava6' 3 1qqa)
pIes faaran
Purs ' jaas
19arab’ a1 9qu)
12arabtagqqn)
13Arab 3 1qq0;)
12arablajqqo)
=:qa._c>au¢.&_::c;
PuPs ‘ 1aavsh’aqqo]
12aeab'aqqo)y
a1quo)
1940203 1qq0)
19Araba19q0)
13avabta1qq0)
12402040 jgqo)
13403643 jyqu)
134e36'01q00)
19ap3b%a1qyn)
19Arab'a 1440y
13aeaba 1qq0)
194203 1qq0)
124036 1qqoy
194a236'a1090)
134P3b* 3 yg0)
faneyy

|EXLILY
194ra0*21qquy
124363 1940)

[

HIA0I/MOT 14183530 v Iy

Jlvuisuns

oJPwWSdg pug
A E TR

Aubhy T334 ‘11309

1876119 T3,

1 TEENTE RS

<t )
LA o0
LYE I $6T0

SO ATV V) Wi

LIRS R

WIYIITE) w abpyag
NS g0 UR-DI S M) w2/ pue 1
gy ey

W

“is!

TGOS #Bopvyy T i

——

VIvd WS4

AENOETTRRT]

110y

LAV L
10y
Vivey
Virry
ity
Vit
oy
-—_—-(
ity

\
Hvpy
Mgy
Tinpy
Hnpy
ey
Hnpy
Vinpy
Vinpy
oy
Tipy
R LU RY
.——-.—-(
1y
110py
Vnpy
npy
Vinpy
3 hpy
opy
npy
LA LY
Ty
.—..-(
vy
RTLLN
Mopy
1Py
ey
1Py

VIS 70l

YT

-112~

USAV-00005962




“\ H\-\.‘,.%_’R-,\.\
' SIPINOG pujyag PuPs *a1qqoa’ yony (] L) 1iopy
NOOL puiye Puvs 'S rqquoat Mooy ©ey) v Yy
N3 paryay PUES Caygoo  yaoy LTSI 50 YViopy
A2 pupyag PUPS {31 quea* saoy (YON ) 0 inpy
9PNy putgag PUrs Lo qggnit Nooy 50 L0 Topy
Japinoq pupyay Purs ‘ 314qna L RIUT] [T 2T) a0 Npy
¥ pujyog Purst aganng? LRI Y0 %0 110py
2apnog pupyay PUES t 31 qquat na0)) 1 €9°0 Minpy .
. m———— - aar 3 S T e e e I~ v ——— et m—— bkt S § R N S T [, e e b L . e
MM LL AR HIS J0 Y3y~ S} TR T SIRTUNSFRTIFIN R LN D eee VIS L)
asrwsag pue 1e/6t /e 9ivg VLU £a] 4o weesisdn s a0 ¥ BT TR TET
YV 90149 1330 *1ayag “1119ua 01 nsHn 1301337 0) BN LY g
Sme-- purs * taaeay ﬁ, LTI ) %0 Ny
ceeee pues ¢ 19402631 qq0) L6°2 SHh'0o Vinpy
Sese- PUPE ! 124pa6 a1 qq0) L1 M| 2°0 Ninpy
secee seme. €240 . %0 1inpy
cm--- PUPE [oaRahi ) qqu ) LT0ad | $%°0 1npy
cree- _.._1n._u>..._:.u_.=_=u [’ 9 VInpy
sese- PUPS $104r36'a1qn0) [ Y7204 $°0 A hpy
ceeea -.:on.-ﬁ...uo.o_aaeu 12 $'0 1jhpy LJ
—em—— .:...n._v:...o.u_s,_ou 22 9°0 npy —
: —
B )R £V W TTR 3 TR A, et UL [LNURNN (1YY WY KN 7P T NS T T3 in ' _
_ $IPWS NG pue tu/ey/9 1wy uokue) 1inguony o wradsdn Fw | IO )
VY 221dd fIEH Ay g pauagge) SNSHE 130103 (o) 1A Py rEreiyg :
213314 30 36pa 192296 3o purg L0 €0 AOR - . N
Japinog pupyag _aacu.uuc_:.:_. 19ara3Y) QL0 ¢ 6°0 Ity !
dapinoq pujyag 19902 3apinog’ faaear) S0 9°0 Vinpy
s sese- WUn't S0 Nvpy
puesaiqqn) Purs “3 1ygqny L Y] [ Yoy
1TP) %501 pujyag 21940) t° ShU() 11y
- M0 TROT AT Y30 VY. ,Hu...lnf.km_“_wm_,.w:l-.:uQMDtH@m.,F, | HU.L‘.__QWIHQ..MH S T T T
L]
‘olprag
JPwsag pur 26/81/9 137%G 061°S°A 40 wvaaisumop apqw 2/ pue 1 tuoqaryg
VY 3313d TR ‘g ¢ 11222201 -ASHN T30133710) 13010 P11 TSI
+
SVVI903 PRI T Ty g ,
YIVOISTT Wiy Wi _
ot ng . ' : B .o - . -, ’ . Y ) Fomam Lo ' )
] t -

USAV-00005963

|




APPENDIX E

Ken Bovee's summary of the CIFSG analysis of habitat data on

spikedace and loach minnows collected from Aravaipa Creek

and the Gila River, New Mexico
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iuciLiivialiuulil T Heaide Ome

Fort Collins, Colorado 80526

Jon Souder, FWS, Ecological Services FILE: 1200.8a
Albuquerque, WM

Ken -Bovee, Hydrologist, IFG DATE: April 14, 1982

inalysis of Species Data

e have examined the data for Tiaroga cobitis, Meda fulgida, Catostomus
:larki, and C. insignis as you requested in your memo of April 2, 1982. e
'an the data through the multivariate statistical package developed by

FG, but unfortunately, we were unable to get a complete set of output.

le did not have enough data on the suckers to get a good run.

have enclosed three separate pieces of information for the loach
innow and spikedace: histograms, scattergrams, and marginal probability
lots. The histograms are simple one-dimensional frequency plots of

our data. The scatter grams are two-dimensional frequency plots. The
arginals are curves derived by making a two-dimensienal projection of

he multivariate probability density functions. We got the multivariate
1t to work but couldn't get it plotted out. The marginal is virtuaily
e same as a preference curve, except you'll have to normalize it.

few observations regarding these data:

1. Reviewing the histograms for the loach minnow and spikedace,
you can see that the functions for depth and velocity are
pretty well defined for both species. It's quite obvious that
a curve fit to the histograms would be bel] shaped. The denth
histogram for the loach minnow and the velocity histogram for

the spikedace have a couple of discontinuities that we try to .
_——————;ave4d7——¥he—+oach-mfnnUw”depth‘bT6f_ﬁ5§*E_ﬁ6TE‘Tﬁ_fEE_ﬁTaﬁTE_—_—-—%_—__ﬁ—____
of it at about .4 ft. , The spike dace plot has an unexcected
mode at about .5 fps.~ These discontinuities don't really hurt
the curve fit too much, but may indicate that the entire range
of environmental conditions was not sampled with proportional
effort. The small interval used for the depth histograms may
give the appearance of a discontinuity where none really
exists. The extra bump on the velocity curve is probably du%,
to sampling bias.

!

2. You can see from the dominant particle size and percent fines
histograms that we really have a problem with substrate. I've
drawn two curves on each histogram. The red curve is what I
think the curve should look like and the blue 1ine is what the
computer is going to try to fit to the data. The problem is
that large gravel is unrespresented as a dominant particle

-116-
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(2)

size, either because it is absent in this river or it always
occurs in association with larger materials. Likewise, we
seem to either have no fines, or about 30% fines in the matrix.
This is possibly due to the way substrate information was
recorded. Sometimes the percent fines were recorded, and
sometimes not. You'll notice that you didn't get marginals
plotted out for substrate of any kind. That's because whenever
we tried to get the computer to fit the red lines, it blew up.
I don't believe these blue Tines for a minute. I believe we
can eliminate the problem with dominant particle size by
coalescing a couple of the gravel size classes and just have
one code for gravel. (The codes used are recorded next to

the substrate histogram for the loach minnow). Looking at

the histograms for percent fines, it locks like the loach
minnow prefers a clean substrate. The spike dace, on the

other hand, is more tolerant of a sandy substrate. [ feel

that any substrate code you develop for PHABSIM should contain
information on percent fines, especially if the loach minnow

is one of your evaluation species. You might not need it for
the spike dace. '

3. The scattergrams really only show one thing of any importance.
Notice that ['ve sketched an oval on each scattergram. This
is the approximate shape of a bivariate function: depth- .
velocity; velocity-dominant particle size; or dominant particle
size - percent fines. The axes of both depth-velocity scattergrams
are really skewed. This means that there is a high degree of
correlation between the two variables in this stream. Mike
Prewitt has seen hundreds of these things, and he says this
kind of correlation is a dead giveaway that there is a large
environmental bias in the data. What you're seeing is not the
fish's actual preferences, but its tolerances within a small
range of environmental conditions. The only way to correct
this is to have some measure of the availability of different

————microhabitats—at—the flows the fish were observed at. Basically,

it means you need to collect PHABSIM type data for these sites
and simulate the stream at the flows occurring during the fish
observations. That's the bad news.

The good news is that the marginals we are sending you are as good or
better than the trout curves people have blithely been using for years
(especially your depth and velocity curves). The curves we have provided
generally agree with Minckley's descriptions in Fishes of Arizona. As
long as you stick to streams about the size of the one's these data came
from, you should be all right. I wouldn't try to extrapolate to larger
~ivers, but Minckley says these species are pretty much restricted to
small streams anyway. If corrections are made for environmental/sampling
>ias, it is probable that both the peaks and the tails of the curves

-117-
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- o (a).

will shift. This basi means that these curves are not transferrable
to streams that are very much differen e o0 i

observed in. timately, the decision to he curves in an analysi
0 { or S . We can only help this
decision Saying as most of the curves on

FISHFIL.

If you have any questions regarding the data or our analysis, please

call me at FTS 323-5320.

.S, Td Lk Kap Gpur Aol v~ e Wi
‘ - s Ct O“&x—b Cbr"“{&m MQ\MM«I‘\Q
iaatsS . was K“"f vaa—\\ e.a-a:ta.d.

-118~

USAV-00005968



APPENDIX 5

A PRELIMINARY ANALYSIS OF
THE SIGNIFICANCE OF WATER TO RECREATIONAL VISITORS
AT ARAVAIPA CANYON WILDERNESS, ARIZONA

A report to the Bureau of Land Management
Safford District Office
425 East Fourth Street
Safford, AZ 85546

by

Steven D. Moore, Research Associate
and

Stanley K. Brickler, Ph.D., Associate Professor

School of Renewable Natural Resources
University of Arizona
325 Biosciences East Building
Tucson, 22 85721

20 June 1988
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INTRODUCTION

Research on landscape preferences and use of natural
resource areas for recreation has consistently found that peoplé
are strongly attracted to water. Pictures of landscapes with
streams, lakes, or ponds are consistently preferred over pictures
of landscapes without open water. Places with water,
particularly in arid regions of the nation, are popular
recreation sites. From an aesthetic point of view, water is a
focal element in landscapes and is an integral part of the
feeling of recreation places. It also is an important medium for
many popular recreational activities: swimming, boating, fishing,
etc.

Our research has demonstrated that people also highly value
water and water related recreational activities in Aravaipa
Canyon Wilderness. The results presented in this paper indicate
that elimination or even a small diminutions of the flow of

Aravaipa Creek could reduce the recreational attractiveness of the

wilderness area.

The data base for this paper cames from a mail questionnaire
survey of visitors to Aravaipa Canyon Wilderness in Arizona.
From April 1987 to March 1988 questionnaires were mailed each
month to a random sample of people who had reserved pemmits to
visit Aravaipa Canyon during the previous month. The names and
addresses of these individuals were obtained fram permit records
provided by the Bureau of Land Management (the agency responsible
for managing the wilderness area). The sampling process provided

1
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a stratified random sample of an annual cross-section of
wilderness visitors. Six hundred and sixty-five responses were
received and coded, representing an 83% overall response rate.
Except where indicated, results presented in this paper are
derived from a weighted data set. We have weighted the data set
to correct for minor statistical inequalities in selecting samples
from each month of the sample period. The result of ouf weighting
method is that each respondent has an equal probability of being
included in our total sample.

The paper proceeds as follows. First, we discuss the
importance of water for visitors—at its face value. Second, we
look at the significance of water-based recreational activities.
Third, a quantitative analysis is described that attempts to
quantify visitor's preferences for stream flows in Aravaipa

Canyon. Finally, we offer same concluding remarks.

RESULTS

t wat visitors
The best indication of the importance of water to visitofs
at Aravaipa Canyon Wilderness cames fram one question. We asked
visitors to rank out of a list of thirteen elements, the five
most important elements of Aravaipa Canyon. Approximately 82% of
the respondents placed water among the top five elements (table
1). Peace and quiet, solitude, and wiidlife were also ranked
highly. Water was also ranked most frequently as the most

important element of Aravaipa Canyon.
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The_importance of water—based activities to visitors

Two water-based activities--hiking and swimming in Aravaipa
Creek—were highly rated by respondents. Nearly all respondents
(94.7%) reported liking or strongly liking hiking in the creek
(table 2). This result is important in light of the fact that
visitors must repeatedly cross the creek to traverse the
wilderness area. If visitors were not pre—disposed to enjoy the
water, they might report lower levels of enjoymentv for this
activity. Same respondents have cammented that walking through
the creek was difficult at times, but these comments were.
associated with visits during flood and near-flood stages. We
cannot recall any respondents requesting diminution of the flow
of Aravaipa Creek to make hiking easier. Same respondents,
however, have suggested installation of bridges, etc. to
facilitate river crossings. Seventy-eight percent of the
respondents reported that they would like or strongly 1like
swimming in Aravaipa Creek if they visited the wilderness in the

near future (table 3). Although only 42% of respondents reported =~

actually swimming in the creek during their most recent visit
(table 4), a strong preference for contact with water at Aravaipa

is apparent from the results.

Preferences for water quantjty

A hint at visitors' preferences for water quantity is
provided by table 5: approximately 88 percent of tﬁe respondents
found streamflows at preferable levels. A more in-depth analysis
indicates that some streamflows may be more preferable than

3
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others. Using multinomial logit models, we compared actual
streamflowsl to the responses in table 5. In this manner we were
able to investigate at what streamflows respondents were more
likely to indicate that they saw less water than they prefer, as
much water as they prefer, and more water than they prefer.2 At
present, we do not feel that our models are sensitive enough to
make an accurate prediction of the btreakpoint between too low and
just enough flows.3 We can, however, state that small changes in
streamflow may influence respondents' feelings about the amount of
water they find in Aravaipa Canyon. Our results indicate that
during our study period, single increment declines in streamflow
(for example from 25 cubic feet per second [cfs] to 24 cfs)
increased the likelihood that respondents would report that they
found less water than they preferred. The respondents apparently

were sensitive to small changes in streamflow.

CONCLUSIONS

M—eenelusiens—are—apparent—frmr‘our—mralys—e . First,

water is a highly valued attribute of the recreational setting at
Aravaipa Canyon Wilderness. Respondents ranked water highly

compared to other attributes of the setting and demonstrated

1 Streamflow data were provided by the Safford District
Office of the Bureau of Land Management.

2 This analysis was conducted with unweighted data.
We are continuing to explore the relationship between

streamflow and attitudes with more sophisticated
statistical models.

i

USAV-00005974



strong preferences for water-relategd activities. These results

are not surprising considering the rarity and significance of open

water in a desert setting. Based on our results and on personal
experience, we could argue that water is the intrinsic attraction
of Aravaipa Canyon Wilderness. Second, visitors appear to be
sensitive to small changes in streamflow. Our preliminary

analyses indicate that declines in streamflow increase the

likelihood that respondents will find less water than they prefer.

Many factors could explain this relationship, we offer two. At
lower flows, the river bed may be less aesthetically pleasing.
Stagnant pools and dying vegetation became more prevalent and
noticeable. Also at low flows, deep pools and swimming holes may
disappear, leading to less availability of sites for water related
recreation.

It is important to note that our survey was conducted at a
time when streamflows ranged between 17 and 250 cfs

(approximately). Accordingly, our respondents were not subjected

to the 15 cfs level proposed for the instream flow permit.

Because visitors are highly satisfied with current streamflows, a
decline to 15 cfs or lower is likely to lead to some
dissatisfaction. Repeat visitors (people who are accustomed to
higher streamflows) may be more affected than new visitors.4
Dissatisfaction should continue for a time until visitors became

accustomed to the new stream level. If same features of the

4 51.1% of our survey respondents have visited Aravaipa
Canyon Wilderness one or more times during their
lifetime.
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stream are eliminated by decreased flow (for example, pools for
swimming), though, some recreational visitors could be permanently
displaced from the area. At same point (which could be above, at,
or below 15 cfs, but we cannot judge this fram our data), Aravaipa

Canyon could become relatively undesirable as a recreation site.
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TABLES

Table 1: Percentages of respondents rating elements of Aravaipa
Canyon most important and within the five most important

elements. N=546.
Within the Five

Most Important Most Important

Element Elements
Water 33.3% 81.8%
Peace and quiet 23.2 73.5
Solitude | 16.4 67.1
wildlife 8.7 ~ 65.9
Geology 6.9 47.1
Challenge 3.0 29.4
Vegetation 2.5 | 51.1
Ease of hiking | 2.3 23.0
Good campsites 1.6 28.0
Shade 1.4 24.5
Safety from natural hazards 0.4 6.4

Archeology .2 : 7.0
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Table 2: Respondents'
Creek. N=665,

Strongly dislike

Dislike

Neutral

Like

Strongly Like

attitudes toward walking in Aravaipa

0.3%

1.5

3.5
18.1

16.6
100.0

Table 3: Respondents' attitudes toward swimming in Aravaipa

Creek. N=665.

Strongly dislike
Dislike

Neutral

Like

Strongly Like

1.2%
1.9
18.6
31.5
46,7
100.0
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Table 4: Activities pursued by visitors in Aravaipa Canyon
Wilderness. N=575.

Hiking 97.4%
Camping 57.9
Rock climbing 26.5
Hunting 1.0
Swimming 42.0
Backpacking 53.5
Horseback riding 2.1
Birdwatching 55.5
Observing wildlife other

than birds 63.2
Relaxing ' 82.7
Photography 65.0

9

USAV-00005979



Table 5: Amount of water in the main canyon of Aravaipa Canyon
Wilderness in relation to visitors' preferences. N=483.

Less than preferred 8.4%

At the preferred amount 87.9

More than preferred 3.7
10
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