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ASSESSMENT OF WATER RESOURCE CONDITIONS

IN SUPPORT OF
INS TREAM 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 WATER RIGHT FOR THE

MAINTENANCE OF PERENNIAL FLOW OCCURRING IN THAT PORTION OF ARAVAIPA CREEK

LOCATED WITHIN THE PRIMITIVE AREA NOW DESIGNATED AS WILDERNESS AREA THE

APPLICATION NUMBER ASSIGNED WAS 3387114

THE APPLICATION WAS INITIATED TO PROTECT THE NATURAL ATTRIBUTES OF THE

PRIMITIVE AREA THE REMOTENESS OF THE AREA AND THE ECOLOGICAL VALUES IE
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 CURRENT METER AT THE EAST END OF

THE PRIMITIVE AREA DURING MID TO LATE 1980 TWO STREAMGAGING STATIONS WERE

INSTALLED TO COLLECT DAILY STREAMF LOW 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 4044ACRE PRIMITIVE AREA WAS DESIGNATED BLM

WILDERNESS AREA WITH SOME ADDITIONAL ACREAGE ALONG TRIBUTARIES INCLUDED WITH

THE NET DESIGNATION THE 6699ACRE WILDERNESS ARE2 FPR1IIRI PORTINN NF

THE FOLLOWING TRIBUTARIES PARSONS HELL HOLE PAISANO BOOGER HORSE CAMP

VIRGUS JAVELINA HELLS HALF ACRE AND PAINTED CAVE CANYONS THE BEGINNING

AND ENDING POINTS OF THE CREEK ITSELF REMAINED UNCHANGED FIGURE SHOWS CUR
RENT WILDERNESS BOUNDARIES AND LOCATIONS OF BLM GAGING STATIONS

ENVIRONMENTAL SETTING

ARAVAIPA CREEK TRIBUTARY TO THE SAN PEDRO RIVER IS LOCATED IN PINAL

AND GRAHAM COUNTIES OF SOUTHEASTERN ARIZONA ITS WATERSHED BEGINS IN THE

CALIURO 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 2160 AND 8441 FEET

ABOVE MEAN SEA LEVEL

OF THE APPROXIMATELY 17 MILES OF PERENNIAL SURFACE FLOW 11 12 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 DETAILED DIS
CUSSION OF THE HYDROLOGY AND GEOLOGY OF ARAVAIPA CREEK IS CONTAINED IN

ELLINGSON 1980



C
T

T
R

N

I
I

C
T

O
Q

O
Q C
D

A
R

A
V

A
IP

C
A

N
Y

O
N

W
IL

D
E

R
E

S
S

S
A

F
F

O
A

O
D

IS
T

R
IC

T

B
U

R
E

A
U

O
F

LA
N

D
M

A
N

A
G

E
M

E
N

T

A
Z

O
N

A

E
E

IN
O

R
F

LC
4M

D
W

Y
E

F
A

Q
A

V
CW

Q
EM

W
U

JA
W

E
S

S
M

5
D

IS
T

N
C

T
A

F
LZ

O
F

IS
A

U
G

S
S

F
M

O
E

IM
B

U
IU

IN
G

S
C

2

W
IL

D
E

R
N

E
W

P
R

S
V

G
T

IA
S

Y
S

T
B

Y
P

1
0
0
4
0
0

D
E

F
E

D
R

IS
E

R
IS

E
9
0
4

LH



PRECIPITATION PATTERNS ARE CHARACTERIZED BY SPRING DROUGHTS SUMMER MON
SOONS AND REGULAR WINTER RAINFALL PRECIPITATION OVER THE WATERSHED AVERAGES

ABOUT 16 PER YEAR OR 480000 ACREFEET OF WHICH AN ESTIMATED 95 IS LOST TO

EVAPORATION AND TRANSPIRATION OF THE 7400 ACREFOOT BASE FLOW ANOTHER

2400 ACREFEET 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 DESERTSCRUB AND RIPARIAN IN THE LOWER POR
TIONS APPROXIMATELY 300 SPECIES HAVE BEEN RECORDED ON THE WATERSHED HALF OF

WHICH OCCUR IN THE WILDERNESS LIST OF SPECIES CAN BE FOUND IN APPENDIX

OF MINCKLEY 1981

SPECIFICS OF THE APPLICATION

THE APPLICATION REQUESTED QUANTITY OF IN SITU SURFACE FLOW IN THE AMOUNT

OF 10860 ACREFEET 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

19 SEC 19 W‰

18 SEC 24 N‰
SEC 23 NE

SEC 14

SEC 15
SEC 16 N‰
SEC 17 N‰

SEC 18

SEC SW

SEC SE

17 SEC 13 E‰

THE QUANTITY OF FLOW CLAIMED ON THE APPLICATION WAS BROKEN INTO TWO SEPAR
ATE USE CATEGORIES THE FIRST CATEGORY CLAIMED 10 CFS 7240 ACREFEET YEAR

LONG FOR WILDLIFE AND FISHERIES CONSUMPTIVE AND NONCONSUMPTIVE 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 3620 ACREFEET 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 SINGLE REQUEST FOR 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



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 DESERTSR WITHOUT THE WATER MANY

PLANT AND ANIMAL SPECIES WOULD DISAPPEAR THE BIOLOGICAL DIVERSITY WOULD BE

REDUCED AS THE EXISTING RIPARIAN COMMUNITY WAS ELIMINATED INST REAM 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 DIVERSIONS 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 WATERBASED RECREATIONAL ACTIVITIES ARAVAIPA CANYON PROVIDES THE USER

WITH CHANCE TO BE CLOSELY ASSOCIATED WITH NATURE THROUGN IMMEDIATE CONTACT

WITH THE SURFACE FLOW AND ALL OF THE WATERDEPENDENT ATTRIBUTES OR QUALITIES

THE EXISTING NATURAL RESOURCES AND THE QUALITY OF THE RECREATIONAL EXPERI
ENCE ARE TOTALLY DEPENDENT UPON 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

STREAMF LOW MEASUREMENT

EAST END

IN MARCH OF 1979 THE DISTRICT INITIATED STREAMFLOW MEASUREMENTS AT THE

CAST BOUNDARY OF ARAVAIPA PRIMITIVE AREA THESE MEASUREMENTS PROVIDED THE

BASE DATA PRIOR TO THE INSTALLATION OF STREAMGAGING STATION THE STREAM
GAGING STATION WAS INSTALLED IN LATE JULY OF 1980 AND BECAME FULLY OPERA
TIONAL BY AUGUST 1980

DUE TO PROBLEMS WITH THIS STATION OVER THE YEARS THIS FLOW DATA WILL NOT

BE USED FOR ANALYZING INSTREAM FLOWS ONLY THE MONTHLYSEMIMONTHLY FLOW MEA
SUREMENT WILL BE INSERTED FOR COMPARISON WITH THE MONTHLYSEMIMONTHLY
MEASUREMENTS COLLECTED AT THE WEST END SEE APPENDIX FLOW HAS BEEN CON
TINUOUSLY MEASURED AT THIS SITE NEARLY EVERY MONTH AND MORE OFTEN TWICE

MONTH SEE APPENDIX ALL MEASUREMENTS ARE IN ACCORDANCE WITH US
GEOLOGICAL SURVEY USGS STANDARDS

WEST END

IN SEPTEMBER 1980 THE DISTRICT INSTALLED STREAMGAGING STATION AT THE

WEST END OF ARAVAIPA CANYON WHERE THE FLOW EXITS FROM THE WILDERNESS AREA
THE STATION BECAME FULLY OPERATIONAL IN DECEMBER



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

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 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 MINIMUM OF TWO FLOW MEASUREMENTS ARE TAKEN EACH MONTH AND ROU
TINE STATION MAINTENANCE IS CARRIED OUT AT LEAST THREE TIMES MONTH

NEARLY SIX YEARS OF FLOW DATA IS TABULATED FOR THE WEST ARAVAIPA GAGING

STATION APPENDIX OF THE SIX YEARS OF DATA THE LOWEST FLOW DISCHARGE

OF 70 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 182 CFS OCCURRED ON JULY 23 1987

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 10100 CFS THEREFORE LACKING ACTUAL HIGH FLOW DATA THE RATING CURVE FOR

PROJ THE PROJECTION LINE ALLOWS BEST GUESS FOR

FLOWS ABOVE 100 CFS

SINCE BLMS 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

THE BLM GAGING STATION MEASURES THE FLOW AS IT EXITS FROM THE

CANYON WHILE THE USGS STATION IS LOCATED 575 AIR MILES FURTHER

DOWNSTREAM

THE BLM STATION IS MAINTAINED TWO TO FOUR TIMES MONTH WHILE THE

USGS STATION IS USUALLY SERVICED ONCE MONTH

FLOW IS USUALLY MEASURED TWICE MONTH AT THE BLM STATION



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

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 LONGTERM

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 LONGTERM VIEW OF FLOW TRENDS AND MAY PROVIDE 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

USGS

21YR AVG 25 58 43 14 10 21 30 23 28 15 39

BLM WEST

7YR AVG 34 40 49 29 24 21 26 29 28 24 26 35

WILDLIFE CONSIDERATIONS

ARAVAIPA CANYON SUPPORTS WIDE VARIETY OF WILDLIFE SPECIES MANY OF WHICH

ARE DEPENDENT ON THE PERENNIAL WATER AND ADJACENT RIPARIAN HABITAT PROVIDED BY

THE CREEK 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

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 BACH MINNOW COBITIS AND SPIKEDACE MEDA FULGIDA ARE FEDERALLY

THREATENED WHILE THE GILA ROUNDTAIL CHUB GILA ROBUSTA GRAHAMI IS FEDERAL

CATEGORY CANDIDATE SPECIES ALL THREE ARE LISTED AS GROUP THREATENED BY

THE STATE OF ARIZONA

IN 198081 THE USFWS FINANCED STUDY OF FLOWS IN ARAVAIPA CREEK TURNER
AND TAFANELLI 1983 REQUIRED FOR THE FEDERALLY THREATENED MEDA AND TIAROGA

THEY CONCLUDED THAT 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 MINIMUM DISCHARGE OF 13 CFS AT



BLMS EAST ARAVAIPA GAGING STATION WOULD BE AN ACCEPTABLE MINIMUM FLOW FOR

ADULT MEDA AND TIAROGA DURING LOWFLOW PERIODS IN THE SUMMER AND FALL

THE USFWS STUDY APPENDIX 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 ASIJ 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 STABLE FLOW OF 15 CFS WOULD PROBABLY BE

DISASTEROUS HE RECOMMENDED THAT FLOWS VARY IN PATTERN FOLLOWING THE NATU

RAL UNREGULATED FLOW REGIME HIS ESTIMATION FOR THE LOW FLOW FOR

APRILMAYJUNE SHOULD BE APPROXIMATELY 10 CFS AND SIMILAR LOW FLOW IN THE

OCTOBERNOVEMBER PERIOD THE DIFFERENCE BETWEEN 10 AND 15 CFS FOR THESE

MONTHS SHOULD BE ADDED TO WINTER AND SUMMER MONTHS HE POINTED OUT 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 RELATIVELY SMALL STREAM ARE CREATED

AT LEAST IN PART BY 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 VARYING FLOW REGIME WHILE MAINTAINING 15 CFS AVERAGE AS FOLLOWS

MONTH

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 PERENNIAL STREAM IN 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



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 12MONTH PERIOD IN 198788 TO

OBTAIN INFORMATION ABOUT VISITOR PREFERENCE REGARDING VARIETY OF FACTORS

THAT AFFECT EXPERIENCE IN THE WILDERNESS TOTAL OF 665 RESPONSES 83 RES

PONSE RATE WERE RECEIVED AND EVALUATED DATA FROM THAT SURVEY HAS BEEN USED

TO PREPARE PRELIMINARY ANALYSIS OF THE SIGNIFICANCE OF WATER TO RECREATIONAL

VISITORS AT ARAVAIPA CANYON WILDERNESS ARIZONA COPY OF WHICH ATTACHED

AS APPENDIX

THE ANALYSIS SHOWED THAT WATER AND WATERRELATED 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 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 STREAMFIOW LEVELS OVER

OTHERS THROUGH THAT ANALYSIS IT WAS POSSIBLE TO DETERMINE AT WHAT STREAM
LOW 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 WATERRELATED 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



QUANTITIES SOME VISITORS MIGHT SEEK OTHER LOCATIONS WITH WATERRELATED QUALI
TIES THEY DESIRE THE ATTRACTION OF ARAVAIPA CANYON FOR RECREATION COULD BE

DIMINISHED

WITHOUT 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 RARE BIRD OR VIEWING DESERT BIGHORN SHEEP

IN THE CANYON ARE GREATLY IMPROVED BY THE PRESENCE OF PERENNIAL STREAM AND

THE VEGETATION AND HABITAT IT SUPPORTS OTHER RECREATIONAL ACTIVITIES POS
SIBLE IN 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 WILDERNESS

ARAVAIPA CANYON IS 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 RANGE OF FLOWS THAT WOULD SATISFY VISITOR

EXPECTATIONS WITHOUT VARYING FROM THE NATURAL FLOW PATTERN IS REQUESTED



SU AND CONCLUSION

AN APPLICATION FOR AN INSTREAM FLOW WATER RIGHT IN ARAVAIPA CREEK WAS

FILED BY THE BLM ON JUNE 1981 THIS REQUEST FOR 15 CFS WAS BASED ON

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 21YEAR

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 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 BLMS WEST ARAVAIPA GAGING STATION AND 21

YEARS OF FLOW DATA FROM THE USGS STATION DOWNSTREAM MINCKLEY 1981 WERE COM

PARED FOR STREAMFLOW TRENDS THE LONGTERM MONTHLY FLOWS OF THE CREEK VARY ON

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 APRILJUNE SUGGEST THAT THERE MAY BE INSUFFICIENT FLOW DURING THOSE MONTHS

TO SUPPORT THE ORIGINAL 15 CFS REQUEST DURING THESE MONTHS THE 7YEAR BLM

AVERAGE INDICATES OTHERWISE

HIGH FLOWS ARE NEEDED TO SCOUR SILT TO PRODUCE SITES FOR FISH EGGLAYING
THEY ALSO TEND TO WASH OUT MATS OF AQUATIC VEGETATION MAKING MORE PLEASANT

RECREATIONAL EXPERIENCE FOR HIKERS TO ACCOUNT FOR THE SEASONAL FLUCTUATIONS

IN FLOWS BLM PROPOSES TO MODIFY THE ORIGINAL APPLICATION ACCORDING TO THE

21YEAR 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 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

INSTREAM FLOW

NOMINATION 20 25 20 10 10 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

VALID REPRESENTATION OF CURRENT INSTREAM NONCONSUMPTIVE USES IN ARAVAIPA

CREEK AS SUCH THIS REGIME REPRESENTS THE MINIMUM AMOUNTS OF FLOW NEEDED TO

MAINTAIN AND PRESERVE THE CHARACTER OF WATERDEPENDENT VALUES IN THE ARAVAIPA

CANYON WILDERNESS ANY DIVERSIONS OF STREAM FLOW FROM ARAVAIPA CREEK WHICH

WOULD RESULT IN NET DEPLETION OF STREAMF LOW 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 CFS EVEN THOUGH THEY AVERAGE TO 15 CFS

THIS FLOW REGIME RESULTS IN 10840 ACREFEET PER YEAR REQUEST COMPARED

TO THE 10860 ACREFEET PER YEAR CALCULATED AT THE 15 CFS PER MONTH RATE OF

FLOW BLN 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

MONTHLYSEMIMONTHLY STREAMF LOW MEASUREMENTS

AT EAST AND WEST ARAVAIPA STREAMGAGING STATIONS

EAST WEST EAST WEST

ARAVAIPA ARAVAIPA ARAVAIPA ARAVAIPA
DATE CFS DATE CFS DATE CFS DARE CFS

1979 1981

031479 332 031081 231 031381 329
032079 312 041681 232
040279 367 060281 168 060481 102
042379 343 070881 141

071781 343
051079 281 090981 174
053079 294 102381 146
061379 295 102881 136
062779 330 112381 163

071179 230 122481 161
071879 209
081679 298 123181 155

102379 240

1980 1982

062080 216 011582 205
062680 186 012982 173 012782 245
071580 214 022482 188
071780 135 030282 175 030582 238

031282 167
072280 203 040982 238
072980 243 042782 123
080680 260 051382 160

052482 108
102480 147

121280 280 060482 119
060982 92

121980 213
070682 68 070982 78
072082 108

080382 173
083182 178

092282 78
092982 161

100982 126
101982 102 101682 143

103182 166

110582 92
111382 156

120282 149
121882 99



EAST WEST EAST WEST

ARAVAPA ARAVALPA ARAVAIPA ARAVAIPA

DATE CFS DATE GFS DATE GFS DATE CFS

1983 1984

010483 165 011084 310
012283 101 012483 234 012284 331
021183 212 022784 379

0215183 262 021883 323 040384 275

022883 172 041784 363
031083 383 043084 307

040283 439 050284 371
040883 267 041283 439 051484 331

041783 443
042983 170 061184 301 061584 316

062284 253
050183 274 070484 267

051683 166 051583 274 071684 267 071584 415
052983 223

080484 344
060483 185 081084 434
061783 179 061383 219 082484 668
062983 100 063083 111 091384 370

091984 342

071283 208
071883 199 100184 307

072283 275 100684 312
073083 324 101684 293

102184 307
080983 219 110284 304 110484 314

082983 252 082883 230 111B ZI2
091483 207 112084 300

092583 285 121084 292 120584 344
122284 470 121984 462

101883 400
111783 334
112283 287
112583 305

120783 437
121283 346



EAST WEST EAST WEST

ARAVAIPA ARAVAIPA ARAVAIPA ARAVAIPA

DATE CFS DATE CFS DATE CFS DATE CFS

1987 1988

010587 256 010487 251 010488 227
011187 265 011Q188 230

011987 258 011988 248 012388 278
013187 456 020188 206

020788 342
020187 259 021588 213

021387 269 022888 218 022888 229
022087 259

030287 306 030187 947
031687 305 031487 407 031388 222
033087 236 032987 286 032088 223

040488 196 040388 199
041387 262 041187 264 041988 198 041788 209
042787 236 042988 232

050387 247
051187 218 050488 180

051787 231 051588 200
052587 235 052987 211

060887 225
061487 214

062287 210

062887 206
070687 202

071287 190
072087 2L7

072687 189

080387 250
080987 223

081787 227
082387 219

083187 216
090787 219

091487 218
092087 196

092887 216

100487 201
101287 216

101887 233
102887 232

110287 265
111087 222
112387 213

120787 220 120687 237
122187 241 122087 442



EAST WEST EAST WEST

ARAVAIPA ARAVAIPA ARAVAIPA ARAVAIPA
DATE CFS DATE CFS DATE CFS DATE CFS

198 1986

011685 392 011386 283 011286 274
021285 624 021485 657 01278B 271 012586 263
022685 526 021186 293

022486 277 022186 342
030185 710

0311424 031086 243 030986 269
031685 581 032386 552

032285 421 040886 294 040686 305
033185 452 042086 276 042086 282

040885 378 050486 260 050486 272
041485 444 051986 257

042285 402 060286 258 060186 230
043085 395 061686 249 061586 219

062986 229
050685 377

051285 375 072186 229 072086 212
052085 364 072986 313

080486 240 080386 237
060385 351 081886 294

060985 330 082386 239
061785 313 062385 285
063085 292 090186 306

090786 255
071585 295 092186 239
081285 358 092986 245
082685 318 OR2VR 777

101586 246
090985 276 101386 358

091485 282 102786 248 102586 267
092385 292 111086 256 110986 276

092985 434 112486 281 112386 256

100785 282 120186 238
101385 352 120886 484

102185 293 121186 386
121586 267

110485 299 110285 296 122286 268
111885 287 111785 300 122986 258
120285 316 120185 555
121685 288

122185 314
123085 264
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STATION WEST ARAVAIPA STHEA TA WY
MONTH DECEMBER JANUARY

CFZ AR STAGEF CFS AL STAGE CKS AT CS

124 335

1124 335

124 335

125 1348
125 J348

126 1360

126 360

126 360

12 360

125 348

119E 277 125 34

124 124 335

22 31 124 33

123 32 124 335

24 33 23 322
124 335 123 322

335 123 32213

LL
24 33

124 335 122 310

31

124 335 123 132

123 322 121

121 298

124

123 322

122 310

124 335 123 322

3D 124 122 310

125 348 121 298JA
652 328 652

YALJ 578 13047



ARAVAIPA STRE TABULATION WY 1981FE MARCH APRIL MAY

CF AZ STAGE STAGE AF AS
121 298 120 285 IOS 194 113 229
121 298 158 1108 110 108 194
122 310 176 2040 11
121 298 182

P2480
114 237 103 1166

121 298 11561036 114 237 11103
122 310 202

229 103 16O
122 310 166 1460 114 237 102 1161

102 161

167 310 132 245 102 1611151

LIPI152 892 126 36 245 100 150

126 360 19 277 114 237 146

123 322 20 285 115 245 95 131

122 22 31 115 12311121 298 285 94 127

121 298 117 261 93
I21 298 117 261 118 269 139

121 298 116 110 205 146K
233 99

298 269 108 19
261

201
IIA4 99 146

285 16 253 108

20 285 116 107
142JALAI

120 285 115 245 183 98 142

120 285 115 245 156

310 115 245
1146

96

112 221 14611120 285 99 96 135

121 298 109 200 9A2I 96 135

110 205 142 95 131

22JL 101 156

183108 194 106RL 20291 15028 2981

149
3651 724 500 99 1207 111 296



STAIIONW ARAVAIPA STREAIITLQTJ TAEULATIO 1981

AU
STA CFZ STAGE CFS AF STAGE CTS AF AC

93 123 93 123 122 310 95 13

92
111 213 96 13

110 205 96

110 205 199 146

92

120

08 120
12 LOST TA

102 16

108
101 156

106

88 108
100

88

88
IT

105 178

101 15 F2

101 15

124 33 12

90 112 13 94 103 166

94
6580 7600 15080 3070 6080 5520 10950

110 220 250 490 161 320 183 364565



STA ARAVAIPA STH TABULATION WY 1982
MONTH OCTOBER VEMBER DECEMBER

SASE CT STAGE CFS AF STAGE CTS AF

97 139 97 139 105 178 103 16

126 360 142 172

119 277 99 136 09
108

2371O7 88 108

106 18

106 183

178

04

II 103 16

L02 16D
197

STDA
100 150

04

L00 150

101 156
10

13 99 146

99

98

22 96 135
166

96 135 102 161 103 166

96 135 102 161 103

96 161 103 166

95 131 104 172

131 104 172 103 114E 237

96 172 102 161 113 229

961 39 139 558 03 166 116 253

1R9
03 166

9873 4760TCI 164 330 170 330 170 331 320 629AK



STATION ARA TABUIJ WY 1982

FEBRUARY MARCH APRIL MAY

CFZ SFAGE CFS AL

115 245 115 245 111 213 105 17S
114 237 114 237 112 221 105 178

113 229 114 237 114 237 105 178

112 114 237 114 237 1191 27

113 229 11 1411 113 229 LB 245 108 194

221 115

LI 176 204 114 161

12 148 771 13 229 113 229 103 166

LZ 03 166

II 322
10 01

145 108 101 156

119 277 28 385 09 20 01 15

269 121 298 109 20 99

13 134 476 30 410 10 99

1K32 44 140 55
126 360 130 410 108 194 95

23 322
08 194 93

22121 298 118 269 108 92

114 90LJ
117 109 108 J2LL 89 110

112 108
11

277 LQ7 IA
261 120 106 183 89

253 108 194 90

112 221 92 120

112 106 92 120LLJ 110 205 92T120
10424 2068 IG

FEI J300J59O 340 67 21 420 152 30



STATIOY XRAVAIPA WY
OT JUNE

AR STAGE CFS AF STAG CKS AF AF

80 88 98 QZ 105 178

90 II 105 178

89 UN 79 86 90 II 106 183

112 JE 106 183

90 112 79 106 183IIRI89 11 76 90 18

106 118388 108 78

ZJ 2J 108 1941

91 74 89 BO 106 183

80 88 73 77 88 154 964

79 107 141 600

12 78 85 81 166 162 1274

82 93 76 81 LO 112 221

85 IN 104 172

72 76 102 161

85 100 71 74 102 161
83 75 80 102 161

13 78 89 100 150

93
DI 85 80 92

83 81 90 98 142

81 L2 12
83 81 90 90 112

83 96 81 90 90 1121

83 96 82 93 98 142

96 82 93 1991461
82 82 99 146

100 15090

82 93 101 156

HZ 88

LOSE

156

122 31 LJ
2900 5750 2960 5871 714097 192 190 23 451 24OJ 472A

494 483



STAIION ARAVAIPA STRZA TABWXRION WY L9
MONTB OCTOBER NOVEMBER DECEMBER JANUARY

STATE CFZ STAGE CFS AF STAGE CFS AF AF

101 156 103 166 179 224 114
101 156

121 114 237

113 299
100 150 114 237

146
213 114 237

146
205 113 229

99 146 101
15 109 200 229

98 142 03 10 990108

98 142 JJQ3 LL 188 113 229

99 146 104 172 108 19 112 221

98 142 105 17 35 492 112 221

97 139 111 213 5Q 111 213

94 127 102 161 119 277 110 205

91 116 01 15 115 245 110 205
94 127 01 156 15 245 110 IO
93 123 101 156 15 245

96 135 103 15 245 110 20598 142 237 114 237 FTT 261

98 142 120 285 114 237 112 221

146

44 237 21173

99 146 183 114 237 125 F2

113 22 117 261

LQL LLL 237 12
100 150 104 172 122 310 113 1229

146 105 178 129 397 13 229

150J 106 183 117 261 113

108 194 114 112 221

111 2I3100 107 113 229

156 108 194 113 229 1156 1040

156 116 253 LOSTIDATA

1611
5460 1083 15R20 7610 115094

144 290 181 36 260 51O 262 520



STATIONW ARAVAIPA STREA TABULAUON
MORICH FEBRUARY

SRA CFZ STAGE CFS STAG C1 AF FST
LOST ATA 118 269 116 253136

119 277 132 121 298
31 125 348 134 HF7L 118 269

266
200

163 13200

130 40 117 261

133 46

129 131 GZ 114 237129 129 115 245

128 385 133 4O 115 245 II

L29 39 116 25

II 117 261

130 4I 120 285

21

22

124 33 106 183 12

3ZL 112 221

122 30 106 183 26

184 2660 122 IL 105 178

111 213

ZL 115 45

14828 29420

835



STAIIOY ARAVAIPA STHEAZU17TJ TA3ULATIO WY 1983

JJILV
SE

CP STAGE CFS AF STAGE AF

277

II

114 237

113 229

119 TFL DATA TAST
114 23
110 20

01

103 16
II

1C9 20

1113 229

21

2C

188
3C

II
204 404



STATION ARAVAIPA STREA TAEUTX
MONCH FEBRUARY

CFZ AR STAGE CYS AF SIAGE CTS AF

I61E FLAY347

160 336

160KL111 RN MM
159E1328

59E

158E158 320

LOST DATA LO DATA DATA 158 32

157 312

157 LI

156

55 296

58 320

159 328 11
T3 32

ZLM MM MMMMMM L57

157 312

157 312

157 312

LIZ

157 312

157 312

27157 312

157 312

157 312

157 312 3C

157 J3I2
19851 118629



ST ARAVAIPA STHEAI TABULATION WY
MONTH JUNE JULY AUGUST

CFZ STAGE CFS STAG CTS

1551296
359 153 280 177 548

304 151 264 163 370 165 393

156 304
152 272 162 359

155 296 140 196 152 272 I161
156 180 188 742 158 13201
156 304 143 214 167 416 320
156 304

H45 226 173 L58I3
56 30 40 19 76 53 158 32

55 296 38 18 68 42 157 31

55 29 70 45 169 439 173 49

154 28 57 31 09 127 212 1370

154 28 57 312 93 84 183 647

64

54 28 65 39 79 57 166 40

54 288 71 46 91 802 163 370

154 288 166 40 183 158 320

155 296 177 548 173 492 LOS DATA 11
55 296 191 80 196 912

L55 29 2A8 L85 65

248
155 296 193 846

63 157 312

154 288 88 74 33

154J 197 93

LL 288 170 450 178 562

JA5 328

162 157 312 165 393 167 416

160 336 156 304 153 280 166 405

158 320 WS AAA 164 382

280 190 780 155 29 161 347

168 428 155 29 160 336

156 304 35 161 347
17851 3200 26182 1560 30942 18006ZT 872 857

91



STAIION WEST ARAVAIPA STR TABU1 WY 85

NOVEMBER DECEMBER JANUAR

SAEE CFZ STAGE CFS AF STAGE CES AF SA
161E 347 156 304 162 359 136 704
161E 157 312 157 312 ILA6J 534
161E

158 320 161 347 170 450

160E 336 1157 312 170 450 165

157E

159E 328 157 312 164 382 165 393LI 31 58 32 66 1405 165 393
15 296

1691 43 165 1393

62E 223 K779

272 11 347
230 2080

150 256 161 347 193 846
11149 250 320

151 264 151 264
450

53 28 50 25 LOST DATA 164 382
152 272 149 25 162 359

152 27 148 24 163 370

51 264 49 25 159 328II 264 149 250 159 328
152 272 148 244

58320
2801153 24

1T57

L961 147 238 191 802 156 304777 TH41 147 238 212 1370
L55L 296

156 304 50 256 183 154J 288
153 280 154 288

173 492 157 312
152 272 147 238 4781 1811 60
153 280 165 393 164 382 168 428
156 304 180 590 166 405 221 1693

304 382164 245156
264

153 280 164 382 231

152 272 163 370 293 204 1120

154 288 162 359 220 1650 266 3C

155 296 195 890 232
0217 18480LI 9027 1790 70 2017 1B400 32530

291 311 61 600 119 607 1204I

679 728



STAIZON WEST ARAVAIPA STRLT TAIUTA WY 1985

ARV MARCH APRIL MAY

CFZ STAGE CFS AF STAGE CT7S AF

1090 186 704 170 450 169

185 685

70 450 39

178 562 464 166

LOST DATA
64 382

L2L
172 164 38 HI

183E 64

182 62
II

170 163

439 162 3591

85 68 17
162 35

22

182 62 17 478 168 428
62

478 168 161

178 562 172 478 171 464 161 34
1781 5621 169 439 174 506 161 34
19Q 7801 172 478 161 34

68 4281 161

II
168 1621 354 13C

162
13453 16838 13631 27037 23403

710 1Q03 543 072 454 9011 3801 754



STAIION EST ARAVAIPA STREMG TAIUTATION WY I985

AUOUST SEPTEMBER

STA5 CFZ STAGE CFS AL STAGE CL ST
161 347 151 264 163 37

162
173 492 1147 38

1162 SQ 150
72 478 1148 244

163 70 150 37 11491 CI

149 250

11481
2441

148 149 250T

162 359 244 LOST DATA 1511
162 147 238 150 2561

162 359 145 226 147E 238 2641

1161 34J 226 146 23 151 26
161 14 171 153 280
161 14 244 256 153

23 49 250 51 264 II

146
49 50

145 22 149 151 264

LOST DATA 46 232146 232 149 250 150 256

147 238 151 264 166 4051

148 156 156 3FLA

150 256 177 548 152 27
12

22

150 25
5Q 256

21

152 2721

152 272

RMI EI

620

26 52
30BJ 2931 582I



ST VEST ARAVALPA WY 1986

MONTH VEMBER DECEMBER JANUARY

CFZ STAGE CFS AF STAGE CK7S AF ST CES

171 464 178 56 288

162 359 96 67 41 154 288

162 359 99 62 35 155 296

162 359 154 288 61 34 1156 304

336 157 312
161 154 60

LI 61 59 328 IJ6 30
16 359 152 Y2 19 328

161 347 150 256 159 328 INS

382 160 336 1N3 280

50 250 161 347 1N3

II 183 244 162 2LL 13 280

LL LL
27 62 52 27

IL LA 163 264

312 152 272 L62 359 151 264

160 336 154 288 161 347 150 256
168 428 160 336 250

13 160 336 155 296 159 148 244

157 312 L56

22 312 238

154 28 81
58 31 48 214

2154 157 156 22L 149 250

296 155 296 150 256

158 32 153 2801 151 2641

155 180 153 280 IS 264

56 3041 226 52 27 51 26

1157I 77 I8 152 272 151 264

157 166 152 152 272

1S8 161 347 153 2801 151 264

LA JL 32 137 53 28 51 26

351 69 405 803
166

31 152
10 93

84

IEI 338 671



STAIION STKZAI TAFLUTAR104 WY 1986MO FEBRUARY MARCH

CFZ STAGE CFS STAG CTS ST
I6 15359 123 63 116 271

160 336 157
312 123 II 26A

154 156 12 342 115 264

158 320 156 304 121 321 1141 256

296 321155 121 115 26
293 264

1S3 280 120 300 LISI 2641

280 18 28 11 26

245 1J2 272 I1 286 114

194 86 54 18 113 249
LI 174 506 244 17 27

12 24

12 167 416 116 271 23

38 251
16 27 11 23

IL 163
110

62 35 40 27 110 227

199 97 87 72 109 224
303 109

303E 109 224

64E 271

16 27 07 21

31
07 21

158 LOST DATA 17 27 08 22
32OF

278 10 221

IAIL 107550
217

12

LL 278 IA 217

157 3121 124 384 117 217

124 384 16 27

124 384 16 27 10

124 384 11 271 107

124384 108 2211
11060 21940 7052 13990 8623 7288 14455

CL 37 740 287 235 46
AK 22



WEST ARAVAIPA STHZA TABUIJTION 1986
MONTH JUNE JULY AUGUST SEPTEMBER

STAEE CFZ STAGE CFS STAGE CTS
07 21 07 105 210 157E 241

104 207 09 22

04 207 L09 224

110 227

11 235

106 21

LL JJ 26
12 105 21

264T
105 2IO

114

1A 105 21 127 447

LL 105 210 15

105 21 112 242
106 214 LOST DATA 17 27

13 106 214 11 35

10 104 2D1 1O
104 207

110
103 203 UN 22I
104 207

09 LJQ
105 2101

108 22 120 3001
106 214

IIJZOIIIIOF 22 126

10512101 110 2271 116
171 1051 210 132 590 114 256

113 249114 256

106 214 41E 98 112 242

122 342 111

873 17325 835 2T 1656

311 61 28 55 34 81 69



STAIIOY STRJJ WY 1987OR
ER DE JANUARY

STASE CF STAGE CYS AF STAGE CTS AF CU

110 111 233 110 2275 115 264

109 224 109 224 114 236LL 227 116 271 109 224 113 249

II 113 249 UN 113 249

111 235 10 22 751 119
110 227 33 65 1151264

1U3 249 116 271 236 115 264

114 256 10 22 47 1414 113 24

113 249 111 235 242 114 256

111 23 30 510 113 24

II 137E 790 110 22 24 384 113 24

289 111 235 122 342 112

227 119 293 113 249

111 23 19 29 12

LL 24

119 29 114 256 116
114 256 127 447 116 271

IL 114 256 44 14 25

4L 36 114 256

117 278 121 321 114 256

117 278 293 113 2491
22 115 264 16 271 119E Z5 112 242

114 256 286 111 235113249 1102271
II

LLL 117 110 227ITT
249 111 235 116 271 109 224

112 242 116 271 110 227

242 111 235 116 271 109 224

110 22 123 363LL 1281 468
IAL 7570
JEI 290 252 500 453 900 260 515
AK 514



STATION WARAVAIPA STRA TABULATION WY 987

MONTH ARV
STAGE CFS AF STAGE CIS ST AF

147 1414 11 4QI
117 2414 118

286
256

13 830 117 278 242

242 1139 870 126 426 2351

11 2I 1198 132 590

109 790 127 447 1081 2211

23
21

112
405 118 286 108 22

113
17 278 107

114 177 11 107 917

146 LQ
115

249 108 221
115 435 21 22L II

115 264 110 227 110 227

116 271 109 224 110
115 264 109 224 108 221

114 670 L09 224 109

1TO 170T 2T4235
FT

182

2078 286 115 264 104 207

118 286 114 256 104 207

8472 16804 6932 1374
148



RA UZAKLOW TASULA7ION WY 1Q87
XONRH

AUOIJST

CZ STAGE CYS AF STAGE AF S5
104 207 100 106 271 104 207

104 100 193 264 104 207LW
10 FL7

109 224
102 200

21 185 15E 26 01 19

108 221

06 21 095 185 06 21 00 19

IOO

24 104 207 097 188 104 207 100 193

99 19 103 203 99 19

103 20 99 19

13 01 196 095 185 02 2O IAI

106 214 104 207

14 107 217 104 207

QA2
101 196 O94 184 106 214 203

100 193 24 JQ
100 19 106 214 103 203

106 214 103 203

114

6967113819 6093 1208 51

224 445 203 1402



STATION WEST ARAVAIPA STHLQRILR TABULARION WY 1988
BER NOVEMBER

JARIUACP STAGE CFS AF STAGE AF

104 207 I29E 489
214

111
214

256 111 107

108W113
221

100 1121 242 12 108
242 109 92IN

11 42

249 109 29
103

235 112
227

203 110 22

13 23 112 111 235
235 112 242

111 235 113
113

242 242 114
109

112 II
109 224 11 249 111

110

11 249
164

36 149

121 321
110

12411
30

249 11 108 221 28
242 114

14 61
2…

111 2351
11

13 112 24 11 25

1111 23 242 10 22 11 24

242 114 25
111

11 242 113 24
11 242 10 256 3C

11 214
214 25616808 1350

16306 8951 17754219 43 254 503 265 526



STAAMON VEST ARAVAIP
1988

AR RCH APRIL

SASC CZ CFS AF STAGE CTS AF CCZ

113 249 1OQ 224 103

I1
103 203

11L

FL

113 249
99 191

242 98190

99 191

109 22 99 191

108 04 207

221 02 200

109 224 107 21

08 22 21

VI2 I7Y7F7II7J 111 25
106F 214 108

L12I 106 214 107

106 214 106 KI4

106 21U 06

207 W2
NA



X
I

W
E

S
T

A
R

A
V

A
IP

A

A
V

G
O

C
T

N
O

V
D

E
C

JA
N

P
E

R
M

A
R

A
P

R
M

A
Y

JU
N

E
JU

L
Y

A
L

IT
S

L
II

R
O

T
A

L
A

V
G

C
F

S

1
9

IU
T

I
A

F

L
E

IK
IK

F
3

7
7
W

3
7

3
6
5

3W
TH

W
1

4
9

F
2
O

1
9

IV
T

1
1

1
3
0
4
7

2
0
2
2
7

2
0
2
9
1

2
9
8
1
0

2
7
6
3

8
8

9
9

O
8

O
L

S
IC

IK
L
IE

J
I

I
I

A
V

F
S

1
7
I

E
L
I

IU
3
2
0

3
0
0

3
4
0

2
1
0

1
5

2
9
1

9
3

IA
1
9
8
2

F
T

A
F

9
8
1
4

9
8
7
3

1
0
2
9
0

9
4
4
1

1
6
5
4
0

2
0
6
8
0

1
2
4
8
4

9
3
9

0
I
I

5
5

T
H

I
I
I

LC
D

K
IX

P
T

5
0

8
1

A
V

G
C

F
S

1
4
4

1
8
1

2
6
0

2
6
2

2
8
3

7
4
1

3
9
6

2
3

7
2

0
4

1
9
8
3

T
O

T
IL

A
F

8
9
1
0

1
8
0
3
0

1
5
8
2
0

1
5
0
9
4

6
1
8
5

2
9
4
2
8

2
3
5
6
4

1
4
5
6

3
1

2
1

3
7

IT
D

K
IH

P
T

I
8
3
5

A
V

G
C

F
S

T
F

3
0

0
4

4
0

A
A

L
I

1
9
8
4

T
T

A
I

A
F

1
8
6

2
9

1
7
8
5
1

2
6

1
8

2
3
0
9
4

1
8
1
1
K

B
L
II

A
V

G
C

F
S

2
9
1

3
1
1

7
7

7
1
0

5
4
3

4
5
4

3
8

0
3

2
2

2
6

1
IO

IL
L

1
9
8
J

IS
T

L
I

A
F

1
7
9
0
5

1
8
4
8
0

2
0

1
7
2

3
2
5
3
0

2
6
6

3
3
3
9
8

2
7
0
3
7

2
3
4

0
3

1
2
8
0
9

1
6
4
2
Y

1
U

1
8

IT
IY

IK
K

P
T

H
6
7
9

7
2

6
2

1
A

V
G

F
S

3
5
1

4
0
5

3
3
8

2
7
0

4
Q

9
3
7
1

2
8
7

2
3

5
2

1
0

I
I

P
S

1
9
8
T

L
A

I
I

A
L

2
1
6
0
6

2
4
1
1
5

2
0
8
1
6

1
6
6
6
1

2
1
9
4
2

1
3
9
9
0

1
7
1
0
3

1
4
4

5
5

1
2
5
2
9

1
5
4
3

IV
IT

V
IS

H
F

L
C

P
T

I
6
2
2

A
V

G
C

F
S

2
9
0

2
5
2

4
5

2
6
0

3
3
Q

7
4
7

2
8
4

2
2

4
2

1
1

1
9

4
2
2

0
3

1
9

8
L

R
A

F
1
6
7
2
2

1
5
0
1
5

2
5
2
1
0

1
5
9
9
2

1
5
6
5
0

0
0
3
0

1
6
8
0
4

1
3
7

4
9

1
2

5
4

9
1
1
9
2
0

L
3
8
I

I0
8

IE
IK

L
K

S
P

T
II

5
1
4

A
V

G
C

F
S

2
1
9

2
5
4

2
6
5

3
0
0

3
0
9

2
1
8

2
0
7

1
9
8
8

T
O

T
IL

A
F

1
3

1
5
1
1
4

1
6
3
0
6

1
7
7
5
4

1
7
8
0
7

1
3
4
0
4

1
2
3
3
5

II
K

C
F

S



APPENDIX

LIST OF THREATENED AND ENDANGERED SPECIES OCCURING AT ARAVAIPA CANYON

SPECIES STATE FEDERAL

SR

LOACH MINNOW LISTED LISTED

TIAROGA COBITIS GROUP THREATENED

SPIKEDACE LISTED LISTED

MEDA FULGIDA GROUP THREATENED

GILA ROUNDTAIL CHUB LISTED CANDIDATE

GILA ROBUSTA GRAHAMI GROUP CATEGORY

REPTILES

DESERT TORTOISE LISTED CANDIDATE

GOPHERUS AGASSIZII GROUP CAGEGORY

GILA MONSTER CANDIDATE

HELODERMA SUSPECTUM CATEGORY

BIRDS

OSPREY LISTED

PANDION HALIAETUS CAROLINENSIS GROUP

BALD EAGLE LISTED LISTED

ILALIACTUS LEUCOCEPHALUS CRNUP END3NGERED

SUBSPECIES HL LEUCOCEPHALUS

BLACK HAWK LISTED

BUTEOGALLUS ANTHRACINUS GROUP

SWAINSONS HAWK CANDIDATE

BUTEO SWAINSONI CATEGORY

FERRUGINOUS HAWK CANDIDATE

BUTEO REGALIS CATEGORY

PEREGRINE FALCON LISTED LISTED

FALCO PEREGRINUS GROUP ENDANGERED

CRESTED CARACARA LISTED

POLYBORUS PLANCUS AUDUBONI GROUP

WESTERN YELLOWBILLED CUCKOO CANDIDATE

COCCYZUS AMERICANUS OCCIDENTALIS CATEGORY



NORTHERN BEARDLESS TYRANNULET LISTED

CAMPTOSTOMA IMBERBE RIDGEWAYI GROUP

BUFFBREASTED FLYCATCHER LISTED

EMPIDONAX FULV PYGMAEUS GROUP

ROSETHROATED BECARD LISTED

PACHYRAMPHUS AGLAIAE RICBMONDI GROUP

AMERICAN REDSTART LISTED

SETOPHAGA RUTICILLA GROUP

SNOWY EGRET LISTED

EGRETTA THULA BREWSTERI GROUP

BLACKCROWNED NIGHT HERON LISTED

NYCTICORAX NOACTIE GROUP

MANMALS

DESERT BIGHORN SHEEP LISTED
OVIS CANADENSIS MEXICANUS GROUP
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ABSTRACT

STUDY OF THE INSTREARI FLOW REQUIREMENTS OF THE NATIVE FISHES OF

ARAVAIPA CREEK IN SOUTHEASTCENTRAL AR WAS DONE IN 19801981 USING

THE INCREMENTAL NETHODOLOGY AN IFG4 HYDRAULIC SIMULATION OF THE

CHANGES IN PHYSICAL HABITAT WAS COMPLETED FOR TYPICAL STREAM REACH

LOCATED ABOUT 34 MILE UPSTREAM FROM THE EASTERN BOUNDARY OF ARAVA

CANYON PRIMITIVE AREA FOR THIS SIMULATION FIELD MEASUREMENTS OF

STREAM PARAMETERS EG WATER DEPTH AND VELOCITY BOTTOM SUBSTRATE

WERE MADE AT DISCHARGES OF 111 165 AND 244 FT SEC AND USED TO

SIMULATE STREAM CONDITIONS FOR DISCHARGES FROM TO 40 FT SEC

PROBABILITYOFUSE CURVES WERE DEVELOPED FOR TWO ENDEMIC RIFFLE

DWELLING CYPRINIDS MEDA FULGIDA AND TIAROGA COBITIS FROM FREQUENCY

OFCAPTURE 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 13 TO 27 FTSEC AND WERE

RARELY FOUND IN AREAS WITH VELOCITIES LESS THAN 06 FTSEC OR GREATER

THAN 30 FTSEC MEDA APPARENTLY PREFERRED WATER DEPTHS OF 060 TO

075 FEET AND WERE NOT COLLECTED AT DEPTHS LESS THAN 02 FEET OR GREATER

THAN 12 FEET ALTHOUGH ADULT TIAROGA WERE COLLECTED AT VELOCITIES FROM

TO 36 FTSEC THEY PREFERRED VELOCITY OF ABOUT 20 FTSEC ADULT

TIAROGA WERE COLLECTED AT DEPTHS OF 01 TO 10 FEET BUT WERE FOUND MOST

COMMONLY AT 04 06 FCCT ADULT MEDA APP PREFERRED 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

DISCHARGE OF 20 FT SEC PROVIDED THE MOST AVAILABLE HABITAT FOR ADULT

MEDA AND TIAROGA WTJA DECREASED RAPIDLY AT DISCHARGES LESS THAN 10

FT SEC FOR BOTH SPECIES MINIMUM DISCHARGE OF 13 FT SEC AT THE

ELMS EAST ARAVAIPA GAGING STATION WOULD BE AN ACCEPTABLE MINIMUM FLOW

FOR ADULT MEDA AND TIAROGA DURING LOWFLOW PERIODS IN THE SUMMER AND

FALL STREAM FLOW DROPPED BELOW THIS RECOMMENDED MINIMUM DISCHARGE

DURING MUCH OF THE SUMMER OF THE 1982 WATER YEAR THUS ANY ADDITONAL

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 LOWWATER YEARS

II
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INTRODUCTION

BACKGROUND

FUNDS FOR THIS STUDY WERE MADE AVAILABLE TO THE SENIOR AUTHOR IN

1980 AFTER PHASE II INSTREAM FLOW STUDY OF ARIZONA STREAMS BY THE

ARIZONA GAME AND FISH DEPARTMENT AGFD WAS TERMINATED BY JOINT

AGREEMENT BETWEEN THE US FISH AND WILDLIFE SERVICE AND AGFD AT THE

TIME THE ARIZONA PHASE II STUDY WAS TERMINATED WITH AGFD NEW MEXICO

STATE UNIVERSITY NMSU HAD JUST COMPLETED PHASE II INSTREAM FLOW

STUDY OF THREE NEW MEXICO RIVERS TURNER ET AL 1980 BECAUSE THE TWO

GRADUATE STUDENTS WHO HAD PERFORMED THE NEW MEXICO PHASE II STUDY WRE

STILL AVAILABLE THE SENIOR AUTHOR AGREED TO USE THE REMAINING UNSPENT

ARIZONA PHASE II FUNDS 1312500 OF 3500000 INITIALLY ALLOCATED TO

AGFD FOR INSTREAM FLOW WORK ON ARIZONA WATERS THIS RESEARCH WAS

AUTHORIZED AS MODIFICATION TO THE ORIGNAL 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 INSTRESM FLOW STUDIES BY AGFD

INCLUDED ARAVAIPA CREEK BLACK RIVER AT BUFFALO CROSSING IN THE APACHE

SITGREAVES NATIONAL FOREST AND WEST CLEAR CREEK 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 DURING

THE 1979 WATER YEAR THUS OUR INSTREAM FLOW STUDY IN ARIZONA WAS

ESSENTIALLY STARTING OVER AS FAR AS FIELDWORK WAS CONCERNED AFTER AN

ONSITE EVALUATION OF ARAVAIPA CREEK IN FEBRUARY 1980 WE DECIDED TO

RETAIN THIS STREAM AS STUDY SITE AT THIS TIME ARAVAIPA CREEK WAS



CONSIDERED HIGH PRIORITY STREAM BY THE ACFD BECAUSE IT WAS ONE OF VERY

FEW ARIZONA STREAMS WHICH STILL SUPPORTED AN ESSENTIALLY UNMODIFIED REPRE

SENTATION OF THE NATIVE GILA RIVER ICHTHYOFAUNA CMINCKLEY 1973 IN

ADDITION THE SAF FORD DISTRICT OFFICE OF THE BUREAU OF LAND MANAGEMENT

SAFFORDELM WAS MANAGING THE ARAVAIPA CANYON AS PRIMITIVE AREA AND

HAD JUST COMPLETED THE ARAVAIPA CANYON WILDERNESS FINAL ENVIRONMENTAL

STATEMENT

WE HAD BEEN ADVISED BY ACFD PERSONNEL TO ELIMINATE WEST CLEAR CREEK

AS POTENTIAL STUDY SITE BUT WARE NOT GIVEN ANY SPECIFIC RECOMMENDA

TIONS ON ALTERNATIVE STUDY SITES DURING 1980 WE CONTACTED THE TUCSON

AND PINETOP OFFICES OF THE AGFD SAF FORD DISTRICT OFFICE OF THE B124 AND

THE APACHESITGREAVES NATIONAL FOREST ABOUT POTENTIAL STUDY SITES IN

EASTERN ARIZONA THE ELM AT SAF FORD WAS ESPECIALLY HELPFUL AND PROVIDED

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 ONSITE EVALUATIONS OF EAGLE CREEK UPSTREAM

FROM THE WATER PUMPING STATION AND OF THE FOLLOWING STREAMS ON THE

APACHESITGREAVES NATIONAL WOR R1N FLYER EFFALO CROSSING

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

TRATE 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 CONSIDERATION

DURING THE PROCESS OF OUR SELECTION OF INSTREAM FLOW STUDY STREAMS

IN 1980 THE SENIOR AUTHOR WAS CONTACTED BY THE PHOENIX DISTRICT OFFICE



OF THE BL1 AND DR RANDY MCNATT US FISH AND WILDLIFE SERVICE USFWS

ABOUT DOING AN INSTREAM FLOW STUDY ON THE BURRO CREEK DRAINAGE IN JEST

CENTRAL ARIZONA AFTER PREPARATION OF COOPERATIVE AGREEMENT BETWEEN

BLM AND USFWS CONTRACT WAS AWARDED TO THE SENIOR AUTHOR TO CONDUCT AN

INSTREAM FLOW STUDY OF THE BURRO CREEK DRAINAGE USING THE CIFSGS 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

ABOVE THE CANYON PORTION ARAVAIPA CREEK HAS APPARENTLY RETAINED MUCH 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 MANS IMPACT ON

ARAVAIPA CREEK AND ITS FLORA AND FAUNA IS MINOR WHEN COMPARED TO OTHER

STREAMS OF THE SONORAN DESERT MINCKLEY 1981 IN PARTICULAR INTRO

DUC FISHES HAVE REMAINED RARE AND THE NATIVE ICHTHYOFAUNA IS STILL

COMPOSED OF FIVE CYPRINIDS SPIKEDACE MEDA FULGIDA BACH MINNOW

COBITIS ROUNDTAIL CHUB GILA ROBUSTA GRAHAMI LONGF IN DACE

CHRYSOGASTER SPECKLED DACE OSCULUS AND TWO

CATOSTOMIDS SONORA SUCKER INSIGNIS AND DESERT SUCKER

OR PANTOSTEUS CLARKI ALTHOUGH ALL OF THESE FISHES OF THE

CIBA 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 MOST SERIOUSLY IMPACTED



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 FC

BOTH FISHES DR JIM JOHNSON USFWS PERS COMM IN ADDITION THE POR

TION OF ARAVAIPA CREEK MANAGED BY THE BLM WILL PROBABLY BE OFF ICIALIV

DESIGNATED AS THE ARAVAIPA CANYON WILDERNESS AREA DURING 1983 BY THE

US CONGRESS AND BECOME THE FIRST ELMMANAGED AREA TO RECEIVE WILDER

NESS STATUS

WILL NOT ATTEMPT TO SUMMARIZE MOST ASPECTS OF THE EXCELLENT

REPORT ON THE PHYSICAL CHEMICAL AND BIOLOGICAL ASPECTS OF ARAVAIPA

CREEK MINCKLEY 1981 WHICH WAS BASED ON STUDIES STARTED IN 1964 AND

INTENSIFIED IN 19761978 BY DR WL MINCKLEY AND HIS COLLEAGUES

MINCKLEYS 1981 REPORT PROVIDES 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 ENVIRON

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 STREAMF LOW AT THE DOWNSTREAM GAGING STATION

GENERALLY REACHED ITS HIGHEST LEVELS IN THE WINTER DECEMBERMARCH AND

SUMMER JULYSEPTEMBER WITH LOWEST DISCHARGES DURING APRILJUNE IN MOST

YEARS WINTER DISCHARGE MINIMA EXCEEDED SUMMER MINIMA BY 23 TIMES AND

THE FREQUENCY DISTRIBUTION OF THE MEAN DAILY DISCHARGES AT THE GAGING

STATION NEAR MAMMOTH ARIZONA EXHIBITED STRONG BIMODALITY AT AND 10

FT SEC MINCKLEY 1981 CONSIDERED THE FT SEC DISCHARGE AS THE

BASE FLOW OF THE AQUIFER IN THE SUMMER LESS IRRIGATION USES THE



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 SEC ABOUT 90 OF THE TINE THIS

RELATIVELY LOW DISCHARGE PROVIDED ADEQUATE STABILITY FOR DEVELOPMENT

AND MAINTENANCE OF DIVERSE BIOTA FLOODING OF MORE THAN 100 FT SEC

OCCURRED LESS THAN OF THE TIME AND HAD NO LONGLASTING DETRIMENTAL

IMPACTS ON THE NATIVE FLORA AND FAUNA MINCKLEY 1981

SINCE MINCKLEYS 1981 REVIEW OF THE DISCHARGE PATTERNS FOR THE

DOWNSTREAM GAGE SEVERAL SIGNIFICANT EVENTS FROM HYDROLOGICAL STAND

POINT HAVE OCCURRED THE MAXIMUM DISCHARGE SINCE 1931 OCCURRED ON

DECEMBER 18 1978 WHEN FLOOD PEAKED AT 16200 FT SEC AT THE DOWN

STREAM GAGE USGS 1981 ALTHOUGH THE IMPACT OF THIS FLOOD WAS STILL

EVIDENT IN THE FLOODPLAIN THE STREAM 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 ELM 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 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 RELATIVELY STABLE DISCHARGE PATTERN FOR THE UPPER

PART OF THE DRAINAGE APPENDIX MEAN DAILY DISCHARGE FOR THE EAST

ARAVAIPA GAGE DURING THE 1981 WATER YEAR WAS 187 FT SEC RANGE OF

137 TO 309 FT SEC COMPARED TO PROVISIONAL MEAN OF 204 FT SEC

RANGE OF 60 TO 276 FT SEC AT THE USGS GAGING STATION NEAR MAMMOTH



ARIZONA APPENDIX DISCHARGE AT THE EAST ARAVAIPA GAGE WAS SLIGHTLY

LOWER DURING THE 1982 WATER YEAR WITH DAILY DISCHARGE OF 147

FT SEC RANGE 73343 FT SEC MEAN NTHLY DISCHARGE RANGED FROM

102110 FT DURING JUNE JULY OCTOBER AND NOVEMBER OF 1982

APPENDIX ALTHOUGH THE EAST ARAVAIPA GAGING STATION HAS ONLY BEEN

OPERATIONAL SINCE AUGUST 1980 COMPARISON OF THE STREAMF LOW RECORDS

WITH THE USGS GAGE NEAR THE MOUTH OF THE CREEK INDICATES CONSIDERABLE

DIFFERENCES IN THE VARIABILITY AND MAGNITUDE OF DISCHARGE BETWEEN THE

UPPER AND LOWER PARTS OF THE DRAINAGE INSUFFICIENT DATA EXISTS TO MAKE

THOROUGH COMPARISON IN SEASONAL DISCHARGE PATTERNS AT THIS TIME BUT

MONITORING THE DISCHARGE AT ELMS EAST ARAVAIPA GAGE SHOULD PROVIDE THE

BEST INDICATOR OF INSTREAM FLOW CONDITIONS BOTH ABOVE THE CANYON AND IN

THE ARAVAIPA CANYON PRIMITIVE AREA

BECAUSE OF THE PREVIOUSLY DISCUSSED REASONS OUR INSTREAM FLOW

STUDY OF ARAVAIPA CREEK CONCENTRATED ON THE INSTREAM FLOW REQUIREMENTS

PARTICULARLY THE PHYSICAL HABITAT REQUIREMENTS OF THE SPIKEDACE AND

BACH MINNOW WE CHOSE 4EDA 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



MATERIALS AND THODS

STUDY SITE T6S R19E 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 34 MILE UPSTREAM

FROM TURKEY CREEK WAS 358FOOT REACH T65 R19E NE 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 MAY 14 1980 AT THE PROPOSED SITE PRIOR TO SURVEYING AND PLACEMENT

OF TRANSECTS YIELDED ALL SEVEN OF THE NATIVE FISHES FOUND IN ARAVAIPA

CREEK MINCKLEY 1973 WE FOUND BOTH ADULT AND JUVENILE ROUNDTAIL CHUB

IN THE SMALL POOL AT THE DOWNSTREAM PORTION TRANSECT OF THE STUDY

SITE ADULT SPIKEDACE AND ADULT BACH MINNOWS WERE FOUND IN THE RUN AND

RIFFLE HABITAT TYPES CHARACTERIZED BY TRANSECTS 26 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 BACH MINNOW AND ROUNDTAIL CHUB IN AND

ADJACENT TO THE STUDY SITE

EXCEPT FOR THE POOL AT TRANSECT WHERE DEPTHS REACHED NEARLY FEET

WATER DEPTHS THROUGHOUT THE STUDY SITE RARELY EXCEEDED 11 FT BOTTOM

SUBSTRATE WAS DOMINATED BY SAND AND GRAVEL AT ALL TRANSECTS BUT SMALL

AMOUNTS OF COBBLE WERE PRESENT AT TRANSECTS 24 AND CHANNEL WIDTH AT

THE TIME OF FIELD MEASUREMENTS RANGED FROM 16 TO 26 FT EXCEPT FOR THE

RUN AT TRANSECT WHICH WAS ONLY 10 TO 14 FT WIDE MEAN COLUMN VELOCI

TIES GENERALLY RANGED FROM 10 TO 30 FTSEC IN THE MIDDLE OF THE



STREAM CHANNEL EXCEPT FOR TRANSECT AND FOR OUR MEASUREMENTS AT THE

HIGHEST DISCHARGE 244 FT ISEC ON MARCH 1981 MAXIMUM MEAN COL

UMN VELOCITY DURING OUR FIELD MEASUREMENTS WAS 46 FTSEC AT TRANSECT

THE SOUTH BANK OF THE CREEK AT THE STUDY SITE WAS AT THE SOUTHERN

EDGE OF THE FLOODPLAIN AND WAS HEAVILY WOODED WITH DECIDUOUS SPECIES OF

THE MIXED BROADLEAF COMMUNITY WHICH INCLUDES COTTONWOOD FREMONTII

WILLOW SALIX SPP SYCA WRIGHTII VELVET ASH

PENNSYLVANICA VELUTINA BOX ELDER ACER NEGUNDO AND WALNUT

MAJOR MINCKLEY 1981 WATER CRESS NASTURTIUMAGUATICUM WAS

PRESENT ALONG THE SHALLOWER MARGINS OF THE STUDY SITE DURING THE SUMMER

OF 1981 BUT WAS NOT APPARENT DURING MAY 1415 1980 PRESUMABLY BECAUSE

OF 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

HYDRAULIC SIMLATION TECNIGUES 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 PYGMY

FLOW METER WHICH WAS ATTACHED TO TOPSETTING WADING ROD THE WADING

ROD WAS ALSO USED AT EACH VERTICAL TO DETERMINE WATER DEPTH TO THE NEAR

EST 01 FOOT

THE INITIAL SURVEYING AND PLACEMENT OF THE STAKES FOR THE TRANSECTS

AND BENCH MARKS WERE ACCOMPLISHED ON MAY 1416 1980 BECAUSE OF OBVIOUS

STREAMBED MOVEMENTS OVER THE WINTER WE TOOK THREE ADDITIONAL SETS OF



FIELD MEASUREMENTS AT THE STUDY SITE ON MARCH JULY 21 AND AUGUST 26

1981

COLLECTION OF HABITAT DATA ON FISH MOST FISH WERE COLLECTED BY

DIP NETS AFTER BEING IMMOBILIZED BY DC CURRENT PRODUCED BY SMITHROOT

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 RECOMME GIVEN BY BOVEE

AND COCHNAUER 1977 ELECTROFISHING EFFORTS GENERALLY PROCEEDED EITHER

UPSTREAM OR LATERALLY TO THE CURRENT IN STREAM SECTIONS SUSPECTED OF

SUPPORTING POPULATIONS OF THE TARGET SPECIES IN AREAS WHICH WERE CON

SIDERED LIKELY HABITAT FOR BACH MINNOWS SMALL SEINE 14 OR 316

INCH MESH WAS HELD IN PLACE FEW FEET DOWNSTREAM AND THEN THE AREA

IMMEDIATELY UPSTREAM WAS ELECTROFISHED BECAUSE ADULT 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 SPECIES WAS MARKED BY DROPPING

COLORCODED MARKERS AT THE SITE WHERE THE FISH WAS FIRST OBSERVED THE

MARKERS CONSISTED OF 3INCH SECTIONS OF 12INCH WOODEN DOWEL RODS WHICH

HAD BEEN PAINTED VARIOUS COLORS AND TIED BY NYLON TWINE TO 3INCH PIECE

OF IRON REBAR THE TWINE WAS CAREFULLY ROLLED AROUND THE DOWEL ROD AND

THE WEIGHT OF THE REBAR CAUSED IT TO UNROLL IMMEDIATELY AFTER 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

SINGLE PERSON WAS RESPONSIBLE FOR DROPPING THE LOCATION MARKERS WHICH

WERE CARRIED IN THE VARIOUS COMPARTMENTS OF CARPENTERS APRON



IN ARAVAIPA CREEK WE RESTRICTED THE PLACEMENT OF LOCATION MARKERS

TO SPIKEDACE BACH MINNOWS AND ROUNDTAIL CHUBS FISH HABITAT DATA FROM

ARAVAIPA CREEK WERE ONLY COLLECTED FROM BETWEEN THE FIRST UPSTREAM AND

FIRST DOWNSTREAM STREAM CROSSINGS IMMEDIATELY ABOVE AND BELOW THE

INSTREAM FLOW STUDY SITE ALTHOUGH WE CONCENTRATED OUR SAMPLING EFFORTS

ON SPIKEDACE AND BACH MINNOWS IN THE CIBA RIVER IN NEW MEXICO SOME

HABITAT DATA WAS OBTAINED FOR ROUNDTAIL CHUBS SONORA SUCKERS AND DESERT

SUCKERS ALL OF OUR SAMPLING WAS DONE DOWNSTREAM FROM THE HIGHWAY 130

BRIDGE

AFTER SAMPLING RUN WAS COMPLETED THE CREW WOULD DETERMINE WATER

DEPTH AND MEAN COLU WATER VELOCITY WITH TOPSETTING WADING ROD AND

PYGMY FLOW METER AT THE SITE OF THE IRON REBAR ANCHOR OF THE LOCATION

MARKER BOTTOM SUBSTRATE WITHIN 6INCH RADIUS OF THE IRON REBAR WAS

CATEGORIZED TO THE NEAREST 1OZ INTO CATEGORIES OF THE MODIFIED WENTWORTH

PARTICLE SIZE SCALE DESCRIBED BY BOVEE AND COCHNAUER 1977 PRE

SENT INSTEAM COVER WITHIN FOOT OF LOCATION MARKER AND THE PRESENCE

OF OVERHEAD COVER EG RIPARIAN VEGETATION WAS NOTED

DATA ANALYSIS

HYDRAULIC SIMULATION THE IFC4 ANALYSIS WAS DONE BY TIM HARDIN

FORMER CIFSG EMPLOYEE USING THE COMPUTER FACILITIES AT OREGON STATE

UNIVERSITY IN CORVALLIS OREGON THE CIFSG COMPUTER PROGRAMS USED IN

THIS ANALYSIS WERE DESCRIBED BY MILHOUS ET AL 1981 BECAUSE OF

STREAMBED VEMENTS BETWEEN OUR MARCH 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
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AND CONTAINS PLOT OF THE BOTTOM PROFILE ACROSS EACH TRANSECT 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

PROBABILITYOFUSE 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

INTO THE COMPUTER AND ANALYZED BY CIFSG COMPUTER PROGRAM DESIGNED TO

EVALUATE PROBABILITYOFUSE DATA THE INPUT DATA AND COMPUTER OUTPUT OF

THIA ANALYSIS IS CONTAINED IN THE FOLLOWING APPENDICES APPENDIX FOR

SONORA SUCKER DESERT SUCKER AND ROUNDTAIL CHUB APPENDIX FOR SPIKE

DACE AND APPENDIX FOR BACH WINNOW WRITTEN SUMMARY OF THIS COM

PUTER ANALYSIS BY KEN BOYCE CIPSG IS CONTAINED IN APPENDIX

WE PREPARED PROBABILITYOFUSE CURVES FOR WATER VELOCITY AND WATER

DEPTH FROM THE COMPUTERDRAWN MARGINALS FOR SPIKEDACE AND BACH MINNOW

FOR COMPARATIVE PURPOSES PROBABILITYOFUSE CURVES WERE ALSO PREPARED

BY FREQUENCY ANALYSIS BOYCE AND COCHNAUER 1977 OF THE RAW HABITAT DATA

FOR VELOCITY AND DEPTH FOR OUR ANALYSIS THE PROBABILITYOFUSE WEIGHT

ING FACTORS WERE TAKEN DIRECTLY FROM THE FREQUENCYOFCAPTURE DATA WHICH

WERE CLUSTERED IN DIFFERENT INCREMENTS TO PRODUCE WEIGHTING FACTORS WHICH

HAD THE LEAST VARIANCE BETWEEN ADJACENT CLUSTERS BOYCE AND COCHAUER

1977 THE FREQUENCYOFCAPTURE DATA FROM ARAVAIPA CREEK AND THE GILA

RIVER WERE SUMMARIZED SEPARATELY BUT WERE COMBINED WHEN PREPARING THE

PROBABILITYOFUSE CURVES IN FEW CASES IT WAS NECESSARY TO SUM THE

FREQUENCY DATA FROM ADJACENT INCREMENTS TO REDUCE THE VARIANCE OF THE

LARGER INCREMENTS WHICH WERE USED IN THE FREQUENCY ANALYSIS OF EITHER

VELOCITY OR DEPTH WHEN THIS WAS DONE THE WEIGHTING FACTORS WERE GIVEN

11



THE SAME VALUE IN BOTH ADJACENT INCREMENTS IN TWO CASES WHERE SCHOOL

OF SPIKEDACE HAD BEEN COLLECTED TOGETHER AND ASSIGNED SINGLE DEPTH AND

VELOCITY VALUE THE SCHOOL WAS COUNTED AS ONLY SINGLE OBSERVATION IN

THE FREQUENCY ANALYSIS THIS THOD AVOIDED EXCESSIVE WEIGHTING OF DATA

WHICH MAY HAVE BEEN INFLUENCED BY SCHOOLING BEHAVIOR ASSOCIATED WITH

ELECTROFISHING EFFORTS BECAUSE THE ACTUAL AVAILABILITY OF DIFFERENT

VELOCITIES AND DEPTHS WAS UNKNOWN FOR MOST AREAS WHERE FISH HABITAT DATA

COLLECTED WE DID NOT ATTEMPT TO DEVELOP TRUE HABITAT PREFERENCE

CURVES

WEIGHTED USABLE AREA

THE WEIGHTED USABLE AREA FOR ALL FISH SPECIES WAS DETERMINED

BY USING THE CIFSGS HABTAT PROGRAM MILHOUS ET AL 1981 WITH THE IFG4

HYDRAULIC SIMULATION OF THE INSTREAM FLOW STUDY SITE FOR ADULT MEDA

AND TIAROGA THE DIFFERENT SETS OF WEIGHTING FACTORS DEVELOPED FROM THE

COMPUTERDRAWN CURVES AND FROM OUR FREQUENCY ANALYSIS OF THE HABITAT

DATA WERE BOTH USED IN SEPARATE RABTAT RUNS TO EVALUATE THE IMPACT OF

VARYING THE PROBABILITYOFUSE WEIGHLIN FDLTUL ON WEIGHTED USABLE AREA

OVER RANGE OF DISCHARGES THE WEIGHTING FACTORS USED FOR THE HABTAT

ANALYSIS FOR SONORA SUCKER DESERT SUCKER AND ROUNDTAIL CHUB WERE TAKEN

DIRECTLY FROM THE PROBABILITYOFUSE 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 PROBABILITYOFUSE 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 147 FT SEC ON MAY 15 1980 244 FT SEC ON MARCH

1981 165 FT SEC ON JULY 21 1981 AND 111 FT SEC ON AUGUST 26

1981 OUR ESTIMATES AT THE INSTREAM FLOW STATION WERE CONSISTENTLY

2531 FT SEC LESS THAN MEASURED DURING 1981 AT THE BLM GAGING

STATION LOCATED DOWNSTREAM NEAR THE UPSTREAM BOUNDARY OF THE WILDER

NESS AREA THUS FT SEC WAS ADDED TO OUR RECOMMENDED INSTREAM

FLOW VALUES SO THAT THE BLM GAGING STATION EAST ARAVAIPA COULD BE

USED TO NITOR STREAMFLOW

BECAUSE OF EXTENSIVE STREAMBED MOVEMENTS BETWEEN MAY 15 1980 AND

MARCH 1981 WE ELIMINATED THE MEASUREMENTS ON MAY 15 1980 FROM OUR

HYDRAULIC SIMULATION THIS WAS NOT 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 140 TO RT SEC

BETWEEN OUR MARCH AND AUGUST 26 SAMPLING DATES IN 1981 THERE WAS SUF

FICIENT STREAMBED CHANGES AT OF OUR TRANSECTS 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 AND

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 24 WEEK PERIOD WHEN DIS

CHARGE VARIES BY ONLY ABOUT 10 FT SEE IN ORDER TO MINIMIZE STREAMBED

MOVEMENT IN HINDSIGHT THE BU STREAMF LOW RECORDS INDICATE THAT THESE

CRITERIA WERE BEST MET FROM MAY 113 1981

THE 1FC4 SIMULATION WAS BASED ON THREE SETS OF DATA WITH RANGE OF

111 TO 244 FT SEC USING THE ACCEPTED CIFSG GUIDELINES FOR IFG

SIMULATION AT 04 TIMES THE LOWEST FLOW TO 25 TIMES THE HIGHEST FLOW

MILBOUS ET AL 1981 OUR SIMULATION OF THE INSTREAM FLOW SITE ON

ARAVAIPA CREEK SHOULD HAVE BEEN ACCEPTABLE WITHIN RANGE OF FLOWS FROM

44 TO 610 FT SEC BECAUSE FLOWS SELDOM EXCEED 40 FT SEC ABOVE

THE CANYON EXCEPT DURING FLOODS WEIGHTED USABLE AREA WAS ONLY SIMULATED

OVER THE RANGE FROM TO 40 FT SEC

ALTHOUGH STREAMBED VEMEFLT WAS PROBLEM IN THIS STUDY THE 1FG4

SIMULATION WAS CONSIDERED PREFERABLE TO WATER SURFACE PROF ILE WSP

SIMULATION BECAUSE IT ALLOWED EVALUATION OVER WIDER RANGE OF FLOW CON

DITIONS AFTER REVIEWING OUR RESULTS IN ARAVAIPA CREEK IT APPEARS THAT

SINGLE SET OF HYDRAULIC MEASUREMENTS TAKEN AT 1215 FT SEC AND

WS SIMULATION WOULD HAVE PROVIDED SUFFICIENT RANGE OF SIMULATED FLOWS

TO ADEQUATELY EVALUATE HABITAT CONDTIONS FOR MEDA AND TIAROGA

HABITAT PREFERENCES OF KEY SPECIES

PROBABILITYOFUSE DATA WERE COLLECTED FOR SPIKEDACE AND BACH MIN

NOW ON JUNE 1819 1981 FROM THE GILA RIVER NEW MEXICO AND ON JULY

19 AUGUST 2728 AND NOVEMBER 810 1981 FROM ARAVAIPA CREEK ARIZONA

APPENDICES AND LIMITED DATA ON SONORA AND DESERT SUCKERS WERE

OBTAINED ON MARCH 56 1981 FROM THE GILA RIVER NEW MEXICO APPENDIX

HOWEVER THE PROBABILITYOFUSE CURVES USED FOR BOTH SUCKERS AND

THE ROUNDTAIL CHUB WERE DEVELOPED FROM DATA COLLECTED FROM BURRO AND

14



FRANCIS CREEKS ARIZONA DURING THE SPRING AND SUMMER OF 1981 TURNER

AND TAFANELLI 1983

SPIKEDACE PROBABILITYOFUSE DATA ON MEDA FULGIDA WERE OBTAINED

FOR 54 ADULTS FROM THE GILA RIVER AND 140 ADULTS FROM ARAVAIPA CREEK

DATA ON JUVENILE SPIKEDACE WERE RESTRICTED TO FISH COLLECTED ON AUGUST

2728 1981 IN ARAVAIPA CREEK APPENDIX

THE PROBABILITYOFUSE CURVE DERIVED FROM THE COMPUTERDRAWN MARGI

NAL PREPARED BY THE CIFSG APPENDIX FIGURE INDICATED PROBABILITY

OFUSE FOR SPIKEDACE OF 100 FOR VELOCITIES BETWEEN 16 AND 20 FTSEC

PROB DROPPED TO 010 AS VELOCITY DECREASED TO 04 FTSEC

AND INCREASED TO 30 FTSEC TABLE HOWEVER OUR ANALYSIS OF THE

VELOCITY DATA TABLE INDICATED THAT THE PROBABILITYOFUSE CURVE FOR

VELOCITY SHOULD BE MORE PLATEAULIKE WITH PROBABILITYOFUSE OF NEARLY

10 FOR VELOCITIES OF 13 TO 27 FTSEC FIGURE VERY FEW MEDA

WERE COLLECTED AT VELOCITIES EITHER LESS THAN 06 OR GREATER THAN 30

FTSEC TABLE THE PROBABILITYOFUSE WEIGHTING FACTORS TABLE

WHICH WERE USED FOR THE ALTERNATE COMPUTER ANALYSIS OF AVAILABLE HABITAT

RUN WERE DETERMINED DIRECTLY FROM OUR ANALYSIS OF DATA ON CAPTURE

FREQUENCIES AT DIFFERENT MEAN COLUMN VELOCITIES OUR BEST ESTIMATE OF

THE VELOCITY PREFERENCES FOR SPIKEDACE IS REPRESENTED BY THE SMOOTHED

CURVE DRAWN FOR THESE PROBABILITYOFUSE FACTORS FIGURE IF

PROBABILITYOFUSE CURVE HAD BEEN DRAWN FOR CAPTURE DATA FROM THE GILA

RIVER PROBABILITIESOFUSE WOULD HAVE BEEN SLIGHTLY GREATER AT MEAN

COLUMN VELOCITIES LESS THAN 17 FTFSEC AND LOWER AT VELOCITIES GREATER

THAN 19 FTSEC HOWEVER THE LIMITED HABITAT DATA COLLECTED FOR MEDA

FROM THE GILA RIVER HAD LITTLE IMPACT ON THE PROBABILITYOFUSE CURVE

DEVELOPED FROM THE COMBINED DATA FIGURE TABLE EXCEPT FOR ONE

15



TABLE ROBABILITYOFUSE WEIGHTING FACTORS FOR TER VELOCITY

AND DEPTH USED TO DETERMINE WEIGHTED USABLE AREA FOR ADULT

SPIKEDACE AND BACH MINNOW IN ARAVAIPA CREEK ARIZONA

THESE FACTORS WERE BASED ON COMPUTERDRAWFL MARGINALS

PREPARED BY CIFSG

VELOCITY ROBABILITY DEPTH PROBABILITY

SPECIES FTISEC OFUSE FEET OFUSE

SPIKEDACE 00 00 000 000

MEDA FULGIDA 04 01 015 000

10 06 030 040

16 10 045 060

20 10 060 100

24 06 075 100

32 00 090 045

1000 00 105 010

120 000

LOACH MINNOW 00 02 000 000

TIAROGA 08 06 010 000

COBITIS 13 10 024 038

17 10 030 065

24 07 036 085

32 02 040 1OC

40 00 050 100

1000 00 058 080

072 020

085 005

100 000

10000 000
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TABLE FREQUENCYOFCAPTURE DATA FOR BACH MINNOW AND SPIKEDACE

COLLECTED AT DIFFERENT WATER VELOCITIES IN ARAVAIPA CREEK

ARIZONA AND THE GIBA RIVER NEW MEXICO

LOACH MINNOW SPIKEDACE

VELOCITY ARAVAIPA CIBA ARAVAIPA CIBA

FTSEC CREEK RIVER TOTAL CREEK RIVER TOTAL

00
01
02
03
04
05

07
08

10
11 16

12 10

13
12

14
15 10 13

16 12

17
18 10 10

19 10 15

20 13 12 13

21 12 17

22 10 10 12

23
24 11 13

25
11

26
27
28 10

29
30
31
32
33
34
35
36

AA SCHOOL OF 15 SPIKEDACE WHICH WRE FIRST OBSERVED AT LOCATION

WITH THIS VELOCITY WAS COUNTED AS SINGLE OBSERVATION

SCHOOL OF 23 SPIKEDACE WHICH WERE FIRST OBSERVED AT LOCATION

WITH THIS VELOCITY WAS COUNTED AS SINGLE OBSERVATION
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TABLE PIOBABILITYOFUSE WEIGHTING FACTORS FOR VELOCITY AND DEPTH

FOR SPIKEDACE AND BACH MINNOW DEVELOPED BY FREQUENCY

ANALYSIS OF CAPTURE DATA FROM ARAVAIPA CREEK ARIZONA AND

GILA RIVER NEW MEXICO

VELOCITY PROBABILITYOFUSE DEPTH PROBABILITYOFUSE

CFTSEC MEDA TIAROGA FEET MEDA TIAROGA

00 000 020 000 000 000

02 004 036 015 000 006

05 012 040 025 006 029

08 030 0140 035 017 061

11 033 060 045 023 087

14 096 060 055 100 100

17 100 070 065 079 058

20 100 100 075 035 017

23 096 062 085 035 006

26 093 034 095 015 001

29 022 034 105 009 001

32 004 018 115 006 000

35 004 018 125 002 000

40 000 000 150 000 000

100 000 000 1000 000 000
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FISH COLLECTED AT MEAN COLUMN VELOCITY OF 01 FTSEC FROM THE GILA

RIVER ADULT SPIKEDACE WERE NOT COLLECTED AT VELOCITIES LESS THAN 04

FTSEC MEAN COLU VELOCITIES AT CAPTURE LOCATIONS RANGED FROM 085

TO 30 FTSEC IN ARAVAIPA CREEK BUT RANGED FROM 01 TO 27 FTSEC

IN THE GILA RIVER APPENDIX

THE COMPUTERDRAWTI MARGINAL FOR PROBABILITYOFUSE FOR DEPTH OF

ADULT SPIKEDACE APPENDIX FIGURE INDICATED THAT PROBABILITYOFUSE

WAS 100 FOR WATER DEPTHS OF 060 TO 075 FT AND THEN DROPPED TO 000

WHEN DEPTHS EITHER DECREASED TO 015 FT OR INCREASED TO 120 FT TABLE

OUR ANALYSIS OF THE FREQUENCY DATA FOR DEPTH TABLE

INDICATED RE RESTRICTIVE DEPTH PREFERENCES FOR ADULT SPIKEDACE WITH

STRONG PREFERENCE FOR DEPTHS OF 05 TO 06 FT FIGURE THE

PROBABILITYOFUSE WEIGHTING FACTORS WHICH WE DETERMINED FROM OUR FRE

QUENCY ANALYSIS TABLE WERE LOWER AT DEPTHS FROM 020 TO 045 FT AND

FROM 060 TO 105 FT THAN THE WEIGHTING FACTORS GENERATED FROM THE CORN

PUTERDRAWTI MARGINAL TABLE BOTH SETS OF WEIGHTING FACTORS WERE

IN SEPARATE COMPX1T RUNS HABTAT PROGRAM TO EVALUATE THE SENSI

TIVITY OF THE HABITAT ANALYSIS TO MODIFICATIONS IN THE PROBABILITYOF

USE CURVES

DEPTHS OF CAPTURE FOR ADULT SPIKEDACE WERE SLIGHTLY GREATER IN

ARAVAIPA CREEK MEAN OF 065 FT RANGE OF 03 TO 12 FT THAN IN THE

GILA RIVER MEAN OF 052 FT RANGE OF 02 TO 08 FT TABLE

PROBABILITYOFUSE WEIGHTING FACTORS TABLE WOULD HAVE BEEN 004015

GREATER AT DEPTHS FROM 06 TO 11 FT IF THE DATA FOR SPIKEDACE FROM THE

GILA RIVER HAD BEEN ELIMINATED FROM OUR ANALYSIS

THE AXES OF THE DEPTH SCATTERGRAM APPENDIX FIGURE

ARE QUITE SKEWED AND INDICATE THAT THERE ISA HIGH DEGREE OF CORRELATION
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TABLE FREQUENCYOFCAPTURE DATA FOR BACH MINNOW AND SPIKEDACE

COLLECTED AT DIFFERENT DEPTHS IN ARAVAIPA CREEK ARIZONA

AND THE GILA RIVER NEW MEXICO

LOACH NINNOW SPIKEDACE

DEPTH ARAVAIPA GILA ARAVAIPA GILA

FEET CREEK RIVER TOTAL CREEK RIVER TOTAL

010
015
020
025

11

030 19 17 36

035
040 35 44

045
16

050 31 22 53 22 14 36

055
16

11

060 20 13 33 24 33

065
070

10 12 14

075
080

15 17

085
090
095
100
105
110
115
120

SCHOOL OF 15 SPIKEDACE WHICH WERE FIRST OBSERVED AT LOCATION

WITH THIS DEPTH AND CAPTURED LATER COUNTED AS ONLY SINGLE OBSER

VATION IN THE FREQUENCY ANALYSIS

SCHOOL OF 23 SPIKEDACE WHICH WERE FIRST OBSERVED AT LOCATION

WITH THIS DEPTH AND CAPTURED LATER WAS COUNTED AS ONLY SINGLE OBSER

VATION IN THE FREQUENCY ANALYSIS
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BETWEEN DEPTH AND VELOCITY IN THE TWO STREAMS THIS ENVIRONMENTAL BIAS

IN OUR DATA CAUSES OUR CURVES FOR MEDA AND TIAROGA TO REALLY DESCRIBE

THE RANGE OF TOLERANCES FOR RESTRICTED RANGE OF ENVIRONMENTAL CONDI

TIONS WHERE BOTH SUITABLE VELOCITY AND DEPTH OCCUR TOGETHER RATHER THAN

THE FISHS ACTUAL PREFERENCES FOR THESE PARAMETERS KEN BOVEE CIFSG

PERS COMM BECAUSE WE DID NOT HAVE TIME TO COLLECT THE PHABSFL 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 ENVIRONMENTAL 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

THE CIFSG WAS UNABLE TO GET COMPUTERDRAWN PREFERENCE CURVES FOR

SUBSTRATE FOR MEDA AND TIAROGA 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 FIGURES AND

ALTHOUGH WE DID NOT OBSERVE SPAWNING ACTIVITIES OBSERVATIONS ON

HABITAT PREFERENCES IN ARIZONA WATERS 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 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

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 INCKLEY 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 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

GILARIVER JUST UPSTREAM FROM ITS CONFLUENCE WITH THE WEST FORK HOW

EVER THE ELIMINATION OF THIS HABITAT TYPE AND ITS REPLACEMENT BY NAR

ROWER MORE RAPIDLYFLOWING 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 RAPIDLYFLOWING RUNS WITHIN RELATIVELY

NARROW RANGE OF WATER DEPTHS AND VELOCITIES THEY ALSO UTILIZED EDDIES

ON THE DOWNSTREAM PORTIONS OF RUNS AND SHALLOWER LESS THAN FT RIF

FLES WITH MODERATE FLOWS WHERE BRAIDED CHANNELS PROVIDED 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 BACH MINNOWS APPEAR TO

HAVE STRONG PREFERENCE FOR COBBLE AND GRAVEL SUBSTRATES AND AVOID

SUBSTRATES DOMINATED BY SAND AND FINER GRAVEL APPENDIX FIGURES AND

THE APPARENT REQUIREMENT FOR COBBLE AND LARGE GRAVEL SUBSTRATES IS

PROBABLY RELATED TO THE TENDENCY FOR TIAROGA TO MAINTAIN 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 TO MAINTAIN STATIONARY POSITION WITH LESS ENERGY EXPEN

DI TURE

THE PRESENCE OF COBBLE SUBSTRATE APPEARS TO BE NECESSARY FOR SPAWN

ING AND SATISFACTORY EGG INCUBATION IN THE GILA RIVER AND ITS TRIBUTARIES

IN NEW MEXICO FERTILIZED EGGS WERE ONLY FOUND ATTACHED TO THE UNDERSIDE

OF FLATTENED COBBLE AVERAGE DIMENSIONS OF 53 71 INCHES BRITT 1982

THIS COBBLE SUBSTRATE APPARENTLY MUST PROVIDE 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 12 TO 299 INCHES WITH

MEAN OF 51 INCHES BRITT 1982 APPENDIX BOTTOM VELOCITIES TAKEN

WITH PYGMY UTTER IMMEDIATELY DOWNSTREAM FROM THE COBBLE SPAWNING SITE

AFTER THE COBBLE WAS CAREFULLY REPOSITIONED AVERAGED 06 FTSEC

EGGS OF BACH 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 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 PITHO OR CLADOPHORA EITHER IN THE MAIN CHANNELS

OF SHALLOW SWIFT REACHES OR ALONG THE MARGINS OF MORE TORRENTIAL RAPIDS
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OF SMALL TO MODERATELYLARGE 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 VEGETATION 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 MAY BECOME

MORE IMPORTANT HABITAT FEATURE HOWEVER IT IS UNKNOWN WHETHER SUBMERGED

VEGETITION CAN PROVIDE SUITABLE SITES FOR ATTACHMENT OF THE BACH MINNOWS

ADHESIVE EGGS

COLLECTIONS OF YOUNGOFTHEYEAR BACH MINNOWS IN NEW MEXICO STREAMS

PRIOR TO 1981 INDICATE THAT JUVENILES HAVE GREATER PREFERENCES FOR SMAL

LER SUBSTRATE SIZES EG SAND SHALLOWER DEPTHS AND SLOWER VELOCITIES

THAN ADULT TIAROGA ALTHOUGH OUR OBSERVATIONS PRIOR TO THIS STUDY WERE

NOT QUANTIFIED JUVENILE BACH MINNOWS HAVE BEEN COMMONLY ENCOUNTERED

NEAR THE EDGES OF RIFFLES AND RUNS AND IN SHALLOW LESS THAN 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 TIARO WHICH WERE CAPTURED IN ARAVAIPA CREEK IN 1981

WERE AT DEPTHS OF 40 TO 84 INCHES AND AT MEAN COLU VEBOC OF 09

TO 25 FTFSEC APPENDIX

ADULT BACH MINNOWS HAVE SOMEWHAT WIDER RANGE OF TOLERANCE FOR

WATER VELOCITY THAN ADULT SPIKEDACE ESPECIALLY FOR LOWER MEAN COLUMN

VELOCITIES TABLES 13 FIGURE WHEN THE COMPUTERDRAWN MARGINAL

APPENDIX FIGURE WAS USED AS GUIDE PROBABILITYOFUSE WAS 100

BETWEEN 13 AND 17 FTSEC AND DROPPED LINEARLY TO PROBABILITY OF
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020 AT 00 AND 32 FTSEC TABLE 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 IN THE

GILA RIVER PROBABILITYOFUSE WAS ESSENTIALLY 10 AT VELOCITIES OF 01

12 FTSEC AND DECREASED TO ABOUT 05 AT 1336 FTSEC IN CONTRAST

BACH MINNOWS PREFERRED VEBOCI OF 1524 FTSEC IN ARAVAIPA CREEK

WITH PROGRESSIVELY LOWER PROBABILITIESOFUSE AT VELOCITIES LESS THAN

15 FTSEC AND GREATER THAN 24 FTSEC THE MAJOR DIFFERENCES IN

VELOCITY PREFERENCES BETWEEN STREAMS COULD HAVE BEEN CAUSED BY ONE OR

MORE OF THE FOLLOWING FACTORS BACH 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 GILA

RIVER BRITT 1982 WATER TRANSPARENCY WAS LOWER IN THE GILA RIVER THAN

IN ARAVAIPA CREEK IN THE SUMMER AND FALL WHEN TIAROGA WERE COLLECTED

THE PRESENCE OF MORE AND LARGER COBBLE SUBSTRATE IN THE GILA RIVER MAY

HAVE INFLUENCED THE USE OF SLOWER VELOCITIES AND SHALLOWER WATER AND

CONSIDERABLY MORE WATER WTFL SIOWER VEBOCITI TI3ROGA

USE IN THE GILA RIVER THAN IN ARAVAIPA CREEK WHICH HAD HIGHER PROPOR

TION OF RUNS AND RAPIDLYFLOWING RIFFLES IN SINGLE WELLESTABLISHED

CHANNEL IN THE AREAS WHERE WE COLLECTED HABITAT DATA

THE USE OF SLOWER VELOCITIES BY TIAROGA IN THE GILA RIVER SUGGESTED

HIGHER PREFERENCE FOR THIS TYPE OF WATER THAN INDICATED BY THE CAP

TURE DATA IN ARAVAIPA CREEK TABLE THUS THE FREQUENCYOFCAPTURE

DATA FOR BOTH STREAMS WERE COMBINED TO PRODUCE MORE GENERALIZED

PROBABILITYOFUSE WEIGHTING FACTORS TABLE FOR USE IN THE COMPUTER

ANALYSIS THE COMBINATION OF CAPTURE DATA RESULTED IN THE PROBABILITY

OFUSE FACTORS BEING CONSIDERABLY GREATER AT MEAN COLUMN VELOCITIES LESS
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THAN 13 FTSEC AND SLIGHTLY GREATER AT VELOCITIES GREATER THAN 28

FTSEC THAN WOULD HAVE OCCURRED IF ONLY CAPTURE DATA FROM ARAVAIPA

CREEK WERE USED THE WEIGHTING FACTORS WHICH WE DEVELOPED BY FREQUENCY

ANALYSIS TABLE INDICATED LOWER PROBABILITYOFUSE VALUES FOR TIAROGA

BETWEEN 10 AND 20 FTSEC THAN PREDICTED BY THE COMPUTERDRAWN MARGINAL

TABLE APPENDIX FIGURE

ALTHOUGH ADULT APPARENTLY HAVE WIDER RANGE OF TOLERANCE

FOR VELOCITY THAN MEDA THE PROBABILITYOFUSE CURVE FOR MEAN COLUMN

VELOCITY HAS MUCH SHARPER PEAK FOR TIAROGA THAN THE PLATEAULIKE CURVE

FOR MEDA FIGURE OUR HABITAT DATA FOR THE BACH MINNOW INDICATE

GREATER PREFERENCES FOR HIGHER VELOCITIES IN STRE WHERE COBBLE SUB

STRATE PROVIDES THE PREFERRED MICROHABITATS ON THE BOTTOM IN THE GILA

RIVER ADULT BACH MINNOWS WERE NOT COLLECTED AT MEAN COLUMN VELOCITIES

OF 2536 FTSEC UNLESS COBBLE SUBSTRATE WAS PRESENT APPENDIX

ADULT TIAROGA WERE RARELY COLLECTED AT VELOCITIES GREATER THAN 20

FTSEC IN ARAVAIPA CREEK TABLE UNLESS VERY COARSE GRAVEL OR COBBLE

WAS PRESENT

ADULT BACH MINNOWS PREFERRED SLIGHTLY SHALLOWER WATER THAN ADULT

SPIKEDACE IN OUR STREAMS FIGURE BASED ON THE COMPUTERDRAWN MARGI

NAL APPENDIX FIGURE PROBABILITYOFUSE WAS 100 AT DEPTH OF

0405 FEET AND DROPPED RAPIDLY TO 020 WHEN DEPTH INCREASED TO 07 FT

TABLE WHEN THE FREQUENCYOFCAPTURE DATA WERE ANALYZED TABLE

WE FOUND THAT THE PROBABILITYOFUSE PEAKED AT 050055 FT TABLE

FIGURE WHEN THE CAPTURE DATA WERE COMPARED BETWEEN STREAMS THE

PREFERENCES APPEARED SIMILAR AT DEPTHS GREATER THAN 025 FT BUT BACH

MINNOWS USED WATER LESS THAN 03 FT MORE IN THE GILA RIVER THAN IN

ARAVAIPA CREEK TABLE
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ALTHOUGH ADULT TIAROGA WERE NOT COLLECTED AT DEPTHS GREATER THAR

10 FT DURING 1981 APPENDIX THEY MUST OCCASIONALLY OCCUR AT GREATER

DEPTHS DURING SPAWNING BECAUSE BRITT 1982 FOUND EGGS IN WATER AS DEEP

AS 299 INCHES THIS MAY INDICATE EITHER SAMPLING BIAS OR ENVIRONMENTA

BIAS IN OUR DATA COLLECTION IN 1981 HOWEVER THE PREFERRED DEPTHS FOR

THE SPECIES WAS PROBABLY ACCURATELY 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 RE 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 PROBABILITYOFUSE CURVES WHICH WERE PRE

PARED FROM DATA COLLECTED IN BURRO AND FRANCIS CREEKS TURNER AND

TAFANELLI 1983 FOR ROUNDTAIL CHUB GILA ROBUSTA ROBUSTA SONORA SUCKER

INSIGNIS AND DESERT SUCKER CLARKI TABLE

WERE USED ZIMATE HOW AVAILABLE HABITAT 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 DIFFERENT SUBSPEC CILA

ROBUSTA WHICH IS GENERALLY FOUND IN SMALLER TRIBUTARIES AND AT

HIGHER ELEVATIONS THAN GILA ROBUSTA WHICH OCCURS IN BURRO CREEK

MINCKLEY 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 PROBABILITYOFUSE
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TABLE PROBABILITYOFUSE WEIGHTING FACTORS FOR WATER VELOCITY AND DEPTH

USED TO ESTIMATE WEIGHTED USABLE AREA FOR ROIMDTAIL CHUB SONORA

SUCKER AND DESERT SUCKER THESE WEIGHTING FACTORS WERE BASED ON

HABITAT DATA COLLECTED IN BURRO CREEK ARIZONA FOR THE SIZE RANGES

INDICATED FOR EACH SPECIES

VELOCITY PROBABILITY DEPTH PROBABILITY

FTSEC OFUSE FEET OFUSE

ROTMDTAIL CHUB 000 100 000 000

37 INCHES TL 030 100 008 000

050 050 015 030

070 025 020 040

130 015 030 080

200 010 040 090

250 000 050 097

10000 000 060 100
10000 100

SONORA SUCKER 000 090 000 000

512 INCHES IL 005 096 010 000

020 100 030 015

040 095 050 030

050 034 060 050

060 025 064 085

100 012 080 098

160 009 090 100

200 007 10000 100

10000 000

DESERT SUCKER 000 085 UUU 000

39 INCHES TI 020 095 009 000

030 100 030 030

060 070 050 065

080 034 080 093

130 015 100 100

200 007 10000 100

10000 000
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CURVES WERE PROBABLY INFLUENCED BY ENVIRONMENTAL BIAS WHICH REDUCE THEIR

COMPARABILITY BETWEEN DIFFERENT TYPES OF STREAMS AND SAMPLING BIASES

ASSOCIATED WITH COLLECTING FISH BY ELECTROFISHING PROBABLY HAS GREATER

IMPACT ON PROBABILITYOFUSE CURVES FOR BOTH SUCKERS AND ROUNDTAIL CHUB

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 04 TO 15 FEET ALTHOUGH THIS DATA SHOULD BE CON

SIDERED BIASED BECAUSE WE SELDOM SAMPLED WATER OVER 15 FEET IN ARAVAIPA

CREEK OUR DATA ON DEPTH PREFERENCES OF ROUNDTAIL CHUB COMPARED WELL

WITH THE PROBABILITYOFUSE CURVE PREPARED WITH DATA FROM BURRO AND

FRANCIS CREEKS TABLE IN CONTRAST OUR DATA SUGGESTED HIGHER PREFER

ENCES FOR MEAN COLU WATER VELOCITIES GREATER THAN 05 FTSEC IN

ARAVAIPA CREEK THAN IN THE BURRO CREEK DRAINAGE WHEN INSTREAM COVER

WAS ABSENT ROUNDTAIL CHUB WERE COLLECTED IN SIMILAR NUMBERS AT MEAN

COLUMN VELOCITIES FROM 075 TO 25 FTSEC WHEN INSTREAM COVER EG

UNDERCUT BANKS SUBMERGED LOGS WAS PRESENT ROUNDTAIL CHUB WERE COL

LECTED MORE COMMONLY AT VELOCITIES LESS THAN 10 FTSEC 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 SHAL

LOW MARGINS OF RIFFLES AND RUNS WHERE DEPTH PROBABLY LIMITED THE LIKELI

HOOD OF ROUNDTAIL CHUB BEING COLLECTED OUR DATA DO SUGGEST STRONG

PREFERENCE FOR INSTREAM COVER FOR GILA ROBUSTA GRAHARNI IN ARAVAIPA CREEK

DURING THE DAYTIME WHEN WATER TRANSPARENCIES WERE HIGH

BECAUSE OF PREVIOUSLY DISCUSSED REASONS ESTIMATES 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
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WTJA VALUES OBTAINED FOR MEDA AND MORE COMPLETE DISCUSSION OF

HABITAT PREFERENCES OF BOTH SUCKERS AND ROUNDTAIL CHUB WAS GIVEN BY

TURNER AND TAFANELLI 1983

WEIGHTED USAUE AREA VERSUS DISCHARGE

SPIKEDACE WHEN THE WEIGHTING FACTORS DEVELOPED FROM THE COMPUTER

DRAWN PREFERENCE CURVES WERE USED RUN WEIGHTED USABLE AREA WUA

WAS GREATEST FOR ADULT SPIKEDACE AT DISCHARGES OF 2025 FT SEC BUT

VARIED RELATIVELY LITTLE AT FLOWS OF 10 TO 40 FT SEC TABLE THE

USE OF OUR ALTERNATE PROBABILITYOFUSE FACTORS TABLE CAUSED 30

70 REDUCTION IN WUA BUT WUA STILL PEAKED AT 20 FT SEC RUN TABLE

IN BOTH COMPUTER RUNS WUA VARIED BY LESS THAN 25 AS DISCHARGE WAS

SIMULATED OVER RANGE FROM 10 TO 40 FT SEC WUA DECREASED RAPIDLY FOR

BOTH COMPUTER RUNS WHEN DISCHARGE WAS REDUCED FROM 10 TO FT SEC

TABLE FOR RUN WUA DECREASED FROM 4400 TO 900 FT PER 1000 FEET

OF STREAM WHEN DISCHARGE DROPPED FROM 10 TO FT SEC ALTHOUGH THE

USE OF DIFFERENT PROBABILITYOFUSE WEIGHTING FACTORS CHANGED THE ABSO

LUTE AMOUNT OF WUA THE PEAK IN WUA FOR ADULT SPILCEDACE STILL CARRCD

AT 20 FT SEC

LOACH MINNOW WUA FOR ADULT TIAROGA PEAKED AT 1520 FT SEC FOR

BOTH COMPUTER RUNS BUT WAS RELATIVELY SIMILAR AT DISCHARGES OF 10 TO 25

FT SEC TABLE ALTHOUGH WUA DECREASED BY 45 FOR ADULT BACH MM

NOWS WHEN DISCHARGE WAS REDUCED FROM 10 TO FT SEC RUN THE

MAGNITUDE OF THIS DECREASE WAS NOT AS GREAT AS NOTED FOR ADULT SPIKE

DACE AS NOTED WITH SPIKEDACC WUA WAS 30 TO 45 LESS FOR TIAROGA IN

RUN THAN ESTIMATED IN RUN FOR THE SAME DISCHARGES TABLE WUA

WAS GREATER FOR ADULT TIAROGA THAN ADULT MEDA AT ALL FLOWS FROM TO 35

FT 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 TO 25 FT SEC AND

THEN INCREASED SLOWLY WITH INCREASING DISCHARGE UP TO 40 FT SEC

TABLE IN CONTRAST TO BOTH SUCKERS WHERE WUA WAS LOWEST AT

FT SEC WUA FOR ROUNDTAIL CHUB WAS GREATER AT 512 FT SEC THAN

AT HIGHER DISCHARGES THE RELATIVE INSENSITIVITY OF WUA TO VARYING

DISCHARGE FOR BOTH SUCKERS AND ROUNDTAIL CHUB WAS RELATED TO THEIR

PREFERENCE FOR LOW WATER VELOCITIES AND TOLERANCE FOR SHALLOW DEPTHS

TABLE

INS TREAM FLOW RECOMMENDATIONS FOR ARAVAIPA CREEK

BECAUSE OF THEIR APPARENT TOLERANCE OF WIDE RANGE OF DISCHARGES

AND LOWFLOW CONDITIONS WUA VALUES FOR BOTH SUCKERS AND THE ROUNDTAIL

CHUB WERE NOT AS USEFUL AS WUA VALUES FOR MEDA AND TIAROGA IN MAKING

INS TREAM FLOW RECOMMENDATIONS FOR ARAVAIPA CREEK ABOVE THE ARAVAIPA

CANYON PRIMITIVE AREA THE CURRENT DISTRIBUTION OF THE SPIKEDACE AND

BACH MINNOW IS MORE RESTRICTED THAN TOR THE OTNER NATIVE CYPRINIDB DUD

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 US

FISH AND WILDLIFE SERVICE BOTH SPECIES ARE LIKELY TO BE RECOMMENDED

FOR THREATENED STATUS AND ARAVAIPA CREEK IS BEING CONSIDERED AS

CRITICAL HABITAT FOR BOTH SPECIES JIM JOHNSON USEWS PERS COMM

BASED ON CHANGES IN WUA IT APPEARS THAT DISCHARGE OF 20 FT SEC

AT OUR INSTREAM FLOW STUDY SITE WOULD PROVIDE THE MOST USABLE HABITAT
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TABLE 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

DISCHARGE
CROSS ROUNDTAIL SONORA DESERT

FT SEC AREA CHUB SUCKER SUCKER

14I 30 21 08 16 11

155 32 20 10 18 12

10 167 32 19 10 19 12

12 172 31 18 11 20 12

15 190 28 15 10 20 11

20 204 22 11 10 19

25 213 23 11 11 19

30 220 22 10 12 20

35 261 21 14 21

40 278 26 15 24

NUMBER IN PARENTHESES IS THE PERCENTAGE OF THE GROSS AREA
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FOR ADULT SPIKEDACE AND BACH MINNOW IN ARAVAIPA CREEK DURING THE SUMMER

AND FALL MINIMUM FLOW OF 10 FT SEC WOULD NOT RESULT IN ICH REDUC

TION IN USABLE HABITAT BUT LOWER FLOWS WOULD HAVE MORE DETRIMENTAL

IMPACTS ESPECIALLY FOR MEDA STREAMF LOW DATA FOR THE BLM GAGING STA

TION UPSTREAM FROM THE WILDERNESS AREA EAST ARAVAIPA INDICATES THAT

JUNE AND JULY ARE LOWFLOW PERIODS AND FLOWS OF 75136 FT SEC

OCCURRED IN THOSE MONTHS IN 1982 DISCHARGE WAS LESS THAN 10 FT SEC

ON 18 DAYS WHEN USING THE ELM GAGING STATION EAST ARAVAIPA FOR MONI

TORING PURPOSES FT SEC SHOULD BE ADDED TO OUR FLOW RECOMMENDATIONS

THUS AN OPTIMUM FLOW OF ABOUT 23 FT SEC WOULD BE DESIRABLE DURING

THE LATE SPRING THROUGH EARLY FALL BELOW ABOUT 13 FT SEC THE AMOUNT

OF WUA WOULD DECREASE RAPIDLY FOR NEDA 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 BACH 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

SUBSTRATECLEANING EFFECTS OF SCOURING FLOWS WHICH OCCUR DURING THE

WINTER MAY BE 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 LOWFLOW PERIODS OR

GROUNDWATER PUMPING IN LOWWATER YEARS SHOULD BE OPPOSED NON

CONSUMPTIVE WATER RIGHT WHICH GUARANTEED MINIMUM FLOW OF 13 FT SEC

AT BLMS EAST ARAVAIPA GAGING STATION SHOULD BE OBTAINED FOR ARAVAIPA
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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 SEC DURING SUMMER

AND EARLY FALL LOWFLOW PERIODS

RECO FOR ADDITIONAL STUDY

BASED ON OUR IFG4 SIMULATION RANGE OF SIMULATED DISCHARGES FROM

TO 40 FT ISEC PROVIDED SUFFICIENT DATA FOR MAKING INSTREAM NOW REC

OMMEN IN ARAVAIPA CREEK FOR ADULT MEDA AND TIAROGA HOWEVER IT

WOULD BE WORTHWHILE TO COMPARE OUR IFG4 SIMULATION TO WS SIMULATION

USING THE HYDRAULIC INFORMATION THAT WE COLLECTED ON MAY 15 1980 AT

DISCHARGE OF 147 FT SEC LIKEWISE IT WOULD BE DESIRABLE TO INCLUDE

SUBSTRATE PREFERENCES FOR BOTH ADULT MEDA AND TIAROGA INTO AN ANALYSIS

USING THE WS SIMULATION OF AVAILABLE HABITAT USING THE CIFSG HABTAT

PROGRAM IT MIGHT BE POSSIBLE TO OBTAIN ACCEPTABLE PROBABILITYOFUSE

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 EG COURSE MEDIUM PEA INTO SINGLE CODING FOR ALL GRAVEL

SIZE FOR THE ANALYSIS OF DOMINANT PARTICLE SIZE SEE BOVEE COMMENTS

APPENDIX HOWEVER IT MAY BE DESIRABLE TO WAIT UNTIL 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 ANALYSI THE MAIN PROBLEMS WITH OUR HABITAT DATA

ARE THE RESTRICTED 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 PROBABILITYOFUSE 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 ARE QUITE RESTRICTED AND FUTURE

STUDIES 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 EG COBBLE

FROM THE BOTTOM AND EXAMINING THE UNDERNEATH SIDE FOR EGGS AN ALTER

NATIVE APPROACH WOULD BE STUDIES IN 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

HYDRAULIC SIMULATION THE METHODOLOGY EG WSP OR IFG4 CHOSEN TO

SIMULATE THE HYDRAULIC CONDITIONS IN DESERT STREAMS SHOULD BE DETERMINED

AFTER REVIEW OF ANNUAL STREAMF LOW REGIME STREAMBED MORPHOLOGY AND

ACCESSIBILITY OF STUDY SITES IF THE ACCESSIBILITY OF THE STUDY SITES

DURING HIGHER FLOW PERIODS IS POOR EG BURRO AND FRANCIS CREEKS

BECAUSE OF ROAD CONDITIONS AND STREAM FORDS IT IS DESIRABLE TO EITHER

PLAN FIELDWORK DURING LOWFLOW PERIODS OR MAKE ARRANGEMENTS FOR REACHING
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THE STUDY SITES BY HELICOPTER WHEN LOWFLOW 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 WSP SIMULATION MAY BE QUITE ADE

QUATE FOR SIMULATING THE HYDRAULIC CONDITIONS THAT OCCUR OVER

RESTRICTED RANGE OF DISCHARGES ABOUT THE MEDIAN FLOW DURING LOWFLOW

PERIODS

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 WIDE RANGE OF FLOWS BY AN IFG4 SIMULATION IS RELATIVELY

LOW UNLESS THE FIELD MEASUREMENTS CAN BE MADE DURING RELATIVELY SHORT

TIME INTERVAL WHEN DISCHARGE CAN BE EXPECTED TO DECREASE IN 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 2030 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 IFC4 SIMULATION

AND AN ADDITIONAL SET OF FIELD MEASUREMENTS CAN BE TAKEN AS FLOW CON

TNUES TO DROP

IN THE CASE OF LOWER ELEVATION LESS THAN 4000 FEET ARIZONA

STREAMS WHERE THERE IS WINTERTIME PEAK IN STREAMF LOW IT APPEARS THAT

THE OPTIMUM TIME TO TAKE SET OF FIELD MEASUREMENTS FOR 1F04 SIMULATION

IS FROM MIDMARCH THROUGH MIDJUNE AT HIGHER ELEVATION STREAMS IN

ARIZONA AND NEW MEXICO WHICH ARE INFLUENCED BY SNOWMELT RUNOFF IT WOULD
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BE DESIRABLE TO WAIT UNTIL THE SNOWMELT RUNOFF HAS STARTED TO DECREASE

IE APRILJUNE DEPENDING ON ELEVATION AND SNOWPACK BEFORE BEGINNING

ANY FIELDWORK FIELD MEASUREMENTS DURING THE MONTHS OF JULY

SEPTEMBER ARE SUBJECT TO RAPID HOURTOHOUR OR DAYTODAY CHANGES IN

DISCHARGE BECAUSE OF THE UNPREDICTABILITY OF SUMMER THUNDERSTORMS

OUR WS SIMULATIONS 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 WSP SIMULATION TIM HARDIN PERS COMM LIKEWISE THE OCCUR

FRANCIS CREEKS DURING LOWFLOW PERIODS CAUSES ROBLEMS 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 RIVERDOWN

STREAM FROM THE HIGHWAY 180 BRIDGE IN NEW MEXICO ELECTROFISHING WAS

USED TO CAPTURE ALL FISH 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 ALTHOUGH

SEINES COULD HAVE BEEN USED MORE EASILY IN ARAVAIPA CREEK THE EXACT

LOCATION OF EACH FISH COULD NOT BE DETERMINED BY SEINING 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 SLOWMOVING WATER FOR THOSE SPECIES THAT COULD BE READILY

IDENTIFIED WITH JUST BRIEF SIGHTING VISUAL OBSERVATIONS WERE USEFUL

AS SUPPLEMENT TO ELECTROFISHING DATA BUT DID NOT PROVIDE SATISFACTORY
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DATA IN EITHER RAPIDLYFLOWING RIFFLES AND RUNS OR AREAS WHERE INSTREAM

COVER EG LOGS UNDERCUT BANKS BOULDERS COBBLE CONCEALED THE FISH

UNTIL THEY WERE EITHER SHOCKED 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 BACH MINNOW IS 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 NOT 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

DOWNSTREAM 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 SEINE

SET FEW FEET DOWNSTREAM AFTER BEING SHOCKED

THE SPIKEDACE IS SMALL LESS THAN 3‰ INCHES IL FISH THAT USUALLY

STAYS IN THE LOWER HALF OF THE WATER COLUMN IN FLOWING WATER IT PREFERS

MOVING WATER LESS THAN 15 FEET IN DEPTH AND IS OFTEN FOUND IN SMALL

SCHOOLS NEAR THE EDGE OF RUNS AND IN SHALLOW RIFFLES WITH SAND AND GRAVEL

SUBSTRATE IT WAS MORE AFFECTED BY THE APPROACH OF THE ELECTROFISHING

CREW AND SOMETIMES WOULD FLEE HOWEVER THEY WERE RELATIVELY EASY TO

IDENTIFY IN THE WATER AND COULD USUALLY BE CAPTURED WITHIN FEW FEET

OF WHERE THEY WERE FIRST SEEN WITH SOME CARE THE SPECIES COULD BE

SHOCKED WITHOUT UNDUE EFFECTS ON THEIR BEHAVIOR AND REASONABLY GOO

DETERMINATI ORIGINAL LOCATION
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THE DESERT SUCKER AND SONORA SUCKER ARE BOTH BASICALLY BOTTOM DWEL

LERS THAT ARE RELATIVELY MOBILE BUT OFTEN USE BOULDERS DEBRIS UNDERCUT

BANKS AND OVERHANGING VEGETATION AS SHELTER THESE TWO SPECIES WERE

MUCH MORE AFFECTED BY THE APPROACH OF THE EJECTROFISHING CREV THAN MEDA

AND TIAROGA AND WOULD OFTEN FLEE IT DIFFICULT OR EVEN IMPOSSIBLE

TO DETERMINE THEIR ORIGINAL POSITION SOMETIMES THE FISH WOULD FLEE

BEFORE THEY COULD BE IDENTIFIED ONLY TO BE HERDED SHORT DISTANCE AHEAD

510 FEET AND SHOCKED AS GROUP OUTSIDE OF THEIR ORIGINAL MICRO

HABITAT IN SMALL SHALLOW POOLS THIS WAS EVEN MORE OF PROBLEM THAN

IN BOULDERSTREWN RIFFLES AND RUNS MARE TURBID WATER MADE FLEEING AND

HERDING LESS OF PROBLEM BUT MADE SEEING THE FISH MORE DIFFICULT

THE ROUNDTAIL CHUB IS RELATIVELY MOBILE MIDWATER SPECIES THAT

WAS HIGHLY SENSITIVE TO DISTURBANCES SUCH AS THE APPROACH OF AN ELECTRO

FISHING CREW THEY WOULD USUALLY FLEE FOR COVER IF 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 DISTANCE OF AT LEAST 1520 FEET

IF ELECTROFISHING WERE RATED ON SCALE OF 110 POOR TO EXCELLENT

AS THE ONLY METHOD FOR OBTAINING UNBIASED DATA ON HABITAT PREFERENCE5

WE WOULD GIVE THE FOLLOWING RATINGS FOR THE SPECIES WE STUDIED BACH

MINNOW 95 SPIKEDACE 80 SONORA SUCKER AND DESERT SUCKER 3540

AND ROUNDTAIL CHUB 10 THE PRESENCE OF COVER AND INTERMEDIATE WATER

TRANSPARENCIES WHICH PERMIT OBSERVATION OF FISH BUT REDUCE WATER

CLARITY COULD BE EXPECTED TO DECREASE SAMPLING BIAS ASSOCIATED WITH
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ELECTROFISHING FOR THE LATTER THREE SPECIES BY REDUCING THEIR TENDENCY

TO FLEE FROM THE SAMPLING CREW

BECAUSE OF THE DIFFICULTIES ENCOUNTERED IN OBTA UNBIASED HABI

TAT ON DESERT SUCKERS SONORA SUCKERS AND ROUNDTAIL CHUBS IN BURRO AND

FRANCIS CREEKS AN ALTERNATIVE METHOD OF COLLECTING DATA ON HABITAT

PREFERENCES ULD BE DESIRABLE FOR SUPPLEMENTING VISUAL OBSERVATION AND

CAPTURE DATA BY ELECTROFISHING ALTHOUGH BURRO CREEK CONSISTED OF

VARIETY OF SUBSTRATES VELOCITIES AND DEPTHS THESE DIFFERENCES IN HABI

TAT FEATURES OFTEN OCCURRED WITHIN FEW FEET OF EACH OTHER IN MOSAIC

ALONG ANY GIVEN STRETCH OF RUN OR RIFFLE HABITAT THE FISH MOVED FREELY

BETWEEN THESE MICROHABITATS ESPECIALLY WHEN PURSUED BY 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 NOTED BY VISUAL OBSERVA

TIONS AND CONSIDERED WHEN PREPARING THE PROBABILITYOFUSE CURVES THE

DIFFICULTY IN QUANTIFYING OBSERVATIONS MADE DURING
EFFORTS

MAKE IT DESIRABLE TO AP MORE QUANTIFIABLE APPROACH TO CHARACTERIZ

ING HABITAT PREFERENCES FOR FISHES LIKE SUCKERS AND CHUBS IN SMALL CLEAR

DESERT STREAMS

SINCE SUCKERS AND ROUNDTAIL CHUB USE LARGER AREA WITHIN SHORT

TIME INTERVAL THAN LESS MOBILE SPECIES LIKE THE BACH MINNOW IT ULD

SE REASONABLE TO CHARACTERIZE THEIR HABITAT PREFERENCES BY CHARACTER

IZING THE HABITAT PARAMETERS
WITHIN LARGER CELL FOR THE LATTER THREE

SPECIES IT MIGHT BE BETTER TO EVALUATE LARGE CELL OF 1030 SQUARE

FEET IN EITHER RECTANGULAR OR CIRCULAR CONFIGURATION AND THEN DETER

MINE THE RELATIVE ABUNDANCE OF EACH SPECIES IN THAT CELL THIS COULD BE
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THEN COMPARED WITH RATIOS FOR OTHER CELLS OF SIMILAR SIZE BUT WIH DIF

FERENT SUBSTRATE 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

LOW METHODS BY PLACING TRANSECTS 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 STREAM SECTION OF PARTICULAR

HABITAT TYPE THAT 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 IE

DEPLETION SAMPLING RECORD THE RELATIVE NUMBER OF EACH SPECIES AS WELL

AS THE RELATIVE NUMBER OF JUVENILES VERSUS ADULTS IF HABITAT PREFER

ENCES DIFFER BETWEEN SPECIES OR BETWEEN JUVENILES AND ADULTS OF

SPECIES THE RELATIVE NUMBERS COLLECTED IN DIFFERENT TYPES OF HABITATS

SHOULD SHOW SIGNIFICANT DITTERENCES AND BE USED TO SUPPLEMPFLT

HABITAT DATA COLLECTED 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 SPECIES

IN EITHER CASE THE BLOCKING OFF OF SECTIONS 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 IN HABITAT PREFERENCES
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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 MAY BE USEFUL WHEN DETERMINING THE HABITAT

PREFERENCES OF SPECIES WHICH CANNOT 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

ENCESBY SAMPLING THROUGHOUT THE YEAR IN PARTICULAR
THE HABITAT NEEDS

OF SPECIES MAY DIFFER GREATLY BETWEEN WINTER AND SUMMER DEPENDING ON

THE MAGNITUDE OF THE SEASONAL OR DIURNAL SHIFTS IN WATER TEMPERATURE AND

LOW LIKEWISE THE PRESENCE OF OTHER AQUATIC ORGANISMS EG FISHES

INVERTEBRATE PREY SPECIES WHICH AFFECT THE BEHAVIOR OF THE SPECIES IN

QUESTION BY EITHER COMPETITION PREDATION OR SERVING AS FOOD SOURCE

COULD HAVE SUBSTANTIAL IMPACTS ON THE HABITAT PREFERENCES OF FISHES AND

SHOULD BE CONSIDERED WHEN ANALYZING DATA ON HABITAT PREFERENCES BETWEEN

DIFFERENT AREAS OR WATERS

GENERAL RECO
WHEN CONSIDERING THE INITIATION OF AN INSTREAM FLOW 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

IF THE RESEARCHER HAS ONLY LIMITED FAMILIARITY WITH THE METHODOLOGY THE

DEVELOPMENT AND MODIFICATION OF THE INCREMENTAL METHODOLOGY IN THE LAST

FEW YEARS HAS RESULTED IN THE AVAILABILITY OF VERSATILE AND VALUABLE

TOOL WHICH CAN PROVIDE RATIONAL AND SOPHISTICATED APPROACH TO INSTREAM

FLOW ANALYSIS HOWEVER 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 LAIOWLEDGEABLE OF THE INTRACACIES AND PITFALLS ASSOCIATED WITH

THE METHOD UNLESS THE RESEARCHER HAS CONSIDERABLE EXPERIENCE WITH THE

METHODOLOGY IN SIMILAR STREAMS WE RECOMMEND INVOLVING MEMBER OF THE

CIFSG IN THE EARLY PHASES OF ALL INSTREAM FLOW STUDIES THIS INVOLVENENT

MAY REQUIRE THE ONSITE PRESENCE OF KNOWLEDGEABLE PERSON TO ASSIST IN

SCOPING SITE SELECTION AND PLACEMENT OF TRANSECTS ESPECIALLY IF WSP

SIMULATION IS DESIRABLE FOR TYPES OF STREAMS WHICH HAVE NOT BEEN EVALU

ATED PREVIOUSLY WITH THE INCREMENTAL METHODOLOGY EG DESERT STREAMS

WITH UNPREDICTABLE FLOW REGIMES

IN THE CASE OF UNDAMMED STREAMS WITH UNSTABLE SUBSTRATES AND EITHER

UNPREDICTABLE OR POORLY DOCUMENTED FLOW PATTERNS IT IS IMPORTANT TO

MAKE THE FIELD MEASUREMENTS OVER AS SHORT TIME INTERVAL AS POSSIBLE

FOR AN IFG4 HYDRAULIC SIMULATION AS STATED PREVIOUSLY TO 4WEEK

PERIOD WHEN DISCHARGE CAN BE EXPECTED TO DECREASE EG NEAR END OF

SNOWMELT RUNOFF OR RAINY SEASON IS GOOD TIME TO MAKE MEASUREMENTS

THIS IS ESPECIALLY TRUE IF IT IS DIFFICULT TO REACH THE STREAM ON SHORT

NOTICE OR IF THE INSTREAM FLOW STUDY TEAM EITHER CANNOT BE MAINTAINED

INTACT OR BE AVAILABLE WHEN THE STREAMFLOW CONDITIONS REQUIRE FIELDWORK

FOR AN IFG4 SIMULATION OF BURRO CREEK WITH DESIRABLE RANGE OF DIS

CHARGES EG TO 25 FT 5CC 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 STREAMS

IT WOULD ALWAYS BE GOOD INSURANCE TO TAKE THE APPROPRIATE FIELD INCAS

UREMENTS FOR WSP SIMULATION AT DISCHARGE NEAR THE MEDIAN FLOW DURING

LOWWATER PERIODS

WHEN COLLECTING HABITAT DATA TO DEVELOP PROBABILITYOFUSE 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 CAL

LECTION THE RECOMMENDATIONS AND METHODS IN BOVEE 1981 SHOULD BE

REVIEWED 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

OR OTHER ACTIVE SAMPLING METHODS ARE USED TO COLLECT DATA ON HABITAT

PREFERENCES THE RESEARCHER SHOULD PROVIDE SPACE ON THE DATA FORMS TO

DESCRIBE AND RANK THE DEGREE OF AVOIDANCE AND BEHAVIORIAL MODIFICATION

ASSOCIATED WITH THE COLLECTION OF EACH FISH OR GROUP OF FISHES CODED

RANKING OR DESCRIPTIVE SYSTEM MAY BE HELPFUL DATA FORMS SHOULD ALSO

PROVIDE SPACE TO RECORD WATER TEMPERATURE AND TRANSPARENCY COVER

ASSOCIATED SPECIES AND GENERAL COMMENTS

OUR EXPERIENCE WITH SAMPLING IN CLEAR DESERT STREAMS SUGGESTS THAT

IT WOULD BE GOOD IDEA TO PERIODICALLY UTILIZE PRE STA

TIONARY OBSERVER WHO CAN WATCH THE REACTION THE FISH TO THE APPROACH

OF THE SAMPLING TEAM WHEN POSSIBLE DIRECT OBSERVATIONS OF FISH MOVE

MENTS IN AREAS WHERE 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 EG

SUBSTRATE COVER WATER DEPTH AND PROBABLY BECAUSE OF THE PRESENCE
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OR ABUNDANCE OF OTHER AQUATIC AND SEMI SPECIES LIKEWISE

SEASONAL AND DIURNAL DIFFERENCES IN HABITAT PREFERENCES ARE PROBABLY

SIGNIFICANT IN COST STREAMS AND SHOULD BE EVALUATED WHENEVER APPROPRIATE

AND ECONOMICALLY FEASIBLE FOR SOME OF THE SMALLER FISHES EG CYPRI

NIDS AND FOR FRY AND JUVENILES OF LARGER FISHES IT APPEARS THAT HABITAT

PREFERENCE DATA MAY BE OBTAINED 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 COMBINATIONS OF HABITAT PARAMETERS FOR THE

SPECIFIC AREAS WHERE THE HABITAT PREFERENCE DATA ARE COLLECTED WHEN

FEASIBLE THE INCLUSION OF SUFFICIENT FIELD MEASUREMENTS TO ALLOW EITHER

AN IFG4 OR WS SIMULATION OF THE SAMPLING SITES WOULD BE APPROPRIATE

GRID MAP WHICH DESCRIBES HABITAT PARAMETERS SUCH AS INSTREAM COVER

STREAMBANK CONDITIONS AND AQUATIC AND RIPARIAN VEGETATION SHOULD BE

INCLUDED IN SOME CASES IT MAY BE PRACTICAL AND NECESSARY TO SAMPLE

RANGE OF RELATIVELY HOMOGENOUS STREAM SECTIONS EG EQUIVALENT TO

SPECIFIC CELLS IN HYDRAULIC SIMUIATLON TO AUGW OTHER HABITAT

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 RECOMMENDA

TIONS ARE DIFFICULT TO PUT INTO EFFECT AND OFTEN TIME THE

AVAILABILITY OF MEANINGFUL HABITAT PREFERENCE CURVES ARE CRITICAL TO

THE USE OF THE INCREMENTAL METHODOLOGY OUR EXPERIENCE WITH MODIFYING

THE PROBABILITYOFUSE CURVES FOR ADULT 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

DISCHARGE RECORDS FOR THE 19781981 WATER YEARS FOR

THE USGS GAGING STATION ON ARAVAIPA CREEK NEAR

MAMMOTH ARIZONA AND FOR THE BU GAGING STATIONS

ON ARAVAIPA CREEK FROM 19801982



1
R

E
A

J
4
I

H
A

T
A

S
II

T
U

IA
R

Y

S
T

IT
II
A

A
N

IT
C

F
IS

T
A

R
A

V
II
R

V
A

IT

IC
I

N
O

V
D

E
C

JA
N

F
IR

M
A

R
C

H
A

P
R

IL
H

A
T

JU
N

E
L
IL

L
Y

A
U

C
S

E
P

T
A

V
U

IA
T

E

A
V

5
C

V
S

2
1

1
2
1
1
J

A
V

4
I

2
2
6

1
5
F

L
O

A

P
E

A
K

P
LO

W
B

I
2
1

1
5

2
1

1
1

A
V

A
L

1
9
1
1
1

T
O

T
A

L
A

F
I
I

4
8
2

4
8

4
2

3
3

3
0

0

1
1
4
9
2

3
8
9
2

1
2
6
2

1
0
2
6

9
0

1
3

1
1

9
1

4
9

9
1

1
1

1
8

2
II

II
S

J

P
Q

F
LO

W
0
1
I

I4
C

F
S

J
A

K
I5

A
I

IA
1

1
0

1
0

4
1

1
4

1
1

1

JO
A

V
A

J
L
B

8
0
0

5
5
4

6
1

9
1

6
2

1
1

1
0

4
1

4
1

0
2

6
1

0
6

4
1

0
1
9
8
2

T
O

T
A

L
A

F
P

E
A

K
F

LO
W

T
O

A
IL

2
1
A

A
V

T
H

L
2
L
2

1
9
8
3

IG
IT

A
L

A
F

J
4

J
A

H
L
5

IJ
2

F
LO

W

A
V

E

1
9
1
1
4

T
O

T
N

I
A

F

T
O

T
A

L
A

F
II

Z
Z

II
II

II
Z

IT
Y

F
P

E
A

K
F

LO
W

A
V

B
A

F
J
J
IN

Z
L
Z

Z
4

1
9
8
6

T
O

T
A

L
A

F
L
E

T
IK

F
LO

W

A
V

1
9
1
1
1

T
O

T
A

L



ZEAMI7L

CF CFS AL

IEZI
IA111

II

IT
F711IRI II I1 FT

TJ 1ZI

2LC41II
100 2J

RJ Z4

LF
TO9UI

IT

IC

JJ92

IA

BG
7W7

14J JIFRTV III
TI

52



S7ATIO STREA2TFL TAULA WY

IJSA IJ CYS AFF
II TTI

D3

T7
LZL ZIZ

77J
F1P IL II IO

17

27 II

LILKLL 7ZI
71II
77 77

LLI2LII
FF II

I14 I42 7771

7Y
LL

LII2I

91 F4L

LLZLLI2I L211

777

53



AX
CFS AF

IOZ Z77 T47 JIV2ALT7 77

II LZ
II

3E II1 I34

IIL

QZLZQI ILE 3JJ14
ZA J3

ILLLKIAA

LS
KLI LI 53

II

241

I2ILL

4J31

WA R7A

24I

AZ
3AAL 3LL ILI

LI

II

TLI

11 12 ZUI

54



ST IJY

SRA ST TS

17 II 7I7K
I1I II

H4

1J14J

II

ILO

TLA2
777

ITLL Q4I3 LI

2L2
KL1 H7ZL

2K 13 31O

74 45

I25I
HI

71

ZI IJ3 IJCI V2

55



ST STR TA WY

ST IS AF

III
72

20THII
V7 ILATL

II 12 V7
777 777 II

LL ZLJ
22

J7

4Q

IC4

IF9

II5 CA

AL I4 IIII

7LJ

L4

43 14A JI2

474 104

56



SATIO STREA21JFL TA WY

ICLI

JSCA AF CS 1F77LL2Z IT
II IILK20

71

IT LIK4 WI
IH4

I4
FFF1J

JI2 KZI

71

11

IL 01 R7Q SI T1
II WJ

74 S7VV 77 HIZYIY7
LI 01

AC

J717 137

57



STAXIOF STREA TABULXT ION WY
MNRH

STAGE CYS AF CTS AF

ZI

4I
II

II
IILLI2

JOC 73 Q7 II

J4 IOI 2L
IZ JJ

TO ZO 3I LV4J
FTI 47 TT
AI

AT

44 54 I7

IO4 IBQ IIVI

QS JOJ DI JIL

44 LIZ

IOG I4

QL 49 DG 4T

IWO 21 201

58



STREA TA2ULA7

SCAE C7 AL IIS CLS IAL

LD OQ

II IOG

4O TF

47 9J

4O

II

MT7L

II

BOA

1T II
ZI

IO4ILL
III 44 JQ7

IOJ I2JQ
AD O4 IQ II

LJ
104

BA JOD 42

59



5T
H

V
A

IL
IE

M
D

A
T

A
S

U
M

M
A

R
Y

S
LA

T
IO

N
M

IM
E

U
T

IL
A

R
A

V
A

IR
D

V
IC

V
A

L
IO

N
I
I

O
C

T
N

O
V

D
E

C
JA

N
N

A
R

C
N

A
IR

IL
H

A
Y

JU
N

E
L
U

IT
A

U
G

S
E

P
T

A
V

E
R

A
II

A
V

G
C

IS

A
V

G
A

P

1
9
8
0

T
O

T
A

L
A

L

P
E

A
K

F
LO

W
A

V
G

C
LS

L
J

1Z
2

1
2

I
2
1
1
1

L
I9

A
V

G
L

L
4

L
2

1
9
8
1

T
O

T
A

L
A

L
1
J
J
J
II
9
IJ

Z
IL

2
L
F

1
4

P
E

T
K

F
LO

W
IT

1
8

IQ
A

T
II

U
T

L
J

C
LS 2

1
1
7
2

1
1
5

1
1

9
8

I
A

V
G

A
L

3
9
1

3
3
7

8
0
6

6
4

6
1

4
2

3
4
3

2
2
8

2
1

7
5

5
7

4
4

1
4

4
7

1
9
8
2

T
O

T
A

L
A

L
1
2
1
1
7

1
0
0
9

8
5

2
8
6

0
6
2

6
8
4
3

6
7

2
2

1
0

5
8

4

P
L
IN

I
0
8

1
2

E
S

T
IM

A
T

E
1
9

8
3
5

A
V

G
A

L

1
9
8
3

T
O

T
A

L
A

L

R
E

E
K

F
LO

W

A
V

J
A

L
A

V
G

C
LS

I7
7
9
T

1
9
8
4

T
O

T
A

L
A

L

L
Z

X
I

4
1
7

H
Z I
I

1
L

4
4

4
I1
I
I

1
9
8
7

T
O

T
A

L
A

L
L
I

P
E

A
K

F
LO

W

H
I

T
IT

I



STREAFLOTJ TA3ULATIO

CFS AF SR CK IS AL

151

1I
L1ZJU
FLL

SO I4O

LLKLL
IL 306

FIQ

11012
Z7Z

220

II7
QO

ZI
AI

15 Z7Z

J2II 21
IG IIAQL

61



STRL TALA WY

SCA TS CYS AL LZS

IL
OO

J7T4¾

ZO IJ
LL32 1L L4C

DO
4C12 17 27J2 54O 2FL

JA I7 ZV2 5QQ I1 14

4P4 Z4

2L
T4 2I

I77111SJQ LIVER

LA Z4I 23 210 L4LLJ
JO 12LLA FL

ZT OI I2 233

14Z4F ZO3

14 14

62



SFA7IOY
TA WY

14W LA
14G

3O

ZQI

63



AA EAMFLO TAEUULTIO
WY

FLONTH

SCA CT STAGE CYS AF STAGE

XZ 33

I4Z
J4

171 3Q4 J4 LO 41

3O ZO

65



STREA2 3TLIIDN WY

21
CFS AY STAGE AJ ST CCCI

J33 JOE 127

Z9

66



O
E

4
1
J
D

1
IF

L
S

II
I4

T
F

4
T

F
L
I

II
IR

H
L
U

S
II
K

V
J
V

O
S

JV

F
LE

W
A

N
Q

F
C

JA
W

FW
P

II
A

I
JU

N
L
I

LU
G

IC
F

L
IC

C
C

IC
I
I

IC
I
I

IC
P

0
1
0

15
ID

P
0

IF
L

15
IT

IC
C

A
ID

IC
LF

L
IC

I9
IC

IC
IS

IC
IC

IA
1
1

IW
IL

I
I

F
L

ID
1
0

C
C

I
I

IC
1
0
5

1
1

P
A

IC
IA

P
C

B
C

I
I

IP
IN

D
I

C
E

IN

1
1

IC
P

P
P

P
P

1
I
I

IC
IC

IP
IL

IC
P

E
I
I

B
C

P
F

L
P

1
IA

IN
P

J
P

T
IC

IA
C

0
IA

P
S

P
1

P
1

1
I

1
0

C
L

P
P

IT
1
1

P
A

9
0

P
IG

IC
P

1
I
I

IC
N

C
IC

IC
P

V
P

0
IS

P
1

P
IG

G
C

IC
IN

1
0

IP
P

C
ID

I
I

IC
IL

P
C

P
A

1
0

P
L

I
I

IL
L

IC
IC

LB
IP

IA
A

0
P

P
I
I

A
N

P
IG

P
A

LB
I
I

A
0

IA
IC

IA
I
I

1
0

IC
1
1

IC
I
I

IA
IA

5P
A

A
I
I

IC
IC

P
D

B
C

T
C

LT
LL

N
T

C
A

C
A

LP
5
C

P
A

A
5

U
I

IP
IN

IL
L

P
P

P
P

15
P

T
A

IC
IC

IA
IC

IC
IC

IA
IP

IN
T

L
1

I0
1

IL
C

O
I
I

II
C

I
IP

IA
P

II
A

LA
N

A
S

IC
IA

T
O

R
C

A
IC

IC
W

A
1
0
1
1
1

II
A

N
II

C
3
C

IL
L

A
LT

IC
A

R
A

I
1
1
C

9
E

T
C

A
LL

IC
IL

T
IL

L
D

C
3C

C
A

L
A

LT
E

C
I

IC



Y
I

JU
T

V

F
L
G

I
I

V
IM

2
1
II
I

A
J
IF

I
I
I

T
I

IA

F
T

J
D

T
I
I

F
IT

6
4
6

44

O
R

D
F

A
T

T
IO

T
1
1
1

AW
O

F
T

A
T

A
L
T

T
O

A
T

O
N

E
T

S
I

S
A

T

A
L1

IT
M

II
1
T

II
I

O
A

1
0

F
IT

I
I

O
H

IL
I4

IA
Y

IL
T

A
D

IN
A

F
T

R
IO

IS
I4

T
1T

II
F

L
IO

S
1
4

P
11

1W
IF

IJ
IL

IT
F

I
F

IF
M

IT
T

T
L
IT

A
T

IE
T

I0
I

I
I

F
T

I4
II

T
IA

R
A

P
T

I
I
I

IT
IN

LE
A

L
E

L
F

IL
T

A
S

L
IT

M
F

T
L
A

II
IH

S
T

T
E

T
T

ID
IL

IO
T

E
S

F
E

A
T

LA
LA

T
U

I
4
U

T
T

A
T

T
A

IT
A

I
F

I
E

T
O

S
O
I1

II
T

II
S

A
IT

IT
1
F

P
I

IT
F

L
II
T

IT
1
IT

S
T

I
II
T

T
IJ

S
IT

LE
F

O
O

F
F

E
C

S
S

I
1
I

T
IT

T
4
C

2
2
1
0

46
IT

T
T

F
F

T
A

T
IA

R
R

S
I
I
I

2E
T

T
T

T
4

4
5

E
A

LT
I

I
I

IT
S

L
T

I
F

A
F

O
H

O
E

I
I

11
12

IN
I

LE
T

F
IA

A
IT

T
A

O
T

T
O

IT
T

L
IS

T
I
I
I

IT
R

A
I

T
IT

F
T

IL
E

T
T

IS
T

H
IT

A
T

O
S

IT
T

F
1
L

I
I

T
J

E
A

T
IA

E
S

C
I

O
IC

N
S

IV
A

R
E

A
IT

U
T

IP

II
T

1
W

5
I

F
I

T
ID

S
LJ

F
O

IA
I

II
II

N
S

S
LT

T
LA

IL
T

O
1
R

I
IL

IN
A

B
LO

B
1
4
0

E
A

S
IR

S
F

A
F

T
IG

H
I

IL
T

O
N

O
C

A
A

T
IT

T
O

H
A

O
F

II
L

41
3

E
T

T
S

E
A

A
I

I
I

F
I

C
L
I

T
J

IT
F

F
2
0

1
2

A
S

L
II
I

O
C

O
C

O
A

C
IT

E
C

T
A

I
IF

A
L

O
LI

N
IA

C
U

O
O

L
IN

T
IM

U
R

E
O

LF
IN

J
O

T
IO

T
T

IA
IL

A
T

S
A

C
IA

II
S

F
LA

T
W

O
O

IT
E

C
O

LI
N

S
IA

M
A

C
M

00
2

JU
L

JU
L

A
S

IT
1
0

21
S

T
30

L
IT

D
O

IC
34

F
R

I
C

L
A

I
D

O
IC

O
S

OW
I
I

I
I

IM
E

O
IT

S
34

01
S

T
IC

I
I

40
IT

LA
2
1

21
01

I
I

41
E

C
I
I

A
L

11
D

O
IT

40
00

34
40

41
2
0

P
F

I
I

O
P

D
O

I
I

F
T

20
D

O
33

10
IF

IT
IA

I
I

S
T

IT
I
I

IS
P

A
I
I

20
S

I
S

I
P

IN
22

I
I

I
I

I
I

I
I

40
S

I
40

1
I
I

L
I

I
I

IT
S

IT
T

O
C

I
20

3
D

IN
41

T
O

I
I

C
M

D
L

3D
M

A
3D

IT
IT

I
I

F
I

IT
1
0

10
20

I
I

D
IN

11
0

A
S

P
T

IT
I
I

E
T

P
T

40
T

2
F

T
IT

E
T

IS
32

21
D

T
40

I
I
I

T
T

36
20

41
01

IT
T

3
3

40
31

E
2

41
34

2T
I
I

1
0

IT
O

22
O

T
I

LU
LL

04
D

L
P

A
IO

I
I

T
O

00
M

L
4
6
0

33
IT

E
I

IT
S

U
ID

31
JA

M
A

IP
O

53
A

T
IF

P
3

40
IT

T
O

LO
T

S
O

IO
IO

F
O

40
50

00
A

F
T

30
40

L
I

I
I

T
O

F
T

41
D

O
30

F
A

32
D

O
IT

4T
40

30
P

S
IO

I
I

53
41

41
14

41
I
I

41
A

O
IS

00
I
I

A
T

IS
40

25
40

34
IS

IT
10

40
IS

P
C

P
1

40
I
I

P
T

I
I

00
10

40
40

IM
40

T
O

IP
50

40
P

T
03

I
I

10
I
I

I0
I
I

D
L

S
I

I
I

IT
S

II
T

63
4

IN
I

O
T

I
H

A
LT

O
O

LT
01

00
A

T
T

O
O

T
T

S
O

I
T

4
O

J
IL

I
0
1

4
0

1
0

0
0

E
T

A
5T

A
A

I
P

I
F

0M
IA

2
0
6

10
O

F
63

41
0

4M
3

I
I

40
O

I
M

E
T

IT
I
I

11
F

P
IT

S
IS

54
A

S
C

II
10

15
5

IT
O

F
10

21
1
0
0
1

1
0
1
0
0

S
O

T
O

2
0
0

O
LI

N
04

4
11

40
5T

L4
T

LT

C
A

T
T

A
19

11
L
O

IS
LU

IF
T

C
L

2
3

O
A

S
20

00
IL

S
O

H
O

T
1
0

IS
IS

O
II
A

T
A

1
0
0
0
4

05
A

T
0
4

M
A

C
A

IM
T

IL
IT



4J SI TV TAST 11 HT JETS

TWVDJ AR
NIJJ4 SO TXS STL AS SS II

AQJAR TI SO 12

4111 HT STO TITT4C OF S0SO IS 50 IS 20
SOS TE0 JSI5S ISI

L4M3 AS 11 ON OR RR SN CI

TTU WST II 45 J501SS TPE

RTW RU IOSOSS 1OCIO 555CC

427W RC FIC CAR
FA TAROO 055 0S RR INS

LNTI1X2 55 T55 T0 CEO
OCMTCA OTWT54 R1 LIL TO CT L5 5R

USC FW FACILE RVT CTTCTHLTJ I4 S5
55TS RB 1II TEOSR OF SO LA OK JR UTTS

ST

50 57 ISO

RR 510T ROYK WC TOLL

IRE R05 JST

IS TII STS 3515 IS

TO SSSTI

IT UR MC FC 245 PA 9T II

PB
ST 55 SC

FL CS SOC 30

40 LO SF 95 IC

41 40 11 54

24 04 04
44 LB

54 400 453 55 4I 41

52 39 04 204 Z1 18 14 45 05

35 PP SO II
55 47 PT 00 55 55 55 44 LB 40

II 14
444 55 35 40 13

15 54 43 44 559 TO 4S 10

IL 42 ITS 15 PS

35 AP 44 50 108 35 58 TI 4A

IS 15 49 44 50 205 15 45 40

II 53 45 44 IM 44 45 IS

2S 30 50 54 40 30 45 52 44 45 54

44 55 61 101 JA 35 P0 44 OS 45

51 4480 1190 46 IT SC II

29 24 10 8000 LO

35 26 4000 153 47 42 44 45

II 94 IS 006 457 64 05 54 40 10 42 44 OT

44
541 144 104 518 04 42 20 49 34 44

52 ILL 209 244 19 503 43 MM 45

54 00 2200 244 49 03 44 205 54 50 45 40

01 444 10 543 45 05 40 44 45 45 00

46 46 240 80 004 05 BA SO 45 44 PG

34 42 00 540 44 64 16 04 45 01 40

50 14 475 44 04 45 43 54 16

10 3M 20 454 55 149 00 15 OS 04 58 45

00 II 33 00 295 SS 14 SI 25 4S

ST 41 55 10 04 IT 00 36

40700 9450 4034 0645 7200 3145 203 CI 1160 58 75 OST

456 011 012 074 404 11 166 872 040 11 54 443

M40 34 3140 4526 2390 154 ISO 542 45 54 251

SF9 56 17 IL 40 44 31 10 30 56

2914 0444 4410 14250 3404 3440 400 4310 3046 1090 1410 4116

CAL 954 115150 AI9 640 0440 ACCT
ETA TE EASE 20345 00121 606 III 0440 S24 54 ACCS 73646

69



1
1

7

II
A

IL
M

L
4
1
6
L
4
1

IT
N

H
IL

L
S

IF
L

IH
U

I
M

L
I9
I
I

0
1
1

1
4

1
0

IC
1
2
II
H

IN
0
1

11
10

B
IV

IS
IL

I
L
IL

H
0
I

10
1

A
M

H
I0

0
1
1

F
R

R
A

L
14

19
4

LG
IS

1
J

I
I

O
IO

LU
L4

41
H

4
IL

I4
I1

I
I

H
2

I
I

11
14

F
N

D
L

I
I
IS

4
1

0
4

0
1

1
4
1

44
44

91
I
I

14
I
I

11
1
1

A
R

E
J
4
1
0
4

II
I

44
10

H
10

IC
R

I
I
I

11
4

41
14

1

O
LT

O
S

LA
T

A
1
II
V

J
II
1
1
1
4
1
1

R
IT

I
I
I

11
1
0
II

10
11

0
LI

A
R

1
2
1
3

I
J
I
I

C
I
4
4
1

IS
9

1
C

4
1

24
4

4
4

14
13

7
S

I
ID

O
C

I
IL

L
I
I
I

IM
I
I

11
F

11
01

01
14

11
O

F
I
I

LH
T

H
C

1
4

A
T

14
11

I
I

1
0
0
9
0

IT
IO

2
4

1
1
1

4
0
4

4
1

4
1
4
4
5

I
I

40
I
I

IT
0
I

IC
3

I
I

4
1

IL
O

14
11

11
41

81
4

44
44

IR
C

L
44

14
41

4
4
9
4

41
44

50
44

1
8
1
0
4

U
II

4G
4

11
2

S
O

C
I

T
IO

I4
4
A

81
41

C
44

1
S

I
K

R
1
2
3

IT
11

11
19

41
P

LO
LL

IL
44

01
4
I5

4
4
F

L
1
4
L

IT
44

4
II

S
IT

L
A

G
49

C
C

IT
LO

LS
S

11
11

01
19

11
01

4W
IV

14
11

04
11

J
I

11
44

C
I

I
I

IJ
44

LG
I
I
I

84
0H

L4
O

F
14

44
1

1
1
1
1
0
0

44

11
41

14
1

L
N

IL
C

T
4
4
L
L

A
P

I
I4

L
IL

T
4
L
4
F

4
2
1

T
1
4

19
41

H
T

0
3

I
I

I
I

42
4
4

IO
II

O
O

A
R

B
01

14
01

4
IA

I
44

40
0
1
4

IL
L

S
A

T
IN

G
F

LI
N

T
4
E

1
4
IF

R
I

S
H

O
V

E
14

14
IT

IT
11

14
1

W
I

14
11

1
C

I
S

O
LE

T
T

S
W

01
41

0
01

51
31

1
II
V

F
L
I4

1
J

01
41

A
4
4
1
S

4
1
0
4

G
E

11
1

IN
I

14
41

1
4
I

1
4
0
4

C
I

2
0
1
0

1
4
1
1

14
14

4
1
4
J
C

IL
L

I
I

I
I

IS
21

18
3
4
4
0

9
5
3

I
I
I

01
10

3
I4

0
4

I
I
I

1
0
0

IR
14

U
N

A
T

O
T

K
II
I

E
L
I

T
IC

C
O

S
C

T
T

O
41

44
IC

4
1
T

0
S

LC
A

L0
55

15
4

41
48

4
4
4
0
5
0
4

49
11

04
5
H

L
T

O
4

14
19

N
IS

0
1
0
1
0

08
4

41
1

OU
W

C
I

41
05

0
4

JH
44

H
I

S
IL

L
00

4
1
1

IL
L

S
C

44
S

34
4
4

45
L
A

5O
IC

3
0
0

03
41

8
0
0

4Q
44

4
4

2
0

8
1

I
I

48
49

S
D

8
4

IS
14

1
44

14
19

40
40

0
1

5
5

0
0

P
IG

40
3
1

4
I

I
I

33
43

8
0

I
I

44
3
4

41
0
1

E
G

45
41

1
I
I

S
I

P
A

11
4

44
1

4
0

IL
IL

IS
43

11
0

4
0

54
1

I
I

41
E

L
9
8

13
14

10

A
S

I
I

1
1

I
I

4
8

I
I

4
8

4
4

14
1

IL
3
1

41
44

I
I

S
C

I
I

8
1

9
9

44
0

14
1

I
I

I
I

I
I

44
40

4
1

I
I

8
0

40
0

11
9

I
I

ID
44

44

48
4
1

I
I

84
1

4
1

34
14

4
0

40
44

I
I

IS
IS

0
S

I
I

I
I

0
8

0
1

I
I

40
G

I
41

43
I
I

4
4

I
I

I
I

IL
9
4

6
0

I
I

14
4

31
40

4
8

S
E

I
I

40
3
S

0
8

15
L
IT

I
I

I
I

1
4

30
3
P

9
5

1
8

41
0

G
O

44
1

4
1

IS
I
I

I
I

0
4

41
5

3
3

0
4

0
1

53
40

1
0

4
4

LO
P

4
41

3
4
0

5
4

IS
IA

T
T

S
1

IC
41

46
35

I
I

JE
3
8

40
1
3

I
I

I
I

41
0

IS
3
J

IS
5
4

S
C

10
4
0

1
1

0
5

O
F

IA
J
I

31
4
8

9
3

48
38

41
1

8
5

4
0

41
41

8
00

44
1

J
4

05
4O

5
1

1
9

45
11

41
13

38
4
T

T
I

44
1

4
1

1
9

49
40

05
44

40
41

0
41

1
6
1

03
I
I

14
W

45
I
I

I
I

04
4
4

49
1
0

0
1

49
I
I

45
I
I

18
5
3

30
48

IS
IA

I
I

IT
4
1

44
1

05
41

1
14

1
1

41
S

41
0
4
4
8

1
0
3
3

41
48

04
14

1
IF

4
8

4
1
C

0
1
1
1

1
0

4
0

0
4

11
48

1
4

0
1

8
4
L

4
0
1

14
13

3
4
4

L
L

1
3
1

L
3

44
14

4
L

3
0
4

4
9
4

8
5

34
94

8
L

1
5
5

94
1

41
0

I
I

IN
40

4
I
I

IE
1
6

I
I

4
4

1
1

1
1

4
0

IC
0
1
4
1

I
I

04
11

C
O

41
10

8
J
4

4
5
4
8

14
1

84
4

IA
4
3
0

C
I

19
11

44
91

5
31

C
M

IO
J

C
8

I4
4
0

84
14

1
L
I0

14
5

19
49

18
L
0
L
4

4
4
5
4
3
4

N
IC

I
0C

4
T

O
O

O
44

1



APPENFLIX

HABITAT DATA FOR SONORA SUCKER DESERT SUCKER AND ROUNDRAIL

CHUB COLLECTED FROM THE GILA RIVER NEW MEXICO AND

ARAVAIPA CREEK ARIZONA
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APPENDIX

KEN BOVEES STARY OF THE CIFSG ANALYSIS OF HABITAT DATA ON

SPIKEDACE AND BACH MINNOWS COLLECTED FROM ARAVAPA CREEK

AND THE GILA RIVER NEW MEXICO
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IIIAIIU UUI DRAKE CREEKAIDE ONE
2625 REDWING ROAD

FORT COLLINS COLORADO 80526

JON SOUDER FWS ECOLOGICAL SERVICES
FTHE 12008A

ALBUQUERQUE NM

KEN BOVEE HYDROLOGIST IFG
DATE APRIL 14 1982

NALYSIS OF SPECIES DATA

IE HAVE EXAMINED THE DATA FOR TIAROGA COBITIS MEDA FULGIDA CATOSTORNUS
LARKI AND INSIGNIS AS YOU REQUESTED IN YOUR MEMO OF APRIT 1982 WEAN THE DATATHROUGH THE MULTIVARIATE STATISTICAL PACKAGE DEVELOPED BYFG BUT UNFORTUNATELY WE WERE UNABLE TO GET COMPLETE SET OF OUTPUTFE DID NOT HAVE ENOUGH DATA ON THE SUCKERS TO GET GOOD RUN

HAVE ENCLOSED THREE SEPARATE PIECES OF INFORMATION FOR THE LOADINNOW AND SPIKEDACE HISTOGRAMS SCATTERGRAMS AND MARGINAL PROBABILITYLOTS THE HISTOGRAMS ARE SIMPLE ONEDIMENSIONAL FREQUENCY PLOTS OF
OUR DATA THE SCATTER GRAMS ARE TWODIMENSIONAL FREQUENCY PLOTS THE
ARGINALS ARE CURVES DERIVED BY MAKING TWODIMENSIONAL PROJECTION OFHE MULTIVARIATE PROBABILITY DENSITY FUNCTIONS WE GOT THE MULTIVARIATEIT TO WORK BUT COULDNT GET IT PLOTTED OUT THE MARGINAL IS VIRTUALLYIE SAME AS PREFERENCE CURVE EXCEPT YOULL HAVE TO NORMALIZE IT

FEW OBSERVATIONS REGARDING THESE DATA

REVIEWING THE HISTOGRAMS FOR THE BACH MINNOW AND SPIKEDACE
YOU CAN SEE THAT THE FUNCTIONS FOR DEPTH AND VELOCITY ARE
PRETTY WELL DEFINED FOR BOTH SPECIES ITS QUITE OBVIOUS THAT

CURVE FIT TO THE HISTOGRAMS WOULD BE BELL SHAPED THE DEPTH
HISTOGRAM FOR THE BACH MINNOW AND THE VELOCITY HISTOGRAM FOR
THE SPIKEDACE HAVE COUPLE OF DISCONTINUITIES THAT WE TRY TOAOID THE BACH WINNOW DEPTH PLOT NAS HOLE IN THE MIDDLE
OF IT AT ABOUT FT THE SPIKE DACE PLOT HAS AN UNEXCECTED
MODE AT ABOUT FPS THESE DISCONTINUITIES DONT REALLY HURT
THE CURVE FIT TOO MUCH BUT MAY INDICATE THAT THE ENTIRE RANGEOF ENVIRONMENTAL CONDITIONS WAS NOT SAMPLED WITH PROPORTIONAL
EFFORT THE SMALL INTERVAL USED FOR THE DEPTH HISTOGRAMS MAY
GIVE THE APPEARANCE OF DISCONTINUITY WHERE NONE REALLYEXISTS THE EXTRA BUMP ON THE VELOCITY CURVE IS PROBABLY DUEL
TO SAMPLING BIAS

YOU CAN SEE FROM THE DOMINANT PARTICLE SIZE AND PERCENT FINES
HISTOGRAMS THAT WE REALLY HAVE PROBLEM WITH SUBSTRATE IVE
DRAWN TWO CURVES ON EACH HISTOGRAM THE RED CURVE IS WHAT
THINK THE CURVE SHOULD LOOK LIKE AND THE BLUE LINE IS WHAT THE
COMPUTER IS GOING TO TRY TO FIT TO THE DATA THE PROBLEM IS
THAT LARGE GRAVEL IS UNRESPRESENTED AS DOMINANT PARTICLE
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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
RHIS IS POSSIBLY DUE TO THE WAY SUBSTRATE INFORMATION WAS
RECORDED SOMETIMES THE PERCENT FINES WERE RECORDED AND
SOMETIMES NOT YOULL NOTICE THAT YOU DIDNT GET MARGINALS
PLOTTED OUT FOR SUBSTRATE OF ANY KIND THATS BECAUSE WHENEVER
WE TRIED TO GET THE COMPUTER TO FIT THE RED LINES IT BLEW UP

DONT BELIEVE THESE BLUE LINES FOR MINUTE BELIEVE WE
CAN ELIMINATE THE PROBLEM WITH DOMINANT PARTICLE SIZE BY
COALESCING 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 BACH MINNOW LOOKING AT
THE HISTOGRAMS FOR PERCENT FINES IT LOOKS LIKE THE BACH
MINNOW PREFERS CLEAN SUBSTRATE THE SPIKE DACE ON THE
OTHER HAND IS MORE TOLERANT OF SANDY SUBSTRATE FEEL
THAT ANY SUBSTRATE CODE YOU DEVELOP FOR PHABSIM SHOULD CONTAIN
INFORMATION ON PERCENT FINES ESPECIALLY IF THE LEACH MINNOW
IS ONE OF YOUR EVALUATION SPECIES YOU MIGHT NOT NEED IT FOR
THE SPIKE DACE

THE SCATTERGRARNS REALLY ONLY SHOW ONE THING OF ANY IMPORTANCE
NOTICE THAT IVE SKETCHED AN OVAL ON EACH SCATTERGRAM THIS
IS THE APPROXIMATE SHAPE OF BIVARIATE FUNCTION DEPTH
VELOCITY VELOCITYDOMINANT PARTICLE SIZE OR DOMINANT PARTICLE
SIZE PERCENT FINES THE AXES OF BOTH DEPTHVELOCITY SCATTERGRAMS
ARE REALLY SKEWED THIS MEANS THAT THERE IS HIGH DEGREE OF
CORRELATION BETWEEN THE TWO VARIABLES IN THIS STREAM MIKE
PREWLTT HAS SEEN HUNDREDS OF THESE THINGS AND HE SAYS THIS
KIND OF CORI IS DEAD GIVEAWAY THAT THERE IS LARGE
ENVIRONMENTAL BIAS IN THE DATA WHAT YOURE SEEING IS NOT THE
FISHS ACTUAL PREFERENCES BUT ITS TOLERANCES WITHIN 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 THATS 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 MINCKLEYS DESCRIPTIONS IN FISHES OF ARIZONA AS
LONG AS YOU STICK TO STREAMS ABOUT THE SIZE OF THE ONES THESE DATA CAME
FROM YOU SHOULD BE ALL RIGHT WOULDNT TRY TO EXTRAPOLATE TO LARGER
IVERS BUT MINCKLEY SAYS THESE SPECIES ARE PRETTY MUCH RESTRICTED TO
MALL STREAMS ANYBVAY IF CORRECTIONS ARE MADE FOR ENVIRONMENTALSAMPLING
IAS IT IS PROBABLE THAT BOTH THE PEAKS AND THE TAILS OF THE CURVES
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WILL SHIFT THIS MEANS THAT THESE CURVES ARE NOT TRANSFERRABIE
TO STREAMS THA ARE VERY MUCH EREN

RYE IN TIMA ON CURVES IN AN ANA1V
TO BUT ROR TNE STUUY WE CAN ONLY HELP THIS

DECISION OY SAYING TNT YOAD AS MOST OF THE CURVES ON
FISHFIL

IF YOU HAVE ANY QUESTIONS REGARDING THE DATA OR OUR ANALYSIS PLEASE
CALL ME AT FTS 3235320

DZ
JPA TJ
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PRELIMINARY ANALYSIS OF

SIGNIFICAI OF 10 RE VISIIORS
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BY
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325 BIOSCIENCES EAST BUILDING
TUCSCZI AZ 85721

20 JUNE 1988
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IN
RESEARCH ON LANDSCAPE PREFERENCES AND USE OF NATURAL

RESOURCE AREAS FOR RECREATION HAS CONSISTENTLY FOUND THAT PEOPLE

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

FOCAL ELEMENT IN LANDSCAPES AND IS AN INTEGRAL PERT 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 SMALL DIMINUTIONS OF THE FLOW OF

ARAVAIPA CREEK COULD REDUCE THE RECREATIONAL ATTRACTIVENESS OF THE

WILDERNESS AREA

THE DATA BASE FOR THIS PAPER COMES FROM MAIL QUESTIONNAIRE

SURVEY OF VISITORS TO ARAVAIPA CANYON WILDERNESS IN ARIZONA

FROM APRIL 1987 TO MARCH 1988 QUESTIONNAIRES WERE MAILED EACH

MONTH TO RANDOM SAMPLE OF PEOPLE WHO HAD RESERVED PERMITS TO

VISIT ARAVAIPA CANYON DURING THE PREVIOUS MONTH THE NAMES AND

ADDRESSES OF THESE INDIVIDUALS WERE OBTAINED FRAN PERMIT RECORDS

PROVIDED BY THE BUREAU OF LAND MANAGEMENT THE AGENCY RESPONSIBLE

FOR MANAGING THE WILDERNESS AREA THE SAMPLING PROCESS PROVIDED



STRATIFIED RANDOM SAMPLE OF AN ANNUAL CROSSSECTION OF

WILDERNESS VISITORS SIX HUNDRED AND SIXTYFIVE RESPONSES WERE

RECEIVED AND CODED REPRESENTING AN 83 OVERALL RESPONSE RATE

EXCEPT WHERE INDICATED RESULTS PRESENTED IN THIS PAPER ARE

DERIVED FRAN WEIGHTED DATA SET WE HAVE WEIGHTED THE DATA SET

TO CORRECT FOR MINOR STATISTICAL INEQUALITIES IN SELECTING SAMPLES

FRAN EACH MONTH OF THE SAMPLE PERIOD THE RESULT OF OUR 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

IZR OF WATER FOR VISITORSAT ITS FACE VALUE SECOND WE

LOOK AT THE SIGNIFICANCE OF WATERBASED RECREATIONAL ACTIVITIES

THIRD QUANTITATIVE ANALYSIS IS DESCRIBED THAT ATTEMPTS TO

QUANTIFY VISITORS PREFERENCES FOR STREAM FL IN ARAVAIPA

CANYON FINALLY WE OFFER SANE CONCLUDING REMARKS

THE IMPORTANCE OR WATER TO VISITORS

THE BEST INDICATION OF THE IMPORTANCE OF WATER TO VISITORS

AT ARAVAIPA CANYON WILDERNESS CANES RAN ONE QUESTION WE ASKED

VISITORS TO RANK OUT OF LIST OF THIRTEEN ELEMENTS THE FIVE

MOST IMPORTANT ELEMENTS OF ARAVAIPA CANYON APPROXIMATELY 82 OF

THE RESPONDENTS PLACED WATER AMONG THE TOP FIVE ELER TABLE

PEACE AND QUIET SOLITUDE AND WILDLIFE WERE ALSO RANKED

HIGHLY WATER WAS ALSO RANKED MOST FREQUENTLY AS THE MOST

IMPORTANT ELEMENT OF ARAVAIPA CANYON



THE IMPORTANCE OF WATERBASED ACTIVITIES TO VISITORS

TWO WATERBASED ACTIVITIESHIKING AND SWIRR IN ARAVA4

CREEKWERE HIGHLY RATED BY RESPONDENTS NEARLY ALL RESPONDENTS

947 REPORTED LIKING OR STRONGLY LIKING HIKING IN THE CREEK

TABLE THIS RESULT IS INPORTANT IN LIGHT OF THE FACT THAT

VISITORS MUST REPEATEDLY CROSS THE CREEK TO TRAVERSE THE

WILDERNESS AREA IF VISITORS WERE NOT PREDISPOSED TO ENJOY THE

WATER THEY MIGHT REPORT LC LEVELS OF ENJOYMENT FOR THIS

ACTIVITY SANE RESPONDENTS HAVE CCZTLNENTED THAT WALKING THROUGH

THE CREEK WAS DIFFICULT AT TIMES BUT THESE COOUNENTS WERE

ASSOCIATED WITH VISITS DURING FLOOD AND NEARFLOOD STAGES WE

CANNOT RECALL ANY RESPCT REQUESTING DIMINUTION OF THE FLC

OF ARAVAIPA CREEK TO MAKE HIKING EASIER SANE RESPONDENTS

HOWEVER HAVE SUGGESTED INSTALLATION OF BRIDGES ETC TO

FACILITATE RIVER CROSSINGS SEVENTYEIGHT PERCENT OF THE

RESPONDENTS REPORTED THAT THEY WOULD LIKE OR STRONGLY LIKE

SWIMMINING IN ARAVAIPA CREEK IF THEY VISITED THE WILDERNESS IN THE

NEAR FUTURE TABLE ALTHOUGH ONLY 42 OF RESPONDENTS

ACTUALLY SWININING IN THE CREEK DURING THEIR MR RECENT VISIT

TABLE STRONG PREFERENCE FOR CONTACT WITH WATER AT ARAVAIPA

IS APPARENT RAN THE RESULTS

PREFERENCES FOR WATER QUANTITY

HINT AT VISITORS PREFERENCES FOR WATER QUANTITY IS

PROVIDED BY TABLE APPROXIMATELY 88 PERCENT OF THE RESPONDENTS

FOUND STREAMFLWS AT PREFERABLE LEVELS MORE INDEPTH ANALYSIS

INDICATES THAT SANE STREAMFLOWS MAY BE MORE PREFERABLE THAN



OTHERS USING RNULTINOMIAL LOGIT MODELS WE CAN ACTUAL

STREAMFL TO THE RESPONSES IN TABLE IN THIS MANNER WE WERE

ABLE TO INVESTIGATE AT WHAT STREAINFL 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 PREFER2 AT

PRESENT WE DO NOT FEEL THAT OUR MODELS ARE SENSITIVE ENOUGH TO

IRAKE AN ACCURATE PREDICTIAI OF THE BREAKPOINT BETWEEN TOO 1W AND

JUST ENOUGH FLWS3 WE CAN HWEVER STATE THAT SMALL CHANGES IN

STREAXNFLW MY 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 STREAMFLW

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 STREAMFIW

CONCLUSIONS ARE AP FROM OUR ANALYSES FIRST

WATER IS HIGHLY VALUED ATTRIBUTE OF THE RECREATIONAL SETTING AT

ARAVAIPA CANYON WILDERNESS RESPONDENTS RANKED WATER HIGHLY

COMPARED TO OTHER ATTRIBUTES OF THE SETTING AND DEMONSTRATED

STREAMFLW DATA WERE PROVIDED BY THE SAFFORD DISTRICT
OFFICE OF THE BUREAU OF LAND MANAGEMENT

THIS ANALYSIS WAS CONDUCTED WITH UNWEIGHTED DATA

WE ARE CONTINUING TO EXPLORE THE RELATIONSHIP BETWEEN
STREAMFLOW AND ATTITUDES WITH MORE SOPHISTICATED
STATISTICAL MODELS



STRONG PREFERENCES FOR WATERRE2ATE ACTIVITIES THESE RESULTS

ARE NOT SURPRISING CONSIDERING THE RARITY AND SIGNIFICANCE OF OPEN

WATER IN 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 STREAMFIOW OUR PRELIRNINATY

ANALYSES INDICATE THAT DECLINES IN STREARNFLOW INCREASE THE

LIKELIHOOD THAT RESPCNDENTS WILL FIND LESS WATER THAN THEY PREFER

MANY FACTORS COULD EXPLAIN THIS RELATIONSHIP WE OFFER TWO AT

LC FLC THE RIVER BED BE LESS AESTHETICALLY PLEASING

STAGNANT POOLS AND DYING VEGETATION BECCINE MORE PREVALENT AND

NOTICEABLE ALSO AT FLC DEEP POOLS AND SWININING HOLES MAY

DISAPPEAR LEADING TO LESS AVAILABILITY OF SITES FOR WATER RELATED

RECREATION

IT IS IIR TO NOTE THAT OUR SURVEY WAS CONDUCTED AT

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 STREAMFLCWS

DECLINE TO 15 CFS OR LOWER IS LIKELY TO LEAD TO SOME

DISSATISFACTION REPEAT VISITORS PEOPLE WHO ARE ACCUSTCRNED TO

HIGHER STREAXNFLOWS MAY BE MORE AFFECTED THAN NEW VISITORS4

DISSATISFACTION SHOULD CONTINUE FOR TIME UNTIL VISITORS BECCINE

ACCUSTCINED TO THE NEW STREAM LEVEL IF SCINE FEATURES OF THE

511 OF OUR SURVEY RESPONDENTS HAVE VISITED ARAVAIPA
CANYON WILDERNESS ONE OR MORE TIMES DURING THEIR
LIFETIME



STREAM ARE ELTH1INATED BY DECREASED F1C FOR EXAMPLE POOLS FOR

SWIIRUTING THOUGH SANE RECREATIONAL VISITORS COULD BE PERMANENTLY

DISPLACED FRC THE AREA AT SANE POINT WHICH COULD BE ABOVE AT

OR BEL 15 CFS BUT WE CANNOT JUDGE THIS FRAN OUR DATA ARAVAIPA

CANYON COULD BECCNE RELATIVELY UNDESIRABLE AS RECREATION SITE



TAB1 PERCENTAGES OF RESPONDENTS RATING ELENENTS OF ARAVAIPA
CANYON MOST IMPORTANT AND WITHIN THE FIVE MOST IMPORTANT
ELEMENTS N546

WITHIN THE FIVE
MOST IMPORTANT MOST INPORTANT

ELEMENT ELEMENTS

WATER 333 818
PEACE AND QUIET 232 735

SOLITUDE 164 671

WILDLIFE 87 659

GEOLOGY 69 471

CHALLENGE 30 294

VEGETATION 25 511

EASE OF HIKING 23 230

GOOD CANPSITES 16 280

SHADE 14 245

SAFETY FRCUTL NATURAL HAZARDS 04 64

ARCHEOLOGY 02 70



TABLE RESPONDENTS ATTITUDES TOWARD WALKING IN ARAVAIPACREEK N665

STRONGLY DISLIKE 03
DISLIKE 15

NEUTRAL 35

LIKE 182

STRONGLY LIKE 766

1000

TABLE RESPONDENTS ATTITUDES SWIMMING IN ARAVAIPACREEK N665

STRONGLY DISLIKE 12
DISLIKE 19

NEUTRAL 186

LIKE 315

STRONGLY LIKE

1000



TABLE ACTIVITIES PURSUED BY VISITORS IN ARAVAIPA CANYONWILDERNESS N575

HIKING 974

CAMPING 579

ROCK CLIMBING 265

HUNTING 10

SWININING 420

BACKPACKING 535

HORSEBACK RIDING 21

BIRDWATCHING 555

OBSERVING WILDLIFE OTHER
THAN BIRDS 632

RELAXING 827

PHOTOGRAPHY 650



TABLE AMOUNT OF WATER IN THE RR CANYON OF ARAVAIPA CANYON
WILDERNESS IN RELATION TO VISITORS PREFERENCES N483

LESS THAN PREFERRED 84
AT THE PREFERRED AMOUNT 879

MORE THAN PREFERRED 37
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