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FRONTIER

Originating Flig/ ; ,Z/ 5
Flight/Date c%
De% ‘ i 54’
Pl d t ch: ts without
Seat ? @ consulting your fight atendant, Vacant
3 seats may already be assigned from the
next city. .

Connecting Information Inside




Connecting
Iinformation

Fligf@te

Gate

Destination

AL

Seat%/

Please do n{tchange seats without consulting

your flight attendant. Vacant seats may
already be assigned from the next city.

Important information

Check-In Time Make sure that passports, visas, travel cards, tickets,
baggage, and other details are in order before checking in at the boarding
point. On domestic flights, you must purchase your ticket at least 60 minutes
before departure time and check in at the ticket lifting point and be available
for boarding at least 10 minutes prior to departure or your space is subject
to cancellation. On international flights, check in at least one hour before
departure. If you check in less than 30 minutes prior to departure, your
space is subject to cancellation.

Carry-On Baggage All carry-on baggage must be placed under the seat
for takeoff and landing and is limited to an amount of baggage that can be
stowed under one passenger seat.

Carry-On Pets Pets carried in the cabin of the aircraft must be in a con-
tainer that will fit beneath a seat, and the pet must remain in the container
for the duration of the flight. Advance arrangements are required for the
carriage of pets in the cabin. Call the Reservations Office for information.

Restricted Articles Articles such as the following shall not be carried
in a passenger’s baggage without prior consent of Frontier: compressed
gases, corrosives, explosives, munitions, fireworks, matches (of any type)
and other articles which are easily ignited, flammable liquids and solids,
oxidizing material, poisons, radioactive materials and other articles such
as mercury, magnetic material, offensive or irritating materials (tear gas
or mace), or medicinal and toilet articles in excess of 75 ounces that can
be classified as dangerous because of any one of the reasons above.

Note For further information regarding any of the above subjects, please
contact any Frontier Airlines Office.

Baggage Liability Limitations and Excess Valuation Coverage
Our liability for damage to or loss or delay of baggage is limited as follows
unless you declare a higher value in advance and pay additional charges:
(1) for most international travel (including domestic portions of inter-
national journeys) to approximately $9.07 per pound ($20.00 per kilo) for
checked baggage and $400.00 per passenger for unchecked baggage;

(2) for travel wholly between U.S. points to $1250.00 per passenger for
checked baggage. You are not automatically entitled to $1250.00 but you
must prove the actual value of losses or damages. We will assume no
responsibility for unchecked baggage. You may purchase excess valuation
coverage for your baggage from us, up to a maximum of $5,000.00. We
assume no liability for certain items including money, jewelry, cameras,
silverware, negotiable instruments, securities, business documents,
samples, paintings, antiques, art objects, manuscripts, irreplaceable
books or publications, photograph albums, or other similar valuables.

Notice—Overbooking of Flights

Airline flights may be overbooked, and there is a
slight chance that a seat will not be available on a
flight for which a person has a confirmed reservation.
If the flight is overbooked, no one will be denied a
seat until airline personnel first ask for volunteers
willing to give up their reservation in exchange for

a payment of the airline’s choosing. If there are not
enough volunteers the airline will deny boarding to
other persons in accordance with its particular
boarding priority. With few exceptions, persons,
denied boarding involuntarily are entitled to com-
pensation. The complete rules for the payment of
compensation and each airline’s boarding priorities
are available at all airport ticket counters and
boarding locations.
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“Dolphip Travel, 1 BERRY/KATE
o Itd.

ARAPAHOE EAST SHOPPING CNTR. (303) 792-3333
9622 EAST ARAPAHOE RD. ENGLEWOOD, CO. 80112

/'unu T TR T A S B B
APPLEWOOD TECH CENTER
2201 YOUNGFIELD
S TR 2

GOLDEN Co.O 20401
PASSENGERS PLEASE RECONFIRM YOUR RESERVATIONS AT LEAST 72
ITINERARY  HOURSPRIOR TO ALLINTERNATIONAL DEPARTURES, IT IS ALSO ADVISABLE
ON ALL DOMESTIC FLIGHTS TO RECHECK DEPARTURE TIMES.
R B 52 i AR I
+ P , AIRLINE ™ , |

FLIGHT l DATE l DEPARTURE l ARRIVAL STATUS

DENVER FPHOENTX FRONTIER 57K HFER S0 10120k
FHOENIX DENVER FRONTIER OFENE

AIR TRANSPORTATION FARE ey s 7 X 0. 2 Wl 1E88.00

R e AR FLL FLT 57 SEQT 11E

TICKET NUMBER({Z): .

BERRY/FATE Q280 7622813226 5 138, 00
BA47 17004922583

INVOICE TOTAL S, Q0

ROYAL TEMPE MOTOR LODGE

1020 EAST APACHE BLVD

PHONE 602 967-8891

SINGLE/HOLDING RM FOR 4 NIGHTS/FEB 6 7 8 9
RATE OF 40.00 PER NIGHT

CONFIRMED BY MR LOWRY 2/5/86

GUARANTEED FOR LATE ARRIVAL TO VISA
CANCEL BY 6PM FEB 6 TO AVOID CHARGES




6 Z/ 105 East Laurel
an Fort Collins, CO 80524 [
T (303) 493-8511

of Fort Collins, Inc.

S5 b

PASSENGERS PLEASE RECONFIRM YOUR RESERVATIONS AT LEAST 72
‘ HOURS PRIOR TO ALL INTERNATIONAL DEPARTURES AND 24 HOURS
‘ PRIOR TO ALL DOMESTIC FLIGHTS. ON ALL STOP-OVERS IT IS ALSO
ADVISABLE TO RE-CHECK DEPARTURE TIMES.
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ADVICE TO INTERNATIONAL PASSENGERS ON LIMITATION OF LIABILITY

Passengers on a journey involving an ultimate destination or a stop in a
country other than the country of origin are advised that the provisions of a
treaty known as the Warsaw Convention may be applicable to the entire
journey, including any portion entirely within the country of origin or
destination. For such passengers on a journey to, from, or with an agreed
stopping place in the United States of America, the Convention and special
contracts of carriage embodied in applicable tariffs provide that the liability
of certain carriers, parties to such special contracts, for death of or personal
injury to passengers is limited in most cases to proven damages not to
exceed U.S. $75,000 per passenger, and that this liability up to such limit
shall not depend on negligence on the part of the carrier. The limit of
liability of U.S. $75,000 above is inclusive of legal fees and costs except
that in case of a claim brought in a state where provision is made for

separate award of legal fees and costs, the limit shall be the sum of U.S.
$58,000 exclusive of legal fees and costs. For such passengers traveling by
a carrier not a party to such special contracts or on a journey not to, from,
or having an agreed stopping place in the United States of America, liability
of the carrier for death or personal injury to passengers is limited in most
cases to approximately U.S. $10,000 or U.S. $20,000. -
The names of carriers, parties to such special contracts, are available at all
ticket offices of such carriers and may be examined on request. Additional
protection can usually be obtained by purchasing insurance from a private
company. Such insurance is not affected by any limitation of the carrier's
liability under the Warsaw Convention or such special contracts of carriage.
For further information please consult your airiine or insurance company
representative.

NOTICE OF BAGGAGE LIABILITY LIMITATIONS

Liability for loss, delay, or damage to baggage is limited unless a higher
value I1s declared in advance and additional charges are paid. For most
international travel (including domestic portions of international journeys) the
liability limit is approximately $9.07 per pound for checked baggage and
“ $400 per passenger for unchecked baggage. For travel wholly between

3
i
<
>
o

U.S. points federal rules require any limit on an airline’s baggage liability. to
be at least $1250 per passenger. Excess valuation may be declared on
certain types of articles. Some carriers assume no liability for fragile,
valuable or perishable articles. Further information may be obtained from
the carrier.
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NOTICE
If the passenger’s journey involves an ultimate destination or stop in a country other than the country of departure the Warsaw Conven-
»tion may be applicable and the Convention governs and in most cases limits the liability of carriers for death or personal injury and in
ect of loss of or damage to baggage. See also notice headed “Advice to International Passengers on Limitation of Liability.”
CONDITIONS OF CONTRACT

ed in this contract “ticket” means this passenger ticket and baggage
hich these conditions and the notices form part, ‘“‘carriage’” is equiva-
sportation”, ‘‘carrier’” means all air carriers that carry or undertake
the’ passenger or his baggage hereunder or perform any other service inci-
L to such air carriage, “WARSAW CONVENTION means the Convention for
@hcation of Certain Rules Relating to International Carriage by Air signed at
h, October 1929, or that Convention as amended at The Hague, 28th
, Whichever may be applicable,

agg hdpeunder is subject to the rules and limitations relating to liability
y & arsaw Convention unless such carriage Is not ‘“‘international

carriage” as defined Ny that Convention.
3. To the extent not in conflict with the foregoing carriage and other services
performed by each carrier are subject to: () provisions contained in this ticket,
applicable ‘tariffs, (111) carrier’s conditions of carriage and related regulations
part, hereof (and are available on application at the offices of
portation between a place in the United States or Canada and

ergof to which tariffs in force in those countries apply.
ay be abbreviated in the ticket, the full name and its abbre-
\in carrier’s tariffs, conditions of carriage, regulations or
£H rier’s addtess shali be the airport of departure shown opposite the
jation of carrier’s name in the ticket; the agreed stopping places are those
\set forth in this ticket or as shown in carrier’s timetables as scheduled
laces on the passenger’s route; carriage to be performed hereunder by
ssive carriers is regarded as a single operation.

rier issuing a ticket for carriage over the lines of another air carrier

5 ir c
does saqnly as its agent.

6. Any exclusion or limitation of liability of carrier shail apply to and be for the &
benefit of agents, servants and representatives of carrier and any person whose &
aircraft is used by carrier for carriage and its agents, servants and representatives. |

7. Checked baggage will be delivered to bearer of the baggage check. In case of >
damage to baggage moving in international transportation complaint must be made in
writing to carrier forthwith after discovery of damage and, at the latest, within 7 days
from receipt; in case of delay, complaint must be made within 21 days from date the
baggage was delivered. See tariffs or conditions of carriage regarding non-international
transportation.

8. This ticket is geod for carriage for one year from date of issue, except as
otherwise provided in this ticket, in carrier’s tariffs, conditions of carriage, or
related regulations. The fare for carriage hereunder is subject to change prior to
commencement of carriage. Carrier may refuse transportation if the applicable fare
has not been paid.

9. Carrier undertakes to use its best efforts to carry the passenger and baggage
with reasonable dispatch. Times shown in timetable or elsewhere are not guaran-
teed and form no part of this contract. Carrier may without notice substitute o
alternate carriers or aircraft, and may alter or omit stopping places shown on ‘
the ticket in case of necessity. Schedules are subject to change without notice.
Carrier assumes no responsibility for making connections,
10. Passenger shail comply with Government travel requirements, present exit, .
entry and other required documents and arrive at airport by time fixed by carrier or,
if no time is fixed, early enough to complete departure procedures. ‘
11. No agent, servant or representative of carrier has authority to alter, modify
or waive any provision of this contract.

CARRIEX, RESERVES THE RIGHT TO REFUSE CARRIAGE TO ANY PERSON WHO HAS ACQUIRED A TICKET IN VIOLATION OF APPLICABLE LAW OR CARRIER’S TARIFFS, RULES OR REGULATIONS

Issued by the Carrier whose name is in the “Issued By’ section on the face of the Passenger Ticket and Baggage Check.

SUBJECT TO TARIFF REGULATIONS
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United States Department of the Interior

FISH AND WILDLIFE SERVICE
POST OFFICE BOX 1306
ALBUQUERQUE, N.M. 87103

July 30, 1985

Dr. Robert Behnke:

Department of Fishery and Wildlife Biology
Colorado State University

Fort Gl ins HCOMES0523

Dear Bob:

In response to your letter of July 13, 1985, I am enclosing a report

entitled Factors Affecting the Success of Gila Topminnow (Poeciliopsis

o. occidentalis) Introductions on Four Arizona National Forest.

Sincerely yours,

Gerald Burton
Endangered Species Biologist

Enclosure
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(Poeciliopsis o. occidentalis) INTRODUCTIONS
ON FOUR ARIZONA NATIONAL FORESTS

Prepared for:

Office of Endangered Species
U.S. Fish and Wildlife. Service
Post Office Box 1306
Albuquerque, New Mexico 87103

Prepared by:

James E. Brooks, Nongame Biologist
Arizona Game and Fish Department
2222 West Greenway Road
Phoenix, Arizona 85023




Acknowledgments

This® study. was funded throush the (ffiece ol Endandercd
species, U.S. Fish and '‘Wildlife® Service, “Albuguerque ‘Lo \thec
Arizona Game and Fish Department. Personnel involved in field
work were numerous but involved primarily Phil Hines, AGF and Ken
Byford, USFS. Their time and efforts are appreciated as is that
of the Wildlife Managers in whose districts this study was
conducted. Larry Riley assisted in statistical analysis and Ruth
Patterson performed all word processing. Thils S report S awas

improved through reviews by Terry B. Johnson, Larry Riley, Bill

Silvey, Jerry Burton, Paul €. Marsh-and W. L. Mincklecy,




Table of Contents

List ofit Tabiliesiee I s
S sit il ol bl oule 'S SR

iIEntrodiucEion it

Methods
Stocking..............
Monitoriingie
Dlscrlmlnant Ana1y51s.... . s L L

Results
Rebitabie i, e i
Cover Baauie it
Sulb's Bra tle ey S
Drainage Area....
Etevation Loincsoiop st batel b a0 A0 s s e
Dissolved Dxygen s io: Ui o
pHes . T
Temperature.... S A R e
Conductiapi by, ol v MRelti Rl
Diseriminant (Analysis,....

Discussion
Genmerallliina s g i 0
Discriminant Analy31s
Reasons for Introductlon Fallures.....................
Introduction Site Selection Criit eriia s i Lo sl e
Recommendations...
Literature Cited

Appendix




List of Tables

Gila topminnow introduction sites
stocked during 1982

Gila topminnow introduction sites stocked
during 1983

Status and habitat determinations for each
introduction site stocked with Gila
Eopminn owisin g2 2 TS

Sueeess "ofitintroducticons by ShabitaEstypeiits
Stlceess o fflintroductionsbyiiceveREEypeli st
SuccessofiiinEroductionsubyiisubstrate s bypes

Habitat variable summary for successful
and unsuccessful Gila topminnow
introduction sites.  Values are Ethe ‘mean
+ one standard error with range values in
parenthesis and probability of difference
derived from student's t-test...

Successful and unsuccessful Gila
topminnow introduction sites classified
by disesiminantfninction s

Recommended criteria-for selecting
suitable Gila topminnow introduction
STEesie




Laghe @ P alEbiPEs

Historic (open circles), existing (solid
circles) and 1982 (halficirclies) Gila
topminnow populations in Arizona....

Reiative composition of all sites (a, n - 50)
and successful sites (b, n = 30) stocked with
Gila tebmindow in 1982. 000,

Correct and incorrect predictions of success
for 1982 Gila topminnow introduction sites
based on the discriminant score for each.......




INTRODUCTION

This report summarizes data ecollectediunder UJS. ' Eish' &
Wildlife Service (FWS) contract No. 14-16-0002-82-216 for

monitoring Soncran topminnow (Gila subspecles, Poeciliopsis o.

occcidentalis) introduction sites - on U.S. Eorest Service i(E3)

lands. Endangered Gila topminnow were introduced into selected
waters on four National Forests in Arizona under the auspices of
a tripartite Memorandum of Understanding (MOU) between the FWS,
FS and Arizona Game & Fish Department (AGF).

Selection of introduction sites was based upon qualitative
assessments of  habitats utilized by mnaturally oecurring Gila
topminnow populations. The site selection criteria were
developed by FS biologists to assist non-fishery related field
personnel in the’ seleeLion pracess. As gsuch. Thelsepiterig
pertained 'primarily o ‘abiotic “factons afi.e. " physicals =ize,
flow, depth, perennial water source, temperature, elevation,
floeding, Stream barriers, accessy, One biological criterion
(presence of predator/competitor) was included.

Monitoring of introductions was the responsibility of the
AGF as specified in the MOU and in a Management Plan.outlining
this recovery effort. Monitoring included assessment of both
habitat and' +topminnow « populations,  ‘including. collection . and
identification of Gila topminnows.

This is: . the first < annual, report rdebailing i seatus ’ of

introduced Gila topminnow populations. Site selection criteria

presented here will be further refined into an ecosystem approach

to identify suitable introduction sites. 1Included is an initial




set of refined site selection criteria, based upon information
gained during first year of recovery, a literature review of Gilg
topminnow ¢ habitat,  and . field observations of ‘intraduced and

naturally occurring topminnow populations.

METHODS

Stocking

Sixty=fouriisitiestlont four A zonas Nt ona il Eonre SESERWe e

stocked with Gila topminnows from 17 May through 16 June 1982

(Table i'T). Gila topminnow from the Boyce Thompson Arboretum

pond, Pinal County (original genetic stock from Monkey Springs,
Santa Cruz County) and Dexter National Fish Hatchery, FWS,
Dexter, New Mexico (transplanted from the Arboretum pond) were
utilized. Twenty-four additional introductions of Gila topminnow
from the Arboretum pond were conducted during 1983. These sites,
stocked from 1 June through 28 June 1983 (Table II), are not

included in the data analyses elsewhere in this report.

Monitoring

Fifty-eight 1982 introduction sites were monitored during
June. and July, "1983. An introduction was considered successful
if topminnow were identified at the site and unsuccessful if none
. was collected or observed. Six sites were not monitored and thus

are of unknown status.




‘Table I. Gila topminnow introduction sites stocked during 1982
(Unn = un-named).

Date Number

Site Latitude Longitude Stocked Stocked Source
Holly Spring M . U535 1A s (e 0 0 17 May 200 Arboretum
Sheepshead Spring QLRI 111 B 5< tho 17 May 200 Arboretum
Deep Spring QDo ) 155800 55 17 May 200 Arboretum
Chalk Tank gl 23 20 Lot 26003 18 May 1,000 Arboretum
The Lake R26a1Q B35 10 =R 5 14 June 200 Dexter NFH
Alambre Tank R28 08 T10L086 5 20 14 June 200 Dexter NFH
White Tank 2] B0 3 GE R R 5 14 June 200 Dexter NFH
Yellowstone R 2k 110 38 200 14 June 200 Dexter NFH
Canada del Oro B2 sl alis 19020 18 15 June 27000 Arboretum
Sabino Canyon 2 520 1530 110 =46 & hO 14 June 2,000 Arboretum
Buehman Canyon B2 25805 NElO R () () 16 June 2,000 Arboretum
Bear Canyon 2 1aE 2.0 E () 1RLEE b 17 June 2,000 Arboretum
El Pilar Bl Ce e | 1Lk(e) © Gy S50 17 June 2,000 Arboretum
Romero Canyon 2200 QRSO 00 15 June 2,000 Arboretum
Mansfield R0 ke ey e 17 June 2,000 Arboretum
Johnson's Wash Spring SUEER RS 3 2002 25 18 May 200 Arboretum
Government Spring '3u eire o i) 82 (il 17 May 500 Arboretum
Cedar Spring 34 29 U5 i8R 0 QR LE 17 May 200 Arboretum
Sheep Spring SRl QbR b 102 g eOh 17 May 200 Arboretum
Monkey Tank RGN Jel 1 sl B 18 May 1,000 Arboretum
Montezuma Tank RS0 a2 ek 2 18 May 2,000 Arboretum
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Table I Continued.

Date Number
Site Latitude Longitude Stocked Stocked Source

Ox Bow Spring f S e T L) 128 (350 18 May 500 Arboretum
HisISIEES Hiin ¢ RS EEE25 LI e Ge il 18 500 Arboretum
Squawpeak Spring FUTR30 30 S SIOR R0 18 200 Arboretum
Copper Canyon U 26 1433 bk 5500 18 2,000 Arboretum
Fig Spring 33 b E e 20 Tligesdn 10 10 400 Arboretum
Unn Spring (5N TE 24) 334605 1 B e -t Bep 9 200 Arboretum
T T S priing S g Bd 18 el 0.5 9 200 Arboretum
Unn Spring

(9-1/2N B5E 24) 3H D5 il el TR ) 200 Arboretum
Frog Spring 08 < 28 T1L G 60 200 Arboretum
Rock Spring 33 ellER D 1GIEL =G ()5 200 Arboretum
Lime Cabin Spring QU OG0 LI ol T 400 Arboretum
Unn Spring Stream

(BN TE 32) 33 e Y 51 gk e 1 Bt 158 200 Arboretum
Unn Spring (10N 5E 34) it e () ke ol s 200 Arboretum
Blue Mtn. Spring BREEG() G TENE b e 200 Arboretum
McCann Spring Tank B L I S e () ‘ 200 Arboretum
White Rock Spring Yol Y Pl a0 200 Arboretum
Horse Creek RGO TR E il Mgy s 400 Arboretum
Spring Fed Tank :

(5N 13E 31) 33l 08 Bl a0 3l g 200 Arboretum
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Tablell Continued,

Number
Site Latitude Longitude Stocked Source

Artesian Well 33 44 . BB il 00y
Artesian Well #3 A3 5D T 16 1.0
Artesian Well #4 335250 4% 2 Do a0
Corner Artesian RI3 505 bl s eis
Kayler Spring 3R 56y 38 o S b
Unn Spring Tank #498 33 48740 111 4R eR0
Reed Spring 8L e ] A e e B 1R
Buckhorn Spring BREERgEERS L e e e
Packard Spring 73 Bl 930 S 2 e 00)
Mesquite Flat Spring 33 U903 IS R ()53
Tucker Box 336 05 Lldaiang . 35
Cottonwood Creek 33 il 50 Lo aLE
[InnaSprings DR,

(4N 11E 2) 33 29 1 1) e 2
Indian Spring lel e i ibalal = alig e it
Little Mud Spring 33 2h 38 110 SR 0T
Grapevine Spring 3B A3 85 1Ol 6 3i0)
Happy Camp Spring B3 183l 111 08 o2l
Chalky Butte Well Tank 33 31 ILILe) © iey - peke
Little Nob Well pest a2l 110 38 653
Walnut Spring 33 53 51 Boldlraenn S
Mesquite Tank R De iR O I e S 5

b=t
o

200 Arboretum
200 Arboretum
200 Arboretum
200 Arboretum
200 Arboretum
200 Arboretum
200 Arboretum
200 Arboretum
200 Arboretum
200 Arboretum
600 Arboretum
800 Arboretum

8
8
8
y
8
y
m
8
8

=
w O

200 Arboretum
500 Arboretum
1000 Arboretum
200 Arboretum
400 Arboretum
1,000 Arboretum
1,000 Arboretum
1,000 Arboretum
1,000 Arboretum

O L) WL W W =W
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"Table I Continued.

Site

Unn Tank (6N 9E 21)

Mud Spring

Unn Spring (6N 9E 21)

Unn Spring Fed Tank
(6N 9E 21)

Latitude

33
e
03

4

S
by
5

5l

20

55
20

20

Longitude

311
i1l
i1

AL

26
29
26

26

45
20
58

25

Date

Stocked

4 June
9 June
4 June

4 June

Number

Stocked

600
200
200

300

Source
Arboretum
Arboretum

Arboretum

Arboretum
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TaBle IT. Gila topminnow introduction sites stocked during 1983

(Unn = un-named).

Date Number
Site Latitude Longitude Stocked Stocked Source

Middle Mesa Tank SUEEIgE 2] Td2sirli2ee9 June 1,000 Arboretum
White Tank ol iRy el Tli20a’ 03 June 1,000 Arboretum
Unn Spring (11 NSiEE2) 2 ULl i Sl Gy June 200 Arboretum
Lower Mine Spring N 2088 03 1Labic Sl oYy June 200 Arboretum
Unn Spring Pond
¢ KB gh 169 el R 1125008 5 .09
Copper Canyon' gut o ng 1P Bl gy
Pitlot™ Tanic Sl Al o 2l Ll 53
Mesquite Tank 33 w2l 30) 1Tl ] il G
Rock Springs 3B 10 =R 60 30
Indian Spring gyt U (oY 112 27 b0
Bain Spring U R G 2R O]
Campbell Flat Spring g N0 B8 1 2 S 0 S
Charlebois Spring BRI 05 1120 32
Rock Tank Spring 33 54 g 111 54 U5
Mud Spring Tank a3 Lis Isa I
Unn@Spritngsbies

(9-1/2N 5E 32) 34 09 45 $ s 2 i T June 500 Arboretum

June 200 Arboretum
June 100 Arboretum
June 1,000 Arboretum
June 1000 Arboretum
June 200 Arboretum
June 200 Arboretum
June 500 Arboretum
June 200 Arboretum
June 200 Arboretum
June 200 Arboretum
June 1L (0)(0)0) Arboretum

T N T [

1Restocked from 119825
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“Table II Continued.

Site Latitude

Bronco Canyon Spring
Tank
Unn Spring
(7N 10E Y4 and 5)
Upper Horrel Spring
Thicket Spring
2 Mile Spring
Dutchman's Grave Spring
Bench Well

Longitude

Date

Stocked

Number

Stocked

Source

Arboretum

Arboretum
Arboretum
Arboretum
Arboretum
Arboretum

Arboretum




Qualitative assessments were made for cover availability (4
categories), substrate (5 categories) and habitat types (5
categories) at each introduction site (Table III). Substrate was
classified according to Herrington & Dunham (1967) with additions
of concrete (trough) and metal (stock waterer) substrate types.
Dissolved oxygen, pH, temperature and conductivity were measured
at 50 sites. Drainage area and elevation for each site were from
USGS topographical maps. Topminnow population size was visually

estimated for successful introductions.

Discriminant Analysis

Linear discriminant analysis was used to identify factors
contributing ‘to the  success "of "an introduction. A stepwise
analysis was used that incorporated variables one at a time on
the basis of their discriminating power (Klecka, 1975). This
method formulates a reduced set of variables that explains most
variance tas swellior ibetter than ‘the fulil@set Aol as s fication

table was @ construeted® to didentifly the Ssuitabil itys or unsuit-

abililty ot aSipotentigl Wintreductaeon  siitel The "program used

habitat parameters of 50 sites to develop the discriminant
funiction, « whiech “was then wused’ 'to eclassify @ thosei siles ias

successful or unsuccessful.




RESULTS

Thirty-one (48.4%) sites monitored in June-July 1983 were
elassified a8 successful  (Fig., 1) Unsuccessful sites numbered
twenty-seven (42.2%) and six (9.4%) were not monitored (unknown).

Unevaluated sites included Romero Canyon and Mansfield Tank
(Coronado National Forest) and McCann Spring Tank and Mesquite
Elat Spring. (Tonto Natiocnal Forest). One site, Copper Canyon
(Prescott National Forest), was surveyed and restocked during
1983 in a stream section with perennial flow since the initial
plant was in a reach that proved not to be perennial.‘ Kayler
Spring (Tonto National Forest) was also surveyed but no topminnow
were collected for taxonomic verification. Kayler maintained a

populiat iont el G ambusitaiiaififiiini ST a ERE hie MRt im e o Bl e hie e i peto il

topminnow stecking, /and 1t is possible that observed . fishi were
the former species. Mesquite Spring Stream (Tonto National
Forest) was not surveyed due to site misidentification. It was
thought unsuccessful, but a recent survey by Pollock (1984)
indicated that it held topminnow. Mesquite Spring Stream T
included in the total number of =uccessful sites but not in 1983

habitat analyses.

- Habitat

Five basic habitat types describe the introduction sites:
1) spring fed or overland flow fed pond,:2) spring fed trough, 3}
artesian well fed habitat (marsh/pond), 4) spring stream and 5)

stream (spring and runoff fed). Seven introduction sites were




Fig. 1. Historic (open circles), existing (solid ‘circles) and
1982 (half circles) Gila topminnow populations in
Arizona.




not included due to desiccation at the time of monitoring (Table
IEILIch 8 Success of introductions into each habitat type is shown
AT aibil eSRVES

Spring streams, the most common habitat stocked, represented
26.0% of the total number of sites analyzed d(Figi 2). ..0f these
sites, 65.0% were successful introductions. Seventeen spring fed
or . runoff fed tanks were stocked @ and tuwelve  (70.6%) 'were
Successful: Nine streams and three artesian well fed sites had

success rates of 22.2% (2 sites) and 100%, respectively.

Cover

Introduction success differed between the four general cover
types present at the 50 successful stocking sites (Table V). Of
the 32 siftes’ classifiied as aguatic 'plant  habitat types 23
(71.8%) were successful. Success rates decreased for each of the
less common cover types, from 50.0% (1 of 2 sites) for terres-
trial vegetation to UU . 4% (W of 9 sites) for the 3zbiotic cover

type to 18.3% (2 of 'T sites)ufor sites with no cover available,

Substrate

Substrate types dominating the 50 introduction sites were
silt, sand, gravel, bedrock, concrete (stock watering trough) and
metal (above ground stock tank). Introduction success varied
according to substrate type (Table VI). Success rate was highest
for ' sites with ' gilt  substrate (65127 ). Sites with sand,
bedrock and gravel were similarly successful with rates of 61.5%,
60.0% and 50%, respectively. The " Ewol siteswithilconerete mon

metal substrate both failed.




Spring Stream
40%

Trough 2%

Artesian Well
Stream 6%
18%

Spring Stream
43%

Artesian
Well
10%

Relative composition (a, n = 50) and success rate
(b, n = 30) for sites stocked with Gila topminnow
aligy ILENE2




Table TII, Status and habitat determinations for each Introduction site stocked with Glla topminnow (n 1982,

Site

Latilon
o g

Drainage
Area
km2 Elevation
mi®) w1

Habl’rafl

Type Cover2

Subs‘rraTe3

Other
Flshes

Hol ly Spring

Sheepshead
Spring

Deep Spring

Chalk Tank

Alambre Tank

White Tank

Yel lowstone

Canada del Oro

Sablino Canyon

Buehman Can,

34

45
50

55
00

0.02
(0,007)

1080
(3530)

1058
(3460)

1223
(4000)

0,10
(0,04)

1284
(4200)

0,10
(0,04)

1321
(4320)

0,18
(0,07)

1225
(4000)

0,08
(0,03)

1223
(4000)

15,67
(6,05)

152 979
(6,07) (3200)

1559 954
(BS99 (3120)

No

Glla
Intermedia

Agos|a
chrysogaster

Cond,
Temp, umho/

pH v Ve e Siatuct

ie5 1559 625
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Table TIT Continued. =+ .

Drainage
Area Cond, Popu la-
Latilong km2 Elevatlion Hablfaf’ Other DO Temp, umho/ tion
Site g L (mlz) mEGE) Type Covar2 Subsfrafe3 Flshes mg/l _pH © cm Sfafus4 Size
Bear Canyon 31 22 50 11,53 1682 5 3 2 Agos ia 8,9 1.5 19.0 450 0

110 21 45 (4.45) (5500) chrysogaster

ElV Pilar 31 40 36 1.68 1492 No 1058 S0 H 2S5
45 50 (0,65) (4880)

Romero Canyon 24 00 0,05 1835
51 00 (0,02) (6000)

Mansfleld B0 0,60 1590
4985580 231) (5200)

Johnson's 32 58 i 1465
Wash Spr, 02525 (4790)

Government 27 40 0,98 1300
Spring 01 45 (0,38) (4250)

Cedar Spring 29 45 0.85 1358
00 15 (0,33) (4440)

Sheep Spring 28435 0,2 1512
02 05 (0,08) (4290)

Monkey Tank 26 10
47 40

Montezuma 38 05 : 1220
Tank 01 20 (3990)

Ox Bow Spring 42 10 1315
03 50 (4300)

Hull Spring 35525 1110
57 42 (3630)
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Table IIT Continued.

gafllong
Site 1y

Dralnage
Area
km2

(mt?)

Elevation

m (ft)

Hablfa#l

Type

Cover2

Subsfrafe3

Other
Flishes

Cond, Popu la-
DO umho/ tlon
mg/ | g cm Sfafus4 Size

Squawpeak Spr, 34 30 30
NEIEH0 35

Copper Canyon 34 36 33
55 00

Fig Spring 55 20
38 10

Unn Spring 46 05
5N 7E 24 55520

il SIS preiing 10 54
47 25

Unn Spring 1ie2b
9-1/2N 5E 24 47 30

Frog Spring 08 28
46 50

Rock Spring 45 52
36 05

Lime Cabin 01 10
Spring 47 50

Unn Spring 44 15
Stream 34 35
5N 8E 32

Unn Spring
10N 5E 34

0

1.48

(0,57)

0

0,60

(0s23)

0,16
(0,06)

0,16
(0,06)

0,88
(0,34)

0.6

(0,23)

0,21
(0,08)

982
(3210)

1162
(3800)

587
(1920)

832
(2720)

878
(2870)

869
(2840)

853
(2790)

755
(2470)

789
(2580)

801

(2620)

942
(3080)

1

1

1

No

952 1090 0

Unk,

Restocked 1983

0

1 1
Restocked 1983

25
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“Table TIT Continued,

Dralnage
Area Popu la-
Latllong km2 Elevation Hablfafl Other tion
Site L Type _ Cover’ Substrate>  Fishes 9 Status®  Size

Blue Mtn, 33 50 46 0516 838 No
Spring 42 22 (0,06) (2740)

McCann Spring 44 47 ' 798
Tank 35 49 (2610)

White Rock 0755 862
Spring 47 20 (2820)

Horse Creek 03 35 679 A.chrsogaster, 7.1
40 45 : (2220) Notroplis

lutrensis,
Lepomis
cyanel lus
Spring Fed
Tank
SNENSERS|

Artesian Wel |

Artesian Wel | 807
#3 (2640)

Arteslian Wel | 807 15+ 105088528 50
#4 (2640)

Corner 749
Artesian '(2450)

Kayler Spring 749 A.chrsogaster, 8.2 8,0 23,0
(2450) Gambus (a
affinis
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Table III Continued,. + .

Drainage
Area Cond, Popu la-
Latilong km2 Elevation Hablfafl Other DO umho/ tlon
Site i b (m(z) m (ft) Type Cover2 Subsfra‘re3 Fishes mg/ | 0 cm Sfafus4 Size

Unn Spring 48 40 0,03 789 No 15+ 10000
Tank #498 18 30 (0,01) (2450)

Reed Spring 5920 0,36 869
19 42 (0,14) (2840)

Buckhorn 39 33 0,78 801
1155 1159 (0,30) (2620)

Packard 51 30 0,03 1003
- Spring 21 00 (0,01) (3280)

Mesqulte 49 03 856
Flat Spring 19 03 (2800)

Tucker Box 46 05 4,51 979
02 35 (1,74) (3200)

Cottonwood 37450 2007 893
Creek 08 15 (0,78) (2920)

Unn Spring 42 49 0,78 673
D 12525 = (0 530)) (2200)
4N 11E 2

Indlan Spring 0551 673
(0,12) (2200)

Little Mud 0,21 1174
Spring (0,08) (3840)

Grapevine 0,47 917
Spring (0,18) (3000)
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TaBleQIII Contlnued,

Drainage
Area Cond, Popu la-
Latilong km2 Elevation Hab(faf1 Other Temp, umho/ tion
Site i Ui (ml2) m (ft) Type Cover2 Subsfrafe3 Fishes 0C cm Sfafus4 Size

Happy Camp 18 34 Dry
Spring 08 24

Chalky Butte 33 31 1257
Well Tank 38 28 (4110)

Little Nob 33 24 1275
Wel | 58853 (4170)

Walnut Spring 53 51 1122
31 18 (3670)

Mesquite Tank 32 31 612
22 50 (2000)

Unn Tank 5120
6N 9E 21 26945

Mud Spring 44 55 599
29 20 (1960)

Unn Spring 51 20 1028
6N 9E 21 26 58 (3360

Unn Spring 51 20 1055
Fed Tank 26 35 (3450)
6N 9E 21
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Table TIL Confaned;

lHablfaf Type: Tank/pond
Trough
Artesian well/pond
Spring Stream
Stream

Aquatic plants

Terrestrlial Vegetation Overhang/submerged

Undercut bank, I(nstream boulders, pools

None

3Subsfrafe: Siit

Sand
Gravel
Rubble
Bedrock
Concrete
Metal

4STa'rus: Unsuccessful
Successful

%Pol lock (1984)




Table IN.  Suecess of introductions by habifat tvpe;

Successful % Success
Habitat Type Sites % Success ofl ‘TetalN

Pond 12 700 56 24,0

Trough 0 0 .O

Artesian Well 3 6.0
Spring Stream 2600
Stream 4.0

Tiotal




Table V. Suceess of inbroductions by cover Etype.

Successful % Success
Cover Type Sites % Success of Total N

Aquatic Plants 23 715 46.0
Terr. Veg. 1 50.0 o0
Abiotic 4y oy )]
None 143 .0

ot alll 60.0




Table VI. Success of introductions by substrate type.

Successful % Success
Substrate Type Sites % Success of Total N

Sllt 15 65.2 30.0

Sand 61.5 Sl 16.0

Gravel 50 .0 2.0
Bedrock . 12.0
Concrete 0
Metal 0

Total




Drainage Area

Drainage area for successful introduction sites had a mean

2

of 0.8 + 0.5 kmE and ranged from Srace (<o 0.1 km?) to 6.1 km?

{(Table  VITI). Unsyeccessful sites’ averaged 505 4 388 km2 and

rangedt frem trace to L7.5 km2. Thirteen successful and four

unsuccessful sites had a drainage area of 0 (artesian wells,
windmill fed ponds, perched springs) and were not included in
computer analyses. Mean drainage areas were significantly
different P "< 1,001, " Studentts “iE—test) i for suceessfyuls fand

unsuccessful introduction sites.

Elevation

Successful . introduction sites had o lower '‘mean. ‘elevation
than unsuccessful sites (Table VII). Elevational mean (range)
was <971 + A5 m (599-1U65) and ‘10{L " + 60. m (587-F6E2)
respectively. These mean elevations differ significantly (P <

01000

Dissolved Oxygen (D.O.)

Dissolved  oxygen did @ not @ vary @ significantly  between
successful and unsuccessful introduction sites (P < .200, Table
YII), Sites holding Gils topminnow had a mean D.0."cf 8.4+ (.6
ppm  (range 6.4 to 10.0). . Mean D.0, at unsuceessful introduction

sites was 7.0 + 0.5 ppm (range 0.8 to 10.8 ppm).




pH

Hydrogen ion concentrations (pH) in successful and
unsuccessful introduction sites did not appear to differ
significantlys (Fable NI1), The pH at sucecessful sites ranged
Bromi 61 Ut ol OO Recorded pH values for unsuccessful sites

ranged  fromE Tt ol Ois2

Temperature

Water temperature differed significantly (P < .00l) and was
higher at successful introduction sites than unsuccessful sites

(Table VII). Mean water temperature at successful sites was 24.1

+ 0.7 OC (mange '] 10t 0 BRIT0 OC). The mean at unsuccessful sites

was 21 .08 mi0.9 e (13027 ol Hoae

Conductivity

Electrical conductance showed the least amount of difference
(P < .50) between successful and unsuccessful introduction sites
(Table VII). Mean conductivity for successful introduction sites
was 514 + 39 umho/cm (112.0-1000.0). Unsuccessful sites ranged

from 75.0-1090.0 umho/cm with a mean of 465 + 58.

Discriminant Analysis

4 " single discriminant  fubhction accounted “fob variance
between successful and unsuccessful sites (Cannonical
GorT e lilizthilon S - GRS The stepwise procedure selected four
variables (drainage area, elevation, cover type, D.0.) which

adequately discriminated between successful and unsuccessful




Table VII. Habitat variable summary for successful and unsuccessful Gila topminnow
introduction sites. Values are the mean + one standard error with range
values in parenthesis and probability of difference derived from a
student's t-test.

Successful Unsuccessful Significance
Variable (N = 31) (N = 19) Level

Drainage (sq km) 0.8 % Fou5 2 By rg 0 gl Pi<i 001
(L. P iee 6 1) (tri i@ w176

Elevation (m) 971 + 45 1071 + 60 Pis o001
(599 = 1465) (587 =  1682)

D.0. (ppm) B+ 0.6 PO D6 NS
(0.7 = 15.0) (08 T 1 #10.8)

pH ‘ 8.0 oS Tl B NS

(6.4 = 10,0) (7.1 - 9.2)

Temp. (°C) Pl 0.7 Salnil s o

(17,00 = 33.0) hd 27.0)

Cond. (umho/cm) Blille g 130 465 + 60
(112 - 1000) (75~ 1090)

13 missing values (sites w/ o drainage area)

4 missing values (sites w/ o drainage area)

1 missing value (pH not recorded), log mean not computed
e a clel icen O




Sites. A ploti.of the discriminant scores (Fig. 3l i=hows thae e
two groups (successful and unsuccessful) could be separated based
upen ‘the four eriteria. The following classification functions

were derived to aid in the selection of future sites.

Successful = -15.4765 - .0979 (Drainage) + .0173 (Elevation)

+ 12,6106 (Coveriitypel + 01 1243 (D, 0.0

Unsuceessfull ‘= -22.2359 ¢ 0629 i (Drainage) i % 0236

(Elevation)y + Y4.06 (Cover type) + .69 (D.0.)

The first number in each function is a constant and the,following

numbers are derived coefficients for the respective variables.
The classification: functions are ‘evaludtedg for’ ‘each fsite Lo
predict success based upon its scores on those functions. The
function that generated the highest score classified the 3ite,
The classification functions were then used to classify the
original set of introduction sites (Table VIII). Overall, 80% of

all sites were correctly classified by discriminant analysis.




Eg - Successful

Ea ~— Unsuccessful

Ea - Misclassified

T,

ERRURRRRS

NNV /111 L LA

=1

Discriminant Score

Correct andiincorrect predictions of sticeess for
1982 Gila topminnow introduction sites based on the
dilseriminant score for each.




IElodLE WL - Successful and unsuccessful Gila topminnow
introduction sites classified by discriminant
tunction (N =50} ¢

Classified

Actual




DISCUSSION

General

Both qualitative and quantitative data were collected during
monitoring. Those presented for habitat, cover S andsisubstrate
types are qgualitative and identify 'dominant ' types at. each
introduction site. Quantitative data are those for drainage
area, elevation, dissolved oxygen, pH, temperature and
conductivity. These two data sets are discussed somewhat
differently below. Qualitative data are related to success rate
in each general type while quantitative data are discussed in
terms of absolute numbers related to introduction successes..

Environments formerly and/or presently oceupied by Gila
topminnows have been described by several authors (Collins et al.
1981; Constantz 1976; Johnson and Kobetich 1970; « Meffe et al.,
1982; McNatt 1979; Minckley 1969, 1973; Minekley /et iali W1977:
Rinne et al. 1980; Schoenherr 1974). Minckley (1973) stated that
topminnows "...lived in, or 1lateral to, almost all kinds of
aquatic habitat present in southern Arizona." More recently,
Meffe et al. (1983) reviewed environmental conditions experienced
by extant, naturally occurring topminnow populations in

Arizona. Gila topminnow were demonstrated to occur in highly

. variable environments, and Meffe et al. (1983) felt that ranges

.1in environmental condition in present habitats were a minimum of
what they historically inhabited. This suggested that a wide
tolerance to habitat type would be documented in the recovery

effort and this in fact has occurred.




The more stable habitat present in small spring streams and
ponds “had the highest introduction success rate. " Stream habitat
experienced the least introduction success apparently due to its
propensity for floods./ Howewver, stability of habitat cansists of
many variables other than physical size of the system and is
evaluated in more detail with the drainage area discussion below.

Aquatie plants, present at most introduction sites, appear
to be an important aspect of habitats with successful intro-
dulctilon sy Aquatic vegetation, including algal mats, has been
cited as a common component of topminnow habitat (Meffe et al.
1983, Minckley 1973). Terrestrial vegetation and abiotic cover
constituted the remaining cover <types ‘monitored but "did not
contribute isionifii cantly S totthe i toEal S number e Blisieeec's Sl
sites. No cover was present at seven sites and only two of those
contained topminnow.

Minckley (1973) stated that topminnow were characteristic of

sandy-bottomed streams but did not place any significance on

substrate type. Since the topminnow is a livebearer (family

Poeciliidae) spawning substrate is not a consideration. Howe?er,
detritus is a major food of the omnivorous topminnow and is
Yikely  more vecommony in. silts bottoms.: Substrate, then, may
actually ‘heavily  influence  introduction success ‘through  food
availability. Most of  the “introduction  'sites  had substrate
. composedsprimariiliyés o fidsiil tHEbutSthe indlcontributicnEt o thice it ot A
number: ‘of © isuceessful’ ‘sites S (H5 Sof H0). S didiiEor i flier
significantly from their representation in the total number of

introductiiontsiitesiE288 o f 50N




Physicochemical parameters (D.0O., pH, Temp., Cond.) varied
widely iin @ both "suedessfnl 1 and unsuccessful Gila topminnow
introduction sites and were similar to those reported by Meffe et
al. (1983), Minckley (1969), Rinne et al. (1980) and Schoenherr
(1974) for other topminnow populations. For these parameters,
stgnificant  differences ((I-test, «P 1< .001) were demonstrated
between successful and unsuccessful sites only for mean
temperatures However, since thermal tolerance appears to be
wide for topminnow in the introduction sites as welilita St

naturally occurring populations (Meffe et al. 1983) and since

single’ point  ‘sampling . wWas utilaigzed inic TH1S study, these

temperature data should be used conservatively.

Mean elevations for successful and unsuccessful introduction
sites were significantly different (T-test, P < .001). Mean
elevation for successful introduction sites was 970 + 45 m with a
range of 599 to 1465 m compared to a mean of 1071 + 60 m €587 Lo
1682 m)  for unsuccessful  sites. Both of these means, however,
are within the elevational range of 695 to 1600 m (1318 + 76 m)
recorded by Meffe et al. (1983) for other introduced and natural
topminnow populations. Considering this, elevation may not be
highly correlated to suitable habitat for a topminnow intro-
duction but should have a recommended maximum similar to that
observed by Meffe et al. (1983).

Drainage area unequivocally exhibited the greatest
difference between successful and unsuccessful introduction
sites. Mean drainage area for successful sites was significantly

less ‘than that | recorded  for unsuccessful Slftes. That large




drainage areas (greater than 5.0 km2) yield correspondingly high
amounts of runoff was .evidenced at’ the intreduction cites by
piling of debris, iscouring and bank Imstability. Sites with
smaller drainage ‘areas (and & MWigher ® success 'pate) irarely
demonstrated similar evidence of severe flooding.

The ability of Arizona's native ichthyofauna to withstand
flooding has been previously documented (Minckley 1981, Siebert
1980). Cienega Creek, with a relatively 1large drainage and
seasonally frequent flash flooding, currently harbors a natural
Gila topminnow population (Minckley 1973, Meffe et al. 1085,
USFWS 1983). Meffe (1984) documented the topminnows ability to
withstand a series of flash floods that eliminated the non-native

Gambusia affinis. However, Collins et al. (1981) documented the

loss of an introduced topminnow population in Tule Creek due to
flooding 10 years after an apparently successful introduction.
Additionally, an introduced population 'in Seven " &prings =15
maintained primarily by escape habitat, an irrigation diversion
channel (AGF files), that provides a refuge from flooding.

In light of the aforementioned topminnow populations it is

apparent that drainage area should not be used as the sole factor

in determining  the suitability of a: potentialisite. Inter-
relationships of factors such as stream gradient, topography,
habitat complexity and watershed use, as well as drainage area,

. affect the success of a topminnow introduction.




Diseriminant Analysis

The use of discriminant analysis may prove to be a valuable
tool in explaining inter-relationships that determine successful
and unsuccessful sites. Based upon classification functions
derived fromithe ¢ diseriminant fuhetion. ' data perfaining e
drainage area, elevation, cover type and dissolved oxygen can be
ubilized  to predicty probabilifys of success or failure. of 'an
introduction at a given site. The reliability of these functions

will need refinement for accurscy by ‘evaluating future sites,

however, due to the inherent biases present in discriminant

analysis (Frank et al. 1965; Morrison 1969). Also of concern is
the mnature of " data used in classifieation ‘of sites (cover =
qualitative: drainage, elevationsand D.0O. = quantitative). ‘For
example, D.0. may not be a reliable variable since it represents
a single collection at each site and wide ranges of D.0O. have
been  :observed at ‘natural topminnow . habitats (Meffe ‘et al.
1983). Future classificationsiof potential sites will give =

more reliable test of the discriminant function developed here.

Reasons for Introduction Failures

Failure | of an. 'intreduction. is  ‘atbtributable’ [ to ‘many
flactorst Absolute evidence for causes 1is based on field
observations after the fact and interpretations from data in the
literature. Flooding appears to be the major cause for failure
in larger stream habitats with large drainage areas. Desiccation
also contributed to failure of many introductions. -In most cases

complete drying occurred but some sites failed - due to dwindling

34




amounts of water during summer months. Other reasons for failure
include water development (vegetation removal, deepening, etc.),
trampling by livestock at times when water availability was low
and the presence of predatory non-native fishes (pond habitat,

primapiiy).

Introduction Site Selection Criteria

Revised criteria for selection of suitable Gila topminnow

introduction sites (Table IX) were developed from data collected

during monitoring, literature review, and initial site selection

eriteriag Future selection criteria will be refined from those
listed in Table IX based on continued monitoring of introduction
sites. The degree of refinement will depend upon data needs for
reliiably i nredictingi  siccessiioriat oiflise o oni s introduction,
Practicality must be a consideration in regard to effort expended
for types and amounts of data collected. However, one major
purpeisSe ot hi'silire caveryiiie fifiort i ishonldiebe St ol i ncreasel onr
knowledge of the biology of Gila topminnow through collection of

more detailed monitoring data.




Table IX. Recommended criteria for selecting suitable Gila
topminnow introduction sites.

Criterion

Comments

Drainage Area
Elevation

Stream Flow
Stream Gradient
Pond Surface Area
Pond Depth
Channelization
Habitat Composition
Cover

Other Fishes
Water Quality

Water Source

Developmental Potential

Location

2 m
Little or None
Complex, heterogeneous

Present, Aquatic vegetation

Native, Nonpredatory

ADHS Surface Water Quality Standards

Perennial; Presence of Physekla,
Planorbella and/or Hydrobiids .

Low or none

Gila River drainage




RECOMMENDATIONS

Criteria based on initial observations are listed in Table
IX and ‘should 'be used "to  identify future suitable Gila
topminnow introduction sites and re-evaluate unsuccessful

EhLIHEE -

Continue annuzl monitoring and collect 'quantitative datz

pertaining to habitat 'and fish populations as shawn in' the

Appendix A.

Monitor all other introduced and natural topminnow
populations and collect data specified on the data sheet in

Appendix A.

Evaluate unsuccessful and potential introduction sites for
suitability based on the suitability criteria developed from

monitoring (Table /FX).

Recommend and stock (or restock) approved sites meeting the

suitability criteria.

Do not stock topminnow into sites that do not count toward

recovery according to the approved FWS Recovery Plan.
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Water:

GILA TOPMINNOW SURVEY FORM

Date:

Observers:

Location:

Elev (m):

Dl

(km2):

Water Source:

Spring
Runoff
Natural
Modified

Bank Veg.:

None
Sparse
Moderate

Dense

Canopy:

None
Sparse
Moderate

Dense

Snails

Bank Stability:

Water Quality:
D.0. 10¢
pH

Gradient: Velocity:

Cond:. Wb

Substrate: Govier:
Sitt
Sand
Gravel
Rubble

Bedrock

Habitat Type:
None Spring Stream
Stream

Pond

Mar sh

Arts

Ag Veg-Em
Aq Veg-Sub
Edd e A tEs
123l o eletve
Terr Veg.

Well

s

ElshiiColillecit ion:

Species Area Sampled

Comments:
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