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Table 1. Proposed sampl ing reaches and fixed station locat ions for canal and
stream fish monitoring.

Stream or canal reach

San Pedro River
Hereford to Fairbank

Casoabel to Redington

Aravaipa Creek to Gila
River

Gila River
Coolidge Dam to Ne edles

Ey=o

r,ic:tle AI,:h Creek t.o
Hayden

Hayden to Mineral Creek

Mineral Creek to
i'.s!lurst-Hayden Dam

SaJ.t River
Stewart Mtn. Dam t o
Granite Reef Dam

CAP cana.t
Hayden-Rhodes Aqueduct

Fannin-McFarland
Aqueduct

Reach boundaries

SE~ Sec . 9, T23S, R22E
~.~ Sec . 15, T20S, R21E

SW~ 8eo.l0, T13S, R19E
NW~ 8ec.l~, T12S. R19E

~~ S ec .23, T7S, R1.6E
NE~ Scc .23, TSS. RISE

T3S , RlaE (u n s urve y e d)
NEl' Sec .H, T3S, R17E

S~~ Sec .11. T4S. R16E
N~~ Sec . 13, T5S, R15F.

NE~ Sec.13. T5S , R15E
NW~ Sec .12, T4S, R13 E

~ 5ec.12. T4S , R13E
NW!{ Sec .8, 1.'4S , RlJ.E

Unsurveyed
SE~ Sec .13, T2K, R6E

NE~ Sec .30, T10N, R18W
SE~ Sec.1L, T2~, R6E

NW~ Sec . 1~, T2N, R7E
NSX Sec .29, T5S, R9E
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Fixed station locations

Upper--l mile NW He r.e f. or d-SEX 5ec .4 . T23S,
R22E

M:i.ddle*- -1 .5 mile S T,ewi!J SpringG-SE'A
Sec.31, T21S. R22E

Lo\llerL-Cni1rlcstDn-SE~( S{;!c.2 . T21S , R2IE

Upper*--Hughes Ranch-N8~ Sec .S, '1'135, R2.9E
Middle--Near Soza Ranch-~~A 5ec.32 . T12S ,

R15E
Lower--Above gaging station-NEU Sec. 19.

TlJlS, R19F.

upper*--Confluence with Aravaipa Creek - S E~

5cc.9 . T7S, R16E
Middle--nudleyville-SE~ S e c . 6 , T6S , R16E
Lower--l mile SE confluence with Gila

River-N~'A Sec .2S, T5S, R1SE

Upper*--O.S mile downstream from Coolidge
Dam-T3S, Rl&E (unsurveyed)

Middle--2.e mile downstream from Coolidge
Dam-T3S, R1BE (unsurveyed)

Lower--Hook and Line Ranch-SB'A Sec .24 ,
T3S, R17E

Upper--? mi.le down s t r e a m from Dripping
Spring Wash-~'~ Sec.28, T4S , R16E

Middlc*--O.2 milc d ownstream from Deer
Creek-NE~ Sec.33, T4S, R16E

Lo.. cr--O.2 mi le upstre am f"cm O'Carro ll
Canyon--SW~ Seo.5, T~S, R16E

Upper*--Confluence with San Pedro River
NE~ S=oc.23, T5S , RI SE

Middle--l mile SE Kearney-S~ Sec.35, T4S,
RHE

Lower~--Riverside-~~~Sec.7, T4S, R14R

upper*--O.5 mile W Diamono A Ranch-NE~

Sec.9, T<lS, R1 3E
Middle·--cochran-sw~ Sec.S , T4S, R12E
Lower*--O.S mile E c onfl u e nce with Box a

wash-NE~ Sec. 15, T4S, R11E

Upper- - 0 . 75 mi.Le SSW B t ewa rt Mtn. Dam
unsurveyed

Middle--l mile \>;' Blue Point:. R.Lnger
S~ation-SW~ Sec. 34, T3N, R7E

Lower--l mile E Granite Reef Dam-SWA
Sec.18, T2N, R7E

Bouse Hills Pumping plant--sp.c .10, T7N,
R16W

I,ittle Harguahala Pumping Plant- -s ec .18,
T3N, R:l.3W

Hassayampa Pumping Plant--Se c .?9 , T4N, ~4W

Salt-Gila Pumping Plant--Sec .19 , T2 N, R7R
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Table 1. Continued .

Stream or canal. reach

Tucson Aql:.eduC't

Florence-Casa Grande
canal
Ashu~st-HaydenDam tc

Pima la~eral feeder
canal

Reach boundaries

SE~ Sec.32, T14S, R12E
SEW Sec.32, T1~S, R12E

Nh~ Sec.S, T4S, RIlE
SW~ Scc.2B, TSS, R9E

Fixed station locations

Brady Pumping Plant--Sec .15, T7S, R9E
Red Rock Pumping Plant:- -Sec . 3~. T9S. Rl.DE
San xavier Pumping Plant--Sec.33 , Tl4S,

R12E

Upper--Above china Wash fish barrier~~l~

Sec.13, T4S. RlOE
Middle--Belo\>i china !~ash fi!'lh barri.er-NEI'

Sec. 14. T4S, RJ.DB
Lower--pima lateral turnout-SH~ Sec.28.

T5S, R9E

SRI' Arizona Canal
Grani-:::e Reef Darn to NE~ Sec.13. 'j'2~ , R6£

electrical f i s h barrier SW~ SeC'. 13, T2N, !l.6E

Electrical fish barrie~ Sl-<'"\~ Sec.13, T2~, RoESE
to Indian Bend Wash NWl( Sec.11, T2N, R~E

SRP South canal
Granite Reef Dam ~o SEX S!':c.13, T2N , 11.6E
electrical fish barrier SW~ S1'!C.13. 'j'2N I R6E

Electrical fish barrier SW~ Sec.13. T2N, R6E
to terminus SW\< Sec.11, TJ.N, R51::

*Exist1ng Fall Fish Count sampling station
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None (census)

None (opportunistic)

None (ceuuus)

None (opportunistic}
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Table ? . Proposed 10 year sampling schedule of random stations for monitoring
of target reaches in the San Pedro River.

Reach Year Location Month

Hereford to Fairbank 1997 BE ?i Sec.33, T22S, R22E June
1998 SW 'A Sec.35, T20S, R21E August
1999 NE 'A Sec.20, T22S, R22E August
2000 SE 'A Sec.27, T20S, R21E March
2001 BE ';4 Sec.30, T2::LS, R22E March
2002 mol ';4 Sec.26, T20S, R21E January
2003 SE ';4 Sec. 9, T23S, R22E Septembe!:"
2004 mol 'A Sec.26, T20S, R21E November
2005 SW 'A Sec.1S, T21S, R22E October
2006 Nl'l 'A Sec.13, T21S, R21E February

Cascabel to Redington 1997 BE 'A Sec.3D, T12S, R19E May
199B NE 'A Sec. 9, T13S, R19E October
1999 NE 'A Sec. 9, T13S, R19E September
2000 N""w 'A S~c.10, T13S, RI9E June
2001 NE 'A Sec. 9, T13S, RI9E March
2002 ME " Sec. 30, T12S, R19E December
2003 SE " Sec. 30, T12S, RI9E April
2004 N"'~ ';4 Sec . 4, T13S, R19E December
2005 NE 'A Sec. 9, T13S, R19E August
2006 SE 'A Sec. 3D, T12S, R19E April

Aravaipa Cr. to Gila R. 1997 NN ';4 Sec. 6, T6S, R16E February
199B SW 'A Sec.2S, TSS, RISE December
1999 NN 'A Sec. 8, T6S, R16E March
2000 NW 'A Sec. 9, T7S, R16E November
2001 SE 'A Sec. 6, T6S, R16E April
2002 N'i'l 'A Sec.17, T6S, R16E September
2003 NE 'A Sec.32, T6S, R16E January
2004 SE ~ Sec. 9, T7S, R16E April
2005 SE ~ Sec.20, T6S, R16E August
2006 SW ~ Sec.24, TSS, RlSE October
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Table 3. Database structure and codes for Gila River Basin fish monitoring.
Asterisk denotes a relational variable common to both databases.

variable

REACH'

S7ATION'

Type

Numeric

NUCll!r ic

Numer.ic

Format:

1.0

2 .0

2 .0

comment

Stream or canal name code

Reach name code

Station name code

Codes

l ~San Pedro River
'I.=Gila River
3=Salt River
4=CAP Cana::'
S=SRP Sou~h Canal
5=SRP Arizona Canal
7",FCG Canal

1, 2, or 3 for upscream ,
midd:Ce, and downstream
reaches, respectively

1, 2, or 3 for uostream .
middle, and downstream,
respeccively (fixed
stasJons); 0 for r.andom
stations

~'ONTH" Numeric 2 .0

DAY" Numeric 2 .0

YEAR· Numeric 2 .0

HOUR' Numeric 2 .0

MIN· Numeric: 2 .0

H}\..BTYPEk Nume ri o 1. .0

Month si1mple taken or begun

Day sample taken or begun

Vear sample taken O~ begun

Hour (mi l i t a r y time) sample
taken or beg'..ln

Minute sample taken or begun ,
',o/ i l l be converted to nun d xc d t.hs
of hours for analysis

Macrohabitat type unit code l=pool (area of water column
wit.h low current ve l oc i t.y
and near-zero surface
gradient and little or no
surface turbulence, often
with small substra tes;
includes eddies and
pocket water)

2=riffle (area of water
column with fast current
velocity and steep
surface qradient.
cop.siderable surface
turbulence, often with
large substrates;
includes cascades and
rapids)

3=run (area of water column
with rapid. ncn-turbulent
flow, usually too deep to
be a riffle and too fast
to be a nool ~ includes
glides) -

'1",varioU5; to be used f o r.'
qualitative or canal
sampling

HABNUM*

QUANQlJAl,'

Num~ric

String

2.0

1.0

Macrohabitat number, cOlli.ted
s equen t i a l l y from the downstream
station boundary

Ouantitative (effort recorded)
or qualitative (effort not
recorded) sample
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Y=Yes (quantitative>
N=No (qualitative]
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Table 3. Continued.

Variable

GEA..~'r,{PB'

PULSE'

VOLTS'

~lATTS'

CONn'

TEr~?'

Type

Numeric

Numeric

Numeric

Numc r i c

Numeric

Numeric

Numeric

For.mat

2.0

4 .0

3.0

4 .0

3.1.

4.0

3 . 1. '

Comment

Gear type code

Electroshocker Dulse rate
seeting (pulses-per second)

Electroshocker voltage setting

Electroshocker electrical
outnut:; calculated from formul a
of Burkhardt and Gutreuter
(1995)

Electroshocker amperage setting

Conductivity (~S/cml of water;
r.equired for determination o f
electroshocker outpUt and water
qual i ;:y

Temperature r'C) of water;
required for determination of
electroshocker output and water
q:uali:::y

Codes

Sntl:npm.,nt/EntaJJgJ.emen L,
l~gill ne t
2ntrammel ne t
3 ~hoop ne1:
4::fykc net
5=trap neT.
G=minno·" !:rap
7::shock/gill nee
a~shock/trammel net
9"expe:r:inlental gill net

Seining :
10=straight s eine
11=bag seine
12=lticlt seine
13=dip ne t,

Angling :
11=snincast
15=fly rod
15 =drop':ine
17=trotline

;;:lectrafishing,
18=back~ack shocker
19=boa;:" shocker
20=bank shoclcer

~1 i s c e 1 l a n e ou5
25=tramme1 net/drifted
26=g111 net/drifted
27=other (de s c r i b e )

SECONDS' Nume r ic r,. .o

H~.RSHOCK' Numer ic 3.0

SEIm:SSH' Numeric 4.3

Sli:INELIi:N' NUmeric 3.0

SEINHGHT' Numeric 2 .0

HAULNUW Numeric :2.0

Electroshocker effort ill seconds
fished

Areul percent of habitat type
sampled by electrofishing

Mesh size (in) (bar measure) of
seine or dip net

Length (ft) of seine or dip net

Width (height or depth) (fT.) of
5e1'1e or dip net

Number of seine hauls or dip net
s~eeps taken within the area
defined by HABSEINE
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Table 3 . Continued.

Variable 'l'ype ","ormat

HABSEINE' Numeric 3.0

NI<TMESH' Numeric 1 .3

NETLEN' Numeric 3.0

NETlIGHT' Numeric 2.0

SOAKEFF' Numeric .1. 1

B1>.TTTYP.F.' Nume ri.c 1.0

ComlllenL

Areal nercent of habitat type
sampled by seine or dip net

Mesh size (in) (bar measure) of
entanglemen~/entrapmentgears

Length lft) of entanglement/
entrapment geaYlJ

Width (height or depth) (ft) of
~ntan91ement/entI""apmentgears

Eff.ort (Ilr) tinhed (noaked) by
encanglement/entrapment gears

Buit type code for angling gears

October 1.996

Codes

l=artificial lure
2=live bait
3-garbage (corn, cut

bait, etc.)
4=stink bait

HODKNUM'

SOAKEFF'

AGE'

FISIlNtrM'

VOUCHER'

COY.MENT*

HABLEN'

HABW'IDl'

Numeric

Numc:ric

String

NumelAic

Numeric

Numeric

Stri.ng

Numeric

Numeric

2 .0

3 .1

4.0

1..0

3.0

:2.0

25.0

4.1

3.1

number of hooks per line Lor
angling gears

Effort (hrJ fished (soaked) by
angling gears

Species name code. where first
two letters of genus is followed
by first two le~ters of species

Categorization to young-of-year
or older age classes

Number of fish represented in
record; if length and other data
taken, should always equal Ii if
more than one of a species was
capcured b~t individual data not
taken, record the number; if
sampling effort d id not capture
fish, should equal 0

Number of fish preserved for
voucher

Narrative information not
recordable in other areas of the
field form, such as length ,
w"ight., prenence of external
parasices, spinal or cranial
d~formity, ulceration, etc.

Longitudinal length (m) of
macrohabitat unit

Lateral width (m) of
macrohabitat unit, measured at
point 1/4 the distance of the
unit length from the downstream
origin
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Examples: CYLU denotes
Cyprinella lutra~sis; AGeE
denotes Agosia ch2ysogastey;
"?:??~ indica~es species
unknown, and specimen should
be preserved for voucher;
HYBR denotes a hybrid
(identify in comments if
possible a n d preserve);
" 0 00 0 · indicates no fish
were caught

O~young-of-year (including
larvae)

l~age-1 or older
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Table 3 . Cant:Lnued .

Variabl.e

HABWID2'

ZMAX'

SUBSTAAT'

Type

l"umeric

Numeric

Numeri c

Numeric

Format

3. 1

3.1

3 .0

LO

Comment

La t e r a l width (m) of
macrohabi ta t uni t . rneasuzc d 'Ott

point 1 / 2 the d i s t a n c e of the
unit l ength f r om the downstream
origi n

Lateral width (m) of
macrohilb itat u Di t , mea s u r e d at
point 3 / 4 the distance of the
unit length f r o m the downstream
origin

Maximum depth (em] of
macrchabitat

Category of dominant substrate
i n macrohab iLa t. modif ied from
Lane (1~4 7)

Codes

l=clay (O . 2~ -4 .0 pm)
2= s1lt (4 -62 ~m)

3=sand (62~2000 ~mJ

4=grav cl (2 -64 mm)
S=cobble (6 ~- 2S6 mm)
6=bou l d e r (256 -409 6 mmi
7=bedrock (> 4 . 09 6 m)
8=detritus
9=c onc r e t e (for l ined
canals )

1 Fi 9h col lect i on fo r m
, Habi tat s amp lin g fo~~

25
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Ta ble -1 . Re cent. (o Lnce 1970) o ccurrence of fishes in target canals and streams in the Gila River
Basin. SPR~San Pedro Rive r north of Mexican bor de r , GR=Gi l a Ri v e r b et.ween Cool i dge Da m a nd
i\sburst-Hayden Dam, SR=Salt River between Stewart If.e u::J. t a :' n Dam and Granite Reef Dam, CAP=~entral

Ar i zon a project a queduct. PCG=~'lm::-ence-Cas a Gr a n de canal, SRP= Sa 1 t Ri vc r Pr oj c ct; cilI'.als.

('ollllJlon name

Rcundtai l c hub'

Fa t he a d minnow

Goldf ish

Longfin dace'

Grass carp

Grass carp X b ighead
carp

Carp

Red shiner

Spi keda c e '

Razorback sucke r '

50:I01:a sucke r '

Deser t sucke r '

Bigmouth buffalo

La r gemouth bass

Bluegill

Gre =n s un f i sh

Sma llmouch b a s s

Redear s un f i s h

G:!:"e en s unf i sh X
b luegill

Black crappie

Bl ack bullhead

Flathead catfish

Channel catfish

Yellow bullhead

Mosquitofish

Sa i lf i n molly

Ra inbow trou t

Wal leye

Threadfin shad

Moss amb ique tilapia

Redbe lly tilapia

3 lue til apia

Yel low bass

St~iped bass

Os c a r

Scientific name

Gila robu s ..a

pimephal e s promela s

Ca.:rassivs aura tus

Ago s.i a chrysoga. fJ t er

Cte1lOpha:!:"yngodon idella

Cta,opllarynaodon i de l l a X
Ariscicnrnys nobilis

C'yprillil S carp i o

cyprinel 1a lutr~~s~ s

Meda f u l g.l !a

Xyratlchen texanus

Catostcmus insigIl i s

Pan cos tellS c Ia rki

I c ti oh us cypr i ne lluD

Micr opterl1 5 s a.1moi des

Le.oomis macrocllirus

Le pomi s cyanellus

Micr op t e ru3 d olomicu

Lepomi .a mi crol oph us

Lepom.i s cyaIJellllS X L .
.i1acr oc.hl r l.ls

Pomox is n j,gr omacul,l cus

Ameirurus me l as

Py l od i c Ci s ol i varis

Ictalurus pUlIctaCIlS

Arneiurus natal iG

Gamhusia affinia

Poecilia Jatip inna

OncorhynchuS' myki s s

Sti zostedi~~ vi treum

DO~~Goma petenell s e

Ti l ap i a. mOGs,unbic a

Til ap !.a zi11 1

Tilapia aur e"

Moron e ruississ ippiensis

u orone s axa ti1 i s

As trol1o tus oaella tlls

SPR'

-I-

+

-I-

?

·1,

GR'

+

-I-

+

i '

+

+

SRi

+

+

+

-I-

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

FCGO

+

+

+

+

+

+

+

+

SRP'

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

~ Na t~ive sQec;l.es
Sources : Re cLerna c Lc n data (I.'all Fish c oun t, surveys }" '; J. Simms, ELM, per sonal c onunun.Lcat.Lc n - , J.

Warnecke, AGFD, pe r s onal communi cation' ; FWS (1 9 '76 ) '; ~luel.!.er (~ge9) O ; T. Burke, USBR, per~onal
commun i catio n'; Re c l a ma t ion data'-' ; Marsh and 1·linckley (J.9 S2) ' ; Wright and Sorensen (:t9~5) '
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Figure 1. Overview map of the Lower Colorado and Gila river basins,
showing river and canal reaches to monitor for fishes. Reach details
are shown in the designated figures.
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Gila River Basin fish Monitoring
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Figure 2. Map of the upper San Pedro River,
Hereford to Fairbank Reach
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Figure 3. Map of the middle San Pedro River,
Cascabel to Redington Reach
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Figure 4. Map of the Lower San Pedro River,
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Figure 6. Map of the middle Gila River,
Little Ash Creek to Hayden
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Figure 7. Map of the middle Gila River,
Hayden to Mineral Creek Reach
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Figure 8. Map of the middle Gila River,
Mineral Creek to Ashurst-Hayden Dam Reach
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FISH COLLECTION FORM

I:1d~ !
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Qc: _

NO CA y~

C.~.T ::: D:J/LIJ/ITJ
HOI HII,

TIME [I]:ITJ
Co~e

E ABI ':'';;T T~P:' 0- - - -- HAB I TA~ ~;O . IT]

Q Ui;N'r n ATI VE S AM P:':; ? (YIN) : 0 G:::AR T~P:::- - ------- --

ANGLERJ'TROT LINE;; Code

3AIT TY!''O: 0
~,o . OF HCC :<:S CD
EFFORT (HRS ) LIJ.D

ENTANGLE/ENTRAP

GEM ~1:; Sii (:,,) 0.1 I
GEAR L:::~G:' E (Ft l I I I I
G£A~ ~ I :TH (tT l IT]
EE':ORT (,,:'IS ) [IJ.D

I
I I I
IT]
[I]
CD

SEINE/DI P NET

G~-'\R :' ES H ( I N) 0.;::1::;:::;:::::
G2AR LENGT;l (t: I I
G~."El :';1DTH (,r )

No. CE' HAU:'S

I 1 I

ITJ.D
I ! I I

ITJ.D
I j I I
i I I I

ELECTROSHOCK

PULS~/SEC

SECmJDS

COliJ (j.lS)

TSH:? ( ee)

AGE NO. OF NO . OJ;'
S?EC!ES (0 11) FISH VOUCHERS COMMEN'!S

, , -,

I
._._- -

I
I I

....... -

....

~

_._-_..

LJcre:~u 0: Re~ri.'!1~t~on.

Rev':', ,,,, a~/Un6

Figu~e 1 6. Field fo~m t o be used for recording of f i s h coll e c ticn i.rformat ion
(reduced size ) .



HABITAT SAMPLING FORM

ST.~.TION N AME
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Figu:ce 17. Field form to be u s e d for recording o f ma c r ohab i t at; information .i.n
streams (reciuced size ).
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STANDARD OPERATING PROCEDURES

FIELD MANUAL
RIVERS AND STREAMS

LONG-TERM l'lOKI TORING Pi·AN FOR !:'ISB. POPlIIJI.T lONS
IN SELECTED WATERS OF TIffi Glh~ RIVER DASIN, ARIZONA

INTRODUCTION--'i'his st.endazd op erc.t i ng procedures manual,
part; of an overal l quality c ontro l/quaLity a ssu r ance program
in development for t he Long-Term Monitoring Plan for Fish
Populations in Selected Waters of the Gila River Basin,
Arizona (Monitoring Planl, was produced to ensure that all
field da t a are gathered acco:rding to standa rdized,
repeatable methods. It desc:::ibes specific steps to be taken
during all field monito.dng activities, and provides
background infor~a~ion on obj ectives. justification, and
sa~pling desig~. See the Monitoring Plan for further
information. 3.ecla;:nac:ion :'ntend5 this manual to be used in
association with annuA l m3i"!dsto-:-y T, ield tr.ai.ni.ng, and should
be carried i n the field at al: times by data collectors for
refc:rence. It is l ike ly that c:he manual wi l l b e updated
periodically for clarity and to reflect changes ~o ~he

Moni to.t:ing P'Leri that may becom.e nece s sary over: t Lme ,
Reclamation will pzovd.de wate rp r oof cop i e s of t he manua L '[0

all field investigators during annual t raining sessions, or
upon request. I n t he me thods d escriptions below, arrows
(-t) denote field procedures that must. be undertaken
exp.l Lc i tly.

08JECTIVES--Collect information on the sta~us of fish
populati.ons and instream habitat. s at selecT-ed samp1ing

s t.a t i.ons -;:;0 de t ezmi.ne : 1) pzesence of apec i.es (species
richness); 2) species ~bsolute a~d rela~ive abunda~cc

(assemblage structure); 3) species distributions; 4) ann~al

reproductive success; and 5) Lnst r eam macrchabd t.at,
dimensions and dominant sllbstrato'?-s .

SAMPLING CREWS--A sampling crew of at least three, and
preferably four, individuals i s required for e fficient
COllection of fi.eld moni t oring data. These individua ls
should be experienced in fish collection techniques and
identificatio~ of t he local fish fauna , I~ i s vital ~hat

samp ling crews be headed ~y an individual with such proven
field expe.t:ience. 'i'he field c::::ew leader mus t b e p.r;-esent
during a l l monitoring excer c i s c s , ~nd he /she must a tt end t he
annual tl'aini:>.q sessio::,s that will be condllcted by
Recl<mliltlon.

SAMPLING DESIGN--Because native a n d nonna~ive fishes respond
in different '....ays to environmental disturbances (e . g . •
flooding) in different geomorphic reach types (e.g ., highly
confined canyons vs . poorly conf ined valleys), sampling

reaches are stratified according to geo~orphology. Thi s
should facilitate an understanding of the variance o f f ish
species richne ss, d i st ribution, and assemblage structure .

Th ree fixed, systematic sampling stations are permanently
established within each geomorphic stream reach to estimate
within-reach variance of monitored parameters. A s y s t e ma t i c
sampling de s ign can s ubsta n t ia l l y reduce data variabil ity,
and thus the s a mp le size required to obtain a given level of
precision. Systematic sampling should also provide a
reasonable expectat i on that stations are r.e p r e s e n t a t ive of
the reach, and wil) ensure a wide spa~ial d is t ribution o[
sampl ing s i tes.

Fixed station sampl ing consists of a eombina~ion of
i.ntensive quan titat ive s a mp l ing over a 200 m reach of
stream, and ex.tensive qualitative sampling of uncommon
habitats in contiguous reaches. Data f~om each 200 m
quantitative s a mp l e will determine assemblage structure of
common species. and extensive qualitative samples will
enhance the ability to determine species richness and
p resence of rare species.

Species o c cur r e n c e and abun da n c e are influenced b y
availability of habitats. Thus, to minimize bias of
assemblage struct~re estimates and ensure a representative
sample, sampling effort should be proportional to the amount
of different habitats a v a i l a b l e . Quantita~ive fixed- stac:ion
s ampling therefore is stratified to the primary macrohabitat
level (pool, riifle, or run) to partition ~he variance among
species collections. Quant.ification of macrohabitat
dimensions provides an estima~e of habitat availabil ity. and
tracks habitat changes over time. By quantifying sampling
effort according to macrohabitat, comparisons of species
richness and assemblage structu:::-e among macrohabitat types
acros s stations and y e ars will be facilita~ed.

PERMITS--Valid State an d Federal col Lect i.nq permits must b e
in possession of sampling crews when performing monitoring.
The i n<;idental take statement in the 1994. biological opinion
"Transportat ion and Delivery of Central Arizona Projec t
\'later to the Gila River Basin in Arizor,a and Ne·.... !-lexico"
s e .rv e s as Reclamation's peruil.c [or take of ::ed e r a lly
protected species, a nd ~e clamation will request that
.subCO:1. <.:rdclors who do not possess their own Fe::leral permits
be d8sig~ated a s sUbpermittccs under Federal permit
p rcv i.sf.ons . Subcontractors ·....i l l be r e s p on s :ib 1e for
obtiJi:ling Lheir own State c o lle c t i ng permits.

FIELD FORMS--A11 mandatory data colle ctions must be recor ded
in panc i. ', 0:: t he fis~ coU ect i.on and habitat sanpl-=-ng f orrr.s
provicied. 'rllis will ensure that all required Lnforn.atLon is
:::-ec o r de d and compa~ible with t he da~aDas8 structure. M~s~er

copies or field forms (p:rovided) ~~Qu~d be photocopied O~

r i t e-i n- t h e - r ain paper or a similar wa~erp:::oof bond for use
i~ the fjeld . The habitat s amp ling for~ is intended to
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invento~y macrohabi~ats that will be sampled in quantit~L~ve

stations, which will guide fish collections. The fish
collection form quantifies gear types, su:npli:l9 effo.ct, and
!'ipecie!'i ahundance data.

in. Any sampling irregularities or features of note
for a macrohabitat shoc:ld be described in th~

comments field. Fur<:her specifics for filling in
these fo~s appear below.

...

...

...

Certain header information (see Tuble 1 for compleLe
descrip~ions, and Figures 1-2) is comro~n to bo~h

field forms to ensure that the data sets are
relational in the database. ~hese variables include
stream, reac;" and station ni'lmes (nnme:dca 1.ly coded
for data entry), sampling date, habitat type na~e

(pool, rifflc, or run; coded for data e~~ry; tab~e

1), and u~iq~e number for each macrohabitat
encountered 1-.'1 thin a station. All of these variables
must be filled in on each fo~ (codes can be recorded
at a la~er time if the text field~ are completed
p.coperly while in the field) . If continuation forI(l';;
are needed to complete recording of data for a
particular macrohabitat or station, they must be
tracked in t.he upper.' rlght-ha::d cozne r of the da t a
sheets. The field crew leader !'ihculd record his/her
initials in the QC =ield of each fonn following
review and ass~rancc that the data were filled in
properly.

The fish collection form 2.1so lnclucies a variable
describing whether the sample is quanti-:::ativc (where
sampling effort is recorded) or qualita~ive (sampling
effort no~ required), and wh2.t gear cype is deployed.
'rhel5e fields must be fi 1. led in. Other sampU.ng gear
data and sampling effort requirements, and fish
capture variables, are described below. I~ is
intended -:hB": B separate fish collection form be used
Eor each separate gear type and macrohabitat.

The habitat sampling form, in addition ::0 the common
header variables identified above (stream, r.each, and
station names; datei, should also have -che UTM
coord~nates recorded for the lower statio~ boundary,
and the photo roll and frame numbers for slides taken
0'::: ::he sampling reach [J::om the upper and lower
station bOllndaries. For each mac:cohabitat sampled
quantitatively for fishes, this form should also be
filled in with a uniquo habitat number, numbered
,:;equential1y npstrearr. beg'.nn'__ ng wit.h J, that. must.
cOJ::respond to the habitat nunber for that
macrohabitat on the fish collection form. The
ha~itat type (pool, riffle, run) should also be
recorded for eaco mac rohab.i tat, which also must match
the fish collection form. In addition, for each
mac~ohabita-:, ~he habitat sampling form should have a
single macrohabi.taL length measurement, th,;:ee
equidistant width measurements, a maximum depth
measurement , and a dominant substrate category fil1~d

3

STATION LOCATION AND IDENTIFlCATION--Travel route,,,; to and
U1M 10caLions ~or fixed sampling station are shcw~ in Table
? (to be co~pleted following this field se2son] .
::tec:lamation wiLL mark dcwnst ream station boundar Les with
labeled alR~inum tags ~ied to [lugged Lebclr stakes, where
possible. Down,:;t:ream .o;;tation bounda r i e s shoulci be f-.:rt!',e::::
defined using the Global Positioning System (GPS).

~ Record ~he stream name, reach name, erid s-::: at i 0:', narr.e
on ea~h habitat sampling form and fish collection
fo~ used at a given monitored sillupling s~ation.

Also record the date and time (fish coll ecr i on fonT,
only> the stai::ion I\lacrohabitat sampling was bequn on
each f'o rm .

~ ~pstream otation boundaries will be 200 ~tream meters
above the downs t ream bounda ry. ~eas'.:re along tho
thalweg (the deepest part of t ne channel) ·"i th either
a tape measure or hip chain. upstream bou~dary

locations may vary depending on changes in channel
sinuosity over time, and therefore they should no-: be
pe rmanentLy mil rked. '1'emporarily mark: the ups t r eam
boundary with a flagged stake.

~ Photo-doc~~entationof upper and ]oweT. statio~

boundaries is requireci. Fill i.n the appropria'Ce
station identifier form (pr.ovided) with sta'Cion
boundary (upper or Lower l , boundary -"ie'" (up or.
down). and the sillnpling date with a black dry ~arker.

Include t.his £01-"1'(1 i.n the 10"..er left corner of each
photo (and in fccus) to ensure the slide is
peJ:"lnanently identified. 'r",ke Olle 35 rom color slide
of the s t r eam reach facing upstream whi.Le stc.nding at
'~he Lower station boundary, and take one slide f'ac i.nq
downstrea~. Repeat for th~ upper station bOWldc.ry.
Record the photo roll and frame rmmne:-.'5 on the
hQbitaL: sampling [c:::::m.

MACROBABITAT IDENTIFICATION--Samp U,.g srat.Lons must be
partitioned to the primary l1'.acro:-,abi~at le'.'E'l: (pool, riffle,
or run as defined in Tab18 1).

-+ Prior to fish sampling (below), macrohabitat un'.'::
boundaries should be L:empoL'arily identified with
flagged stakes. The type name of the habi~at unit
(Table 2) must be recorded on the habitat sampling
form along with a unique consecutive number [starting
at 1) designating the longitudinal position of the

4



un i t in the sampling reach, beginning from the
down:;trearn boundi;:.ry.

~ The following macrohabitat dimensions 3ho~ld be
maaauzred and cecor.ded after fishes have been
collectcd (below) to ensure that fi s h- hab i t a t
relationships a ~e disturbed as little as possible.
Length (to the nearest m) of the habitat type (or
porti on thereof, i.f the lowe" and upper stat i on
boundaries do not include an entire macrohabitat)
shall be measured wi-ch a meter tape or hip chain ilnd
recorded on the habita t. s smp1 j ng f.or.m. Measure
stream (wetted) .....idth within each macrohabitat "lith a
mete r tape (t o the nearest 0 .01 m) at three
equidistant points along the length of the
macrohabitat, and record. Maximum depth of each
habitat type (to ::he nearest em) and the dominan~

substrate cBteq~ry (e.g. boulder, gravel; Table 1)
should also be recorded as additional estimators ot
habitat change over time . O~ce all mac~ohabitat

inforrr,ation has been collected (including fish
collections ), r cmoVG all boundary fl ags .

FISH COLLECTIONS--UnlesB habit~ts absolutely are not
conducive to electrofish sampl ing, it i s ~equired that data
obt<lined by electrofishing be used as the primary descripto::::
of assemblage structure at each fixed, quantitative 200 m
station. Standa~dization of sampling by this technique
therefore requires that electT."ofi.shing be employed first
through each macrohabitat. Electrofishing gears should be
standardized to electrical configuration and power output,
if possible.

~ Macrohabitats should be sampled in an upstream
progression wi~h single-pass electrofishing. Pools
should be sampled i:-, an upstream di.rect t.on , while
swift-flowing macro::'abitats should be s a mp l e d in a
downstre~m directio~ into blocking nets. Two persons
should closely attend the electrofisher with fine
meshed dip nets to capture stunned fi shes when
sampling pools. Every attempt should be made t o
sample all of the available habitat and capture all
fishes possible. ? ul s e rate, voltage, and amperage
must be recorded, anj co~duc~ivity and temperature
readings are also req~ired to determine electrical
power output ( wa~ tag e ) . Record both the number of
seconds shocked in the macrohabitat , as well as the
estimated percentage of the ava ilable macrohabitat
that was s ampled .

Other methods should also be employed if the inve s tigator
considers sampling of a particular habitat inadequ~te by
e lectroEishing. Whenever possible, gear-type combinations
should be consistently applied to a s i.t e over time, unless
habitat changes dictate sampl ing modi f Lcat ions .

;5

-+

...

-t

...

-t

~

I[ seines or dip nets are deployed, reGording of mesh
size and length and. width (depth) of the gear is
required. Effort shall be quantified by recording
the number of seine hauls or dip net sweeps t ake n
within the macrohabitat (standardize dip net sweeps
to 1 m long sweeps). and the estimated percentage of
the available macrohabitat sampled.

D~ta ~nique to entrapm~nt ana entanglement gears ::hat
mus r be re cor.cled inc lude mesh size and net l ength and
width (dep t h ), with effort quant~fied jn hours soaked
or deployed (to the nearest l/lOth L:cur) .

Should s ampl i,ng by angling or trot line be
undertaken, ba i.t; t:'r'Pe (Table : ) shou.Ld be recorded,
and. effort should be identified as the number of
hooks and hours (to nearest l!lOthi fi shed.

Captured fi shes from. a single-gear sample from a
macrohabitat should be kept alive l.n buckets of water
Dr holding nets until ready for process i ng. Fi shes
should be s o r t e d to species, then sorted t o age
c l a s s , and enumerated. Counts for each speciea and
age class should be recorded on the fish collection
form for that macrohabitat and gear. Data that must
be r 8corded f rom captured fishes aL quantit,,-tive
stat ions include a four-letter cojc ~or species,
cons~sting of the first two letters of the generic
name and the fi r s t; t ....'o letters of the specific name,
an age category des i.qne t Lon (age-O or young-of-·year,
and older , age"l 'I' fish), and ~he number of fish
enumerated for each species and age collected by a
pa rt~. cu ] a r. s arnp1ing gee. r '....i thin each macrohabi tat
(Tab~e 1). It is mandatory that_ t:"'e number of eaGh
spe c i e s/a ge class preserved fer vo~cher be identified
i n the voucher field . Optional varIables such as
f tsh length, weight, s ex, reproductive condition,
n~ber and kind of external parasites, external
ilno:nill i e "" and other notes s:::'oui.d be recorded in the
comments field.

Vouchers (see below) must be taken fron a sample of.
each species collected at each station.

Followi::g completion of quantLt.a t Lve saropli::g ar ea ch
fixed. statien, extensive c:ualitati -"e s ampLi.nq with
va r ious gear types must be conducted 1.:0 search fQC

speci.es tha t: we re no:: collected in the 200 m
quantitative reach. This search should concentrate
on un us ua l hab.l La ·~ s upa l;reilln dnd!or downs t ream from
the quantitat~v~ reach, where detection of novel
~pecies might be expected. All individuals of naw
species should. be e a I.lJ.Lle .c2. t ed (as [OL: quantitative
sam?]es) on a separate form (Q~antita::ive Sample = N

(,



on the fish colle~tion fonu). Recoeding of sillnpling
effort is nDt required fo~ qualitat~va sanples.
Vou~hers (be':"ow) must also be taken foe any species
not found in quantitative samples.

VOUCHER COLLECTIONS--Several (3+) specimens of each
permitted species encountered at each sampling statio~

should be prese::::ved for museum vouchers, when possible.
Quality photo-documentation of species not permitted for
take should be made. Vouchers will provide scientific
credibility to the monitoring project, e~sure the accuracy
of species identifications in the field, and scientifically
document species occurrence and distribution.

-i Voucher specimens should be preser...-ed in 10% formalin
immediately following recording of pertinent field
data. If specimen body depths are greater than
approximately 3 em (1~ in), specimens should be cut
along the right, lower body wall or injected with 10~

formalin into the peritoneal cavity and major muscle
masses to ensure adequate tissue fixation. Specimens
should be retained in labeled, leakproof plastic jars
or buckets and submitted to Reclamation, who will
deposit them at the ASU Collection of Fishes.
Reclamation will provide rite-in-the-rain collection
labels to investigators to ensure that taxonomic
identification (if possible), date, time, and method
of collection, locality, number of specimens, and
collector name{s) are recorded for each sample. The
number of each species preserved at each site must be
recorded on the fish collection form in the voucher
field.

Q~I,ITY CONTROL--Prior to leaving a sampling station, the
field crew leader should review all data sheets used a~ the
station to ensure that all appropriate fields, including
data codes, have been filled in properly, and that there are
no missing data. The crew leader should then enter his/her
initials in the QC field.

FIELD NOTES--An important aspect of data sampling is
recording of fiel.d notes. Field forms do not. allow the. t~e
of narrat.ive description of sampling site conditions,
sampling problems, or other observational data that may be
important to document sampling procedures or physical
conditions at a part:icula:'::" site. To aid in compiling an
overview of each sampling station, a sketch map should also
be made to depict stOltion aJorphology, including the
distribution of macrohabitat types and their numbers.

S~~SE MONITORING PROCEDORES--The following it~nizatiQn

desczLbes the re commended o.r:dereci procedures, in abbreviated
form, for conducting mo~itoring at a station:

1) Locate lower station bounda:'::"y, ma~k with flagged stake

7

2) Record headec information on =~sh collec~ion and habitat
sampling forms

3) Begin rnoa aur-i nq upstream along c:halweg -",it.h tape O~

hipchain
4) Reco~d rnacro~abitat type names, sequent~al nunbers, and

lengths on habitat sampling forrr., ~arking

macrohabitat boundaries with =lagged stakes
5) ~nd measurement and mark upper bo~ndary with flagged

stake at 200 m
6) Number and name macrohabitats on fish collection forms to

match those on habitat sa~pling torm(s)
7) Me2.SUL:e and ceco.cd stz:e<,1lt t.empe r at.uz;e and conduct I vity on

fish collection forms
8} In an area below the lower ~~ation bounda~y, adj~st

electroshocker. settings 50 that fishes are cap7u~ed

effectively
9) Reco~d electroshocker settings (volts, arr~s, e~c.) on

fish collection Eorm fo.c hablLa~ #1
10) Begin single-pass elect.rofish sa:r.lpl::'ng or Lowe rmost;

macrohabitat, collecting all f~sh possible
11) Sto"'e fi .~he_<; ali ve i.n a bucket f i lled with stream water
12) Sort and enumerate fishes according ~o species and age

class, and record an the appropriate fish collection
form

131 Select specimens or each species to be preserved [or
voucher , store in container with 10% formalin and 2.

cornple~ed collection tag, and record the number
p::::eserved on U::.e appropriate fish collection form

14) Return ecmaining fishes alive to stream below the
macrohabitat j~st sampled

15) Record sam?ling effort (seconds electroshocked and
percent rnacrohabitat sampled) on the appropriate fish
collection torm

16) If electrofish sample is considered inad~quate for the
rnacrohabitat, rcsample with different gear type(5),
repeating steps 10-15 as appr"pria~~

17) Proceed upstream to the next macrohabitat, and repeat
steps 10-16 for each until the 200 ill sample is
completed

IB) Measure three wid~hs, maximum dep~h, and the donunant
substrate category for each macrohahitat just sampll';d
for fishes, and record on appropriate habitat
sampling forms

19) Fill out the appropriate station identifier form and
photograph the uppe~ and Lowa r station bounda riel;,
reco~d the roll and frame numbers on the habitat
sampling f orm

20) Fill cut header information on a new fish collecting
form, "Co be used fOJ: qua 1. i t.at i ve sampling

21) Sample fishes wit.h apprcprLat,s gear types in arei'lS
upstream and downstream from the 200 m station,
looking fOL" species that were not found previously

II



Table 1. Des~riptions of variables and thei~ codes to be
entered on the Fish Collection Fo~m. Lo ca t i Dn ~umbers refer
tD f ield s of the Fish Co l l e c tion and Hab i ta t Sampling forms
shown in Figures 1 - 2.

22) Record numbe r s end p r e s e r v e vouchers fo r any ne w spec i e s
found du ring qua l.Lta t i.ve sam:9li.ng on the appropriate
fish collection form

23) Review and correct all data :.>heeLs [or omissions,
l egibility, and obvious mis t akes. and record initials
in ,-he QC field fo~ each fa~

24) Record field notes for the sampling station
25) Remove all flagged stakes and hip chain string from the

site, and proceed to the next station

Location

1

2

3

4

5

6

-,

B

Descr iption

Name of st:::eam

~ame of reach (see
?able :2 fo:~: s i, t c
names)

Name of. stati on (r,ee
'l'able 2 for site
nam es)

Month sample taken
or begun

Day sample taken or
begun

Year sample taken o~

b 89un

Hour (military time)
sample taken or
be gun

Minute sample ~aken

or begun

Codes

l=San Pedro River
2=Gila River
3=Salt R:Lver
4=CAl? Canal
5=SR? South Canal
6=5Rl? Arizo~a Canal
7 .. FCG Canal

1=upstream-rnost reach
2=second do~nstream reach
3=third downstream reach
4~fourth downstream reach

O=~andom

l=D'ppe:r (f i x ed )
2=Mid dlc (fixed)
3=LDwer {fixedf

01-12

01-31

00-99

00-2 3

00-59

9

9 Name o f macrohabitat l=pool (area of water column with
type low current velocity and near

zero surface gradient and
little or no surface
turbulence, often with sreall
substrates; illcl llde~ eddict; a nd
pocket ·....acer)

2~riff]e (a r ea of: water column
with fast cu~rent velocity and
steep surfa ce gr~dicp-t.

considerable surface
~urbulencc. often with l a rqe
substrates; includes cascades
and rapids)

3=Tun [a~ea of water column with
rapia, non-turbulent flow,

uoua l l y too deep to be a riffle
and too fast to be a pool;
include s glides)
4=various; to be used faT
qualitative gampling

10



?able 1.

LocatIon

10

11.

12

13

14

15

16

Corrz Lriued ,

nescr.iption

Number of
tnacz'ohab i.t.at; number,
counted sequentially
from the downstream
station boundary

Quantitative (effort
:>::ecorded) or
qualitative (effort
not r ecor.ded) sa~p1e

Name of gear type

Electroshocker pulse
rate setting (pulses
per second)

Electrosbocker
voltage set.t tnq

Ele:ctroshockElJ:
electrical output;
calculated from
formula of 3ur~hardt

and Gutreuter (19~S )

Electroshocker
amperage se-.:ting

II

Codes

Y=Yes (quantitative)
N=No (qualitacive)

Ent:>::apment/Entanglement:
l.=gill net
2.. trammel nE'.t
3~hoo:l net
4",f.yke net
S~trap net
6=minnow trap
7=shock/gill net
B=shock/tram~l net
9=experirnental gill net

Seining:
10=straight seine
11=bag seine
:L2=kick seine
13~dip net

Angling,
14~spinca5t

15=fly rod
16=dropline
17=trotllne

Blectrofishing:
IB=backpack shocker
19=boat shocker
:20=bank shocker

Miscellaneous
:25=trammel net/drifted
26=g111 net/drifted

Table 1.

Loeatian

:L7

111

19

20

n

22

23

24

2S

26

27

28

Cor:tinlled.

Description

Conductivity (~S/cm)

of water; required
for deteL~ination of
electroshocker
output and water
quality

Temper.ature ( 'C) of
water; required for
determination of
electroshocker
output and water
quality

Electroshocker
effort in seconds
fished

Areal percent of
habitat type sampled
by elec~rofishing

Mesh size (in) (bar
measure) of seine or
dip net

Length (ft) of seine
or dip net

Width (height or
depth) (ft) of seine
or dip net

Number of seine
hauls or dip net
swceps taken with~n

the macrohabitat

Areal percent of
habitat type !hlmplcd
by seine or dip net

Mesh size (in) (bar
measure) of
entanglementl
entrapment gears

Length (ft) of
entanglementl
entrapment gears

Width (height or
depth' (fl.) of
entanglement/entrapro
cnt gca",-",

12

Codes



Tab le 1 .

Location

29

30

31.

3 2

33

34

35

36

Continued.

Description

Effort (hr) fished
( s oa x ed) by
entanglement/
entrapment gears

Ba il: typ e code [ 01:

angling geal:'s

Nunbe r of hoo ks pe~

line for angling
gc o.r s

Effort (hr ) fished
(soaked) by angling
gears

Species name code,
whe re f i r s t two
letters of genus is
follo~cd by first
two letters of
species

Categorization to
young-af -year or
older age classes

Nurnber of fish
repr.esented i n
record ; i f length
a nd ot he r. da t a
taken, s hould always
equal 1; if ;nare
than one of a
specie s was captured
but i nd i v i dual d a t 3
not taken, record
the number; i f
sampling effort did
noz canture f 18 11 ,
shoul d- equal 0

Number o f specimens
'Oreserved for
voucher

13

Codes

1.=a rt i ficia J Lur-e
2=live bait
3 =garbage (corn , c ut.
bait, etc.)
4=stink bait

Bxamples; CYLU denotes cyprinella
lutr~nsis; AGCH denot e s Agosia
chrysogas zex, "????" indi ca tes
species unknown, and s pecimen
shou~d be preserved for voucher ;
EY3R denotes a hybrid (identify
in comments if possible and
preserve); "0000" a.nd i c at.es no
fish wel-e caught

O=young-of-year (including
larvae)
1=age-1 or oldel:'

?able ' .

Location

3 7

38

39

40

41

42

43

Cor.,.cir;ued.

Description

Narrative
informat ion not
r e c o r dab l e in o t her
areas of toe field
f OJ:m, such a~

~ength, weight,
prese nce of ext e t:n a l
parasites , spinal or
cranial de f oTIpi t y,
ulceration, etc.

Longitudinal length
(m) of mact:ohabit a ~

unit

Lateral ~idth (m) of
macrohabitat unit,
measured at point
1/1 the distance of
the unit length from
thE! downstrsam
origin

Latcr~l width lm) of
macrohabitat unit,
measured ~t. point
1/2 the distance 0=
the unit length from
the downstream
origin

Lateral ~l-dth lmi of
macl~habitat unit,
me a s u r e d at pOl-nt
3/4 the distance of
the unit length from
t h e downs t.r e.am
origin

Max im um depth [em)
o f macrohabitat

Category of dominan~

s ubstr:-ate in
mac:robabitat,
.uo d i.Li. ed Lro.u Lane
(190)

14

Codes

l =clay (0.24-4.0 ~m)

2 =s i lt (4-62 I' m)
3=sand (62- 2000 ~m)

4=g~avel (2 - 6 4 mm)
s=cohble (64 - 2 56 nm)
6=boulder (256- 4096 mmi
7 =b e d roc k (>4 .09 6 m)
8=detritus
9=conc~ete (::or. l ~ ned cana ls)



Table 2. T~avel routes to fixed sampling stations,
approximate lJ"fM coord.inat e s ~or: lower station boundaries,
and topographic quadrangle names. All directions are from
:'hoenix, lJ.•z Lz orie . All UT::-l coordinates are in Zone 12.
Numbers in na~entheses re=er to ~~rp.am, Teach, and Rtation
codes, respectively.

Table 1. Continued.

ToOcation Description

4~ Na~rative

information not
recordable in other
areas of the field
form, such as
unusual cover
attributes, bank
features, etc.

45 Current page number
of total if
continuation sheets
are required to
comolete data
recording for a
macrohabitat (fin)]
collectior..)or a
station (habitat
sampling)

Codes

Station

San Pedro lliver
Hereford

(1·-1-1)

Lewis Springs
(1-1-2)

Charles-:;on
(1'-!-'3)

n:ughes Ranch
(1-2-1)

Travel route

1-10 south to State Hwy 90,
south through Sierra Vistd
to

UTM-Quad

Hereford 'I.,,'

Lewis Springs
7. ~'

l"airbar.k 7.5'

Soz.a Canyon
7.5'

46

4;

18

Initials of field
crew leader
certifying that the
data nheet wa:::
completed properly

Universal Transverse
Mercator (U'l'M)
location for lower
staLio~ boundary

Roll and frame
numbers for photos
(slides) taken of
the lower and upper
station boundaries

15

Soza Wash
(1-2-2.)

Gage Station
(1-2-3)

A:::avaipa C:::eek
(1-3-1)

[)ud~eyt;il~e

(1-3-2)

Mouth
(1-3-3)

Gila lliver
Coolidge Dam

(2-1-1)

Sawl:. Spring enyn
(2-1-2)

Cooko.Line Ranch
(2-1-3)

Copper Canyon
(2-2-1)

Deer Creel:.
(2-2-2)

0' Car r oI J Canyon
(2-2-3)

Sa:l Pedro River
(2-3-1)

16

Soza Canyon
7.5'

Redington
7.5'

Lookout ~ltn.

7.5'

Dudleyville
7.5'

;;inkl",me.1n
7,5'

coo~.idqe Dam
7.S·

Coolidge Dam
7.5'

Coolidge Dam
7.5'

Christmas
7.5'

Chr:stmas
7.5'

Ch r ts t.rnas
7.5 1

I';"inklcman
7,5'



Table 2. Ccntim:ed.

Station Trave~ route U'lM-Quad

i:'.,,;:~s:;l.~:':' ~m F?J\f;ES [I]·cr

Indian Ce.m;) Wash
(2-3-2)

Ri ver::; ide
(2- 3-3)

Di i.<lI\cnd A Ri?nch
(2-4-1)

Cachr;::n
(2-4-2)

Kca:rn ey 7.5 '

Kearney" . 5 I

Grayback 7 . S '

North Butte
7.5'

HABITAT SAMPLING FORM
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Figure 1. Habitat sampling ferm showing nurrbered locations of
variables described in Table l and discussed in 7.~ p. text.
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FISH COLLECTION FORM
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Figure 2 . Fish ccllec~ion form showing n~mbered loc~tions of
var i ~bJ e 5 descr ibed i n Tabla 1 a nd d i scusse d in the text.
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FIELD MANUAL
CANALS
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FOR FISH POPULATIONS IN SELECTED WATERS

OF THE GILA RIVER BASIN, ARIZONA
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STANDARD OPERATING PROCEDURES

FIELD MANUAL
c:ANALS

T,ON8-'T·F.,-:;'M MONITORDIG PLAN FOR FISH POPULATIONS
IN SEI.,ECTED WfI.rERS or THE Gl:',A RIVER BASIN, AIUZONA

INTRODUCTION--This standard opecating pJ7oc:edllces manuaJ,
part of an overall quality control/quality assurance program
in development for the r.·;;mg-TerJD. l1onito,dllg PliiIJ for Ei s]:
Popu Le tiofJ$ ill Selected rva!.:e,C.:;- of tile Gila Ri'ler sasin,
Arizona (Monitoring Plan), was produced to ensure that all
field data are gathered according to standardized,
:::epeatable met.hods . Due to ::he u::ique hdbitaLs and sampling
challenges presented by canal moni~oring, however,
Reclamation recognizes t~~,at canal rr.or:.itorinq must be
oppor~unistic, va:::ying according to sa~pling accessibility
to structural features t~at may ~oncentrate fi~he~.

Therefore, many compromises regar:-ding standa:::dization and
r:-epea~abilitymay be ~ecessary.

This manual describe::; :;pecific steps to be L.:J.ken during all
field mcni~oring ac~ivities, and provides background
information on objectives, justification, and sampling
design. See ~he Monitoring Plan for fur~hcI information.
ReclamaTion intends this manual to be used in association
~ith arillua1 mandatory field training, and should be carried
in lhe field at all tlIl'RS by data collcct:ors for reference.
Tt is likely that the manual ·....ill be updated periodically
for clarity and t:o J:"eflect changes to the MonitoJ:"lng Plan
that may bccornc neccssary over time. Reclamation will
pcovide waterproof copies of the manual 'to all field
investigators during zmnua L -craining sessions, or upon
request. In the methods descd.pti ons below, 2,1..",0...·5 (-+)
denote field procedu::es that must be unde::taken explicitly.

OBJECTIVES--Collect i~formation on the s~atus of fish
populations and ins;:rea~ habitats at selected sampli.ng sites
to detemine: 1) presence of species (species richnessj; 2)
species relative abundance (assemblage s~ructurel; 3)
species d;.stribm':ions; and 4) species annual reproductive
success.

SAME'LING CREWS--A .5ampling ere""· of at least t.wo, and
pr:efe,:ably three or more, individuals is required for
efficient collection ot 1ield monitoring da~a 1rom canals
(logistical difficulties in sampling the Central Arizona
Projer:t (CAP) canal in particular may require additional
pezscnne L) . These Lnd.ivi duaLs should. be experienced in fish
collection tecrnLiques and identification of the local fish
fauna. It is vital that sampling crews be headed by an

individual with s uch proven fie.' d experience. The =1.eld
crew Le.ade r must be presen'~ during all mon i, t o r i.nq e xe r c.i aes .

SAMPLmG DESIGN--C.Zl.P canal sampling reaches wer.e del ~nea-::ed
according to the established geopolitical divisions
representi.ng the Hayden-Rhodes, Fannin-McFarlO'-nd, and 'I'uc s on
aqueducts. Sampling of SRP canals primarily ~ill be limited
to the South Canal bet....'een GraniL:e Reef Darn and. the j uncc Lon
of the Ternpe and Consolidated canals, and the AT"i.'1'.ona Cana.'.
between Granite Reef Darn and. Indian Bend 'flash. Other areas
of the SRP canal system s~ould be opportunistically sa~pled

where possible. The rear:~'l of conce rn in the FCG cane 1.
ext.erids from Ashu.cst-Hayden Dam :::0 L.he pirtl<',. La t e reL feede:::
canal. See Table 2 for travel routes to canal~ (to be
ccm?leted follow~ng th~s fie~d season).

Due to 1ogi st ; ca 1 d'i fr.'.cu: 'ties of .~ampling the deep, high
cu:::rent··velo:;ity habitats characteristic of the ':A?
aqueduc~, CAP canal sta~ions are located at structural
featll~e.".i that fa-ciLl ti'!te s arnp I ing (purnp i ng p l.ant; forebays)
Because aWlual dry-up procedures vary from year to year:- on
the SRP canals, no fixed sampling stations a~e established
there except between the electrical fish bar~ie~s and
Granite Reef Dam on tile .I1.L-i<:oolk. and South canaLs . Fo.r this
reason, sampling belo~ the electrical fish barriers in the
SRP ca~als will be opportunistic, varying according to
sampli~g accessibility to structural fca~ures that may
concentrate fishes. E'CG canal sampling will also follow
this pa--:tern (no fixed s2mpling stations). Precise
descrip::ions of sampling sites must De recorded by cane.l
investigato::s.

PERHITS--Valid State and b~deral collecting permits must be
in possession of sampling cr:-CW$ whcn performing monitoring.
The incidental take stat?.ment in the Gila River Bf!SJ n BO
serves as Reclamation's permlL for take or feder<',.lly
protected species, and Reclamation will re~lest that
subcontractors who do not possess their own Federal permits
be de s Lqna Led a s subpe ruu. t '~ee$ under FedeI,"l perru.it
provisions. Subcontractors ..'>'ill be; respcns i b l~ fen'
obtaining their own State collecting permits.

FISH COLLECTION FORM--Jl.ll mandator-y de t.a collecti.ons must be
recorded in pencil on the fish collection forms provided.
This will ensure that all requir:-ed information is recorded
and compatible with the database st~uctur8. Mastel: copies
of field forms (provided) should be ?hotocopied on rite-in
the-r.:J.in paper or a simila.c Io.'<lterproof oond for use in the
field. The fish collection form quantifies gea~ types,
samplinq effort, and species abundance data.

Canal serop l ing ·.... i.ll not require use of the habi t.at; sampling
fc::n. Most canals are concrete-lined, and ::h~s habitats are
!~OL expected 1:0 change eltcept ~;, req\lired by at r uc t.u.ru I
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modification. Also, since canal habitat!; hay€! not been
formally clas~ified, a~d sampling in c~nal~ i~ I1e~e~~urlly

oppor-t un is t.Lc, there see:ns little uti lit.y in ottempti.ng to
monitor changes in canal habitat or in quantifying fish
populaticns associated with particular ca n a l habi~ats.

~ Should sampling by angling or trot line be
undertaken, bClit type (Table 1 ) should be recorded,
arid effort should be identified as the numbe r of
hooks and hours {to nearest l/lCth) fished .

vouomR COLLECTIONS--Several (3+) specimens of eaoh
permitted species encountered at each sampling station o r
reach should be preserved for museum vouchers, when
possible. Quality photo-documentation of species not
permitted for take should be made. Vouchers will provide
scientific credibil ity to the monitoring project. ensure ~he

a c c u rac y of species identifications in the field, and
scientifically document species occurrence and distribution.

~ Voucher specimens should be preserved in 1 0% formalin
lmmediately follOW ing recording of pertinent field
data . If specimen body depths are greater ~han

approximately 3 em (l~ in), specimens should be cut
along the right, lower body wall or. i n j e c t e d with 10'1;
f o rm alin into the peritoneal cavity and major muscle
masses to ensu~e adequate tissue fixation. Specimens
should be retained in labeled, leakproof plastic jars
or buckets and submitted to Reclamation, who will
deposi t thcm at the ASU Collection of Fishes.
Reclamation will provide rite-in-the-rain collection
labels to i~vestigator.s to ensure that taxonomi c
i d e n t i f i c a t i o n (if possible), date, t i me , and method
of collection. locality, number of specimens, and

Data unique to entrapment and entanglement gears that
must be recorded include mcsr- size and ne~ l e ngt h and
width (depth}, with effort q~antif~ed in ho~rs soaked
o:r: deployed (to the nea.res ;; ::'/lC;;h ho\,;.r) •

~ Captured fishes from a single-gear sample from a s-ite
should be kept alive in buckets of water o r holding
nets until ready for processing. Fishes should be
sorted to species, then sorted to age class, and
enumerated. Counts for each species and age class
should be recorded on the fish collection form fot"
that macrohabitat and gear. Data that must be
recorded fram captured fishes inclUde a four-lecter
code for species, consisting of the first t .....o lett e rs
of the gene~ic name and the first two letters of the
specific n~~e, an aqe category designation (a ge - D or
young-of-ye.:J.r, and Qld~=, age -l+ fish), and the
number of fi.sh enurae z a t ed for each species and age
collected by a particular sampJ.ing gear within each
ma~rohabitat (Table 1). It is mandatory t~at the
number of each species/age class pre~erved for
-~ucher be identi=icd in Lho voucher field (s e e
below). Opt_.1ona.l var.:.ab1es such as fis:·_ length,
.....eight, sex, reproductive condiLion, number and kind
of external parasites, ex t e.rna.; anome LLe s , and other
notes should be recorded in Lhc comments =ield.

-+

The fish collection form includes stream, reach, and
statien names (numarically coded fa" data entr.y; see
Table 1 for ~omplete descriptions, and Figure 1),
sampJing date and time, a yes/no quantitatiV'e sample
field, and gear type as header variables. All of
L.hese variables must be filled in on each form (code!;
can be recorded at a later time if the text fields
are completed properly while in the field). For the
S~? and FCG can<=.ls that have no formal s amp l i ng
stations, the station name code field should be
recorded with a vehicle or map mileage from the upper
bounda ry of the canal reach (e . g. , ~iles below
A.shurst-Hayden Dam, or mi Las below South Can"1 .~ .

electrical fish barrier); local lanct8ark names should
be enter ed i" t r.e text portion of the station name
field. rhere is no requirement to type canal
habitats, and thus the habitat type and hQbilal:
numoe r fie ld.~ n""ed not. be fj Lled in. .1\1 though
recording of gear type effort is mandatory (see
below), the quantitative sample field should always
be enteree. with an "~" (denoting a qualitative
aamp Le) to d.i.[[eL;nL.ia t.e the quaLi t.a tive nature of
canal sampling compared with the more structured,
quantitative sampling conducted in st~eams. If
continuation forms are needed to c~uplete recording
of data at 3 particular site, they must be tracked in
the upper right-hand corner of the data sheets. The
field crew leader should record his/her initials in
the QC field of each fo~ following ~ev)ew and
assurance that the data were filled in properly. It
is intended that a separate fish collection form be
used for each separate gear type and sampling site.

If electrofishing, pulse rate, voltage, and amperage
must be r.ecorded, and conductivity and temperature
readings are also required to determine electrical
power output (wattage). Record the number of seconds
shocked at each sampling site to q~antify effort, but
the percentage habitat sampled field need not be
filled in.

If seines or dip nets a~e deployed, recording of mesh
size and lerrqt~ a~d width (depth) of t~e gear is
required. Effort shall be quantified by recording
the nuwber of seine hauls or dip net sweeps taken
within the macrohabitat (standardize dip net sweeps
to 1 m long sweeps). The percentage habitat s ampled
field need not be filled in.

-.

-+

-.
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Table~. Descriptions of variables and their codes to be
entered on the Fish Collection Form. Location numbers refer
to fields of the Fish Collection Forms shown in Figure 1 .

collector name(s) are recorded for each sample. The
number of each species preserved at each site must be
recorded on the fish collection form in the voucher
field.

QUAl,TTY CONTROI.--Pr.i.or to leaving a sampJ ing station or
site, the field crew leader should review all d~ta sheets
used at the site to ensure that all appropriate fields,
including data codes, have been filled in properly, and that
there are no missing data. The crew leader should then
enter his/her initials in the QC field.

FIELD NOTES--An important aspect of data sampling is
recording af field nates. Field forms do nat aJ.low the type
of narrative description of sampling site conditions,
sampling problems, or other observational data that may be
important to document sampling procedures or physical
conditions at a particular site. Submission of field notes
to Reclamation is nandatory.

STE~SE MONITORING PROCEDURES--Thc fo llowing itemization
nescribes the recomm~nded ordered procedures, in ahbrevi.ated
fo~, for conducting monitoring a~ a canaL site:

~) Record header information on the fish collection form
2) Begin sampling, collecting all fish possible
3) Store fishes a:ive i~ a bucket filled with canal water or

in holdi"g ne t s
4) Sort ~nd en~~~merate =ishes according to species and age

class, and record on ~he appropriate fish collection
form

5) Select s?ecimens of ea~~ species to be preserved for
voucher, store in c02~ainer with 10~ fo~alin and a
camplc~cd collection ~ag, and record the n~~er

pr.-eser..,ed ,,~ t.:-_e appropriate fish co lJ €let i on form
6) Retu~n ~emaining fis~es alive to canal to an a~ea that

will net bs re5ample~

7) Record ge':l:c informat':'cn and sampling effor-;;: on the
appropriat8 fish collection form

8) 1= ~he sample is considered inadequate for the canal ~rea

jll.~~ sampled, r.esample ""ith dif.fe~ent gear. type(s),
repeating steps 1 -7 as appro?riate

9) Review and correct all data sheets for orniss~ons,

legibility, and obvious mistakes, and record initi~ls

in thp- QC field for e~ch for.-m
10) Record field notes for the samplLnq ST:A.ti on or reach

site, and ?roceed to the next station
11) Proceed to the next sampling area, and repeat steps 1-10

for each u"til the reach or statio~ is adequatsly
sampled
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Location

1

2

J

4

5

6

7

B

9

lO

~l

Description

N'"me of stt"eam

Name of reach (!7I~e

Table 2 fat" sice
nerne s}

Name of station (see
Table 2 for site
names)

Month sample taken
or begun

Day sample taken or
begun

Year sample taken Dr
begun

Hour (military time)
sa11',ple taken or
begun

Minute sample taken
or begun

Name ot macrohabitat
type

Number of
rnac rohab i ua c numlrc r

Quantitative (effort
recorded) or
qualitative (effort
not recorded) sample

6

Codes

l=San ?edro River
2:Gila River
3=Salt River
4=CAP Canal
S~SRP Sou~h Canal
6=SRP Arj~ zona Canal
7~FCG Canal

l=upstr~am-most reach
2=seC:Dno. downstream reach
3=third downstream reach
1=fourth downstream reach

l=Opper (fixed)
2=Middle (fixed)
3=Lower (fixed)
various to denote mileage below

SRP or peG canal reach origin

Cl1-12

01-31

O(}-9~

O(}-23

00-59

No entry requit"ed fot" canal
aanp Li nq

No entry required for canal
sampling

N=No for ca:1i?l sampling



Table 1. Con~inued. Table 1. Continued.

Location

J?

13

14

IS

16

17

16

Description

Name 0=gear t ype

Electroshocker pulse
rate setting (pulses
per second)

Electroshocker
vDltage setting

li:lectroshocke~

electrical output;
calculated from
formula of Burkhardt
and Gutreuter (1995)

Electroshocker
amperage setting

conouct f.vi.t.y (jl.S!cn·,)
of water; required
for determination of
electroshocker
outp~t and water
quality

Temperature ('Cl of
water; required for
determir.ation of
electros hoc ke r
o'J.tput and water
qu<:tlity

7

Codes

Entrapment/Entanglement:
l ~gill net
2=trammel net
3=hoop net
4=fyke net
5~trap net
6=minnow tYaO
7=shock/gill" net
8=shock/tramrnel net
9=experimental gill net

5ei"-ing :
10=straigbt seine
11~bag seine
12.. kick s eine
13"dip net

_l\ngling,
14=spincast
15=fly roo'
16=dropline
17=trotline

Electrofishing:
18=backpack shocker
19=noat shocker
2Q,.•bank. shocker

rt:iscellaneous
2S"trammel net/drifted
26=gill net/drifted

Location

19

20

21

22

23

24

2S

26'

27

21>

29

30

31

Description

ElectroShoc:cer
effo~t in seconds
fi[lhed

Areal percen!;. of.
habitat type sampled
by electrofishing

Mesh size (in) (bar
measure ) of seine or
dip net

Length (ft) of seine
or dip net

"Iidth (height or
depth) (ft) of seine
o~ dip net

Kumber of seine
hauls Dr dip net
sweeps taken withi~

the area

Areal percent of
habitat type sampled
hy seine or dip net

Mesh size (in) [bar
measure) 01
entanglement!
entrapment gears

Length (ft) o[
ent.anglement.!
entrapment gears

width [height or
depth) (ftl of
entanglement!entra~rn

ent gears

Effort (hr) fished
{soaked} by
entanglement!
entrapment gears

Bait type code for
angl.ing gears

Number of hooks per
line [or angling
gears

R

Codes

No entr.y r.equired [o r can"l
sampling

No ent~~ required for canal
sampling

l=artificial lure
2=live ba i.t
3=garbage (corn, cut.
:Oait, etc .)
'1=stink bai::



Table 1..

Location

3;l

33

34

Corrt. f.n ued ,

Description

Hffort (hr) fisbed
(soaked) by angling
gears

Species name code,
where first two
letters of genus is
followed by first
two letters of
species

Ca t e go r i za t i on to
young-ot -year or
older age classes

Codes

Examples: CYLU denotes Cyprinella
lutrens~s; AGCH denotes Agosia
chrysogaster; " ??? ?" indicates
species unknown, and specimen
should be preserved for voucher;
I~R denotes a hybrid (identify
in comments i f possible and
preserve); "0000" indicates no
fish were caugh t

D=young-of-yea~ (including
larvae)
l=age- l or older

Table 1.

LOcation

45

4C;

ConLlnued.

Description

Cu rrent p ge number
of total f
continuat on sheets
are recruired to
complete da';:a
recording for a site

Initials of field
c rew lCudcr
certifying ,;:ha~ the
d a ta s r.e e t was
completed properly

Codes

35 Number of fish
rep~' cscntcd in
record; if 1e~gth

a nd otbe~ da ta
taken, should al~aY5

equal 1 ; if more
than one of a
species was captured
but i ndiv i o ua l data
not taken, record
t.he number; if
sampling effort did
not c ap t ure f i sh,
should equal 0

3G Number of specimens
preserved for
voucher

37 Narrative
information not
recordable in other
areas of t he field
form , such as
length, weight,
presence of external
pa l7asi t eB, Bpinal or
cranial deformity,
ul.cer. a tion, etc.

44 Nar~ative

information net
~ecordable i n othe~

areas of the field
farm, such a s
unusual covex
a ttribu;: t:s. ba nk
features, etc.
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Table 2 . Tr~vel routes t o CAP pwnping plants and SR? and
FCG canal origins, a nd topographic quadrangl e n~TIe3 . Al l
d irect ions are from Phoenix, Arizona. N~~ers i~

pa.r en t.ne se s [or CA l:' pumping p Lan t s refer to s t r eam, reach,
and station codes, respective Iv; !lingle nnnbers refe r to
s t.z:: e am codes.

St ation Trav e1 route Quad

IS ..
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FISH COLLECTION FORM
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Figure.1. ),'"is h Coil ee t :i on f orm s howing numbe z ad Locar acna of
vClr jables dc scc~bcL1 in r ..bl e 1 a n d d iscus s ed i n the t e~t.
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