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Information Management

ﬂ..w:@ Canyon ZQESZ.E and Wmmaw-_.n__ Center

Emo:sm:o: Hmogogmw E.omBB

>§<<Q\ Hé@

S
o .<<¢o.wE Wide
| Web

- (Data Dissemination).

GIS
CWEJ\

DBMS

go::oﬁ:m and

Data Analysis

GIS

9/7/99

t

Data Collection

g Wmmom_,ow waomBB

Surveying

Remote mmsmms

A b P AaTaVal D

FY200t Program="Aug1999—
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9/7/99

Data Base Kmﬁ@mﬁumi System

hE-Em%. | | |
s Science program m:%oa moﬂ mBESzm msm |

EmmmESm:o: om ﬁmg_mn data

>2_<58
| ~« Populate @QSWO Oamo_o mmﬁmgma

« Develop user interfaces
* Develop WWW interfaces - :
. Uoo:an maEE_m:ﬁ:& Eoomacnom

FY 2001 Program - Aug. 1999

4
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- H.:.Qmmm. ‘, S .
; -« Archive and a_mmoBS&o m@mcm_ mmﬁm |

romwm_ur_o Hzmonamsoc mMmEB

Lo

- e mcmﬂm_ analysis of rm&;& msm

e wowc_m:os oOoE.R:oom

. Ormsmm detection of main orms:o_ m_mBmEm

. Eo::mom:oc o», maomm ow oEEE_ _B@oamzoo

..u

: >oa<=mmmq
K mﬁﬁoo Qﬂm map, mmﬁm msa analysis Rm_:oma

S e Develop an Internet map server (base maps,

9/7/99

canyon control, aerial wroﬂomamcga mza misc.

project data)

~ + Consult on remote mngm initiative

FY 2001 Program - Aug. 1999 . 48



9/7/99

n o Library | |

r:._a_m%«

¢ Archive msm QmmoBEmH rma oo_u% data m:or as
Rﬁoi.m maps, aerial ﬁroﬁoma%go slides, msm videos to
>§<<Q\H<<Q Rmoﬁoo ?oma:s moasnma msm Qo

@:_u:o

Activities:
* Service __5”5\ requests.

~ «Continue to catalog _&Béxooamam

. OoEEco 8 make materials m<m:m§o on-line

FY 2001 Program - Aug. 1999 | 49



9/7/99

- mﬁ?wﬁ.@m
—LE_m»m%. : | o
. Oos:o_ and base Em%m »,9. mooz&,oao:oam 8508 mmﬁm
oozoo:oz « ( ,

. Hoﬁmmﬁm_ and g%%%mﬁo cmmo Bmvm »dn mm&BmE
and flow modeling

. mcj\m% oooz_Emcos msm mo?_omm woa mo_gom |

EomBEm

. >2_<58.
~* Service requests mOu surveying msa survey data

» Continue mw<o_owEo§ of 4 high ?.oo_m_o: control
network from GCD to Phantom Ranch

* Continue development of terrestrial and rv\&omgﬁr_o
base maps of the Colorado River ecosystem

‘» Continue oﬁmﬁ&ﬁ@%@wb& siyyvey data 50



9/7/99

- mv\mﬁam ,>aBE~,mwmm0b,.

B .H::a.mam. | /

.« Provides E@mmﬁ.coea msa mc@won for
~ office computing, :mgo_‘w_sm, msa
 automation systems _

. Eoﬁaom éow @:E_m?sm E@mm:.:oawm

RN >n:<5¢m. 8
e >m§55ﬁw8 859:9. m:a :Qéo%_sm

o=<=.o=BoE

. Develop an E\anﬁom <<<<<< mcc__m?:m |
‘environment

 Enhance office m:ﬁoamaos capabilities

FY 2001 Program - Aug. 1999

5

1



9/7/99

- Remote mgmmsm

¥ rEw»Mmm. L TN e -
* Remote mm& oo__mo_uo: wcn Rmoﬁoo Eosnozsm m:m
| womom:.or aosa@ and evaluate remote amﬁm collection
,Eogo_om_om for mo_m:om EomEEm

>2_<58. |

* Identify Hmo::o_om_om 9& sm<o the ﬁoﬁ:ﬁm_ to meet

program needs
« Conduct ?_9 mm_m Smﬁm m:m_vﬁo mmﬁm and evaluate

| Rmczm

FY 2001 Program - Aug. 1999 | 52



O..u:a .O.m:wo: ngwlzm and W@wgq\or Omam._,.

_. Eu wm mem_ RSmQ m moa m: Bo::o::m msm Rmmmwor
cBﬁOmm_m sl | L

. wom:mﬁmi om csmo:o:ma %u S-:ocmm mSﬁOmm_m -
EEEEE oH 3 oﬁmw:m_ 859«05 for each of the'above

,. H@orEom_ Bcon SSmé ZS_B:E om u 9&9.:& a@SoéoH.m
H.Oa each :%on 3828 | ,

.  . Science >m<_moQ woma Am>wv EMS mS N to A Bmmcsmm;
- _Ecm wmao%msos In Eum _<<O & >Z<<Q as &%3?58

9/7/99 FY 2001 Program - Aug. 1999 - 53



Grand Canyon Zc:#ol:.m.u:n anm»wn_r Center

e E%m%mw;m_is ,,

Wmsosm_m Consistent m:Euon to PIs, ensure
- compliance with NPS, cost-effective, in-house
.mg:@ to respond to short lead-times

Activities:
 River _omﬁmgm mormmsrsmu river moommm ﬁQ.BEEmV
logistics planning, equipment, boat men, food and
mEQ.mosQ Bm@osmo mchoam mo ao E@m wow %omn

K Eo__ooEQ. mcﬁcon mo:oa:::m %n cQ.B_nEmu 3502 of
m:o:x;:\o mchon

. anﬂ.ommr_:m wom; & Uom::m:
9/7/99 FY 2001 Program - Aug. 1999 54



Gau,:@hw:%o: gc::ci:m and _Womowwn:, Omim,-. :

.. Contingency Planning

. T m:ch Nooo HE:&@ Eooomm of ooss_gmgo% EmE::m
and receive SooEBmzmmaoz for needed m::m:_m

. WmSmé mOOWm _,%on
e Go:%_ﬂo wmwm Rmoﬁom oa:o:m RSoé

S e ms_mﬁ@bwoommm@ ooB@:msowp

9/7/99 . FY 2001 Program - Aug. 1999 55



Grand Canyon Monitoring and Wmmms..n: Center

- Core Adaptive Management kual.zm.:

jw Nooo o
. >m8m on <§oz Qom_m ZOm msm _Zm

FY 2000/ FY 2001: ;
* Define core mmmﬁ:& memmoaoa mx@m:Bma

* Develop framework and maommmo,: tree for planning
experimental flows (i.e., BHBFs, HMFs, SASF, mba TCDs)
as part of an overall oxwmzﬁoam_ mE:omow |

9/7/99 FY 2001 Program - Aug. 1999 - 56



ﬁ&:a Canyon Monitoring and wnmm»m@:., Center

B v noz_aw.ama :s.z

Zideg ‘ C AMP o&s Sec. 8
A wEdmc m%@on mQ.Snom C$12.
~ B. Personnel, Mgt. %»&5_: $1,969
C. EJ@E& Resources ~ $950
- D. Biological W@moﬁomm - 81, bmo mwoc - $310
~ E. Socio-cultural Womoﬁomm $425 st
-~ F. Information Hmo::o_omam $320
- G. Remote Sensing - ., $400
- H. Independent Review wmzn_m m_qu.w
1. Logistics - $650 .
| ~ TOTAL 56434 $300 $310

9/7/99 - FY 2001 Program - Aug. 1999 - 7



Table 1. Schedule for developing a Research and Implementation Plan for Establishing A Second Population Of Humpback Chu!

TASKS Mar 1999 |Apr May Jun Jul Au Sep Oct Nov Dec Jan 2000 |Feb
OBJECTIVE 1: DEVELOP R&! PLAN

1A Kickoff Meeting 5th

18. Develop Scope of Work 12th X

1C. Initiate/Maintain Agency Coordination

1D. SWCA Workshops 13-16th 16-18th

1E. Develop Internal Review Draft Report 15th

1F. Preliminary Draft Report 15th

1G. Review of Prelim Draft by GCMRC . t—"

1H. Meet With TWG 7th

11. Draft Report To Scientific Review/TWG 1st

1J. Scientific Review of Draft Final

1K. Develop Prelim Final Report m—

1L. Agency Review of Prelim Final Report . fr—.

M. E:m_, Report 4 | o 8th
1N. Professional Meetings a/ Aug 2001

OBJECTIVE 2: RELATE HABITAT

2A. Determine Habitat Requirements

2B. Determine Habitat Availability

OBJECTIVE 3: HATCHERY REQUIREME

3A. Determine Hatchery Requirements -
3B. Determine Hatchery Availability/Costs
OBJECTIVE 4: DEVELOP STOCKING PG

4A. Determine No/Sizes of HBC Stocked

4B. Determine Fish Marking Techniques -

4C. Develop Monitoring Program -




s

A REQUEST FOR PROPOSALS TO DESIGN A RESEARCH

REQUEST FOR PROPOSALS
ISSUED JULY 31, 1998

RN R R

AND IMPLEMENTATION PLAN FOR THE ESTABLISHMENT
OF A SECOND POPULATION OF HUMPBACK CHUB (GILA

CYPHA) IN THE COLORADO RIVER ECOSYSTEM

= PROJECT OBJECTIVES

>

Outline the steps required to establish a second humpback chub
population in the Colorado River ecosystem.

Relate the available information on habitat requirements to habitat
availability in the Colorado River ecosystem.

Determine hatchery requirements, availability and costs for
establishment of a second population.

Develop a stocking program, including a schedule, and a monitoring
program to determine the effectiveness of this effort.



CONCEPT OF SECOND POPULATION

= Reconsultation on 1978 BO resulted in 1987 Drafit
BO, Conservation Measure 7: “Establish a second

spawning population of humpback chub in the Grand
Canyon’’,

= Dratt BO of 19 May 1993, Element 5 of RPA:
 “Establish a second spawning aggregation of
humpback chub downstream of Glen Canyon Dam”.

® Final BO of 21 December 1994, Element 4 of RPA:
“Establish a second spawning aggregation of
humpback chub downstream of Glen Canyon Dam”.



ASSUMED INTENT OF BIOLOGICAL OPINIONS

To establish a reproducing, self-sustaining, and
genetically viable population of humpback chub
geographically separate from the LCR population.

= CRITERIA
> Genetic Viability
» Demographic Viability
> Habitat Suitability
> Geographic Separation from LCR



GENETIC VIABILITY

CONCEPTS

= Establishing a second population requires a
pool of genetic diversity:

> that reflects adaptive physical, physiological, and
behavioral traits that enable individuals to survive
the rigors of their environment,

> adequate to allow the population to survive
environmental pressures that exceed the limits of
development plasticity



CONSIDERATIONS

‘= Inbreeding rate

= Genetic effective population size



Wmﬁo om E@Ro&:m ?m v _\NZ Am:sc@:om) Emwv

mZ wﬂmm_ﬁZﬂ Eﬂ,_w

_Zm AF

10 5.0%

50 1.0%
100 O 0.5%
500 0.1%

1,000 0.05%

A batis i



GENETIC EFFECTIVE
. FOPULATIONSIZE N,)

500/1,000 RULE

" N, <50 will experience short-term inbreeding
depression (Soule 1980)

" N, >500 will maintain long-term genetic diversity
(Franklin 1980)

" N, > 1,000 will not further enhance genetic variation
(Lynch 1996)



QHZ_W:O mm, m, HQH~<H wOwch>H~OZ m~Nm

b S e il

1) C=NJN, ;N,.=N/C
Where: N, = number of adults 8::.55:& genes to next mga..w:o:
N,, = total number of adults in population

2) Assume N, = 1,000 adults and C = 0.100-0.333
Then N, = N_/C =1,000/0.100-0.333
N.. =3,003 - 10,000

3) Microsatelite genetic analysis of 35 LCR adult HB yielded N, = 1,970
(Unpublished data: M. Douglas and M. Douglas 1999)

Size of LCR population (N_) = 4,346
Then C =1,970/4,346 = 0.453

N, = 1,000/0.453 = 2,208 adults



Table 1. Locations of nine mainstem aggregations of humpback chub with numbers of fish captured and estimated numbers ol adults,
1990-93 (Valdez and Ryel 1995).

Aggregation Kilometers From Number Captured, 1990-93 Estimated Number of Adults’
WH” Canyon YOY' Juveniles Adults Totals (95% confidence interval)

1. 30-Mile 73.7-75.8 14 0 26 26 52 (28-136)

2. LCR Inflow 117.1-130.6 1,830 1,293 1,524 4,647 3,482 (2,682-4,281)

3. Lavato Hance | 131.1-148.2 778 226 15 1,019 no estimate’

4. Bright Angel | 160.2-173.7 13 2 9 24 no estimate

Inflow

5. Shinumo 199.3-200.1 4 13 27 44 57 (31-149)

Inflow

6. Stephen Aisle [210.3-218.6 0 7 17 24 no estimate

7. Middle 228.3-233.0 1 4 124 129 98 (74-153)

Granite Gorge

8. Havasu Inflow | 276.1-277.5 0 0 7 7 13 (5-70)

9. Pumpkin 367.3-368.4 0 0 6 6 5 (4-16)

Spring :

' YOY = Young-of-year

2 Based on Chao (1987, 1989) closed population estimator.

* No estimate possible because of small numbers of captures and recaptures.
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HABITAT SUITABILITY

LIMITING FACTORS

= Temperature
= Non-Native Fishes (predators, competitors)

= Physical Structure (shorelines, cmowiﬁmqmw
eddy complexes, tributary inflows)

= Flows (reduced runoff, high base, fluctuations)
= Food Base

m Parasites, Disease
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Table 9. Suitability criteria for tributaries in Grand Canyon as sites for a sccond population of humpback chub. compared to the Litte

Colorado River (LCR).

Tributary | Habitat Water Quantity' | Water Quality' Water Temperature' | Fish Barrier | Non-Native Fishes Human Disturbance
Suitability
Paria Pools. runs. riffles. | 0 - 16,100 cfs: High sulfate. gypsum Warm - Suitable No fish None in tributary: large | Maoderate use by
River medium size Avg. 30.1 cfs contaminated with barriers in number of rainbow trout | hikers
stream magnesium: upstream lower reaches | at outflow
urban/agric. use
Bright Deep pools. runs, 10 - 4.400 cfs: Calcium-magnesium Cool - Suitable No fish Large number of brown | Heavy use by hikers.
Angel Cr. | riffles. medium Avg. 35.4 cfs carbonate 1-24°C barriers in and rainbow trout in Tiver runners,
size stream . lower reaches | tributary and near fishermen
outflow
Shinumo Deep pools. runs, 5-155cfs: Calcium-magnesium Cool - Suitable Fish barricr Brown and rainbow Very light use by
Cr. small stream Avg. 9.1 cfs carbonate 1-23°C ~200 m above | trout near outflow:  river runners above
outflow rainbow trout above falls
barrier
Deer Cr. Deep runs, small 54-82cfs: Calcium-magnesium Cool - Suitable Fish barrier Brown and rainbow Light use by river
stream Avg. 7.2 cfs carbonate ~50 m above | trout near outflow runners and hikers
outflow above falls
Tapeals Pools, runs. riffles. | 51.4 - 283 cfs: Calcium-magnesium Cold - Limited No fish Brown and rainbow Light use by river
Cr. medium size avg. 100.1 cfs carbonate barriers in trout in tributary and runners, fishermen
stream lower reaches ] near outflow
Kanab Cr. | Pools. runs, riffles, | 0 - 4,360 cfs: High nutrient load. low Warm - Suitable No fish Fathead minnow, green | Light use by river
medium to small Avg. 5.7 cfs dissolved oxygen, upstream | 0-35°C barriers in sunfish, carp, Plains runners and hikers
size stream urban/agric. use lower reaches | killifish
Havasu Deep pools, runs, 59.3-74.5 cfs; Magnesium-calcium Warm - Suitable Fish barrier Brown and rainbow Heavy use by river
Cr. riffles--similar to Avg. 63.8 cfs carbonate with large amounts | 9-23°C ~200 m above | trout in tributary and runners and hikers I-
LCR of sulfates, chloride, and outflow near outflow 2 km above falls;
sodium; upstream moderate use above
urban/agric. use that point
Spencer Deep pools, runs, 1.1 -4.4 cfs; No information available Warm - Suitable No fish Plains killifish, red Light use by river
Cr. riffles, stream Avg. 2.7 cfs 2-24°C barriers in shiner, carp, fathead runners
small and habitat lower reaches | minnow
limited
L.CR? Deep pools. runs, 240-24.900 cfs; Sodium chloride plus Warm - Suitable Fish barrier Carp, channel catfish, Heavy use by river
riffles, stream size ] 205 Avg. (about significant calcium 2-25°C 14.5 km plains killifish, red runners 1-2 km above
medium to large 250 cfs base flow) | carbonate; upstream upstream shiner, fathecad minnow, { confluence; moderate

urban/agric. use

black bullhead

use above that point

! Source: Kubly and Cole 1979

2 The LCR is included for comparison purposes




Local Movement and Habitat Use of Humpback Chub

Location Date

7/9/92

7/10

/11

w“au
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8/13,8/14
8/13

8/15
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8/17.8/18

13. 9/9

9/17

15.  10/30,10/31
16. 1/1

7. 1/2
11/3.11/411/5
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RM 62.0

Valdez and Ryel (1995)
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w Movement and Habitat Use of

Two Radiotagged Humpback Chub
«»  During the 1996 Experimental Flood

METERS

CONTQUR INTERVAL
0 5 METER WHERE
RESOLVABLE

EXPLANATION

A Debris fan

B Scparation point

C Reattachment point
D Fddy fence

Movement and Habitat Use of a
Radiotagged Humpback Chub
During the 1996 Experimental Flood

L~

\

Habitat Use by Radiotagged Humpback Chub
(Valdez and HofTnagle 1999)

)

1A EE
Valdez and Cowdell (1996)

HABITAT INTERIM 1996 EXP.
FLOWS (n=69) | FLOOD
(n=10)
I.ddies 74% 73%
Runs 12% 19%
Backwaters 7% 0
Iributary Inflows | 6% 8%
_..::? 1% 0
Riles <1% 0
EXPLANATION

A Debris fan .

B Separation point

C Reattachment puint

D Eddy fence

E Backwater

0 50 100 METERS
IS U—
CONTOUR INTERVAL
0.5 METER WHERE
RESOLVABLE
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DEMOGRAPHIC VIABILITY

» Minimum numbers of individuals
= Successful reproduction

= Recruitment to all ages

= Cross section of all ages

~® Long term population stability
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POTENTIAL SECOND POPULATIONS

Havasu Creek

Stephen Aisle/MG

Genetic Stability | 2,208 2,208
Habitat Capacity
~ Adults 3,611 888
Subadults 396,433 | 102,720
Demographic
Adults 3,611 888

Subadults 168,365 - 656,336 41,420 - 161,385
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PRELIMINARY FINDINGS

SECOND POPULATION OF HUMPBACK CHUB

= Greatest chance of success for a second E:::m:c: is
a “metapopulation response” in the mainstem, esp.
Middle Granite Gorge/Stephen Aisle

= Populations in Havasu Creek and Shinumo Creek are
possible and valuable as backup populations, but
would not meet guidelines for long-term genetic
viability (N >1,000)

= Hmitmnﬁ:nn Control Device on Glen Canyon Dam is
presently only known means for reducing limiting
factor of water temperature
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Grand Canyon Zc._:cl:m, ,Ea zmwm&.n_. Center |

o w:__.au:.m=wccl Services

~ FY 2001 Proposed Budget

 Contracting = $70,000
* Personnel . - $25,000
. OoB@EQ. m:ﬁﬁca - $25,000
* Property stmmoBmE _, $4 ooo
- Finance =~ - $1,000

~ TOTAL  $125,000
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'FY 2001 Proposed Budget
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'+ Streamflow & Sediment Ham:mﬁon - $520,000
* Main Channel & Shoreline Sand Storage  $150,000

. DooEo:qu F 38020% of ZmEmHE - $ 30,000

- Sub- Sﬂm_ ~ $700,000
Research _ P
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« Reach Averaged Sand ﬁmsmﬁom $ 50,000
* Channel m<o_c:o= | $ 50,000

"TOTAL ~ $950,000
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« Baseline data collection / research

for SASF and TCD

?.&&w&& nWwoaxmmw wxcwES |

F M\ NQE ?Sﬁam& mz&%&
; O%Z m:& mmn. 8
0&M  Sec.8

$300,000  $-0-

o $-0-  $310,000
TOTAL  $300,000 - $310,000




Mc&c_.ﬁiﬂs& mmwc:xn& 36%55

O::E.m_ wmmc—:.nw -u..o,_anﬁ

5 | H< Ncc_ 55@82_ wzamﬁ
(‘.wroﬁomﬂmwr_o Hmﬁmom Zo::ozzm %wm 000
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_ *Remote Sensing Initiative: ~ $400,000



\:Q@cm:&mi %mSm:\ Nua:&u
Nu M\ NQE ?\cﬁom& w:&wﬁ

« RFP Woﬁmi o N %mm coc
R Gsmo__o:ma & F-Eosmw waoﬁOmm_ WoSwé $:5,000
« Technical Report Review _ $25,000
. mo_m:oo >a<_mo3\ woma | En $80,000

TOTAL. '$175,000



Logistics
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~ + Equipment Maintenance ~ $ 30,000
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