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millimeter (mm) 0.03937 inch (in.)
meter (m) 3.281 foot (ft)
kilometer (km) 0.6214 mile (mi)

Area

hectare (ha) 2.471 acre
square hectometer (hm2) 2.471 acre
square kilometer (km2) 247.1 acre
square kilometer (km2) 0.3861 square mile (mi2)

Volume

cubic meter (m3) 264.2 gallon (gal)
Flow rate

centimeter per year (cm/yr) 0.3937 inch per year (in/yr)
cubic meter per second (m3/s) 35.31 cubic foot per second (ft3/s)

Mass

gram (g) 0.03527 ounce, avoirdupois (oz)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as 

°F = (1.8 × °C) + 32.
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Bull Trout (Salvelinus confluentus) Telemetry and 
Associated Habitat Data Collected in a Geodatabase from 
the Upper Boise River, Southwestern Idaho

By Dorene E. MacCoy1, Zachary M. Shephard1, Joseph R. Benjamin1, Dmitri T. Vidergar2, and  
Anthony F. Prisciandaro2

Abstract
Bull trout (Salvelinus confluentus), listed as threatened 

under the Endangered Species Act, are among the 
more thermally sensitive of coldwater species in North 
America. The Boise River upstream of Arrowrock Dam 
in southwestern Idaho (including Arrowrock Reservoir) 
provides habitat for one of the southernmost populations 
of bull trout. The presence of the species in Arrowrock 
Reservoir poses implications for dam and reservoir 
operations. From 2011 to 2014, the Bureau of Reclamation 
and the U.S. Geological Survey collected fish telemetry 
data to improve understanding of bull trout distribution and 
movement in Arrowrock Reservoir and in the upper Boise 
River tributaries. The U.S. Geological Survey compiled the 
telemetry (fish location) data, along with reservoir elevation, 
river discharge, precipitation, and water-quality data in a 
geodatabase. The geodatabase includes metadata compliant 
with Federal Geographic Data Committee content standards. 
The Bureau of Reclamation plans to incorporate the data in a 
decision‑support tool for reservoir management.

Introduction
Bull trout (Salvelinus confluentus) is a coldwater-adapted 

species that is listed as threatened throughout the contiguous 
United States under the Endangered Species Act (U.S. Fish 
and Wildlife Service, 1999). The decline of the species 
has been linked to habitat degradation and fragmentation, 
blockage of migratory corridors, water quality parameters 
such as increase in water temperature, watershed management 
practices, and the introduction of non-native species (Rieman 

and McIntyre, 1993; Rieman and others, 1997; Kanda and 
others, 2002; Dunham and others, 2003; Kiser and others, 
2010). The population of bull trout in the upper Boise River 
watershed (upper Boise River), in southwestern Idaho, is 
one of the southernmost distributions in the Columbia River 
watershed, making them particularly susceptible to the effects 
of climate change (Rieman and others, 1997; Isaak and others, 
2012, 2016). Most of the bull trout population is present in the 
Arrowrock subwatershed that includes Arrowrock Reservoir 
and its tributaries—the North Fork, Middle Fork, and South 
Fork Boise Rivers. Despite the fragmentation of the upper 
Boise River by the Lucky Peak, Arrowrock, and Anderson 
Ranch Dams, the watersheds upstream of Arrowrock and 
Anderson Ranch Reservoirs support substantial habitat for 
migratory bull trout (Flatter, 1998; Salow and Hostettler, 
2004). To prevent future loss to the upper Boise River bull 
trout population, the Bureau of Reclamation (Reclamation) 
requested a formal consultation with the U.S. Fish and 
Wildlife Service (FWS) regarding possible effects on bull trout 
from operation of the Reclamation Arrowrock and Anderson 
Ranch projects. The resulting biological opinion (U.S. Fish 
and Wildlife Service, 2005) listed terms and conditions that 
may minimize harm to bull trout through operation and 
maintenance of Arrowrock and Anderson Ranch Reservoirs. 
To address these terms and conditions, Reclamation, in 
cooperation with the U.S. Geological Survey (USGS), 
collected telemetry data between 2011 and 2014 to identify 
the movement and habitat use of bull trout in the upper Boise 
River (fig. 1). A file geodatabase was created to store the 
telemetry and associated habitat data to make it available 
to Reclamation for future management decisions. Other 
Reclamation investigations outside the scope of this study 
but pertinent to future management decisions are presented 
in table 1. 

1U.S. Geological Survey.
2Bureau of Reclamation.
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Figure 1.  Bull trout telemetry geodatabase study area in the upper Boise River watershed, southwestern Idaho.



Introduction    3
Ta

bl
e 

1.
 

Ad
di

tio
na

l B
ur

ea
u 

of
 R

ec
la

m
at

io
n 

in
ve

st
ig

at
io

ns
 o

f b
ul

l t
ro

ut
 (S

al
ve

lin
us

 c
on

flu
en

tu
s)

 in
 th

e 
up

pe
r B

oi
se

 R
iv

er
, s

ou
th

w
es

te
rn

 Id
ah

o.

Re
po

rt
St

ud
y 

ye
ar

s
O

bj
ec

tiv
es

Fi
nd

in
gs

Sa
lo

w
 (2

00
4)

 
19

99
–2

00
0

Pr
es

en
t d

at
a 

on
 b

ul
l t

ro
ut

 o
cc

ur
re

nc
e 

an
d 

m
ov

em
en

t i
n 

th
e 

N
or

th
 F

or
k 

of
 th

e 
B

oi
se

 R
iv

er
 

up
st

re
am

 o
f A

rr
ow

ro
ck

 R
es

er
vo

ir.
 Id

en
tif

y 
bu

ll 
tro

ut
 m

ig
ra

tio
n 

pa
tte

rn
s a

nd
 h

ab
ita

t u
se

d 
by

 
di

ffe
rin

g 
ag

e 
cl

as
se

s o
f fi

sh
. E

va
lu

at
e 

tra
pp

in
g 

m
et

ho
d 

ef
fic

ie
nc

y.
 

B
ul

l t
ro

ut
 m

ov
em

en
t r

el
ie

s h
ea

vi
ly

 o
n 

ac
ce

ss
ib

ili
ty

 to
 m

ig
ra

to
ry

 c
or

rid
or

s a
nd

 o
cc

ur
s p

rim
ar

ily
 

at
 n

ig
ht

. M
ov

em
en

t o
f b

ul
l t

ro
ut

 w
as

 re
la

te
d 

to
 d

is
ch

ar
ge

 a
nd

 te
m

pe
ra

tu
re

 fl
uc

tu
at

io
ns

. T
he

 
gr

ea
te

st
 g

ro
w

th
 in

 B
ul

l T
ro

ut
 w

er
e 

in
 2

–3
 y

ea
r o

ld
 fi

sh
 th

at
 h

ad
 g

re
at

er
 m

ov
em

en
t i

n 
th

e 
riv

er
 

sy
st

em
. N

or
th

 F
or

k 
bu

ll 
tro

ut
 p

op
ul

at
io

n 
w

as
 e

st
im

at
ed

 to
 b

e 
96

9 
(s

ta
nd

ar
d 

de
vi

at
io

n 
of

 2
28

).

M
on

no
t a

nd
 o

th
er

s 
(2

00
8)

20
01

–0
3

D
et

er
m

in
e 

th
e 

ra
te

 o
f b

ul
l t

ro
ut

 m
ig

ra
tio

n 
in

 th
e 

N
or

th
 F

or
k 

B
oi

se
 R

iv
er

 c
om

pa
re

d 
to

 fi
sh

 b
od

y 
si

ze
, s

tre
am

 te
m

pe
ra

tu
re

, a
nd

 d
is

ch
ar

ge
.

Th
e 

st
ud

y 
co

nc
lu

de
d 

th
at

 la
rg

er
 b

ul
l t

ro
ut

 (>
30

 c
en

tim
et

er
s)

 w
er

e 
m

or
e 

lik
el

y 
to

 m
ig

ra
te

 in
to

 
A

rr
ow

ro
ck

 R
es

er
vo

ir 
af

te
r s

pa
w

ni
ng

 a
nd

 h
ad

 fa
st

er
 d

ow
ns

tre
am

 m
ov

em
en

t p
at

te
rn

s t
ha

n 
sm

al
le

r b
ul

l t
ro

ut
 in

 th
e 

au
tu

m
n.

 D
es

pi
te

 p
re

di
ct

io
ns

 to
 th

e 
co

nt
ra

ry
, d

ow
ns

tre
am

 m
ig

ra
tio

n 
ra

te
s d

ec
re

as
ed

 w
ith

 st
re

am
 d

is
ch

ar
ge

 a
nd

 te
m

pe
ra

tu
re

 d
id

 n
ot

 h
av

e 
an

 e
ffe

ct
 o

n 
m

ig
ra

tio
n 

ra
te

s. 
Th

is
 st

ud
y 

fo
un

d 
th

at
 fi

sh
 si

ze
 a

nd
 e

nv
iro

nm
en

ta
l c

ha
ng

es
 h

av
e 

an
 im

po
rta

nt
 in

flu
en

ce
 

on
 b

ul
l t

ro
ut

 m
ig

ra
tio

n.

Sa
lo

w
 a

nd
 

H
os

te
ttl

er
 (2

00
4)

20
02

, 2
00

3
M

on
ito

r t
he

 ra
te

 o
f e

nt
ra

in
m

en
t, 

m
ig

ra
tio

n,
  

di
sp

er
sa

l a
nd

 e
ffe

ct
s o

n 
bu

ll 
tro

ut
 th

at
 

ov
er

w
in

te
r  

n 
A

rr
ow

ro
ck

 R
es

er
vo

ir.
 

O
ne

 h
un

dr
ed

 b
ul

l t
ro

ut
 w

er
e 

tra
pp

ed
 a

nd
 ta

gg
ed

 w
ith

 ra
di

o 
tra

ns
m

itt
er

s a
t t

he
 N

or
th

 F
or

k 
B

oi
se

 R
iv

er
 w

ei
r. 

M
or

ta
lit

y 
oc

cu
rr

ed
 in

 2
2 

pe
rc

en
t o

f t
he

 fi
sh

 in
 2

00
2 

an
d 

49
 p

er
ce

nt
 o

f t
he

 
fis

h 
in

 2
00

3.
 O

f t
he

 re
m

ai
ni

ng
 fi

sh
, 4

 p
er

ce
nt

 (2
 fi

sh
) r

em
ai

ne
d 

in
 th

e 
So

ut
h 

Fo
rk

 B
oi

se
 R

iv
er

 
du

rin
g 

bo
th

 y
ea

rs
. A

lm
os

t o
ne

-h
al

f o
f t

he
 re

m
ai

ni
ng

 fi
sh

 (4
8 

pe
rc

en
t) 

m
ig

ra
te

d 
up

st
re

am
 in

to
 

th
e 

M
id

dl
e 

an
d 

N
or

th
 F

or
ks

 o
f t

he
 B

oi
se

 R
iv

er
 in

 sp
rin

g 
an

d 
ea

rly
-s

um
m

er
, w

ith
 m

os
t o

f t
he

se
 

fis
h 

ov
er

w
in

te
rin

g 
in

 A
rr

ow
ro

ck
 R

es
er

vo
ir.

St
ie

fe
l a

nd
 D

ar
e 

(2
00

6)
20

04
, 2

00
5

D
et

er
m

in
e 

th
e 

m
ov

em
en

t p
at

te
rn

s a
nd

 h
ab

ita
t  

us
e 

of
 b

ul
l t

ro
ut

 in
 A

rr
ow

ro
ck

 R
es

er
vo

ir 
us

in
g 

ac
ou

st
ic

 te
le

m
et

ry
. 

B
ul

l t
ro

ut
 a

rr
iv

ed
 in

 A
rr

ow
ro

ck
 R

es
er

vo
ir 

be
tw

ee
n 

ea
rly

 O
ct

ob
er

 a
nd

 e
ar

ly
 N

ov
em

be
r, 

an
d 

th
en

 b
eg

an
 to

 m
ig

ra
te

 u
ps

tre
am

 d
ur

in
g 

ea
rly

 M
ar

ch
 th

ro
ug

h 
M

ay
 B

ul
l t

ro
ut

 re
m

ai
ne

d 
in

 th
e 

re
se

rv
oi

r a
n 

av
er

ag
e 

of
 1

73
 d

ay
s. 

Th
er

e 
w

as
 n

o 
co

rr
el

at
io

n 
be

tw
ee

n 
ar

riv
al

 d
at

es
 a

nd
 fi

sh
 

si
ze

 o
r b

et
w

ee
n 

re
si

de
nc

e 
tim

e 
an

d 
fis

h 
si

ze
. A

 th
re

e-
st

ag
e 

pa
tte

rn
 o

f b
ul

l t
ro

ut
 re

si
de

nc
e 

in
 

A
rr

ow
ro

ck
 R

es
er

vo
ir 

w
as

 id
en

tifi
ed

. F
irs

t, 
in

 th
e 

au
tu

m
n 

fis
h 

st
op

pe
d 

in
 th

e 
up

pe
r m

ai
n 

st
em

 
of

 th
e 

re
se

rv
oi

r; 
se

co
nd

, fi
sh

 d
is

pe
rs

ed
 in

to
 th

e 
re

se
rv

oi
r o

r t
he

 S
ou

th
 F

or
k 

of
 th

e 
B

oi
se

 R
iv

er
; 

an
d 

th
ird

, fi
sh

 w
er

e 
fo

un
d 

ag
ai

n 
in

 th
e 

tra
ns

iti
on

 z
on

e 
of

 th
e 

up
pe

r m
ai

n 
st

em
 b

ef
or

e 
th

ei
r 

up
st

re
am

 m
ig

ra
tio

n 
in

 th
e 

sp
rin

g.
 T

he
 st

ud
y 

em
ph

as
iz

ed
 th

e 
im

po
rta

nc
e 

of
 th

e 
tra

ns
iti

on
 z

on
e 

as
 a

 st
ag

in
g 

ar
ea

 a
fte

r d
ow

ns
tre

am
 m

ig
ra

tio
n 

an
d 

be
fo

re
 u

ps
tre

am
 m

ig
ra

tio
n.

  

Pr
is

ci
an

da
ro

 (2
01

5)
20

15
Id

en
tif

y 
th

e 
ha

bi
ta

t c
ha

ra
ct

er
is

tic
s a

ffe
ct

in
g 

 
th

e 
m

ig
ra

tio
n 

of
 b

ul
l t

ro
ut

 a
t t

he
 A

rr
ow

ro
ck

 
R

es
er

vo
ir 

va
ria

l z
on

es
 (a

re
a 

be
tw

ee
n 

th
e 

 
re

se
rv

oi
r p

oo
l a

nd
 tr

ib
ut

ar
ie

s)
. E

va
lu

at
e 

aq
ua

tic
 

ha
bi

ta
t c

re
at

ed
 b

y 
flu

ct
ua

tin
g 

re
se

rv
oi

r w
at

er
 

le
ve

ls
, m

ig
ra

tio
n 

ba
rr

ie
rs

, a
nd

 b
ul

l t
ro

ut
 tr

av
el

 
ra

te
s t

hr
ou

gh
 th

e 
va

ria
l z

on
e.

 E
va

lu
at

e 
bu

ll 
tro

ut
 m

or
ta

lit
y 

an
d 

pr
ed

at
or

 p
re

se
nc

e 
in

 th
e 

 
ar

ia
l z

on
e.

Va
ria

l z
on

e 
de

lta
s b

ec
om

e 
lo

ng
er

 a
nd

 w
id

er
 w

ith
 lo

w
er

in
g 

re
se

rv
oi

r e
le

va
tio

ns
. V

ar
ia

l z
on

es
 

al
so

 h
av

e 
hi

gh
er

 v
el

oc
iti

es
, i

nc
re

as
ed

 se
di

m
en

ta
tio

n,
 a

nd
 a

 la
ck

 o
f r

ip
ar

ia
n 

ve
ge

ta
tio

n 
fo

r 
co

ve
r t

ha
t a

ffe
ct

 b
ul

l t
ro

ut
 m

ig
ra

tio
n.

 M
ea

n 
da

te
s w

he
n 

fis
h 

m
ig

ra
te

d 
ou

t o
f A

rr
ow

ro
ck

 
R

es
er

vo
ir 

va
rie

d 
fr

om
 th

e 
en

d 
of

 A
pr

il 
to

 th
e 

en
d 

of
 M

ay
 in

 th
is

 st
ud

y.
 B

ul
l t

ro
ut

 m
ig

ra
te

d 
in

 a
nd

 o
ut

 o
f t

he
 re

se
rv

oi
r a

t m
ul

tip
le

 ti
m

es
 o

f t
he

 y
ea

r, 
bu

t u
su

al
ly

 m
ig

ra
te

d 
do

w
ns

tre
am

 
be

tw
ee

n 
Se

pt
em

be
r a

nd
 N

ov
em

be
r. 

U
ps

tre
am

 m
ig

ra
tio

n 
al

w
ay

s o
cc

ur
re

d 
be

fo
re

 w
at

er
 

te
m

pe
ra

tu
re

s e
xc

ee
de

d 
18

.6
 d

eg
re

es
 C

el
si

us
. T

el
em

et
ry

 a
nd

 ra
di

o 
ta

g 
re

co
ve

ry
 ra

te
s i

nd
ic

at
ed

 
hi

gh
 m

or
ta

lit
y 

ra
te

s o
f fi

sh
 m

ig
ra

tin
g 

th
ro

ug
h 

th
e 

va
ria

l z
on

e.
 F

is
h 

be
co

m
e 

m
or

e 
vu

ln
er

ab
le

 to
 

pr
ed

at
io

n 
w

hi
le

 m
ig

ra
tin

g 
th

ro
ug

h 
th

e 
va

ria
l z

on
e 

du
rin

g 
lo

w
 re

se
rv

oi
r e

le
va

tio
ns

.



4    Bull Trout (Salvelinus confluentus) Telemetry and Associated Habitat Data Collected in a Geodatabase, Upper Boise River, Southwestern Idaho

Purpose and Scope

This report describes the contents of a geodatabase 
developed to store bull trout telemetry and associated habitat 
data collected by Reclamation and USGS from the upper 
Boise River from 2011 to 2014. These data include individual 
fish information (such as total length and weight) for tagged 
fish; fish location information collected using radio and 
acoustic telemetry techniques; and river discharge, reservoir 
height, and water-quality data where available. Supplemental 
data such as long-term discharge and snow levels are 
included in the geodatabase to help in the development of a 
decision‑support tool (these datasets are preceded by an “S” in 
the geodatabase).

Description of Study Area

The upper Boise River watershed study area upstream 
of Lucky Peak Reservoir in southwestern Idaho (fig. 1) is 
about 5,700 km2, with altitudes ranging from 930 to 3,230 m. 
The U.S. Forest Service manages most lands in the upper 
Boise River watershed, with land uses consisting primarily 
of grazing, timber harvest, mining, and recreation. Climate 
in the watershed is characterized by cold, wet winters and 
hot, dry summers with maximum air temperatures commonly 
exceeding 30 °C. Precipitation commonly ranges from 60 to 
100 cm/yr. High streamflows generally are influenced by 
snowmelt during spring, with low flows occurring during 
the rest of the year (McGrath and others, 2001). Three dams 
on the upper Boise River form Lucky Peak, Arrowrock, and 
Anderson Ranch Reservoirs in upstream order. These dams 
and reservoirs are operated collectively as a single system for 
irrigation, flood control, and recreation. Lucky Peak Dam, at 
the base of the upper Boise River watershed was constructed 
by the Corps of Engineers in 1949 and created Lucky Peak 

Reservoir. Bull trout are seldom found downstream of the  
Lucky Peak Dam but Reclamation continues to monitor 
Lucky Peak Reservoir and tributaries to insure bull trout 
have not passed through the dam. Arrowrock Dam, the oldest 
of these dams, was constructed in 1915 and is managed by 
Reclamation. The full pool altitude of Arrowrock Reservoir 
is 980 m, covering 1,275 ha, with a pool volume of about 
3.36 × 108 m3 and maximum depth of about 60 m. Arrowrock 
Reservoir, a narrow canyon reservoir, is highly regulated, with 
about 86 percent of its volume typically released annually, 
which equates to a low water-level altitude of about 945 m 
(Bureau of Reclamation, 2016). Two major tributaries, the 
Middle Fork Boise River (MFB) and South Fork Boise River 
(SFB), form the two arms of Arrowrock Reservoir. The MFB 
is unregulated, whereas the SFB is regulated downstream of 
Anderson Ranch Dam, and is free-flowing for about 43.5 km 
before it enters Arrowrock Reservoir. Discharge is measured 
on the MFB at the Boise River near Twin Springs, Idaho 
(USGS streamgage 13185000) with more than 100 years 
of record, and on the SFB at South Fork Boise River at 
Anderson Ranch Dam, Idaho (USGS streamgage 13190500), 
with more than 70 years of record. Discharge during water 
years (WYs) 2012–2014 varied between the MFB and SFB. 
Annual discharge for both MFB and SFB was greater than the 
long‑term median in WY 2012 and less than long-term median 
in WY 2013 (table 2). Water year 2014 discharge was greater 
than long‑term median for the MFB and less than long-term 
median for SFB. The transition from these two large tributaries 
to the lentic waters of Arrowrock Reservoir are where bull 
trout are commonly found (Stiefel and Dare, 2006). Based 
on studies by Flatter (1998) and Salow and Hostettler (2004), 
discharge and water temperatures in these major tributaries 
are important factors contributing to the migration behavior of 
bull trout in this system.

Table 2.  Annual and median long-term discharge at U.S. Geological Survey streamgages 13185000 and 13190500, upper Boise River 
watershed, southwestern Idaho, water years 2012–14.

[Discharge data from U.S. Geological Survey (2016). Abbreviations: m3/s, cubic meter per second; MFB, middle fork Boise River; SFB, South Fork Boise 
River]

Station name Short name Station No.

Average annual discharge 
(m3/s)

Long-term median 
discharge 

(m3/s)2012 2013 2014

Boise River near Twin Springs MFB 13185000 42 26 35 33
South Fork Boise River at Anderson Ranch Dam SFB 13190500 35 21 17 24
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Supplemental Data Collection Methods
Reservoir height data were retrieved from the 

Reclamation Hydromet system from Hydromet reservoir 
stations Arrowrock Dam and Reservoir (ARK), Anderson 
Ranch Dam and Reservoir (AND), and Lucky Peak Lake 
near Boise (LUC) (Bureau of Reclamation, 2016). Hydromet 
stations collect data at intervals of 15–60 minutes and transmit 
the data by the Geostationary Operational Environmental 
Satellite (GOES) network every 4 hours. Data are then 
processed by the local Reclamation area office and posted on 
the Hydromet Web site. 

Discharge data were retrieved from USGS National Water 
Information System (NWIS) streamgages (U.S. Geological 
Survey, 2016) for Boise River near Twin Springs, South Fork 
Boise River at Anderson Ranch Dam, South Fork Boise River 
near Featherville (13186000), Mores Creek above Robie 
Creek, near Arrowrock Dam (13200000), and South Fork 
Boise River at Neal Bridge, near Arrowrock Dam (13192200). 
All discharge data included in the geodatabase are provisional 
and subject to change. 

Precipitation and snow level data were retrieved from 
the Natural Resources Conservation Service (NRCS) Snow 
Telemetry (SNOTEL) database for Mores Creek Summit, 
Graham Guard, Atlanta Summit, Trinity Mountain, and Prairie. 
Information on SNOTEL data collection and processing is 
available at the NRCS Web site (http://www.wcc.nrcs.usda.
gov/snow/index.html).

Fish Data Collection Methods, 2011–14
Fish were sampled in Arrowrock Reservoir using a 

random grid sampling design and mark-recapture methods 
for estimating fish populations. A 366-m-long gill net with 

0.04–0.1 m mesh was used to capture the fish between 
March 28 and April 20, 2012. Fish species other than bull trout 
were counted and measured where possible. These data are 
provided in untagged fish datasets. Captured bull trout were 
anesthetized using a portable electronacrosis system similar to 
the one used by Hudson and others (2011). When the fish were 
immobilized, they were measured for fork and total length 
(in millimeters) and mass (in grams). Uniquely coded passive 
integrated transponder (PIT) tags were injected just beneath 
and behind the dorsal fin of each bull trout. A subset of fish 
were fitted with radio and (or) archival tags using a modified 
shielded needle technique described by Ross and Kleiner 
(1982). Archival tags (fig. 2) were set to record internal 
temperature of the fish, water temperature at the fish location, 
and water pressure (depth) at the fish location at 30-minute 
intervals. Data from archival tags were downloaded when fish 
were recaptured and the tags were removed. Archival tag data 
were examined using methods similar to those used in Howell 
and others (2010).

Radio-tagged fish were tracked between 2011 and 
2014 twice a month on the ground using Lotek SRX models 
400 and 600 receivers during October–March of 2011–14 
while the fish were in the SFB or Arrowrock Reservoir. 
Additional tracking was completed during reservoir ramping 
and at more frequent intervals during the study period. 
When a radio-tagged fish was located, the following data 
were recorded at that location: (1) date, (2) time, (3) Global 
Positioning System (GPS) location, (4) pressure (water depth), 
and (5) water temperature at the location of the fish. Three 
stationary telemetry stations equipped with Lotek SRX model 
600 receivers (operating continuously) were established at 
USGS streamgage sites, Boise River near Twin Springs and 
South Fork Boise River at Neal Bridge, near Arrowrock Dam, 
and a site used by Reclamation for detection of entrained fish 
downstream of Arrowrock Dam (table 3).

Figure 2.  Bull trout (Salvelinus confluentus) with an archival tag collected from the upper Boise 
River watershed, southwestern Idaho. (Photograph by Dimitri Vidergar, Bureau of Reclamation, 
September 2013.)

http://www.wcc.nrcs.usda.gov/snow/index.html
http://www.wcc.nrcs.usda.gov/snow/index.html
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Table 3.  Stationary telemetry site locations in the upper Boise River watershed, southwestern Idaho, 2011–14.

[Abbreviation: USGS, U.S. Geological Survey]

Site description USGS site ID Latitude Longitude

South Fork Boise River at Neal Bridge, near Arrowrock Dam 13192200 43.550 -115.719
Boise River near Twin Springs 13185000 43.668 -115.725
Below Arrowrock Dam in Lucky Peak Reservoir – 43.597 -115.925

Acoustic tracking in Arrowrock Reservoir was done 
using a boat mounted GPS device that recorded fish locations. 
A Lotek MAP 600 RT receiver with two hydrophones 
mounted at 0.5 m below the water surface on the port and 
starboard bow of the boat were used to record and detect 
acoustic signals during tracking events. A stationary LOTEK 
submersible acoustic receiver (model WHS3250) was placed 
in each of the three locations in the reservoir (referred to 
as strata) from May 7 to September 5, 2012, to record fish 
movements by stationary sites. Mobile and stationary site 
acoustic telemetry data as well as water-quality profile data 
collected in Arrowrock Reservoir during 2012 are published in 
Maret and Schultz (2013). 

Geodatabase Design
A file geodatabase was developed using Environmental 

Systems Research Institute (Esri) geographic information 
system (GIS) software ArcGIS™ 10.3.1 for storage of bull 
trout telemetry and associated habitat data. This spatially 
enabled database allows users to store and manipulate tabular 
and geospatial datasets. The geodatabase contains nine tabular 
datasets with geographically referenced discharge, reservoir 
height, and climatological data; and as many as 20 point, line, 
and polygon vector datasets stored as feature classes. Feature 
classes with common themes are grouped and stored together 
as feature datasets. These themes include the geographic 
location of fish, basin layers, hydrography, water quality, 
and continuous data collection site locations. Raster datasets 
are included that contain bathymetric and topography data. 
Additionally, relationship classes were established between 
dataset attribute tables using a common date field to aid 
in querying the data. Descriptions and sources of datasets 
contained in the upper Boise River geodatabase are presented 
in appendix A. The geodatabase and associated metadata are 
available in MacCoy and others (2017).

Data Input

Data fields were removed or added to the raw data to 
reduce redundancy or for data clarification. Some of the 
raw data contained repeating fields that were removed. A 
unique fish identification number was added to each tagged 
fish because some radio tags were reused in different fish. 

Unique identification numbers are a combination of the tag 
code and the three digits following the decimal point of the 
tag frequency.

Spatial data were provided by Reclamation, and 
shapefiles were directly uploaded to the geodatabase. Spatial 
data were projected from their native coordinate systems 
into the projected coordinate system North American Datum 
of 1983 Idaho Transverse Mercator projection (NAD 83 
Idaho TM). Some spatial datasets in the geodatabase are 
partial or clipped versions of their original data source. The 
content of the original datasets was not modified except to 
“snap” telemetered fish locations to the Boise River. A detailed 
description of this technique is discussed in section, “Data 
Quality.” All tabular data were converted to shapefiles prior to 
uploading to the geodatabase.

Data Quality

The original mobile tracking data points represented the 
location of the radio receiver at the time a fish was detected. 
Most mobile tracking efforts occurred along a road next 
to the reservoir or river. The radio receivers on land were 
assumed to record detections perpendicular to the actual 
location of the fish in the stream or reservoir. Therefore, points 
representing fish detections were snapped to a line feature 
class in the adjacent waterbody. These snapped points are 
included in the telemetry data in the geodatabase (appendix A, 
BoiseArea_Telemetry_2011_2014). However, coordinates 
listed in the attributes table for this dataset are the original 
unsnapped coordinates. Furthermore, detections of fish using 
mobile tracking were done from a motor vehicle and were not 
confirmed visually.

Metadata

Metadata compliant with the Federal Geographic Data 
Committee Content Standard for Digital Geospatial Metadata 
(FGDC-CSDGM) were created for each spatial and tabular 
dataset in the file geodatabase. Associated metadata in this 
report provide descriptive information about each feature 
class, raster, and table in the geodatabase and include 
components such as a title, abstract, purpose, and citation 
information. Metadata also include information such as the 
data creation and process steps, geographic settings, and 
attribute descriptions. A detailed listing of FGDC-CSDGM 
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content is available at http://www.fgdc.gov/metadata/
geospatial-metadata-standards (Federal Geographic Data 
Committee, 2014). 

Metadata were created and validated for FGDC-CSDGM 
format using Metadata Wizard version: 1.5, a tool developed 
by the USGS Fort Collins Science Center (FORT), to 
simplify metadata creation and formatting for GIS users. Two 
graphical user interfaces (GUIs) were used to enter additional 
or missing metadata information. Metadata were validated 
using the Metadata Parser and information exported out of the 
wizard in an FGDC-CSDGM compliant eXtensible Markup 
Language (XML) metadata record (Ignizio and others, 2014). 
The metadata XML files associated with this database often 
were modified after the Metadata Wizard exported the files; 
however, all data were validated with the Metadata Parser 
after editing.

Additional Data
The database structure allows additional data to be 

incorporated as it becomes available. For example, collection 
of discharge and temperature data would be ongoing and 
can be included in the database, as well as updated versions 
of linked datasets such as the Bull Trout Vulnerability 
Assessment database (Dunham, 2015). Additional datasets are 
available that could inform a decision-support modeling effort, 
but were beyond the scope of this report and database. These 
existing datasets may include, but are not limited to:

•	 Fish stocking records that may provide information 
on available prey for migratory bull trout (Idaho 
Department of Fish and Game, 2016),

•	 Infrared flight data to estimate temperature in the 
upper Boise River (Quantum Spatial, Incorporated, 
2014; Dmitri Vidergar, Bureau of Reclamation, written 
commun., January 3, 2017), and

•	 Additional studies on bull trout in the Boise River and 
reservoirs (for example, Flatter, 1998).

Finally, other modeling efforts, such as the Reclamation 
water‑quality model for Arrowrock and Anderson Ranch 
Reservoirs, may be beneficial to a decision-support model, and 
can be included upon completion.
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Appendix A.  Descriptions and Sources of Datasets in the Geodatabase for the 
Upper Boise River, Southwestern Idaho

Dataset: S_SNO_Atlanta
Description: Snow Telemetry (SNOTEL) data for Atlanta Summit site, Boise River Basin, Idaho [S_SNO_Atlanta]
Source: Downloaded from Natural Resources Conservation Service (NRCS) Interactive Map. Link: http://www.wcc.nrcs.usda.
gov/webmap/help/index.html
SNOTEL site link: http://wcc.sc.egov.usda.gov/nwcc/site?sitenum=306
Data Processing: Data retrieved in tabular format in January 2016. Data formatted as needed including the reordering of various 
columns. Data exported to file geodatabase as a GDB table using ArcMap™ 10.3.1 export option.
Date Range: 10/01/1997–9/30/2000 and 10/1/2010–9/30/2014

Dataset: S_SNO_GrahamGuard
Description: SNOTEL Data for Graham Guard site, Boise River Basin, Idaho [S_SNO_GrahamGuard]
Source: Downloaded from NRCS Interactive Map. Link: http://www.wcc.nrcs.usda.gov/webmap/help/index.html
SNOTEL site link: http://wcc.sc.egov.usda.gov/nwcc/site?sitenum=496
Data Processing: Data retrieved in tabular format in January 2016. Data formatted as needed including the reordering of various 
columns. Data exported to file geodatabase as a GDB table using ArcMap™ 10.3.1 export option.
Date Range: 10/01/1997–9/30/2000 and 10/1/2010–9/30/2014

Dataset: S_SNO_Mores
Description: SNOTEL data for Mores Creek Summit site, Boise River Basin, Idaho [S_SNO_Mores]
Source: Downloaded from National Resources Conservation Service (NRCS) Interactive Map. Link: http://www.wcc.nrcs.usda.
gov/webmap/help/index.html
SNOTEL site link: http://wcc.sc.egov.usda.gov/nwcc/site?sitenum=637
Data Processing: Data retrieved in tabular format in January 2016. Data formatted as needed including the reordering of various 
columns. Data exported to file geodatabase as a GDB table using ArcMap™ 10.3.1 export option.
Date Range: 10/01/1997–9/30/2000 and 10/1/2010–9/30/2014

Dataset: S_SNO_Prairie
Description: SNOTEL data for Prairie site, Boise River Basin, Idaho [S_SNO_Prairie]
Source: Downloaded from NRCS Interactive Map. Link: http://www.wcc.nrcs.usda.gov/webmap/help/index.html
SNOTEL site link: http://wcc.sc.egov.usda.gov/nwcc/site?sitenum=704
Data Processing: Data retrieved in tabular format in January 2016. Data formatted as needed including the reordering of various 
columns. Data exported to file geodatabase as a GDB table using ArcMap™ 10.3.1 export option.
Date Range: 10/01/1997–9/30/2000 and 10/1/2010–9/30/2014

Dataset: S_SNO_TrinityMtn
Description: SNOTEL data for Trinity Mountain site, Boise River Basin, Idaho [S_SNO_TrinityMtn]
Source: Downloaded from NRCS Interactive Map. Link: http://www.wcc.nrcs.usda.gov/webmap/help/index.html
SNOTEL site link: http://wcc.sc.egov.usda.gov/nwcc/site?sitenum=830
Data Processing: Data retrieved in tabular format in January 2016. Data formatted as needed including the reordering of various 
columns. Data exported to file geodatabase as a GDB table using ArcMap™ 10.3.1 export option.
Date Range: 10/01/1997–9/30/2000 and 10/1/2010–9/30/2014

Dataset: arrowrock_bathy_10ft
Description: 10-foot contour interval bathymetry of Arrowrock Reservoir in Idaho, result of 1987 and 1997 Bureau of 
Reclamation (Reclamation) surveys [arrowrock_bathy_10ft]
Source: Reclamation
Data Processing: Data originally created by Reclamation. Data transferred to U.S. Geological Survey (USGS) on an external 
hard drive in January 2016. Data exported to file geodatabase feature dataset as a feature class with coordinate system 
NAD_1983_Idaho_TM using ArcMap™ 10.3.1 export option. Data shifted 90 feet west and 195 feet south, as suggested by the 
original Reclamation metadata.
Date Range: 10/1987–06/1997

http://www.wcc.nrcs.usda.gov/webmap/help/index.html
http://www.wcc.nrcs.usda.gov/webmap/help/index.html
http://wcc.sc.egov.usda.gov/nwcc/site?sitenum=306
http://www.wcc.nrcs.usda.gov/webmap/help/index.html
http://wcc.sc.egov.usda.gov/nwcc/site?sitenum=496
http://www.wcc.nrcs.usda.gov/webmap/help/index.html
http://www.wcc.nrcs.usda.gov/webmap/help/index.html
http://wcc.sc.egov.usda.gov/nwcc/site?sitenum=637
http://www.wcc.nrcs.usda.gov/webmap/help/index.html
http://wcc.sc.egov.usda.gov/nwcc/site?sitenum=704
http://www.wcc.nrcs.usda.gov/webmap/help/index.html
http://wcc.sc.egov.usda.gov/nwcc/site?sitenum=830
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Dataset: arrowrock_bathy_50ft
Description: 50-ft contour interval bathymetry of Arrowrock Reservoir in Idaho, result of 1987 and 1997 Reclamation surveys 
[arrowrock_bathy_50ft]
Source: Reclamation
Data Processing: Data originally created by Reclamation. Data transferred to USGS on an external hard drive in January 
2016. Data exported to file geodatabase feature dataset as a feature class with coordinate system NAD_1983_Idaho_TM using 
ArcMap™ 10.3.1 export option. Data shifted 90 feet west and 195 feet south, as suggested by the original metadata.
Date Range: 10/1987–06/1997

Dataset: Land_Use
Description: Ownership polygon features for Boise National Forest [Land_Use]
Source: Boise National Forest
Data Processing: Data originally created by the U.S. Department of Agriculture Forest Service ALP/GIS Lab. Given to USGS 
through personal communication from the Bureau of Reclamation. Data were retrieved in January 2016. Data exported to file 
geodatabase feature dataset as a feature class with coordinate system NAD_1983_Idaho_TM using ArcMap™ 10.3.1 export 
option.
Date Range: 11/18/2004

Dataset: Stratum_All
Description: All three Reclamation strata in Arrowrock Reservoir near Boise, Idaho, created for Bull Trout Telemetry Studies 
[Stratum_All]
Source: Reclamation
Data Processing: Data originally created by Reclamation. Data transferred to USGS on an external hard drive in January 
2016. Data exported to file geodatabase feature dataset as a feature class with coordinate system NAD_1983_Idaho_TM using 
ArcMap™ 10.3.1 export option.
Date Range: Current ground condition

Dataset: boiseriver_dams
Description: Current dams of the upper Boise River Basin [boiseriver_dams]
Source: USGS
Data Processing: Relevant dams clipped from larger USGS shapefile containing dams located throughout the US (citation in 
database metadata), creating layer from selection, and then exported to file geodatabase feature dataset as a feature class with 
coordinate system NAD_1983_Idaho_TM using ArcMap™ 10.3.1 export option.
Date Range: Current ground condition

Dataset: boisearea_SNOTELSites
Description: SNOTEL sites of the upper Boise River Basin, Plotted NRCS data coordinates [boisearea_SNOTELSites]
Source: NRCS
Data Processing: Created by typing the SNOTEL site latitudes and longitudes (collected from NRCS) into Microsoft Excel®, 
then displaying the X, Y. Data exported to file geodatabase feature dataset as a feature class with coordinate system NAD_1983_
Idaho_TM using ArcMap™ 10.3.1 export option.
Date Range: Current ground condition

Dataset: boisearea_gages
Description: USGS streamgages of the upper Boise River Basin [boisearea_gages]
Source: USGS
Data Processing: Relevant gaging sites clipped from source file (citation in database metadata) using the ArcMap™ 10.3.1 clip 
tool. Data exported to file geodatabase feature dataset as a feature class with coordinate system NAD_1983_Idaho_TM using 
ArcMap™ 10.3.1 export option.
Date Range: Current ground condition
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Dataset: ANDWatershed
Description: USGS StreamStats - Anderson Ranch Dam pour point drainage basin characteristics [ANDWatershed]
Source: USGS StreamStats (Version 3.0). Link: http://water.usgs.gov/osw/streamstats/
Data Processing: To delineate the watershed, “watershed delineation from a point” tool applied at the desired pour point in 
USGS StreamStats (Version 3.0). Data downloaded as a shapefile and exported to file geodatabase feature dataset as a feature 
class with coordinate system NAD_1983_Idaho_TM using ArcMap™ 10.3.1 export option.
Date Range: Basin and characteristics are representative of the current ground state

Dataset: ARKWatershed
Description: USGS StreamStats - Arrowrock Dam pour point drainage basin characteristics [ARKWatershed]
Source: USGS StreamStats (Version 3.0). Link: http://water.usgs.gov/osw/streamstats/
Data Processing: Collected and downloaded from USGS StreamStats (Version 3.0) in January 2016. To delineate the watershed, 
“watershed delineation from a point” tool applied at the desired pour point. Data downloaded as a shapefile and exported to 
file geodatabase feature dataset as a feature class with coordinate system NAD_1983_Idaho_TM using ArcMap™ 10.3.1 export 
option.
Date Range: Basin and characteristics are representative of the current ground state.

Dataset: BTVA_Boise_Patches
Description: Bull Trout Vulnerability Assessment patches, upper Boise River [BTVA_Boise_Patches]
Source: Stream patches of suitable bull trout habitat and associated patch variables. Link: https://www.sciencebase.gov/catalog/
item/54494685e4b0f888a81bb4d9
Data Processing: Data originally created by the USGS Forest and Rangeland Ecosystem Science Center (FRESC). 
Data received and reformatted in March 2016. Data exported to file geodatabase and projected to coordinate system 
NAD_1983_Idaho_TM.
Date Range: 1984–2011(range of data used in data model patches)
Note: modeled results are continually updated, refer to FRESC website link for current version.

Dataset: LPWatershed
Description: USGS StreamStats - Lucky Peak Dam pour point drainage basin characteristics [LPWatershed]
Source: USGS StreamStats (Version 3.0). Link: http://water.usgs.gov/osw/streamstats/
Data Processing: Collected and downloaded from USGS StreamStats (Version 3.0) in January 2016. To delineate the watershed, 
“watershed delineation from a point” tool applied at the desired pour point. Data downloaded as a shapefile and exported to 
file geodatabase feature dataset as a feature class with coordinate system NAD_1983_Idaho_TM using ArcMap™ 10.3.1 export 
option.
Date Range: Basin and characteristics are representative of the current ground state.

Dataset: boiseriver_reservoirs
Description: 1:250,000 scale reservoir polygons - Lucky Peak, Arrowrock, Anderson Ranch only [boiseriver_reservoirs]
Source: Idaho Department of Water Resources. Link: http://www.idwr.idaho.gov/GIS/NHD/
Data Processing: Reservoirs needed for this dataset selected from the original shapefile using ArcMap™ 10.3.1, and a new 
layer temporarily created from the selection (however, temporary layer never saved as a layer file). New layer then exported to 
file geodatabase feature dataset as a feature class with coordinate system NAD_1983_Idaho_TM using ArcMap™ 10.3.1 export 
option.
Date Range: Represents the ground state in 1996.

Dataset: Initial Capture
Description: Reclamation bull trout telemetry initial capture, 2011–13, Boise River Basin - Arrowrock Reservoir 
[Initial_Capture]
Source: Reclamation
Data Processing: Data originally created by Reclamation. Data transferred to USGS on an external hard drive in January 2016. 
Data retrieved from Microsoft Excel® files and then formatted into a shapefile / GDB from displaying xy coordinates. Data 
exported to file geodatabase feature dataset as a feature class with coordinate system NAD_1983_Idaho_TM using ArcMap™ 
10.3.1 export option.
Date Range: 09/18/2011–10/21/2013

http://water.usgs.gov/osw/streamstats/
http://water.usgs.gov/osw/streamstats/
https://www.sciencebase.gov/catalog/item/54494685e4b0f888a81bb4d9
https://www.sciencebase.gov/catalog/item/54494685e4b0f888a81bb4d9
http://water.usgs.gov/osw/streamstats/
http://www.idwr.idaho.gov/GIS/NHD/
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Dataset: Recapture
Description: Reclamation bull trout telemetry recapture, 2011–13, Boise River Basin - Arrowrock Reservoir [Recapture]
Source: Reclamation
Data Processing: Data originally created by Reclamation. Data transferred to USGS on an external hard drive in January 2016. 
Data were retrieved from Microsoft Excel® files and then formatted into a shapefile / GDB from displaying xy coordinates. Data 
exported to file geodatabase feature dataset as a feature class with coordinate system NAD_1983_Idaho_TM using ArcMap™ 
10.3.1 export option.
Date Range: 09/07/2011–10/21/2013

Dataset: bathy10ftdem
Description: Arrowrock Reservoir - Boise River Basin, Idaho —10-m (meter) bathymetry converted from contours to raster 
[bathy10ftdem]
Source: Reclamation
Data Processing: Data originally created by Reclamation. Data transferred to USGS on an external hard drive in January 2016. 
Data converted from a polyline vector dataset to a raster dataset using ArcMap™ 10.3.1 Polyline to Raster (Conversion) tool. 
Data exported to file geodatabase feature dataset with coordinate system NAD_1983_Idaho_TM using ArcMap™ 10.3.1 export 
option. Data shifted 90 feet west and 195 feet south, as suggested by the original metadata.
Date Range: 10/1987–06/1997

Dataset: bathy50ftdem
Description: Arrowrock Reservoir - Boise River Basin, Idaho—50-m bathymetry converted from contours to raster 
[bathy50ftdem]
Source: Reclamation
Data Processing: Data converted from a polyline vector dataset to a raster dataset using ArcMap™ 10.3.1 Polyline to Raster 
(Conversion) tool. Data exported to file geodatabase with coordinate system NAD_1983_Idaho_TM using ArcMap™ 10.3.1 
export option. Data shifted 90 feet west and 195 feet south, as suggested by the original metadata. 
Date Range: 10/1987–06/1997

Dataset: boisebasin90mrelief
Description: 90-m resolution Digital Elevation Map (DEM) of central and southern Idaho, collected from Elevation Derivative 
for National Applications (EDNA) [boisebasin90mrelief]
Source: EDNA, derived from the National Elevation Dataset (NED).
Data Processing: The 90-m resolution DEM was made from EDNA. Shaded relief was generated using default values, but a z_
factor of 0.01.Data exported to a file geodatabase and projected into coordinate system NAD_1983_Idaho_TM using ArcMap™ 
10.3.1 export option. Data was shifted 90 feet west and 195 feet south, as suggested by the original metadata.
Date Range: 2002

Dataset: idaho90rlfclp
Description: Idaho 90-m shaded relief, clipped to the spatial extent of the upper Boise River Basin, derived from EDNA shaded 
relief [idaho90rlfclp]
Source: EDNA, derived from the NED.
Data Processing: EDNA 90-m shaded relief clipped to Boise Basin extent using ArcMap™ 10.3.1 clip tool. Basin extent 
determined by delineating the Lucky Peak drainage basin with StreamStats Version 3.0. Exported to file geodatabase with 
coordinate system NAD_1983_Idaho_TM using the export option in ArcMap™ version 10.3.1.
Date Range: 2002

Dataset: S_Rsvr_Lvls
Description: Boise River Basin Reservoir Hydromet storage data for water years 1998–2000, 2011–14 [S_Rsvr_Lvls]
Source: Reclamation Hydromet. Link: http://www.usbr.gov/pn/hydromet/
Data Processing: Data retrieved in tabular format in January 2016. Data reformatted as needed, including reordering of various 
columns. Additional columns added with the calculated change in active storage for each reservoir relative to the previous day. 
Data exported to file geodatabase as a file geodatabase table using ArcMap™ 10.3.1 export option.
Date Range: 10/01/1997–9/30/2000 and 10/1/2010–9/30/2014

http://www.usbr.gov/pn/hydromet/
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Dataset: S_Rvr_Q
Description: Discharge data from streamgages in the upper Boise River Basin, for water years 1998–2000, 2011–14 [S_Rvr_Q]
Source: USGS National Water Information System (NWIS) Web Interface. Link: http://waterdata.usgs.gov/id/nwis/
current/?agency_cd=usgs&parameter_cd=staname,datetime,00065,00060,00010,median&group_key=basin_cd
Data Processing: Data for individual sites downloaded from USGS NWIS. Data from each site collected individually in tabular 
form, then compiled in one spreadsheet. Table exported to file geodatabase as a GDB table using ArcMap™ 10.3.1 export option.
Date Range: 10/01/1997–9/30/2000 and 10/1/2010–9/30/2014

Dataset: ARK_Acoustic_2012 
Description: USGS 2012 bull trout acoustic tag telemetry tracking, Arrowrock fish mobile and stationary receiver telemetry 
studies [ARK_Acoustic_2012]
Source: USGS (Maret and Schultz, 2013)
Data Processing: Data retrieved in tabular format in February 2016 from Microsoft Excel® file. Data imported to ArcMap™ 
10.3.1 and formatted into a shapefile from displaying xy coordinates (latitude and longitude). Data exported to file geodatabase 
feature dataset as a feature class with coordinate system NAD_1983_Idaho_TM using the export option in ArcMap™ version 
10.3.1. Additional columns added to the attribute table, and reorganization of the table occurred as needed.
Date Range: 04/10/2012–08/21/2012

Dataset: S_AND_IDFG_1998_2000
Description: Idaho Department of Fish and Game (IDFG) bull trout radio tag telemetry, South Fork Boise River, 1998–99 
[S_AND_IDFG_1998_2000]
Source: IDFG (Partridge and others, 2001). Data in this study collected using fixed-winged aircraft. Because of distance 
of plane above the ground and speed of travel, accuracy recorded probably within 0.5 kilometer. If a fish located near the 
confluence of two streams, both streams indicated by an overlapping object.
Data Processing: Data received by Reclamation in a shapefile and provided to the USGS. Data exported to file geodatabase 
feature dataset as a feature class with coordinate system NAD_1983_Idaho_TM using the export option in ArcMap™ version 
10.3.1
Date Range: 03/19/1998–05/18/2000

Dataset: BoiseArea_Telemetry_2011_2014
Description: Bull trout radio tracking from stationary sites at South Fork Boise River at Neal Bridge near Arrowrock Dam, 
Boise River near Twin Springs, and Reclamation site below Arrowrock dam in Lucky Peak Reservoir, and mobile tracking.
Source: Reclamation
Data Processing: Data originally created by Reclamation in tabular format Microsoft Excel® file. Data imported to ArcMap™ 
10.3.1. Additional field “Unique_ID” added. A subset of the original stationary site data was created to reduce detection 
redundancy. The original stationary site data contained multiple detections of fish movement within antennae range. The 
multiple detections of each fish were consolidated into one stationary site detection.
Date Range: 01/03/2012–02/13/2014

Dataset: WQ_LP_Dam_Site
Description: Water-quality profile near Arrowrock Dam, from 2012 USGS telemetry studies [WQ_LP_Dam_Site]
Source: USGS (Maret and Schultz 2013)
Data Processing: Data extracted from appendix A in Maret and Schultz (2013) and then formatted into a shapefile by using 
ArcGIS™ 10.3.1 Add XY Coordinates tool. Data exported to file geodatabase feature dataset as a feature class with coordinate 
system NAD_1983_Idaho_TM using the export option in ArcMap™ version 10.3.1. Additional columns added (such as latitude 
and longitude) to the attribute table, and table fields reorganized as needed.
Date Range: 02/19/2012–10/04/2012

http://waterdata.usgs.gov/id/nwis/current/?agency_cd=usgs&parameter_cd=staname,datetime,00065,00060,00010,median&group_key=basin_cd
http://waterdata.usgs.gov/id/nwis/current/?agency_cd=usgs&parameter_cd=staname,datetime,00065,00060,00010,median&group_key=basin_cd
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Dataset: WQ_Middle_Fork_Arm
Description: Water-quality profile in Arrowrock Reservoir near the Middle Fork Arm, from 2012 USGS telemetry studies 
[WQ_Middle_Fork_Arm]
Source: USGS (Maret and Schultz 2013)
Data Processing: Data extracted from appendix A in Maret and Schultz (2013) and then formatted into a shapefile by using 
ArcGIS™ 10.3.1 Add XY Coordinates tool. Data exported to file geodatabase feature dataset as a feature class with coordinate 
system NAD_1983_Idaho_TM using the export option in ArcMap™ version 10.3.1. Additional columns added (such as latitude 
and longitude) to the attribute table, and  table fields reorganized as needed. Water-quality parameters measured with a Hydrolab 
DS5 meter starting at 1 m below the surface and then at 2-m increments to 21 m below the water surface. Below this depth, 
measurements taken every 5 m until the bottom reached.
Date Range: 05/19/2012 -10/04/2012

Dataset: WQ_South_Fork_Arm
Description: Water-quality profile in Arrowrock Reservoir near the South Fork Arm, from 2012 USGS telemetry studies 
[WQ_South_Fork_Arm]
Source: USGS (Maret and Schultz 2013)
Data Processing: Data extracted from appendix A in Maret and Schultz (2013) and then formatted into a shapefile by using 
ArcGIS™ 10.3.1 Add XY Coordinates tool. Data exported to file geodatabase feature dataset as a feature class with coordinate 
system NAD_1983_Idaho_TM using the export option in ArcMap™ version 10.3.1. Additional columns added (such as latitude 
and longitude) to the attribute table, and table fields reorganized as needed. Water-quality parameters measured with a Hydrolab 
DS5 meter starting at 1 m below the surface and then at 2-m increments to 21 m below the water surface. Below this depth, 
measurements taken every 5 m until the bottom reached.
Date Range: 05/19/2012 -10/04/2012

Dataset: untagged_fish
Description: Untagged fish from 2011 to 2014 telemetry sampling efforts, upper Boise River [untagged_fish]
Source: USGS
Data Processing: Developed by Dorene MacCoy of the USGS. Data compiled from several fish capture and telemetry data 
sources provided by Reclamation in March 2016. Table exported to file geodatabase as a GDB table using ArcMap™ 10.3.1 
export option.
Date Range: 08/31/2011–11/02/2012

Dataset: untagged_fish_location
Description: Untagged fish location, upper Boise River telemetry sampling, 2011–14 [untagged_fish_location]
Source: USGS
Data Processing: Developed by Dorene MacCoy of the USGS. Data compiled from several fish capture and telemetry data 
sources provided by Reclamation in March 2016. Table exported to file geodatabase 
Date Range: 10/24/2011–11/02/2012

Dataset: Acoustic stationary sites
Description: Three sites located within Arrowrock Reservoir
Source: USGS as a GDB table using ArcMap™ 10.3.1 export option.
Data Processing: Data table containing site coordinates imported to ArcMap 10.3.1.  The Add XY Coordinates tool was used to 
create temporary spatial layer. Layer then exported to file geodatabase feature dataset as a feature class with coordinate system 
NAD_1983_Idaho_TM using the export option in ArcGIS version 10.3.1.
Date Range: 04/10/2012 – 08/21/2012

Dataset: Telemetered stationary sites
Description: USGS streamgage locations at Boise River near Twin Springs and South Fork Boise River at Neal Bridge near 
Arrowrock Dam, Idaho, and a site used by Reclamation for detection of entrained fish below Arrowrock Dam
Source: Reclamation
Data Processing: Data table containing site coordinates imported to ArcMap 10.3.1. The Add XY Coordinates tool was used to 
create temporary spatial layer. Layer then exported to file geodatabase feature dataset as a feature class with coordinate system 
NAD_1983_Idaho_TM using the export option in ArcGIS version 10.3.1.
Date Range: 01/03/2012–02/13/2014
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