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Introduction to GIS

What is a GIS? - Geographic Information System

Geographic because primarily deals with spatial
features. Objects are referenced to a specific
location in space and may be physical, biological,
cultural, or economic.

Information because data are processed and

manipulated within a GIS — both spatial and non-
spatial (e.g. attributes, metadata).

Systems because complex analyses are broken
down into component parts but ultimately form a
unified map or prediction.



Introduction to GIS

e What is a GIS used for?

® Spatial analyses
® Relational databases
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ArcGIlS Desktop

® There are three versions of ArcGIS desktop: per=rs
-
® Arcview

Visually medel and spatially analyze a process or workflow. v v v

. Arced itor Create interactive maps from file, 2nd online v v v
Create street-level maps that incorporate GPS locations. v v v

() ArCI nfo View CAD data or satellite images. v v v,
Generate reports and charts. v v v

Multiuser Editing and Advanced Data Management

¢ Three components within deSki@p-- ;v
. ArCMap “” . .Mnduw Help -
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=] X | Contents lPreviewl Metadata |
£ Catalog I3
® ArclToolbox ||z 1 = —
Q £ ’ Analysis Tools i Folder Connect!on
(b Et\arcgis ' Cartography Tools QE:\ ) Folder Connect!on
(@ Fharcais @ Conversion Todls (@E\arcgis Folder Connection
@ Coordinate Systems ’ Data Management Tools @F:\arcgis Folder Connection
Cg Database Connections ‘ Geocoding Tools @ Coordinate Systems Coordinate Systems Folder
CB Database Servers ’ Geostatistical Analyst Tools @Database Connections Database Connections Folder
@ GIS Servers . Linear Referencing Tools [BDatabase Servers Database Servers

A Search Results @ Marine Geospatial Ecology Tools 0.8a1 [E8)GIS Servers GIS Servers Folder
(&3 Toolboxes P Multidimension Tools A Search Results Search Results Folder

' Samples (£B Toolboxes
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‘ Spatial Analyst Tools

‘ Spatial Statistics Tools

Favorites | Index | Search | Results |l i}

[
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Coordinate Systems

Converting a round earth to a flat map

Datum :

projection

Spherical (3D) Planar (2D)

Geographic projections (lat / lon) change in relative
distance with position

® 1°Lon ~ 56km at 60°N/S
® 1°lon~111km at O°N
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Coordinate Systems

® Planar systems provide a constant distance
anywhere on the map allowing calculations of:

® | ocation (X,Y intersection)
® Distance

® Area

® Direction

® Requires projections to convert from

planar e

(£ ArcToolbox
+ & 3D Analyst Tools
+ & Analysis Tools
&P Cartoaraphy Tools
+ a Conversion Tools
+ % Data Interoperability Tools
=] & Data Management Tools
+ % Database
+ % Domains
+ % Feature class
+ & Features
+ @ Fields
+ % General
+ % Generalization
+ % Indexes
% Joins
+ & Layers and Table Views
% Projections and Transformations
Feature
2 Batch Project
}" Create Spatial Reference

}‘ Project
+ % Raster

A Define Projection

+ % Raster
+ % Subtypes
+ % Table

+ % Workspace
e~ " '

Favorites llndex Search
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ArcGIS Projections

Projected maps are often classified by the
geographic properties that they preserve

e Conformal maps preserve local shape

e Equal-area or equivalent maps retain all areas at the
same scale

e Equidistant maps maintain certain distances
® True-direction maps express certain accurate directions

Surfaces determine how the globe is ‘unraveled’
e E.g. Cylindrical  Conic Planar

M Satoce
Cut
Line




IIIIIIIIIIIIIIIIIII
EEEEEEEEEEEEEEEEEEEEEEEEEEE

DUKE UNIVERSITY

ArcGIS Projections

® Each projection has limitations — e.g. global vs.
local

® Example projections
I L4

. | -
Mercator (secant) Lambers Conformal Conic
60 N State 405

bl 15N N 35N 4 45N SON__ SEN_6ON |
plane ~__ w
Universal N “

Transverse
Mercator
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ArcGIS: Extensions

® Spatial Analyst

® (Geostatistical
Analyst

* Environmental
Data Connect.

o

Many more both
Included In Arc
and downloadable

ArcGIS
Spatial
Analyst

ArcGIS
3D Analyst

ArcGIS
Geostatistical
Analyst

ArcGIS

Survey
Analyst

ArcGIS
StreetMap™

USA

ArcGIS
StreetMap
Europe

ArcGIS
Tracking
Analyst

Advanced rastar modeling
ArcGrid™ calculator with ArcGrid
algebra

VBA for raster analysis

ArcScena™: real-time
interactive 3D scenas
Scene views in ArcCatalog
3D Modeling tools
ArcTIN™ tools

Advanced kriging and surface
modeling

Exploratory spatial data analysis
tools

Probability, thrashold, and arror

mapping

Comprehensive survey information
management using the

geodatabase

Advanced survey computation
Improved GIS data accuracy via
links to survey locations

Complete nationwide streets database
Nationwide geocoding

European streat mapping and
geocoding

Time-based map display and rendering
Playback tools (Play, Pause, Forward,
Rewind)

Work with any time-basad data (e.g.,
faatures that move/change or whose
values change through time)

ArcScan™
for
ArcGIS

ArcGIS
Schematics

Maplex
for
ArcGIS

ArcGIS
Publisher

ArcPress
for
ArcGIS

mrsiD®
Encoder
for ArcGIS

TIFF/LZW
Compression

Integrated raster-vector editing

Vectorize features from raster

Raster snapping

(Requires an ArcEditor or Arcinfo license

Database-driven schematic rendering
and display

Schematic views of GIS networks and
tabular information

Multiple schematic representations

Advanced label placement and conflict
detaction for high-end cartographic

production

Greatly simplifies the labor-intensive
placement of map text

Publish ArcMap documents as PMFs for
use with free ArcReader seats

Also usad with the ArcMap Server
extension to ArclMS

Advanced map printing

Image compression and mosaicking
Up to 500 megapixels

Right to use Unisys® patent for
writing compressed data using
TIFFLZW
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ArcGIS: Extensions

patial Analyst
e Raster (cell) analysis
Surface analysis e
Terrain analysis P
Hydrologic/

Bathymetric analysis | :

Contoured data

Distance
O Core habitat
O KrigedSSTCHL
O Hilshade of ccalbatg e =
O bathymonly Surface Analysis »

Density...

Interpolate to Raster >

52004
O cacoast_polygon
O nosgok Neighborhood Statistics. ..

Cell Statistics...

Zonal Statistics...

Zonal Histogram ...

. TOPP_PHUL.mxd - ArcMap - Arclnfo Reclassif

Ble Edt View Booknarks Insert Selection Tooks Window EDC telp

DEE& ® & [fEmm =] | &S0 K r p— -
= £ MBay Options...
# O yoe
D -~ Spatil analyst
# O satData -
© O comoreddota ter Calculator
AR Dot
# O Core habitat Density i i
20 Gt b = Lagers: Aithmetic Tiigonometic f
o O Hichode of cesbstg a rero o Raser bathymorly A F e e e ) s o e
© O bathymorty Calculation
: < Cell Statistics. Calculation10
9 01 coonst_sovgon § Caloulaionl | a| s| e| > o= or|| cei| Fost| | cos | acos
@ O noséok Neighborhood Statistcs... Calculation12 4“
e Calculation? _
ame. Caleulaion? o 2| s < < x| | Foor | s ||| Tan | aTan
2 Calculationd v
Redassty SEE @ . 0 (] 0| met| - Logaitms Powers
Raster Caator. 0 [ -
Comrt »
optons Ewp2 | Log2 Sq
Exp10 | Logi0| | Pow | |
i atacsr [Roches o Darcs owrzi=] 68 Displey [ Source | Selection 30 o
Azimith: a5 2 j —
o — ! About Buiding Expressions | Evaluate Cancel |« Masa
I~ Modelshadows Drawing v R O~ A~ e e ——— e ——
2 Factor: 1 Perform map algebra calculations between raster layers 153°12'30.015"W 65°3'52.885'N

Output cel iz 0.23%

i [T g Raster calculator is accessed from ArcGIS spatial analyst toolbar
o«

e sosn and is used to perform raster modeling on any number of raster

LTV a— - E PRI CE I layers.

151212857 &
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ArcGIS: Extensions

Geostatistical Analyst
® Data exploration

File Edt View Bookmarks Insert Selection Tools Window EDC Help

® Surface interpolation s=es e - ke eazzs —

. . = £ MBay
® O yData
r I I I I # [ Basedata =
# [0 satData N Gegstatistical Analyst ¥
# O Contoured data
@ O PHUI Explore Data
# O Core habitat
# [ KrigedSSTCHL N
# O Hilshade of ccalbatg Semivariogram | Covariance | ¥ Modek: 1 |~ Model: 2 | I Model: 3 | 33 Create Subsets...
# E bathymonly Circular Maior range Bas (@) Tutorial
+ v .
# O cacoast_polygon o ° I Tetraspherical BEHIEED Geostatistical Analyst Help
% O nossok | Pentaspherical I Anisctropy
Frequency 102 10.10041 58 5y Gaussian
7 35 3.9432 442 Rational Quadratic —
2275 & Hole Effect
.4809 285 PR K-Bessel
588 7419 8 8 a -Bessel
147 o8t Gy X Stable — =
! s o
4.41 -
0 089 197 295 395 494 592 691 79
B
> a4 Distance, h+10 2 Patialsl @&
T
e
Semivariogram/Covariance Surface B [ [0.85849
1.47 -
I Show search direction 2 RNt @gl 7
£
968 871 774 677 581 484 387 28 194 097 0 = 3 [ros7 |
= -
Data = 3 tegsee: ——
= 3 & [65833
Tip:  Click or drag over bars to select Add to Layout =
Bars: 10 = IV Statistics ariances: i"“"'he’ Gilzzch
1z <
/ Transformation Var1 & Varl v
Transformation:  |None v
7 Data Source 0.85849*Spherical(78.034)+1.1057*Nugget: < Back Next > Finish | Cancel
Lay Attribute:
| | =l

isplay | Source | Selection sniau 4 o
x|

v MAasa
Drawing v R O~ A~ 0) el S0 <] Bz U lAv DY Sy o~
-aunch Geostatistical Analyst Wizard @ 118°29'8.61"W 51°7'53.086"N

Although also available in Spatial Analyst, Geostatistical Analyst
allows more control over interpolations and can also generate
summary statistics and analyze trends
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ArcGIS: Extensions

Environmental Data Connector

® Access hosted data
from within Arc

® Subset data based on
time and space

® Adds a temporal
component to
ArcGIS with the
time slider toolbar

TOPI

PHUI

xd

rcMap - Arcinfo

File Edt View Bookmarks Insert Selection Tools Window EDC Help

DEE & ® “ £ Environmental Data Connector 01 3= N2
x About the EDC
= £ MBay
# O yData
+ [ Base data
# 0 satbata [~][ comect |
# O Contoured data |
# O PHUL
# O Core habitat
- y et motherlode.icar 080 throdds dvrt modets0.ant 1
O chlorophyl-a L o 5
High : 22.4 sday gl - =|| piyta, Aquam..|>
oniy s Dt fornce NerCDF
8 Crlorapnyha, Ao HODS, NP, Pacic Oscan, £ @ Datappe: Grid [EMODIS, PP, .65 do
Low : 0.03 o E8) Chioraphyl 2, Azua WODIS, NPP, West US, ECERIN ‘@ Mamg futhory: gov.oea pfe coastwatch
# O Krige of XYQICHL_v e @ 1D saeliveMEctlaliday e
# O kKrige of XYQ2CHL_v T B
- e = | Documentation: i |
# O Krige of XYQ3CHL_v e | S|
@ O Krige of XYQ4CHL_v r @ Summary: T — sion s o NASA oo[=] Coan
# B Sea Surface Temp - " S e
# [ Krige of XYQISST_v r ‘@ Rights: The daa tay be used and sedsirbutes for fee but i 1ot inended fo lgal use,
% O Krige of XYQ2SST_v & &0 Flurescence Terra HODIS, 05U . West US, X ince i may cortin nsccuraces Neilhe the dta Cortebuor, CosetWatch, NOAR, nor
Government, norang oftheir anoyees o contactors, makes any
@ 1 Krige of XYQISSTv { ER Pty Proguchi, NASA A2u3 MODIS s Patrif warrany, epress ar mpked, mehing warractes of merchartabiyand faes fora
# [ Krige of XYQ4SST_v L _jgm«’v roductity, SeaWiFS and Patnfinder, Gioba) ‘purpose, or assumes any legal abiiy for the accuracy, completeness, o
# O Hilshade of ccalbatg L et useRlnes, of e formaton il
# O bathymonly < ] ot ot 2100208
* @ s2004 ot &Process
# O cacoast_polygon lcomected.. ocsanotchfognooa o008 heddicatlogum
# O nosak < A J
ST T ~ T - — ]
Procoss

fime Toolbar

Interval: 0 hrs O mins.

1| ] View Time ol W o Tal eI wITimeSlider

poan 4
0] Arial Yo Bz U Av Ay Sy o~

186°1927.546"W 64°56'12.281"N

http://www.pfeg.noaa.gov/products/EDC/index.html
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ArcG|S data types

Raster vs. Vector

RaSterel exs bagmfrEferenced images with explicit
ceRaster(Geodptatohsgtent 7oy T

|__‘._.l 4

o, =

Vector filés are scaleable and ¢
no “cells” (points, lines, polygc

Examples:

e GHRSST, MODIS-Aqua

® CA Coastline, 1-40

® Turtle locations, CTD data

® Global bathymetry, altimetry

RED 80% RED 93%

GREEN 36%
BLUE 77% BLUE 0%
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My Focus

® Disciplinary
® Space (and Time)
® Environment + Prey
® Statistics to prediction

® Flowchart

Habitat
prediction
models

Data inputs

* Distribution
* Predictors

Statistical
model fitting
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Import species Obtain Prepare
observations =y OCe€anographic [=my oceanographic
into GIS datasets data for use

of oceano. and

Analyze/model @ observations

species habitat
or behavior

Explore maps ﬂ

N Create derived
oceanographic
@ datasets

oceanographic
data
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Modeling habitat (overview)
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Distribution data, e.g. presence/absence

105° 100°W %W 0°W 8w

Presence only data, e.g.
* Vessels of opportunity
* Hydrophones

Presence / absence, density data
* Survey sightings w/ effort
* Bycatch

Event based data
* Focal follows
* Short term tag data

Movement data
* Short and long term tag data
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Modeling habitat (overview)

In situ data

*Continuous data - surface sensors,
fisheries acoustics, ADCP

*Station data — CTDs, trawls

Remotely sensed data

*SST, SSH, Chl - Data centers
Sampled predictive data

Physical / spatial data
*Bathymetry, distance from feature
(e.g. slope, shore, break, front)

Bathymetry
SST

Chlorophyll
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Modeling habitat (overview)

Distribution data, e.g. presence/absence

100°W

105°W e

0°W

Probability of occurrence predicted
from environmental covariates

150

istical
f O Fit HElElE Predict
models o

X s W < ; .
i —m—
- e ” " i

g(.u) = o+ Bix1+ -+ Bmxm

=

=

%

=
m
828
A0
2228
A0
18838
2

Binary classification

106°W 100w %W

Bathymetry




NNNNNNN v Types of
statistical models

There are many, and constantly changing / growing

llllllllllllllll

Correlation/Re%zession techniques — GLMs, GAMs
(Austin 2002), Mixed models (Wood 2006), regression
trees & random forests (Breiman 2001)

Ordination —Multivariate dimensional scaling, e.g. CCAs
(Guisan et al. 1999),

Maximum Entropy models — species distributions
“closest to uniform” (Phillips et al. 2006)

Recent reviews of modeling approaches (Redfern et al.
2|()O2%,Ol-él;th et al. 2006, Dormann et al. 2007, Aarts et
al.
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Useful software packages |

MATLAB / IDL — multipurpose scientific
programming language; PERL

WinBugs - toolset for Bayesian analysis
R/ St/ SAS - statistical programming language
Python — scripting language used by Arc

ArcGIS Desktop — Geographic Information System
® Model builder

e Hawth’s tools, ET Geowizards, Biomapper, MGET

e EDC



What is MGET?

http://code.env.duke.edu/projects/mget

A collection of geoprocessing tools for marine ecology
® (Oceanographic data management and analysis

® Habitat modeling, connectivity modeling, statistics

® Highly modular; designed to be used in many scenarios
® Emphasis on batch processing and interoperability

Free, open source software

Written in Python, R, MATLAB, C#, and C++
Minimum requirements: Win XP, Python 2.4
ArcGIS 9.1 or later currently needed for many tools

ArcGIS and Windows are only non-free requirements



What i1s EDC?

2

K
E D CEnwronmental Data Connector
an extension for connecting ArcGIS to Thredds/OPeNDAP

Allows users to connect to data servers from within
ArcGIS and download environmental data

Works with THREDDS/OPeNDAP servers to provide
feature and raster data

Incorporates time in ArcGIS (great for videos)
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EDC installation

* http://www.pfeg.noaa.gov/products/EDC/
iIndex.html

® Requires:
® ArcGIS 9.2 sp 3 or higher (not yet 10)
® Java Run-Time Environment 6
e NET Framework 2.0 or 3.0
e NET Support for ArcGIS Desktop




®* Finding data

EDC workflow

TOPP_PHU

mxd - ArcMap - Arcinfo

File Edit View Bookmarks Insert Selection Tools Window EDC Help

Base data
SatData
Contoured data
PHUI

Core habitat

= 0O chlorophyll-a
High : 22.4

Low : 0.03

bathymonly
52004
cacoast_polygon
nos80k

CIEIC e e

Krige of X¥Q1CHL_v
Krige of X¥Q2CHL_v
Krige of X¥Q3CHL_v
Krige of XYQ4CHL _v
Sea Surface Temp
Krige of XYQ155T _v
Krige of XYQ255T v
Krige of XYQ355T_v
] Krige of XYQ455T_v
Hillshade of ccalbatg

Time Toolbar

a Environmental Data Connector

About the EDC

Environmental Data Connector.

@ Catalog URL:

O Direct Access URL:

Browse | Subset &Process

[5](=ge]

¢ [ Satellite Datasets

TFY|

o B Protected bleg noaa

o I NWFSC Datat

fcatalog.xml

dels. 1.0.xml

oty _gasp_f
a-day ot gxml
% Monthly "® Data format. NeCDF
o~ &1 Chiorophyll-a, Aqua MODIS, NPP, Pacific Ocean, EX] ® Data type: Grid
o & Chlorophyll-a, Aqua MODIS, NPP, West US, EXPERII @ Naming Authority: gov.noaa pfel coastwatch
o~ &1 Chlorophyll-a, Aqua MODIS, OSU DB, West US

o ] Chiorophyl-a, Otbiew-2 SeaWiFS, Alaska, Science

o & Chiorophyll-a, Orbview-2 SeaWiF s, Global

o B8] Chlorophyl-a, Otbview-2 SeaWiFs, West US, Scienc|
o & Chiorophyll-a, Terra MODIS, 0SU DB, West US, EXP
o B Diffuse Attenuation K480, Aqua MODIS, NPP, Global,
o~ 651 Diffuse Attenuation K430, Aqua MODIS, OSU DB, We|
- 5] Diffuse Attenuation K430, Terra MODIS, 05U DB, Wet
o B Fluorescence, Aqua MODIS, NPP, West US, Science|
o B Fluorescence, Aqua MODIS, OSU DB, West US, EXP|
o B Fluorescence, Terra MODIS, 0SU DB, West US, EXP)
‘o~ B8] Primary Productivity, NASA Agua MODIS and GOES |

o~ &1 Primary Productivity, NASA Aqua MODIS and Pathfin

o~ B8] Primary Productivity, SeaiF § and Pathfinder, Global

o (X Currents

® ID: satellite/MH/chla/Sday

= |Documentation:

usefulness, of this information.

‘@ Summary: NOAA CoastWatch distributes chlorophyll-a concentration data from NASA's
Aqua Spacecrafl, Measurements are gathered by the Moderate Resolution Imaging
Spectroradiometer (MODIS) carried aboard the spacecraft, This is Science Quality data

@ Rights: The data may be used and redistributed for free but is not intended for legal use,
since it may contain inaccuracies. Neither the data Contributor, CoastWatch, NOAA, nor
the United States Govemnment, nor any of their employess or contractors, makes any
‘warranty, express or implied, including warranties of merchantabilty and fitness for a
particular purpose, o assumes any legal liabilty for the accuracy, completeness, or

© ] Height =
=] Diatacet
I 1 21| status text
Subset &Process.
Connected...

LI View Time

Q" Interval: 0 hrs 0 mins

el Ja Tal oI wITimeSlider™

ATMOSp,
n ) o

o

1on

Nol1vy

186°19'27.546"W 64°56'12.281"N




EDC workflow

®* Finding data
® Subset data

TOPP_PHUI.mxd - ArcMap - Arcinfo

File Edit View Bookmarks Insert Selection Tools Window EDC Help

DEE& =B X |0~ b
ke

= £ MBay

O yData

Base data

# O SatData

O Contoured data

= O PHUI

O Core habitat

SRRk

= 0O chlorophyll-a

High : 22.4

ILow 10.03

Krige of X¥Q1CHL_v
Krige of X¥Q2CHL_v
Krige of X¥Q3CHL_v
Krige of X¥Q4CHL_v
Sea Surface Temp
Krige of XYQ155T_v
Krige of XYQ255T v
Krige of XYQ355T_v
Krige of XYQ455T_v
Hillshade of ccalbatg
bathymonly

52004

cacoast_polygon
nos80k

gooorROoOoo

O0RO0# = & ® ® & &5 &5 ®

[+ #

Time Toolbar

1:43. a Environmental Data Connector
About the EDC

o ATMOSR,
O P Hg@/o

«7%
Z
)
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[} Environmental Data Connector

[‘Browse | Subset & Process

Dy WE | @@E | EE O

Lat, Lon (58.278, 11.935) - X,y (729,25)

NetCDF Filename: 8-day
8B & s [ 0] 1 [ @l o

Raster | Feature

Band Dimension:
Oan

Select Level:

afy

Time Interval (sec): 701841.642228739

#Timesteps Selected: 34

2002-07-08

2010-02-06

Start: [25 | [February

|+ [2008 | [is {30 |

stop: [19 [Novemper

|+ [2008

| view Time

Display | Source | Selection

FLRER L'

Drawing 'W

| O~ A~ = “@Alial

Interval: 0 hrs 0 mins

186°19'27.546"W 64°56'12.281"N
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EDC workflow

®* Finding data

*=_ TOPP_PHUI.mxd - ArcMap - Arcinfo

DEE& ¢

File Edit View Bookmarks Insert Selection Tools Window EDC Help

B X | o \-l} ‘ 1:43, a Environmental Data Connector

® Subset data

MBay

O yData

Base data

O satData

O cContoured data
O PHUI

O Core habitat

==
=
=
=
=
=
=

® Choose time

= 0O chlorophyll-a
High : 22.4

Low : 0.03
Krige of X¥Q1CHL_v
Krige of X¥Q2CHL_v
Krige of X¥Q3CHL_v
Krige of XYQ4CHL _v
Sea Surface Temp
Krige of XYQ155T _v
Krige of XYQ255T v
Krige of XYQ355T_v
Krige of XYQ455T_v
ilshade of ccalbatg
athymonly
52004
cacoast_polygon
nos80k

=0

O0RO0® ® & @ ®
gI0000®

CRCECECRC)

Time Toolbar

About the EDC

Browse | Subset &Process

vironmental Data Connector.

NetCDF Filename: 8-day
ﬁ & [ [ 0] 2] 1[I ¢ 18 [ro0]

Variables:
[MHchla]Chlorophyll-a, Aqua M... —

<

oLSHorgptka, Adua MODIS, NFF, 0.05 d
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EDC workflow
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Example: Salmon & SST

® |dentifying ideal habitat for
Chinook Salmon using EDC
and ArcGIS Spatial Analyst
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Ocean habitat use in autumn by Chinook salmon

in coastal waters of Oregon and California
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ABSTRACT: Describing the ocean habitats used by Chinook salmon Oncorhynchus tshawytscha is
an important step towards how influence their population
dynamics. We used data from archival tags that recorded time, temperature and pressure (depth) to
define the coastal habitats used by Chinook near Oregon and California during the autumns of 2000,
2002 and 2003. We used a clustening algorithm to summarize the data set from each year and identi-
fied 4 general habitats that described the set of ocean conditions used by Chinook. The 4 habitats,
defined primarily by depth and the time of day that these depths were occupied, were characterized
as (1) shallow day, (2) shallow night, (3) deep and (4) deepest. The definitions and use of each habi-
tat were similar across years and the thermal charactenistics of all habitats included water tempera-
tures between 9 and 12°C. This temperature range provided the best indicator of Chinook habitat in
the coastal ocean. Chinook used 9 to 12°C water at least 52% of the time. Less than 10% of surface
waters within the area where Chinook were released and recovered provided these temperatures.
Cross sections of subsurface temperatures suggest that between 25 and 37 % of the coastal water
column was available to Chinook and contained water in the 9 to 12°C range. These results support

that link sal dynamics to ocean temperatures. Continued monitoring
of surface and subsurface thermal habitats may be useful for assessing the extent and quality of

conditions most likely to sustain Chinook salmon populations.

KEY WORDS: Chinook salmon - Archival tag - California current - Essential fish habitat

INTRODUCTION

It is that both

and marine habitats are critical to the maintenance of
healthy Pacific salmon Oncorhynchus spp. popula-
tions. Understanding the linkages between environ-
‘mental conditions, ocean habitats, survival and growth
of these fishes is a primary goal of current salmon
research initiatives (Boehlert 1997, Gargett 1997, Bis-
bal & McConnaha 1998, Welch et al. 2003). Correla-
tions of environmental conditions with catches (Man-
tua et al. 1997) and production (Beamish et al. 1997,
Cole 2000, Hobday & Boehlert 2001) have demon-

permitted without written consent of the publisher

and salmon population dynamics. In particular, tem-
peratures are correlated with salmon survival through-
out much of the Pacific Ocean (Mantua et al. 1997,
Cole 2000, Mueter et al. 2002a). The effects of environ-
mental conditions on population dynamics, however,
are realized through the continuous nteractions of
with their

individual patterns of habitat use over time and the
environmental conditions experienced in those habi-
tats have rarely been measured.

Recognition of the importance of marine habitats for
survival and production has fostered research aimed at
identifying the environments that salmon actually

strated a strong coupling of ¥
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(Boehlert 1997, Welch et al. 2003). Such
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