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Cook Inlet Study Area / Watershed
Study Area

e 370 km tidal estuary

e Over 20,000 km? area

« Extreme tidal cycle
Watershed

¢ 121,000 km?

e Drains ~101,000 km?

¥/ « 2/3 of AK population
Elizabeth Island i

150 225 300
km




Cook Inlet Beluga Abundance
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ldentify which physical, ecological, and
anthropogenic variables are important in
determining beluga presence -

And

ldentify which physical, ecological, and

anthropogenic variables are important in
L determining beluga group size, when they
| are present




Survey Protocol

June and July aerial
surveys

3 observers, recorder
and pilot

GPS Interfaced with
laptop

Data entries included: &=
Sightings
Location
Overcast
Sea State o—
Glare / Visibility —
6. Effort Status

Photo Credit: Olga Shpak
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Spatial Data Layers - Effort
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Spatial Data Layers — 1 km Grid

18,083 Unique Cells
100,731 Overall (w/ repeats)



Spatial Data Layers - Bathymetry

Bathymetry (m)
209.9

- Soundings (m) . 0.10



Spatial Data Layers — Substrates

Tidal Flats

Distance (km)

55.3

0



Spatial Data Layers — Substrates

Rock Sand

Distance (km)

l 127.6
0

Distance (km)

l 68.2
0



Spatial Data Layers — Communities and Oll

f Communities = Qil Development
Distance (km) Distance (km)

227.9

145.2
I 0

0



Spatial Data Layers — Flow Accumulation

Distance (km)

l 133.4

0

Distance (km)

l93.5

0

Distance (km)

83.5

0

o High Flow Acc.
Medium Flow Acc.
e Low Flow Acc.




Timing of Fish Species Entering Fresh
Water Drainages in Upper Cook Inlet

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

Chinook salmon,
Oncorhynchus tshawytscha

Sockeye salmon,
O. nerka

Chum salmon,
O. keta

Pink salmon,
O. gorbuscha

Arctic grayling,
Thymallus arcticus

Eulachon,
Thaleichthys pacificus

Jan. Feb. Mar. Apr. June July Aug. Sept. Oct. Nov.

Gray = Approximate timing of presence = Peak availability Moore et al, 2000
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Spatial Data Layers

® Pink/Humpback

® Chinook / King

Sockee / Red




Spatial Data Layers — Anadromous Fish

= "’*"\\‘;'""’?”’ ® Chum/Dog ~ 1 a = 5
X AN Distance (km) RIS
o IR

A

74.1

® Pink / Humpback
Distance (km)
67.3

_B

i ® Chinook/ King
Distance (km)

ENNOANS | 110.8
Q0um,
Sockeye / Red

Distance (km)

79.2
l 0




Lots of Datal
100,731 Data Rows
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Generalized Linear Mixed Models (GLMM)
Penalised Quasi Likelihood (PQL)
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GLMM - Binary
(Presence/Absence)

O belugas

GLMM - Poisson
(Group Size)

Photo Credit: Laura Morg



- GLMM - Binary (Presence/Absence)

Response Variable

Presence
or
® Absence

Start Variables
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Chinook Salmon
Chum Salmon
Communities

Oil Development
High Flow Acc.
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Med Flow Acc.
Tidal Flats
Rock

Sand

Fixed Effects

Chinook Salmon
Chum Salmon
Communities

Oil Development
High Flow Acc.
Med Flow Acc.
Tidal Flats

Rock

Sand

Sample

Random Effect
Cell ID (18,083)



GLMM - Binary (Presence/Absence)

Variable Coefficient |p-value
(Intercept) -8.283 < 0.001
Sample 0.245 <0.001
Chinook -0.009 <0.001
Chum 0.009 < 0.001
o]] 0.003 < 0.001
Community 0.006 <0.001
High Flow 0.024 <0.001
Med Flow -0.019 <0.001
Tidal Flats -0.177 <0.001
Rock 0.025 <0.001
Sand -0.008 0.017




True Positive Rate

04

False Positive Rate




. GLMM - Binary (Presence/Absence)

Total habitat area = 2857 km?



» GLMM - Binary (Presence/Absence)

Current Model
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Habitat = 2857 km?2

Habitat (RSF) = 2402 km?



GLMM - Poisson (Group Size)
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Response Variable

Group Size

© 54-103
104 - 287

Start Variables
Bathymetry
Sockeye Salmon
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Chinook Salmon
Chum Salmon
Communities

Oil Development
High Flow Acc.
Low Flow Acc.
Med Flow Acc.
Tidal Flats
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Sand

Fixed Effects
Bathymetry
Sockeye Salmon
Chinook Salmon
Chum Salmon
Communities

Oil Development
High Flow Acc.
Med Flow Acc.
Tidal Flats

Sand

Sample

Random Effect
Cell ID (18,083)



GLMM - Poisson (Group Size)

Variable Coefficient |p-value
(Intercept) 3.192 < 0.001
High Flow -0.010 0.025

Tidal Flats -0.243 <0.001
Sand 0.071 <0.001
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Summary AN
GLMM - binary GLMM - poisson

(Presence/Absence) (Group Size)
Chinook Salmon
Chum Salmon Far Tidal Flats
Community -ar Sand Far
Oil Development Far
Med Flow Acc. |
Tidal Flats 7 104 - 287
Rock Far



Conclusions

1.The same areas seem to be important
2. Useful tools for informing management
3. Difficult to obtain parameter estimates using GLMM

4. Direct measures of prey

5. Correlation versus causation
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