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2010 Biological Opinion

“NMFS concludes that the relative intensity of
groundfish fisheries as currently prosecuted in the

particularly within critical habitat, is negatively
associated with Steller sea lion population trends

since 2000” page xxxiii, 2010 Biological Opinion
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What did the BiOp say about
your statistical analysis?
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Steller sea lion data
Numbers of

Central & Western Aleutians sea lions

Changes In
numbers

e
-—

~ + NON pups
~ + 13 rookeries
~_* 60 haulouts
e 2000-2010

* Pups

data from NMFS
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Steller Sea Lion Rookeries & Haulouts

MA = Management Area
RCA = Rookery Cluster Area



Steller Sea Lion Rookeries & Haulouts

RCA = Rookery Cluster Area



Steller Sea Lion Rookeries & +=u/00te

RCA = Rookery Cluster Area



Average Steller Sea Lion Numbers



Average Steller Sea Lion Numbers

2000-2010

O 401-728

RCA = Rookery Cluster Area




Change in Sea Lion Numbers



Change in Sea Lion Numbers
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Change in Sea Lion Numbers

2004-2002
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Change in Sea Lion Numbers

2005-2004
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Flsherles Data 1/ . Al vessels fishing
Atka mackerel

* Catch A —r— ‘ ”’ - 2000-2010
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e 4-11 vessels
e 2 observers
* VMS coverage

* 11% exploitation
rate on age 3+

e 2010 biomass
344,000 tons

~1 billion fish
~10,000 sea lions



Total catch of Atka within 40nm

RCA1 2000
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Calculated catch within 10, 20 & 40 nm of rookeries and haulouts



Total catch of Atka within 40nm
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General Estimating
Equation Models (GEEs)

» Extension of ordinary
linear regression

 Account for correlations

between repeated
measures




Conceptually, we used
GEEs to test for:

Localized Depletion
Total catch removed
(10, 20 & 40 nm)

“TL.. "+ Prey Availability

Average catch per haul
as measure of relative
stock size

e Disturbance

Number of hauls
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GEE Model

5S5Lent;; = exp (Bo + ﬁtrawifrﬂWIij + J‘Sj_yem'j}r’fﬂ’;f + ;Sh'ﬂw!:_}:'ear}'rem':“'HWIU + Bionlon)

« 216 potential models

* assessed spatial independence
of data using longitude

e 129 actual models
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2010 Biological Opinion

“NMFS concludes that the relative intensity of

as currently prosecuted Iin the
western and central Aleutian Islands sub-regions,
particularly within critical habitat, Is

page xxxiii, 2010 Biological Opinion
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1. Sea lion trends (2000- 2010) were not negatively
associated with Atka mackerel fishery indices
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2. Important to test hypotheses about fishing
effects with data
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Evaluating Steller sea lion critical habitat

In Alaska using dynamic prey
distribution models
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Steller sea lion critical habitat
b" .

* historic distribution of fishing — 1993
*presumed foraging areas — 1993




How to evaluate critical habitat?

* Overlap with fisheries
* Prey resources

dynamic distributions of fish



Data

NMFS Trawl Survey
walleye pollock
Pacific cod
Atka mackerel

\

2000-2004
June/July

Bottom Temp




Alternate Critical Habitat
e e - habitat suitability/availability
*Telemetry data

» at-sea-sightings
Gregr & Trites 2008

Designated Critical Habitat



Modeling

» Generalized least square models (GLS)
» Three regions

* Bering Sea

« Gulf of Alaska

 Aleutian Islands



Aleutian Islands

» Atka mackerel

« vertical/horizontal current vectors
temperature (mld, bottom)
bathymetry
sea surface temperature
sea surface height

» walleye pollock
« bathymetry, sea surface height,
bottom temperature, bottom salinity

» Pacific cod

« bathymetry, sea surface height, sea surface
temperature, mld temperature, salinity (mld,
bottom)



- Wi i & N -

Designated CH
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Atka mackerel, walleye pollock and
pacific cod combined biomass




Conclusions

* Prey distributions are a good tool to
assess critical habitat boundaries

* Efficiency of critical habitat
boundaries varies between regions

*Critical habitat should be refined using
prey distributions and oceanographic
iInformation



Atka Mackerel

Proximate
Analysis
&
Feeding
Studies



Historical Overview
 Rosen & Trites (2000) — junk food hypothesis
— Low-Cal or Nutra-Lite Hypothesis
— First suggestion that quality could be impgrtani.
animals do not eat enoug W
— Perpetual time warp
* Rosen & Trites (2004, 2005) — mechanisms

— Sea lions can do well on lof@=TTpIC |<étt1;f“1ey can
eat enough of it

— Young (<1) have high energy requirements and

small stomachs
e Rosen et al. (2007, 2012) effa@t€t>f‘s‘e!ason



Captive

Steller sea lions Eumetopias jubatus and nutritional str
evidence from captive studies

ABSTRACT

1. Numbers « =1le ic Cumetopias i s in the North Pacific have declin
ding ress h esl is decline is due to reduced fc ilability.

Data from studi y are d here to test if the
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General Conclusions

Sea lions can adjust intake in response to
changes in prey quality

Lower prey quality requires eating more

But the amount of prey they can consume is
limited by physiological constraints and finite
foraging time

Young sea lions are the most constrained,
especially <1 year



General Conclusions

* |F intake is SUFFICIENT, prey quality doesn’t
affect body mass or health

* IF intake is INSUFFICIENT, sea lions can make
physiological adjustments to dampen effects




General Conclusions

* However, these adaptations are finite and
depend upon season, age, etc.

e |f intake remains insufficient, there are
physiological consequences due to prey
qguality in addition to energy deficits.
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QUESTION 4: Are there certain times of the year when
the quality of Atka mackerel may make it difficult for
Steller sea lions to meet their energetic requirements?
Discuss the implications. Show your work [30 points]*
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This irteraction is potentially grealest for younger Sea lions,
such as those that wean in their #irst year!

* Abstract title: Lacka mackerel? Is Atka mackerel "good enough" for Steller sea lions?
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Junk Food Hypothesis / Mechanism

£ner3y refa/re.a/ Frsh fnergy a/en\s/z‘y W Food refairec/
( per ég éody $1GSS) & per ég L15h riass) ™= Las % éody PG5S )

o
o’ T
-

(MT/ke)
Q
Foaod /*e?t(/rea’
/ s
V PG5S

/
\ AL

o
Jeen /('415 Oct Dec Feb Hpr

Mot h

/\B
oN
S
B
3
3
iy
?

£ner5y dens /Z‘y

6 12 15 249 30 36
f(:ge of sea lion {morths)

Jeen Aetg Oct Dec Feb Hpr



Energy density (kd / g9)

Energy density of Atka mackerel by month
MA 541, 542, 543
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Steller sea lion Atka mackerel feeding trials

* Four Steller sea lions
* |socaloric Atka mackerel and herring diets
* Altering levels of energetic intake.

* Monitor body mass, composition, and
blood chemistry (incl. RNA markers of
nutritional stress).

* Experiment repeated spring and fall with
seasonally appropriate Atka mackerel.



Steller sea lion Atka mackerel feeding trials

Goal: Normal growth  10% mass loss No growth
oy Normal diet Restriction Maintenance
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Normal diet:
Slightly greater growth on herring with same gross energy intake
(reflecting differences in net energy calculations)

Herring +2.9%

Mass
change: Atka +0.0%

Goal: Normal growth  10% mass loss No growth
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Restriction:
Slightly greater mass loss on AM with same gross energy intake

Herring +2.9%  Herring -7.2%

Mass
change: Atka +0.0% Atka -10.1%

Goal: Normal growth  10% mass loss No growth
—_ Normal diet Restriction Maintenance
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Mass

change:

Goal:

Gross Energy Intake (kJ/d)

5500
5000
4500
4000
3500
3000
2500
2000
1500

Herring +2.9%
Atka +0.0%

Herring -7.2%
Atka -10.1%

Normal growth 10% mass loss

No growth

qumal dliet

Restrliction

Maintenance
| |

Atka 1
Atka 2
Herring 1
Herring 2

6 7 8



Maintenance:
Requires >25% more gross energy to maintain body mass after restriction

Mass

change:

Goal:

Gross Energy Intake (kJ/d)

5500
5000
4500
4000
3500
3000
2500
2000
1500

Herring +2.9%
Atka +0.0%

Herring -7.2%
Atka -10.1%

Normal growth 10% mass loss

Herring +2.5%
Atka -0.7%

No growth

qumal dliet

Restrliction

Maintenance
| |
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Atka 2
Herring 1
Herring 2
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Energy density (kd / g9)

Energy density of Atka mackerel by month
MA 541, 542, 543
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Other Studies

Hui et al. 2012. Steller sea lions and fisheries:
competition at sea? in prep.

Trites et al. 2012. Diets of Steller sea lions In
SE Alaska from 2000-2012. in prep.



“Cod were almost unknown until the sea
lion herds diminished in 1873; now they
are very common. The Atka mackerel
was unknown on Attu before 1875, when
It appeared unexpectedly. The natives
say that it drove the sea lions away.”

Weissinger (1961)
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