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Sustainable Fisheries Pregram

Sustainability~ecosystem and! trophodynamic

Interactions
% Distribution & abundance
> Prey availability
% Predator Vs commercial removals
% Environmental fiereing
> Physiolegical respense
% Assess| ImIting CUrrency.
> Eneragy density: and lipid' biochemistry




Gulf Apex Predator Prey: Program

PIs: Kate Wynne, Robert Foy, and Loren Buck

Multidisciplinary: effort o assess the status,
environment, prey, and potential competitors of
Steller seal lions inf waters near Kodiak, Alaska.




Gulf Apex Predator Prey: Program

Prey and fisheries eceanography.
+ Distribution, ecology: and physiclogy: off fish and
zooplankton that make up the “prey: of Steller

seal lionsi and! their competitors.
2000-2005 Objectives

% Species composition; distribution, abundance, and
guality: off prey:available tersea lions within 10rand 20 nm
of Leng Island haulout

% MONItOr 6CcEanographic conditions associated with fish
Species distribution

% determine; the feasibility of describing and quantifying
prey.fields upen whichi Steller sea lions, whales, and
seabirds are; opserved actively foraging




An ecosystem approach to Steller sea lion
trophic ecology: the prey

Hypotheses
1. Prey availability’ hypethesis
6 projects
2. Competition hypothesis
3 projects
3. Envirenmentallvariability’ hypothesis
4. projects




Prey Availability: Se how much feodiis
there?

o Sub-hypothesis: Tihe; seasonallandlinterannual
availability: off prey:inside criticalfhabitat 1S not
sufificient torsustain Lengl Island SSIE
population.

1. Does pelagic and demersal fish biomass fluctuate
seasonally: erfinterannually within SSL critical
nabitat?

2. Are pelagic and demersal fish predictably
distributed wrt bathymetry or hydrography?

5. Is there enouigh energy available to sustain local
SSIL pepulation?




Prey Availability: Se how much feodiis
there?

o Sub-hypothesis: Tihe; seasonallandlinterannual
availability: off prey:inside criticalfhabitat 1S not
sufificient torsustain Lengl Island SSIE
population.

4, What Is the relative availability o fish species
directly: next tera haulout?

5. Is pelagic prey: availability different at ai rookery
Versusia haulout in the same region?

6. How dees the energy: density of potential prey
(pollock) fiuctuiate between haulout sites
(regions?)
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"Portable” Fisheries, Oceanography.

Commerciall size nets
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Pelagic and demersal fish distribution
inside Steller Ses
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BOttOm TraW| Depth < 100 m I Lepidopsetta 2 (southern

rock sole)
SpGCleS m Pacific cod
Composition

@ Rock sole
O Arrowtooth flounder

W Butter sole

W Walleye pollock
O Pacific halibut

® Yellow Irish Lord

Depth > 100 m B Starry flounder

O Arrowtooth flounder
@ Flathead sole
| B Walleye pollock

O Eulachon

@ Flathead sole

B Pacific cod
O Rex sole
@ Rock sole
H Yellow Irish Lord
O Pacific halibut
I Dusky rockfish





















Pelagic biomass' (kg/km?2)
May 2000 May: 2001




Pelagic biomass (kg/km?)
November 2000 November 2001




Pelagic biomass (kg/km?)
March 2002 March 2003
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Pelagic biomass: (kg/km?)

@ March

B May

J August

[0 November



Spp

Pollock1
Pollock2
Pollock3
Pollock4
Pollock5
Pollock6
Pollock7

Capelind
Capelin2
Capelin3
Capelind
Capelins

minlength

maxlength

0
11
21
31
41
51
611

0
740)
30
210
50
60
70

Potentiallage-class
0,1
12
2,3
2,3,4
4,5
6,7
/.

mixed male and females
mixed male and females
mixed male and females
mixed male and females
mixed male and females
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So What to a SSIL?

1. Does pelagic and demersal fish biomass
fluctuate; seasoenally’ or interanmually: Within
SSL. ceritical habitat?

2. Are pelagic and demersal fishr predictably

distributed! wrt: bathymetry: or hydregraphy?




Pelagic fish distribution comparned
between a Steller Sea Lion hauloutanad
lOOKErY

Robert Foy: and Andreas Winter
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ALL Pelagics @ May

B August
O November

kg/km? x10°
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So What to a SSIL?

4, Is pelagic prey: availability diffierent:at a
rookery versus a haulout i the, same
fegion?




Monthly pelagic fish distributieniinsiae
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Robert Foy and Andreas Winter
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May 2002 pelagic
]
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Legend

11,000,000

- Capelin3

[0 Pollock3
Pollock4
Pollock5

I Poliocke
B Foliock?




June 2002 pelagic
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August 2002 pelagic
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September 2002 pelagic
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2002 nearshore all pelagics
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Age class

01 02
03 m4
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/7

2002 nearshore Pollock only
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So What to a SSIL?

4. What is the relative; availability: of fish
species directly: next tora hatleut?




Abundance and distribution ef hemng
and pollock inside 3 bays within the
Kodiak Archipelago

A

Z

Mary Beth Loewen and Robert Foy




~Kodiak Island, Alaska

Acoustic and
OCeanography: surveys

g
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Pollock Distribution 2003

February.




Pollock Distribution 2003

February.




Pollock Distribution 2003

February. May




So What te a SSL?

o Seasonal availability: off pollock coincides
with SSL use ofi bays.




Factors influencing the mortality o tagged
walleye pollock captured withia modified
trawli net
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Robert J. Foy andl Andreas Winter
Schoeol off Fisheries and Ocean Sciences, UAF

Martin Dorn and Anne Hollowed
Alaska Eisheries Science Center, NMFS, NOAA




Background

e Seasonal movements off walleye pollock
( Theragra. chalcogramiiig) ake; net Well known

o Spatially’ explicit stock assessments would
benefit firom this Information

o Pollock spawniinilarge aggregations relatively
deep) fior' metheds off capture.

o Pollock are sensitive; to trawl stress (Ryer 2002)







D 31.24m:A-0.43m
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So What to a SSIL?

o Do prey stocks fluctuate lecally due; to
migration?

o Are spawning| stocks: off pollock discreet?

Stay tuned
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Average lipid content of the Kodiak
demersall fishicommunity.

W 2000
B 2001
82002

November
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Pollock
Whole-body energy content versus
standard length

Buchheister, A., M. T. Wilson, R. J. Foy, and
D. A. Beauchamp. 2006. Seasonal and
geographic variation| in condition: of Semidi
juvenile walleye: pollock in: the\Western
Gulf of Alaska. Tiransactions of: the
American Fisheries Society. 135:897-907.

WBEC (kJ/g wet wt)

autumn 2000 (filled circles)
winter 2001 (open circles)
summer 2001 (filled triangles)
autumn 2001 (open triangles)

Standard Length {mm)




Bioenergetics

Robert Foy




SSL food requirements Winship' et al. 2002

Male Pup Immature Male (age 3) | Mature Male {age 10)

50-

07

30 Female Pup Immature Female (age 3) Mature Femaie (age 10) Pregnant Female (age 10
L J 4

257

20

Food Requirement (kg/d)
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SSL energy requirements Winships et al. 2002

Mala Pup Iminature Male (aoe 3) Mature Male (age 10)

Female Pup immature Famale (age 3) | Mature Female (age 10} Pragnant Female (aga 10)
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So What to a SSIL?

e [s there enough energy: available to
sustaini local SSIL pepulation?

4, How: dees the energy density of potential

prey. (polleck) fitctiate between haulout
Sites| (regions?)




Competition hypothesis: SO What IS the
competition for oed?

o Sub-hypothesis: Competitorsiof SSI. prey: do

not overlap

N prey: compesition anad)/er

require forage at dififerentiscale.
DEX predators)fieed at same; trophic

. Do other a
level as SS

. Do other'a
ofi prey?

[S?

DEX Predaters remove; similar biomass

. [How! do) these removals compare to commercial

removals?




Humpback and Fin Whales: feraging
habitat and prey: removals

Baraff, L., K. Wynne, and R. J. Foy. MS thesis in prep. Describing
physical and biological (zooplankton) habitat associated with
humpback and fin whales.

Witteveen, B., R. J. Foy, and K. Wynne. 2006. The effect of predation
(current and historical) by humpback whales (Megaptera
novaeangliae) on fish abundance near Kodiak Island, Alaska. Fishery
Bulletin. 104: 10-20.

Witteveen, B., R. J. Foy, K. Wynne, and Yann Tremblay. In Review.
Investigation of foraging habits and prey preference of humpback
whales (Megaptera novaeangliae) near Kodiak Island, Alaska using
acoustic tags. Marine Mammal Science.




Investigation off foraging habitsiand prey.
selection of humpback Whales (Megaptéera
novaeangliae) using acoustic tags and

concurrent fish surveys.

Briana H. Witteveen, Rebert:J. Foy, Kate M. Wynane, Yann
Tiremblay.




Whale Trackline

|:| capelin
eulachon

D juvenile pollock

- age-0 pollock

00.38.7 14 21 28
sy Kilometers




So What to a SSIL?

» WWhale removals inia'lecal region may: be
substantial.

* Prey switchinglin otherrapex preaators

may. indicate change iniprey: availaility for
SSL.
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ATF Diet

eMain prey: walleye pollock (/heragra: cligicograniing),
capelin (Mallotus villosus), and Pacific herring (Clupea
pallasil) as well as shrimp: andl euphausiids:

*Ontogenetic dietary shifts™

ePrey overlapiwith SSL - 3 '




ATF bottom trawl sites

WWWWW

T
e

Surveys

-May and August; 2002,
2003), andl 2004

-Bottom trawis
-Stomach contents



Summary off ATTE diet variability

Interannual

e Pacific sand lance only ioundiin significant
proportions; in 2004, heweyver ne; strong Within
year trend

e Size and impertance; off walleye polleck in ATE
dietsiwas the; lowest in 2004

Withinlyear

o Eliphausiids moere impoertant inf May, while
capelin mere impertant inf August

Ontegenetic

e Euphausiids more important for smaller ATF,
whiile walleye pollock and Pacific sand lance
more; Important for larger ATF




ATF consumption

energy content

Consumption Model
C=M+W+G

composition - parameters
parameters




Bottom Temperature

10 B 0-99m
[1100-200 m

May Aug May Aug May Aug
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ATF population estimates

o Abundance estimates needed te expand
consumption to ATE population i study
area

o Used area-swept methoed (Alverson and
Pereyral 1969) to) estimate abundance for
each depth interval (100 m) of study area

e Segregated inte appropriate length and
sex classes based on length class structure
off Al catch




M Females
M@ Males

M@ Females

timates

M@ Females

ION €S
100 - 200

Depth (m) and length class (cm)
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Results- Interannuall variations in
ATF (2 60 cm) consumption| rates

B ATF (juv)

B Capelin

B W. pollock

B P. sand lance
@ Other fish

B Shrimps

O Euphausiids

O Flathead sole
O Other prey

Total consumption (mt)




ATF abundance (x 1.0%)
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Results- ATF population cumulative
prey biomass consumption in 2004

Depths 0-99'm

Shrimps

Pacific sand lance
Walleye pollock
Other prey

Other fish
Flathead sole
Euphausiids
Capelin

Arrowtooth flounder

20 40 60 80 100 120
Total prey consumption (mt)




Results- ATF population cumulative
prey biomass consumption in 2004

Depth: 100-200'm

Shrimps

Pacific sand lance
Walleye pollock
Other prey

Other fish
Flathead sole
Euphausiids
Capelin

Arrowtooth flounder

0 20 40 60 80 100 120 140 160

Total prey consumption (mt)




ATF population cumulative prey.
biomass consumption in 2004

0-99 m 100-200 m

R Alllwaters < 200/ m

Total prey consumption (mt)

Shrimps

Pacific sand lance
Walleye pollock
Other prey

Other fish
Flathead sole
Euphausiids
Capelin

Arrowtooth flounder

50 100 150 200

Total prey consumption (mt)




Why does a SSL care?
Walleye pollock remevais
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B ATF > 60 cm in Kodiak study area

B ATF population in Kodiak study area
B GOA estimates based on NMFS data




So What to a SSIL?

 ATF are both prey and competitor o SSL.
Given the huge biemass; oii Al iR the
GOA, prey removals and pepulation
structure Is sure tos aifect all trophic levels.




Spiny Dogfish

British Columbia

Central GOA

SE GOA

Washington - Puget Sound
“fakutat- females
akutat - males

H13C
Alex Andrews and Robert Foy




Environmental Variability: Do) SSL prey.
fields respond?

o Sub-hypothesis: SSIL prey: are not afected: by
climate and oceanegraphic Varability onra
scale important: for SILL feeding.

1. How: are primary’ producers and consumers

affected by environmentall fluctuation?

2. What Is the physiological response off iImportant
SSL. prey: species) tolong term: environmental
change?




Seasonal mesozooplankion abundance
and distribution|in relatien/te
hydrography: oni the Guli el Alaska shelr

Xian Wang and Robert Foy
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So What to a SSIL?

* Do changes in secondary Consumers
represent potential boettom-up ioreing on
UppPEr trophic levels?
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Interrelat|onsh|ps among tEmperature
metabolism, swimming perfermance and
recovery in Pacific cod (Gadus macré‘cephalus)
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Expected metabolic response to increased

temperature
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Collection Bled
| 2 Week Swum to |
acclimation exhaustion




Pacific cod eptimum: strvivability

Optimal Temperature approximately 7.0°C

Low temperature 47T High temperature 10.6°C

Survivahility

Temperature



Pollock and cod bIeenergetics
models




So What to a SSIL?




Portlock Bank Oceanoegraphiy

Robert Foy




Is Kodiak Archipelago Productlon DrIVER




Future Studies

oFine tune bioenergetic models parameters on
appropriate scale

o [rophic efficiencies etween: zooplankten ana
juvenile fish

eContinue; to assess key: ferage: spp: distrbution
and abundance: New: scales?

sContinue; to assess predator prey overlap in
Space andl time

sAllNin the context of a changing climate...




