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needed to meet the energy demands of a predator is increased by
a factor of 10. Similarly, the model is particularly sensitive to
uncertainty in the fish condition (i.e., lean versus hig- lipid fish)
and this can have impacts on both the biomass and numbers of
salmon required to meet predator energetic demands (Figs. 2
and 3).

Based on bicenergetics modeling, the relative impacts of differ-
em nm.rinemammalpredzmus on Chinook salmon have changed

since the passage of the Marine Mammal Protection

Acun 1972. Primarily due to increases in harbor seal abundance,
since 1970, predation on Chinook salmon runs within Puget
Sound has increased approximately ninefold in terms of numbers
and doubled in terms of biomass. Large increases in harbor seal
predation on smolts have potential impacts that are larger than
either current commercial and recreational fisheries or predation
by endangered Southern Resident killer whales. Sea lions also
consume Chinook salmon; however, these impacts are estimated
to be low compared to those from harbor seals. Our model only
examines a subset of predators within Puget Sound inland waters
and assumes that their Chinook salmon consumption is derived
from only Puget Sound Chinook salmon stocks. Chinook salmon
in inland waters are a mixture of US and Canadian stocks and it is
likely that predators within these water do not feed exclusively on
US stocks. It is also likely that the consumption by marine mam-
mals along the salmon's migration route ranging from California
to Alaska (Adams et al. 2016) is also impacting these US stocks.
Further, there are other potential predators (harbor porpoise
(Fhocoma phocoena) and cormorants (Phalagrocorax spp.)) that are not
inchuded in our modeling efforts. We believe that this research is
a valuable step toward decoupling the mechanisms that lead to-
ward trends in marine survival in threatened Chinook salmon
and provides a framework for coast-wide understanding of preda-
tion impacts on Chincok salmon and dependent predators such as
Southern Resident killer whales.

Acknowledgements

We thank Chris Harvey and three anonymous reviewers for
reviewing versions of this manuscript. We also thank Adrianne
Akmajian and the Makah Tribe for providing diet data for the
California and Steller sea lions and Neala Kendall and Jake Shap-
ley for help with the Puget Sound juvenile release data. This work
was supported by the Pacific Salmon Commission through the
funded project “A spatially-explicit ecosystem model for quanti-
fying marine mammal impacts on Chinook salmon in the North-
east Pacific Ocean.”

References

Adams, | Kaplan, [.C., Chasco, B., Masshall, KN, Acevedo-Gutis A and
Ward, £]. 2016 A century of Chinook salmon consumption by marine mam-
mal predatars in the Northeast Pacific Ocean. Ecol. Inform. 34: 44-51. doi:al.

mlqj.«oinim16<04.0m

Ak AM. L D., Hundrup, E., Gearin, P., Gaydos, J., Klope, M.,
Jeifries, &zﬂ&mﬂmﬂ.}”lkﬂuﬁal&ﬁemo‘&h{m&ﬂ
Lion Edoph

tan State, USA. M:hh'l'n'bc.Neahl:v Walhlhﬂﬂabk&mlh:m

sponding author}.

Argue, AW. 1953, Strait of Georgia chinook and cobo fishery. Department of
Fisheries and Oceans. Available from http:jlagris fao orglagris-search/
search.do?record] D=US201300358549 [accessed 13 March 2016).

Bartell, S.M., Bn!rk.j! Gardner, KH and Brenkert, AL 946 Individuzl pa-

and errar is of fish b ics models. (an. |

Fish. Iup:u. Sci 431 w0-168. dod: 10, N2 08,

Beamish, R.J, Thomson, B.L., and McFarlane, lemSpuwtbﬁshptﬂhmn
on chinook and coho salmon and the p I effects on P
salmon. Trans. Am. Fish. Soc. IZIIA) 444450 dot: 10157715 5

Can. . Fish. Aquat. S, Vol. 00, 0000

temporal-spatial environmental conditions and trophic interactions. Wash.
Coop. Fish WildL Res. Unit. Available from hnp#ﬂmon:“ com/file
storage INDIVIDUAL-A CTIVITISC

usgs.edu/davebea/tech pnbllcanons}ﬂe:mdumpl’D!zuDuffy'X’Oz
011220ChinookX20Growt h620X 208 urvival-PSCR20Rept-1.pdf faccessed
1 March 2016}

Bigg, MA. 1959 The harbour seal in British Cobumbia. Fisheries Research Board
of Canada, Ottawa, Ont. Available fram hitplibrasy wur.nfWeb{fueryidd)
409938 faccessed 13 March 2006).

Boulva, J.. and Mclaren, 1A. 1979. Niclogy of the harbor seal, Fhoca vitslma, in
eastern (anada. Dept. of Fisheries and Oceans. Available from htrpy/
agris.fao orglagris-searchisearch do?record[D=US201300581238 [accessed

1 March 2016}
Hatler, | R., Midd SJ. Graham, 1M., Th Pjt :ndArmnmng.].D
2006. Modelling the imy of

salmon, Saime salar, rivers in Scotland: a tool for ing cwnﬂxl reso-
lution. Fish. Manage Ecol. 13(5): 285291 doi:10.11111.136%2400 2006 00
S04x.

Center for Whale Research. 2016. Study of southern resident killer whales. Avail-
able from http:jwww.whaleresearch.com] [accessed 13 March 2015].

Clemons, E, Conrad, R, Simmans, CD., Sharma, R, Grover, A, and Yuen, H.
2006. Fishery Regulation Assessment Model (FRAM). Available from hip))
www peouncil org/bly20060606/Gia_FRAM At 2 pdf faccessed 11 March
2016}

Duffy, E]., and Beauchamp, DA. 2011. Rapid growth in the early marine period
improves the marine survival of Chinook salmon (Omcarfyndes ¢ shawytscea)
in Puget Sound, Washington. Can. |. Fish Aquat. Sci. 68(2) 212-240. doa:10.
n3YFI0-344.

Federal Register. 1999. 64(36): 14307-14328. Available from https] jwww gpo.
gov/fdsys/pkg/FR-1999-03-24/hrmlFR-1999-03-24-FrontMatter htm [ac-
cessed 3 Apnil 2016).

Federal Register. 2005, 70{222) 69503-69912 2009. Available from httpsy)

www.fisheries noaa goviprpdfs) fr) 57 (-69903.pdf [accessed 3 April 2006).

Ford, J X, and Ellis, G.M. 2006. Selective foraging by fish-eating killer whales
Orcinus orza in British Columbia. Mar. Ecol. Prog Ser. 316: 185-199. doi:10.
3354/ meps316183.

Ford, J X, s, GM., Bamcl-lgnnzrd, LG. Hamm AB, Palm, R.S and
Balcomb, K.C, 1L 198 Dietary sp
of killerwhales «h-xum)mcunal Ilnluhoﬂmhzmdadprulwmm
Can. |. Zool. 76{8): 1456-247 L doi:10.1139/z98-089,

Ford, | K., Ellis, G M., Olesiuk, PF., and Balcomb, K.C. 2030, Linking killer whale
survival and prey shundance: food limitation in the oceans’ apex predator?
Bicd. Lett. 6{1): 139-142. dod:10.308%)rsbl. 2009 0468,

Ford, M.]. 2011. Status review update for Pacific salmon and steelhead listed
mdcrlh:ﬁndanwtdSpeoaAﬂ:Pauﬁ:Nnﬂhwﬁ.USD:pﬂﬂmemuf
Commerce, National Oceanic and A
Mrine Fisheries Service, Northwest Fisheries Science Center. Availble from
hupﬁww nwfu noas. govlpnblu:uons]supandnyhy doctrack_
allinfo.cfm?d dee 1730 §; d 2 April 2006}

Ford, M.J., Hempelmann, |., Hanson, M.3., Ayres, KL, Baird, RW.,
Emmons, CK., Lundin, 1, Schorr, GS., W:.-er SX., and Park, LK.z(n&
Estimation of a killer whale ((rcimus arcs) p 3 :du-lum‘
analysis of DNA from feces. PloS ONE, u(lk 0144556, doi: llll:rn'pumzl
paned1444956.

Gustafson, RG., Waples, RS.. Myers, | M., Weitkamp, LA., Bryant, GJ..
Johnsean, OW., and Hard, ].J. 2007. Pacific salmon extinctions: quantifying
lost and remaining diversity. Conserv. Biol 21{4)- 30091020, dod:10. 11135523~
T392007 00693 x.

Hanson, M., Baird, RW., Ford, 1 K., Henpelmznn—ﬂ:las] Van Doamik, DM.,
Candy, JR., Emmons, CK., Schorr, G.S., Gisbome, ILAyrs.K.L.e!al.’mlu
Species and stock identification of p-q.'
resident killer whales in their summer range. Endang. Spcoes Res. 11{1f
69-82. doi-¥).3354)esr00253.

lhnrey  C.J. 2009. Effects of change on d | fishes in the Cali-

Q:m:bmagmaappmadx Can_]. Fish. Aquat. S 6609 1444
1461 doi- 10 1Y FO-4T.

Hauser, D.D Logsdon. MG.. Holmes, EE, Vanﬂhmum.ﬁl.:nd(kbome RW.
2007. S killer whales
Oramus orca: mmﬂxpﬂﬂwdnﬂm&r Ecol.
Prog. Ser. 351: 301 dai-20.3354/mepsO717.

Hilborn, R, Cax, §., Gulland, F., Hankin, D, l-bbbs.NT Sdumiler DE, and
Trites, AW. 2012. The effects of salman fask onS killer
whales: final report of the & science panel Prep. Assist. DR Mar-
morek AW Hall ESSA Technol. Lid Vanc. BC Natl. Mar. Fish. Serv. Seattle WA
Fish.Ocum(‘an.VmBCXv Available from w.raincoast. orglwp-

loads/ 2009007 [kw-effects_of_salmon_fisheries_on_srkw-final-

21<0444:SDPOCAS 23,0052

Beamish, R]., Sweeting, RM., Neville, CM,, Lange, KL, Beacham, TD, and
Preskshat, D. 2012 Wild chincok salmon survive better than hatchery
salmon in a period of poor production. Enviren. Biol Fishes, 94(1)c 115-144
doi:10.1007 /51064 FOT-9743-5.

Beauchamp, DA., and Duffy, £} 2011 Stage-specific growth and survival during
early marine life of Puget Sound Chincok Saimon in the context of

pdfpccmed 36 April 200
Hocking, M.D. and Reynolds, J.D. 201, Impacts of salmon on riparian plamt
diversity. Science, 3316024) 16001612, doi:10.N26/science 2OII7Y.
Hollowed, AR Bax, N, Beamish, R, Collie, ]., Fogarty, M., Livingston, P., Pope, |,
and Rice, .C. 2000. Are multispecies models an improvement on single-
species models for measuring fishing tmpacts on marine ecosystems? 1CES |
Mar. Sci. 37(3): 707-719. doi1). 1006 jmsc. 2000.0734.

% Published by NRC Research Press




by University of British Columbia on 0529/17

ﬂprm com
use only.

WWW NICIEs ear
For person

Can. J. Fish. Aquat. Sci, Downloaded from

Pagination not final (cite DOI) / Pagination provisoire (citer le DOI)

(hasco et al.

Holmes, EE., Ward, EJ., and Wills, K. 2012 MARSS: multivariate autoregressive
state-space models for amalyzing timeseries data. R ]. 4: 1-19.

How:rd.S,lzna.M.M..]d!’na $.)., and Acevedo-Guticrrez, A. 2013, Fish con-
sumption by harbor seals (fhoca vitading) in the San Juan klands, Washington.
Fish. Dull. 11341): 27.

Huber, HR,, Jeffries, S]., Brown, RE. Delong, R1, and Vanblarcom, G. 2001
Correcting aerial survey counts of harbor seals (fhoce wsdme riciardn) in
Washington and Oregon. Mar. Mamemal Sci. 17{2): 276-293. doiz10.111Y1. 5748~
7692 2001thU1271.x.

Ito, }. and Parker, R.R. 1971. A record of Pacific herring (s pea harengus pallasi)
feeding on juvenile Chincok salmon (Oncorkyndeus tfawytsda) in a Brtish
Columbiz estuary. ]. Fish. Board Can. 28(12): 19211921 doinih. 103971291

Jefiries, S., Huber, H., Calambokidis, ], and Laake, J. 2003. Trends and status of
harbor seals in Washington State: 1978-19599. | Wildl. Manage 67: 207-218.
doi:10.2307/38034176.

Jefiries, S, Smultea, M., Bacon, C., Jefferson, T., Mate, B,, lrvine, L., and Follett, T.
2014. Aerial Sarveys of Pinniped Haulout Sites in the PNW; Marine Mammal
Aerial Surveys Conducted in the PNW, IPSW; and Offshore Large Whale
Satellite Tagging in the NWTRC. Drafi report, Naval Facilities Engineering
Command, Northwest (NAVFAC NW), Silverdale, Wash.

Kareiva, P, Marvier, M., and McClure, M. 2000, Recovery and management op-
tions for spring/summer chinook salmon in theCdumhaher&nn.Scr
ence, 290(5493): 977-979. doi:10.1126/ sclence. 290.5491.977.

Kleiber, M. 1975, The fire of life. Robert E Kreiger, New York.

Lance, MM, Chang, W -Y., fefiries, 8], Pearson, S.F., and AcevedoGutiérrez, A.
2012. Harbor seal diet in northern Paget Sound: implications for the recovery
of depressed fish stocks. Mar. Ecol. Prog. Ser., 464: 257-271.

Luxa, K., and Acevedo-Guti‘errez, A. 2011. Food habits of harbor seals Phoc
viuling) in two estuaries in the central Salish Sea Aquat. Mamm. 3%1): 10-22.
doi:10. 17 §AM 39.1.2011.10.

Magera, AM., Fl ing, JEM., Xaschner, K., Chri L8, and Lotze, HK
2013, Recovery trends in marine mammal populations. PloS ONE. 8{10)

77904, doi10.137 fjoarmal pone 0077 908,
Manhsa, N]Jhn S.K., Zhang, ¥, Wallace, ] M., and Francis, RC. 1997 A Pacific
interdecadal cimate oscillation with i on salmon p Bull.
Am. Meteoral. Soc. 78(6): 1069-1079. dol_m m:\vnx)om(wwmws&
APICOW>2.0.00;2.
HanlnlLK.N. Sus AL, Sambour, |F., Kelly, RP_ and Ward, EJ. 2015. Con-
of pred; recovery. Conserv. Lett. doi:10.111)conl

S P

12186,

Mohn, R, and Bowen, W.D. 1996. Grey seal predation on the eastern Scotian
Shelf: modelting the impact on Atkantic cod. Can. |. Fish. Aquat. Sci. 5312}
2722-2738, doi10. 1139 R6239.

Myers, JM., Kope, RG., lry:nt G.J., Teel, D, Lietheimes, L], Wainwright, T.C.,
Grant, WS Waknitz, FW., Neely, K, Lindley, ST, et al. 1998, Status review
dmummwmmmmmmmﬂ
able from httpy www fws.govyreka/Hy droDocs/Myers_etal 1998.pdf fac-
cessed 22 March 2056}

lelmh!d:nmbynhmduth(—udlmps)onhuﬁcm
(Omcurim chas spp.) in the North Pacific Ocean. North Pac. Anadromous Fish
Comm. Bull 1- 419-433.

Naish. KA., Taylor, JE, Levin, P.S., Quinn, TP, Winton, LR, Huppert, D., and
}m‘bwn.l 2007. An

SH194. dut:lﬂ.lﬂlﬁmz&!llmw
National Marine Fisheries Service (NMFS|. 1997. Investigation of scientific infor-
mation on the impacts of California Sea Lions and Pacific Harbor Seals on
salmonids and on the coastal ecosystems of W
Iomu Available from btq; dwww. w&cnw gov] publications/scipubs/
htm d O March 2006].

Pearson, S. 20& lhthl.'l'asksxidmfd) ll9m—nom.h‘n$mnd

Pitcher, ILW md('alhu.DCle Magyoﬂheh:rbasaLllmviﬂm
ndards, in the Gulf of Alaska. Outer 1 As-
oflllennr&.u'm

sessment Program, US Department Land Management.
Available from hetphwww data boem. gov/PYPDF Imagey ESPISY 353, pdf [ac-
cessed 13 March 2016).
hgﬂSamdhldnnTribs(PSﬂ)deahmmecpﬂmeﬂoﬂ’dundwﬂd-
hfe(WDI'WI 2010. Comprek I plan for Puget Sound
k: harvest Puget Sound Indian Tribes and
Wad:immeumnm of Fish and Wildlife, Olympia, Wash.
Punt, A £, and Butterworth, D S 1995 The effects of future consumption by the
fayefursalwdcbﬁaﬂddlmsoﬂhe&pchabs.LModdmgme
fur seals Arciocephalus pusiius punilas and
du(‘ayehaka!lahnmswmd.\l poradous. South Afr. |. Mar. Sa.
16(2): 255285, doi-10. 2989 025776195784 1564594,
Qninn,']'.l’ Dick LR, and Vell d, LA. 2005 Marine survival and
nup:uemsofmohplSoundhaubuypupnhnumdmbo
(Omcorkyndus kistch) and chinook (Omcorhymdms tshawytscha) salmon. Fish
Res. 76{2): 209-220. doi:¥0. loxq,ﬁshrnmoaoo&
R Core Dev Team. 2015 R: 21 and em for statistical
cmpuung Avai]able [rum hup.”mn ficcruz brjweb/packages/dpIR/
d 11 January 2017).
Raby, DD, Lvom.DLCﬂg,DJ' Collis, K., and Visser, G.}Lm(ln:nhfymg
the effect of predators on e.mhngend speds hoenﬂpdu ap
: Caspian terns and j il
Can. | Zool 81{2): 250-265. doi:10. 1129202242

recovering
Am Rev. Ecol. Syst. 33: 665-706. doi-)). IMGannurey. ecolsys. 33010802
RIWA,GT deomFA.m&xmaldWSmndeoknlmm
to climatei with

shawytscha) in
pink salmon Chmiyndlupvhndll] ('zl.j.ﬁshAqu:L Sa.slﬂ). 756170,
doi10. 113 M2
Scheuerell, MD., and Willams, ].G. zom. Forecasting dimate-induced changes
inl.h:mnrralu(SmhRm er Chinook salman {Oncorfsyn dhes
el Fsh O 14(6): 448-4777. doiz10 11113652419 2005.

Sd:merelLM.D kvm.PS Zabd,lw Williams, j.G..:ndS:ndﬂ'mB.L
2005. A new persp of
thmaenadnocho(hdicnhm«buﬂpd-sspp}.fanj Fish.Aqua.
Sci. 62(5): %61-964. dai10.1OYA5-1A.

Sconting, J., Akmajian, AM., and Riemer, S.D. 2014. California and Steller sea
Lion diets in northwest Washington, 2010-2013.

Shelton, PA., Sinclair, AF., Qiuuln:xiG.A Mohn Re andDupluu.D.Em
Fishing under low p is further d g recovery of
NoﬂhweﬁAth:xmd(Gaﬁx-uhn}.Can] EﬂLAqu:l.Sn 632)- 210-138.
doi 0. 113N %253,

Sigler, M.F,, Tollit, D.J., Vollenweider, 1]., Thedinga, |.F., Cszpp, D].,

omhle.jN..ng.M.A. Rehberg, M.J., and Trites, AW. 2009. Steller sea

lion foraging d ch mpcqraihhﬂuy!hrﬁml.
Mhmu}uthmw
Skern-Maurit M, Ot G., Handegard, N.O., Huse, G Dingser, GE.,

Stenseth, N.C., and Kjesbu, 0.5. 2055, E rarely included
mmnlﬁhcmmﬁshl’uhdmlﬂlu\lﬁilzul

Smith, L, Gamble, R., Gaichas, §., and Link, |. 2013. Simulstions to evaluate
management trade-offs marine mammal consumption needs, com-

mercial fishing fleets and finfish biomass. Mar. Ecol Prog Ser. 323 2%

and Cali-
doi:10.3354/ meps 1124,
TCW. E ics. 2008, E i '_'oflbemmnymmmland
jonal fisheries in Washi State. Washingt of Fish

N:homlenneFlshensSamMmewayphnfm k
resident killer whales ((r gmus arca). National Marine Fishenies Service, North-
west Region, Seattle, Wash. Available from httpsfjwww beamreach.org!data)
10YScience/processing/NoraPapery SRKW Recov-Plan-Final pdf [accessed

)

N:ﬁanlwﬂxmeﬁmsmm& 2015. California sea lion (Zdlophus
coliformiamusy: lESIﬁMS. mhaﬂableftun httpglwww fisheries.
noaz| q Jaalifornia-seadion hitml [accessad

3 March

BOW/PIEP el

Noren, D.P. 2011. Estimated field metabolic rates and prey requirements of res-
ident killer whales. Mar. Mammal Sd. 27(1): 60-77. dot:)0.111Yj. 17487692
2000386 x.

OMSLMQGLMWu}EmlLEWWoMM

as prey of ident killer whales. Endanger. Species
Res. zqa’:mddwmqmoosn

Orr, AJ., Banks, AS, Mellman, S, Huber, H.R., DeLong, Ri., and Brown, RF.
2004. Examination of the foraging habits of Pacific harbor seal (Fhoca wisling
ridwardsi) 1o describe their use of the Umpgua River, Oregon, and their pre-
dation en salmonids. Fish. Bull 102{1k 108-117.

Overholez, W.J., and Link, ].5. 2007. G by marine
fish, and seabirds on the Gulf of Maine - Gcalgs&nkAdmitherring
{(upea harengus) complex during the years 1977-2002. 1CES | Mar. Sa. |
Conserv. 64]1): §3-95. doi-10. 1093 icesjms/fsl005.

and Wildlife. Available from | http: ],‘Wdfwvl: gnvipubhndonﬂom
widfw 0464, pdf.

‘ﬂamA.C.lxlcehLM.denaS.j biner&G zndAcmdo-Gunaru.A
2011 Harbor seal f pulse, spawning
Pacific herring Mar. E:ul.ngSer ul 225239, doi:) .S YmepsIT 0.

Thomas, A.C. Nelson, BW., lanm.M.\LDagk BE. and Trites, AW. 2016.
Harbour seals salmon of Can. J. Fish.

target
qlmSa7dﬂdml&ll3quam
Tollit, D.j., Wong, MA., and Trites, AW. 2015 Dlnmmpmmd&eﬂerm
homﬂ-ﬂqusphtulm. derick Sound, P
of quantification methods mtqm!nha'ibﬂmpunl:ndsm:l
abilities. Can. . Zool. 93(5): 361176 doi:10.1139/cjz- 20140292,
TynelMC.lkaS«mdemhﬁd.lelLMWofmdndmg
in fish p

pamnﬁskltu un(l) 4 doiz0. mlql,.ﬁshm_zmo 2o
Vilchas, L1, johnson, CK., E'en:on.jl,?e:nnn.&! Barry. KL, Davidson, P.,
Raphael, MG., mdchm.jx.mu of ma-
inform marine conservation. Consery. Biol, 29(1): a-

wmn.}.nma&wthxm. the effects of prey
abundance

ca killer whale reproduction. J. Appl. Ecal. 46(3): 632-640. doe:10.
YY) 1365-2664.2009 01647 x.

* Published by NRC Research Press




crlpm.oom by University of British Columbia on 05/29/17
use only.

For personal

Sci. Downloaded from www nreresear

Can. J. Fish. Aquat,

Pagination not final (cite DOI) / Pagination provisoire (citer le DOI)

Ward, EJ.. Chirakkal, i., G 1635 M. ‘Antioles-Gamboa, D,
Holmes, EE., and Gesber, L. 2000, ln!ernngspmﬂlm&mmm
data- using multivariate models to detect

state-space metapopulation struc-
ture of C3lifornia sea lons in the Gulf of California, Mexico. | Appl Ecal.
£7(1): 47-56. doi:10. llllb 13652664 2009.01745x..
W:rd.Ej..Levm.PS Lance, MM, Jeffries, S, and Acevedo-Gatierres, A. 20012
g dist and da:loldmnf)hmspoudpn«htmnnsk
and areas of @ X for
37-47. doi: 10.11Yj. T 55-263X 201100210 x.
Ward, EJ, Anderson, JH., Beechie, T]., Pess, GR., and Ford, M.J. 2013 In-
g hydrologsc variability th depleted anad fish popula-
tions. (dob. Change Biol. 21{7): 2500-2509.
Washington Department of Fish and Wildlife (WDFW) and Puget Sound Treaty
Tﬂbamm RumM:qmemﬂm.NgﬁSmdehmook
a P mp Chinook Salmon
Mmgm:n Plan. WDEW, p:a.w:uh.
Weise, MJ, and Harvey, | T. MO&Tempudmahh!ymotsndmneand
(Glifornia sea lion diet and b
Mar. Ecol. Prog. Ser. r;m-mdm.mmq]mqm(mw
Wiles; GJ. 2015 Periodic status review for the Steller sea lion. Washington
Depnmm of Fish and Wildlife, Oympia, Wash Available from hitp)
wm{publmamﬂlﬂwdfwolul.pﬁ [accessed 13 March 2016}
Williams, R, Krkofek, M., Ashe, E, Branch, TA., (ark, S., Hammend, PS.,
Hnyl E NmDP ﬂm!n.D andWin:lnp A. 20m. Competing conserva-
‘es for p

and prey: g killer whale prey require
mennfurChhoaknhnnuPhSONE.qu) 26738 dok 10107} jourmnal pone.
0026738,

Wilkzms, TM., Rutishauser, M., Long, B, Fink, T, Gafney, | Mostman-Liwanag, H, and
('aq)uDWSeaﬂmﬂmnbih!ymmmldwm implications for the
effects of pred on localized prey Physsol. Biochem. Zool.
BO[4): 433-443. dai10. 1086518346,

Winship, AJ, Trites, AW, a‘nd('alhm.DG ZMLGmmhmhdymeol&:
Steller sea lion (& pias pibgus ']

i species. Conserv. Lett. 5{1)

Alaska, USA. Mar. Ecol. Prog. Ser. 229: 29312 doi:10.3354/meps229291.

Winship, A_]., Hunter, AM., Rosen, DA, and Trites, AW. 2006. Food consump-
tion by sea lions: existing data and techniques. Sea Lions World Akska Sea
Grant Coll. Program. pp. 77-191L

Wright, BE, Riemer, SD., lmwn.l.F mgnnAJLandMlm.u 2007
Assessment of harbor seal pred I adk maPanﬁthnh—

‘west estuary. Ecol. Appl. nl;z) 338-351. dm.m 18XV 05294

Zier, ].C, and Gaydos, | K. 2034, Harbor seal species profile. &chPﬁpSﬂuﬂ

June, Val. 9, 2014,

Appendix
Reproduction and growth costs for harbor seals and Steller
sea lions

Reproduction costs
The daily production cost can be disaggregated into the gesta-

tionfpupping cost (PC) and lactation cost (LC). Depending on the
time of year, the reproductive costs (PC and LC) will change for
predators of different ages and sex. To account for these temporal
effects, we include an additional set of time-varying estimates:

Prpg =M x B ox | PG x !{'_C“ + LGy % Péf"‘
> >

where the variables p[; and i} . are the conditional probability of
predator p gestating or lactating on day t given that it is both
mature (m, ; ) and fecund (F, ).

Since males neither lactate nor give birth, F, .., is equal to
zero.

The lactation and gestation costs listed below are conditional
on a female actually produdng offspring. For harbor seals, the

Can_ J. Fish. Aguat. Sa. Vol. 00, 0000

fecundity rate is 0.91 (Howard et al. 2013) and for Steller sea lions,
the fecundity rate is 0.63 (Winship et al. 2002}. For killer whales,
gestation and lactation costs are implictly assumed to be in-
cluded within other modeled metabolic costs.

In most instances, the models in the literature (Table A2) de-

scribe the 1 costs of reproduction. Since and;fumthe
dauypmbabmyorampmdumonmmmm“—“md P —=_are
SRS o

the daily fraction of the annual reproduction costs. The killer
whale literature does not separate the production costs from the
activity costs, since at the population level, they are such a mini-
mal cost compared to the activity costs. The gestation periods of
the pinnipeds are based on the following: Tables Al and A2 and
Fig. AL

Growth costs

The models for growth costs (GC) are different for each preda-
tor. The Steller sea ion model is an annual estimate based the
change in body mass, while the harbor seal model is a daily esti-
mate for immature individuals. The growth costs for killer whales
are integrated into the activity costs (Table A3).

Efficiency

Efficiency measures the energy that is lost through excretion
and digestive heat before it can be converted to maintenance or
growth. Our estimate of efficiency (Ef) is the percent energy left
after waste (d,) and digestive heat (d,) (Table A4). Calculating the
conversion efficiency for each species is slightly different based
on how the parameters were reported in the literature. Digestive
effidency for killer whales (84.7%) was accounted for in equations
used to calculate daily prey energy requirements from field met-
abolic rates in Noren (2011).
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Fig. A1. Periods for which lactation costs are factored into the bioenergetics model
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Fig. A2. Estimated annual predator abundance.
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Fig. A3. Probability of the predgators being present in inland waters.

Fig. A4. Population abundance of harbor seals, 1970-2015, in Puget
Sound based on an annual 4% decline beginning in 1999,
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by marine mammal predators in Puget Souna

between 1970 and 2015, assuming a 4% decline in harbor seal abundance beginning in 1999. [Color onkine. |
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Fig. A6. Annual biomass of Chinook salmon consumed by cach predator based on given combinations of pinniped abundance and predator
activity. [Color online.}
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Fig. A7. Annual number of Chinook salmon consumed by the predators based on given ¢

activity. [Color online.}
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Table AL Summary of reproduction costs by predator.
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Variable Predator Moael Source
PGo Harbor seal 93 000 000 Jfycar . H?wam ctal 2013
Steller sea lion Wi x IP“FED‘P + {1 — P“'Kl - P']EDF‘J'W Jaay Winship et al 2002
California sea lion Implicita Weise and Harvey 2008
Killer whale Implicita Noren 2011
IG... Harbor seal 24 000 000 x (wg“)"" Tyear Howard et aL 2013
Steller sea lion SeAC, SaAC, Winship et al 2002
@ onxd,  dxa, ey
Catifornia sea lion Implicita Weise and Harvey 2008
Killer whale Implicit® Noren 2011
i Harbor seal 0.91 Howard et al. 2013
Steller sea tion 0.63 Winship et al. 2002
California sea lion Implicit=
Killer whale Implicit®
<The assumption is that these costs are implict in biosnergetics models.
Table A2. Lactation and gestation periods for the each of the predator species.
Parameter Predator Initial day N aays Source
P Harbor seal 9 months before pupping 214 (9 months) Temte 1991, 1994
Steller sea lion® 9 months before pupping 214 (9 months) Pitcher and Calkins 1981
s T seal May 25 2842 Muelbert et al. 2003
Steller sea liona May 6 months Mathisen anda Lopp 1963

“Although some studies indicate that sea Hons lactate for up to 9 months, many sea Hons are seen lactating with -2 year old juveniles

Table A3. Sources and mode! for determining growth costs for the predators.

Variable Predator

Model

Source

Harbor seal
Steller sea lion
California sea lion

o

PT, % 0.0165 x 321 x 86400
(Wi, — Wiy 2 JPyEDy + (1 - pdt — pJED, ]
Implicit®

Howard et al. 2013
Winship et al. 2002
Weise anda Harvey 2008

Killer whale Implicit® Noren 2011
“The assumption is that these costs are inplict in bioenergetics models.
Table A4. Efticiency calculations for the predator species.
Efficiency
Predator calculation a, dy Source
Harbor seal Ef=a,-4d, 0.50 0.08 Howara et al 2013
Steller sea lion Ef=d, xd, (pup, others) 0.95, 0.85 0.88 Winship et al. 2002
California sea lion Ef=d,xd, (pup, others} 0.95, 0.85 0.88 Winship et al. 2002
Killer whaie Ef=0847 Noren 2011
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