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Fishing amplifies forage fish population collapses

Timothy E. Essington®™', Pamela E. Moriarty®, Halley E. Froehlich®, Emma E. Hodgson?, Laura E. Koehn?, Kiva L. Oken®,
Margaret C. Siple®, and Christine C. Stawitz”

*school of Aquatic and Fishery Sciences and PQuantitative Ecology and Resource Management, University of Washington, Seattle, WA 98165

Common characteristics of forage collapses:
1. High fishing pressure several years before collapse

2. Sharp drop in natural population productivity
3. Lagged response to reduce fishing pressure

Cutoff at one half average unfished biomass would minimize this
risks, while maintaining average catch
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Harvest rates INCREASED as stock
approached CUTOFF
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A cold oceanographic regime with high exploitation
rates in the Northeast Pacific forecasts a collapse of
the sardine stock

B
Juan P. Zwolinski®! and David A. Demer®-? m

Fishing pressure: increases decline, delays recovery, reduces future peaks
Similar oceanographic and fishery trends to 1940s when sardine collapsed
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U.S. Overfishing Occurring Since 2012
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U.S. exploitation rate compared to the previous MSY rate (stochastic E,,s,) and new rate
(CalCOFI E,qy ) for the U.S. distribution of the stock (87%). Exploitation in excess of E
demonstrates U.S. overfishing has been occurring since 2012. Data from 2015 Assessment.



Coastwide Exploitation Rate on Sardines vs. Emsy
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Coastwide (U.S., Mexico and Canada) exploitation rate compared to the previous MSY rate
(stochastic E,,s ) and the new rate (CalCOFI E,,, ) for the coastwide distribution of the
Northern sardine population. Exploitation in excess of E,,,, demonstrates coastwide
overfishing has been occurring since 2010.



North American Journal of

ngggee%ent Optimizing fishing quotas to meet target fishing

fractions of an internationally exploited stock of
Pacific sardine (Sardinops sagax)

North American Journal of Fisheries Management, 2014

D. A. Demer and J. P. Zwolinski (NMFS/SWFSC)

e “..the current harvest control rule for sardine has not consistently
maintained a total fishing fraction below the US target value because the
‘distribution’ parameter, which is intended to account for the proportion
of the stock in the US exclusive economic zone (EEZ), has not adequately
accounted for landings of the stock at Mexico and Canada.”

e U.S. Landings as proportion of coastwide landings from 1993-2011:
* Differentiated landings of Northern stock: 70%
e Undifferentiated landings: 53%
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Starving Sea Lions Washing Ashore by the Hundreds in California

By JACK HEALY MARCH 12, 2015
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Baby pelicans starving along
California coast

Species has been recovering, problem might be competition for food
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Not Just Ocean Conditions

Fishery Impacts

===Nop Fishing
14 4 ===No MexCal Fishery
No PacN'W Fishery
==2015 Update '

There would
be 4X more
sardines out
there today if

Stock biomass (million metric tons)
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From K. Hill 2015 Assessment Presentation to PFMC



Oceana-Modeled Pacific Sardine Stock Trajectory

—Without Fishing

Oceana proposed HCR
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Trajectories analyzed using 2013 Hurtado & Punt model



Proposal for 2015-16 Specs

CPS FMP:

“By the time BIOMASS falls as low as CUTOFF, the harvest rate is reduced to zero”
“..the incidental amount and the amount harvested directly must equal the total HG”
“ACT: Equal to HG or ACL, whichever value is less”

Set total ACL no greater than 1,000 mt
— 1% harvest rate would be minimal, while reasonably allowing continued CPS fisheries, bait, etc.
— SetHG=0

CA live bait limit = 400 mt

Total incidental catch limit = 300 mt
— 10% sardine limit for squid/other fisheries
— 20% sardine limit for mackerel/anchovy
— Triggers: Ratchet down % as total limit approached



CA Live Sardine Bait Fishery

% of 1+ sardine

Year Harvest (mt) biomass

2008 2,979 0.31%
2009 2,788 0.34%
2010 2,249 0.29%
2011 2,057 0.32%
2012 2,497 0.59%
2013 1,849 0.69%

Average %: 0.42%

Proportional Decrease:
0.42% of July 2015 1+ biomass (96,688 mt) = 406 mt
FMP allows Council to set limits on live bait sector

Harvest data from CPS MT, Biomass based on 2015 Sardine Assessment



Total Sardine Incidental Catch

Incidental Landings (mt) (<45% Sardine in a landing for ALL gear types
for OR & CA, including purse seine, regardless of whether sardine
season is open or closed), Data from CPS MT:

Year CA OR WA
2008 1036.5 9.1 3.2
2009 404.6 5.2 17.0
2010 381.7 1.2 2.3
2011 334.2 2.6 0.0
2012 413.2 47.8 0.0
2013 1327.4 17.1 0.6
2014 Interim 832.7 0 0
2014-15 Period 1 808.3 366.9 0.1

Limit of 300 mt generally consistent with low end of recent
range, goal of incentive to minimize sardine catch, changes to
fishing behavior, and lower sardine numbers



Proposed Per-Trip Incidental Sardine Catch Limits

Squid/Other:  Mackerel/Anchovy:  *78% of mackerel hauls

10% limit 20% limit have ZERO sardines
50 I ]
A5 | | Sardine mixed load with |-
target species of:

40 I
® Jack mackerel

35 I . —
m Market squid

30 I m Northern anchovy
m Pacific mackerel [

Number of Receipts
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Percent sardine (wgt) of incidental catch

Data from CPS MT only for trips with incidental sardine catch  * market squid to 2013




Recent Incidental Catch Data

o 78% of Pacific mackerel trips and 87% of
Market Squid trips had ZERO sardines in
recent years

e Less than 5% of mackerel receipts had greater
than 20% incidental sardine catch

e Less than 3% of squid hauls had greater than
10% incidental sardine catch



Summary

e Best science currently available:
— Sardine overfishing occurring since 2010
— Fishing worsened the current collapse
— DISTRIBUTION flaws were a contributing factor
— Council’s HCR did not perform as intended

e Take Definitive Action to Minimize Sardine Catch

— Zero directed sardine fishing
— ACL< 1,000 mt
— Per trip incidental sardine limits 5-20%

e QOverhaul Sardine HCR
— Increase CUTOFF
— Account for predators/ecosystem impacts — “Optimum Yield”
— Fix DISTRIBUTION and MSST
— Incorportate stock trend
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Common characteristics of forage collapses:

High fishing pressure several years before collapse

Sharp drop in natural population productivity

Lagged response to reduce fishing pressure



Cutoff at one half average unfished biomass would minimize this risks, while maintaining average catch





March 2015.







Harvest rates INCREASED as stock approached CUTOFF

Data from on March 2015 Stock Assessment





Sardine biomass (1+, mt)	2007	2008	2009	2010	2011	2012	2013	2014	2015	1037183	975934	824211	768651	634667	425549	268152	150335	96688	Coastwide Exploitation Rate	2007	2008	2009	2010	2011	2012	2013	2014	2015	0.1226	0.1129	0.1137	0.1241	0.14330000000000001	0.26790000000000003	0.27129999999999999	0.152	









Fishing pressure: increases decline, delays recovery, reduces future peaks

Similar oceanographic and fishery trends to 1940s when sardine collapsed







U.S. exploitation rate compared to the previous MSY rate (stochastic EMSY) and new rate (CalCOFI EMSY ) for the U.S. distribution of the stock (87%). Exploitation in excess of EMSY demonstrates U.S. overfishing has been occurring since 2012.  Data from 2015 Assessment.

U.S. Overfishing Occurring Since 2012





USA Exploitation Rate	39261	39627	39993	40359	40725	41091	41457	41823	9.8000000000000004E-2	8.0699999999999994E-2	7.2999999999999995E-2	7.3700000000000002E-2	6.54E-2	0.20569999999999999	0.22359999999999999	0.1391	CalCOFI Emsy (U.S. portion)	39261	39627	39993	40359	40725	41091	41457	41823	0.16211520323437562	0.12978443999123054	0.12167531624362235	9.5841901357658993E-2	0.11354617904733773	0.12708333109207046	0.12573208478995168	0.10607285736359946	

Coastwide (U.S., Mexico and Canada) exploitation rate compared to the previous MSY rate (stochastic EMSY) and the new rate (CalCOFI EMSY ) for the coastwide distribution of the Northern sardine population. Exploitation in excess of EMSY demonstrates coastwide overfishing has been occurring since 2010. 

Coastwide Exploitation Rate on Sardines vs. Emsy







Coastwide Exploitation Rate	39261	39627	39993	40359	40725	41091	41457	41823	0.1226	0.1129	0.1137	0.1241	0.14330000000000001	0.26790000000000003	0.27129999999999999	0.152	CalCOFI Emsy	39261	39627	39993	40359	40725	41091	41457	41823	0.1863393140625007	0.14917751723129946	0.13985668533749696	0.11016310500880344	0.13051284947969854	0.14607279435870169	0.14451963768959963	0.12192282455586145	



“…the current harvest control rule for sardine has not consistently maintained a total fishing fraction below the US target value because the ‘distribution’ parameter, which is intended to account for the proportion of the stock in the US exclusive economic zone (EEZ), has not adequately accounted for landings of the stock at Mexico and Canada.” 



U.S. Landings as proportion of coastwide landings from 1993-2011:

Differentiated landings of Northern stock: 70%

Undifferentiated landings: 53%










Optimizing fishing quotas to meet target fishing fractions of an internationally exploited stock of Pacific sardine (Sardinops sagax)



North American Journal of Fisheries Management, 2014



D. A. Demer and J. P. Zwolinski (NMFS/SWFSC)

































Not Just Ocean Conditions

There would be 4X more sardines out there today if we hadn’t been fishing



From K. Hill 2015 Assessment Presentation to PFMC





Trajectories analyzed using 2013 Hurtado & Punt model





Oceana-Modeled Pacific Sardine Stock Trajectory

Without Fishing	913.90093000000002	1141.3196399999999	1343.49765	2964.7228399999999	4019.41077	3647.0937699999999	2837.6752799999999	2100.5256199999999	1760.05493	1654.80818	2481.05971	2686.0363000000002	2318.3604099999998	1923.80771	1934.3802700000001	1793.1773499999999	1553.41004	1368.1285399999999	1512.4605799999999	1459.5074400000001	1251.99127	1179.3970999999999	1104.3744099999999	1221.08519	3880.38805	6294.9871499999999	6105.46929	4746.6578399999999	3391.2138799999998	2446.2881699999998	1825.2998299999999	1429.00125	1211.46984	1241.0976900000001	1197.76576	1180.85015	1127.6208799999999	1515.0652399999999	1617.6063799999999	1799.2783899999999	1652.83952	1333.1533400000001	1126.8137300000001	948.72213999999997	1055.8315299999999	1019.1205200000001	911.86276999999995	755.35008000000005	604.38149999999996	533.64822000000004	714.15120999999999	934.68562999999995	935.49387999999999	858.75980000000004	795.87280999999996	695.00789999999995	609.39458000000002	510.58046999999999	433.79782999999998	495.33339000000001	596.07879000000003	621.24855000000002	606.15952000000004	570.94826999999998	523.46367999999995	533.42327999999998	532.76408000000004	626.01570000000004	687.14062000000001	773.84965	875.48302999999999	830.08888000000002	768.89937999999995	730.14075000000003	747.94115999999997	770.08312999999998	1107.6082200000001	1286.48307	1541.8637900000001	2069.1009100000001	3504.1897300000001	3619.6283899999999	2903.0269800000001	2170.4477499999998	1709.14365	1385.8199199999999	1122.6307400000001	1054.0168799999999	1061.1847700000001	974.52809999999999	1559.68542	2108.4873400000001	1984.8905199999999	1589.74542	1258.0573300000001	974.31587000000002	1326.4195999999999	1807.2141099999999	1754.48505	1430.15309	1138.1454799999999	1005.30972	921.88046999999995	847.85117000000002	726.93205	615.83245999999997	528.94304999999997	429.12054999999998	417.67854999999997	428.93552	449.71751999999998	409.34462000000002	670.67191000000003	800.22384	1095.76378	1211.18399	1178.13815	1005.89429	876.43332999999996	942.50131999999996	1070.43595	1273.7791299999999	1314.1564800000001	1257.87183	1185.7467799999999	1314.0231799999999	1436.85871	1326.39077	1132.5118600000001	1688.5166099999999	1847.8728900000001	1794.74054	1854.74209	2074.2516999999998	1987.35916	1729.0815500000001	1397.7241799999999	1106.1401000000001	1356.7496599999999	1390.9463000000001	1290.80969	1050.0911599999999	813.09848	Oceana proposed HCR	913.90093000000002	1096.0013200000001	1175.0285699999999	2522.6380800000002	3511.9229799999998	2948.7979700000001	2114.91257	1544.15318	1314.87862	1123.4304	2254.3060599999999	2457.30654	2084.5173799999998	1516.44202	1531.8765000000001	1374.721	1192.95065	1065.91779	1319.94157	1290.9920500000001	914.53949	865.82718999999997	825.00927000000001	992.62896000000001	3498.0077999999999	5536.26872	5231.6737199999998	3857.78629	2539.51334	1819.46686	1320.6972499999999	1070.1009100000001	1003.05162	1095.03006	1051.9253000000001	1080.12165	932.95681999999999	1332.4901600000001	1392.67182	1654.7728999999999	1334.3545099999999	951.44259	768.00167999999996	618.89621	780.70484999999996	803.59858999999994	712.22134000000005	595.48092999999994	483.84384999999997	441.65348	616.84965999999997	826.33915999999999	839.02549999999997	735.59550000000002	702.24872000000005	622.58989999999994	498.32449000000003	425.14150999999998	367.78899000000001	431.42462	527.98221000000001	557.27765999999997	551.35785999999996	483.7611	451.51184999999998	470.43347	421.04102	513.90911000000006	539.03389000000004	634.02490999999998	746.26172999999994	723.76549	617.51630999999998	609.36816999999996	648.27067999999997	686.46882000000005	1026.8455300000001	1153.79052	1364.48892	1866.5584100000001	3190.91086	3056.6690699999999	2251.1680799999999	1590.0528300000001	1333.3258499999999	1132.5950499999999	894.97324000000003	827.85469000000001	895.55583000000001	706.42598999999996	1331.6789200000001	1878.71876	1525.37817	1077.5693699999999	860.99552000000006	716.58960999999999	1112.46759	1463.23981	1328.4219700000001	955.70090000000005	816.98406999999997	710.52652	679.96256000000005	628.60947999999996	563.13499999999999	494.63726000000003	437.32047999999998	360.74651999999998	359.54689999999999	375.06801000000002	398.79989	365.93283000000002	615.4692	740.06155000000001	1034.3632500000001	1074.9638600000001	915.20884000000001	747.93652999999995	691.38697999999999	800.22783000000004	910.41498999999999	1118.43109	1097.9331500000001	1095.2855300000001	1039.06333	1041.3218199999999	1228.32635	1079.9159099999999	869.71135000000004	1428.12381	1475.6696099999999	1555.80522	1660.3545899999999	1763.62267	1697.70778	1276.8105599999999	994.18258000000003	743.05628999999999	1048.2653600000001	1056.2609199999999	1016.10301	859.45938000000001	672.21876999999995	Status Quo	913.90093000000002	953.27828999999997	899.07376999999997	2293.1359699999998	3175.5115999999998	2789.3364299999998	2121.3874799999999	1512.4719399999999	1313.7953500000001	1228.4588200000001	2139.42004	2266.4546799999998	1859.2635399999999	1489.9659099999999	1576.5525600000001	1386.4077400000001	1101.28649	875.61981000000003	1046.4648	950.83290999999997	678.63905	596.00135	504.07666999999998	598.43452000000002	2409.4217100000001	4224.4255599999997	4430.7456300000003	3493.3828600000002	2431.3278300000002	1787.30151	1327.4282499999999	972.11344999999994	810.31183999999996	824.71532000000002	723.70980999999995	726.78484000000003	580.17277000000001	892.58574999999996	889.68088999999998	1208.4986100000001	1023.28269	697.60947999999996	509.27211999999997	340.70657999999997	407.19296000000003	375.30356999999998	303.55295999999998	219.25086999999999	146.76616000000001	124.41801	171.99618000000001	208.52789999999999	196.07124999999999	167.8272	162.59459000000001	129.98303999999999	89.314899999999994	61.77637	47.0867	55.222239999999999	63.765970000000003	58.672960000000003	54.72907	40.03181	34.669870000000003	31.2957	21.02196	23.45795	20.034929999999999	23.069210000000002	26.586099999999998	25.05491	21.05302	21.264779999999998	23.06033	24.0715	45.701500000000003	51.68168	89.281790000000001	159.74844999999999	536.90909999999997	551.63036	473.41372000000001	509.60539999999997	598.46866999999997	565.61991	445.66948000000002	419.22403000000003	444.16323999999997	304.51641999999998	690.29332999999997	964.62022000000002	752.39086999999995	520.98838000000001	420.64170000000001	341.79842000000002	603.53398000000004	744.01194999999996	640.02592000000004	434.11709999999999	367.72073999999998	305.44078000000002	263.11822000000001	215.93305000000001	174.83505	157.06587999999999	122.29091	81.097930000000005	72.864009999999993	72.075019999999995	73.916300000000007	63.531979999999997	121.32855000000001	129.57051999999999	213.79052999999999	217.87342000000001	198.80511999999999	155.62789000000001	151.75328999999999	187.39878999999999	212.24214000000001	287.23978	291.10122000000001	322.24430000000001	334.31414999999998	390.19299999999998	488.54032000000001	423.68468999999999	339.99277999999998	704.15331000000003	690.97613000000001	872.72937999999999	1112.0008499999999	1404.0950600000001	1364.30358	1152.2222999999999	830.04324999999994	530.40302999999994	726.54732000000001	645.61004000000003	603.83154000000002	469.08524	326.02956	Simulation Year

Stock Biomass (thousand metric tons)



Proposal for 2015-16 Specs

CPS FMP: 

“By the time BIOMASS falls as low as CUTOFF, the harvest rate is reduced to zero”

“…the incidental amount and the amount harvested directly must equal the total HG”

“ACT: Equal to HG or ACL, whichever value is less”



Set total ACL no greater than 1,000 mt

1% harvest rate would be minimal, while reasonably allowing continued CPS fisheries, bait, etc.

Set HG = 0



CA live bait limit = 400 mt



Total incidental catch limit = 300 mt

10% sardine limit for squid/other fisheries

20% sardine limit for mackerel/anchovy

Triggers: Ratchet down % as total limit approached 





CA Live Sardine Bait Fishery

		Year		Harvest (mt)		% of 1+ sardine biomass

		2008		2,979		0.31%

		2009		2,788		0.34%

		2010		2,249		0.29%

		2011		2,057		0.32%

		2012		2,497		0.59%

		2013		1,849		0.69%

				Average %:		0.42%



Harvest data from CPS MT, Biomass based on 2015 Sardine Assessment

Proportional Decrease:

0.42% of July 2015 1+ biomass (96,688 mt) = 406 mt

FMP allows Council to set limits on live bait sector





Total Sardine Incidental Catch

		Year		CA		OR		WA		Total

		2008		1036.5		9.1		3.2		1048.8

		2009		404.6		5.2		17.0		426.8

		2010		381.7		1.2		2.3		385.2

		2011		334.2		2.6		0.0		336.8

		2012		413.2		47.8		0.0		461.0

		2013		1327.4		17.1		0.6		1345.1

		2014 Interim		832.7		0		0		832.7

		2014-15 Period 1		808.3		366.9		0.1		1175.3



		Incidental Landings (mt)  (<45% Sardine in a landing for ALL gear types for OR & CA, including purse seine, regardless of whether sardine season is open or closed), Data from CPS MT:





Limit of 300 mt generally consistent with low end of recent range, goal of incentive to minimize sardine catch, changes to fishing behavior, and lower sardine numbers











Squid/Other:

 10% limit

Mackerel/Anchovy:

 20% limit

Data from CPS MT only for trips with incidental sardine catch

Proposed Per-Trip Incidental Sardine Catch Limits

*78% of mackerel hauls have ZERO sardines





Recent Incidental Catch Data

78% of Pacific mackerel trips and 87% of Market Squid trips had ZERO sardines in recent years



Less than 5% of mackerel receipts had greater than 20% incidental sardine catch



Less than 3% of squid hauls had greater than 10% incidental sardine catch











Summary

Best science currently available:

Sardine overfishing occurring since 2010

Fishing worsened the current collapse

DISTRIBUTION flaws were a contributing factor 

Council’s HCR did not perform as intended



Take Definitive Action to Minimize Sardine Catch

Zero directed sardine fishing

ACL < 1,000 mt

Per trip incidental sardine limits 5-20%



Overhaul Sardine HCR

Increase CUTOFF

Account for predators/ecosystem impacts – “Optimum Yield”

Fix DISTRIBUTION and MSST

Incorportate stock trend
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Fishing amplifies forage fish population collapses
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Microsoft_Excel_Worksheet1.xlsx

Sheet1


			2007			127695


			2008			87175


			2009			67083


			2010			66891


			2011			46745


			2012			101103


			2013			61646


			2014			6550


			2015			17148


			sum			582036			1,283,168,206


									Ensanda Total			Ensanada NSP			SCA Total			SCA NSP			CCA			OR			WA			BC						Mexico			U.S. 			Canada


			2007-1			2006-2			13,981.40			13,320.00			26,343.60			19,900.70			6,013.30			0			0			0						136,994.50			526,013.60			89,395.40


			2007-2			2007-1			22,865.50			11,928.20			19,855.00			5,350.30			28,768.80			42,052.30			4,662.50			1,522.30


			2008-1			2007-2			23,487.80			15,618.20			24,127.20			24,114.30			2,515.30			0			0			0


			2008-2			2008-1			43,378.30			5,930.00			6,962.10			21.8			24,195.70			22,939.90			6,435.20			10,425.00


			2009-1			2008-2			25,783.20			20,244.40			9,250.80			9,221.30			11,079.90			0			0			0


			2009-2			2009-1			30,128.00			0			3,310.30			29.8			13,935.10			21,481.60			8,025.20			15,334.30


			2010-1			2009-2			12,989.10			7,904.20			19,427.70			19,427.70			2,908.80			437.1			510.9			421.7


			2010-2			2010-1			43,831.80			9,171.20			9,924.70			562.7			1,397.10			20,414.90			11,869.60			21,801.30


			2011-1			2010-2			18,513.80			11,588.50			12,526.40			12,515.40			2,713.30			0.1			0			0


			2011-2			2011-1			51,822.60			17,329.60			5,115.40			11.9			7,358.40			11,023.30			8,008.40			20,718.80


			2012-1			2011-2			10,534.00			9,026.10			11,906.20			10,018.80			3,672.70			2,873.90			2,931.70			0


			2012-2			2012-1			48,534.60			0			6,896.10			883.6			568.7			39,744.10			32,509.60			19,172.00


			2013-1			2012-2			13,609.20			12,827.90			2,592.20			769.7			84.2			149.3			1,421.40			0


			2013-2			2013-1			37,803.50			0			3,658.10			62.9			811.3			27,599.00			29,203.70			0


			2014-1			2013-2			17,667.50			2,106.20			1,237.70			666.7			4,404.00			0			908			0


			2014-2			2014-1			49,076.60			0			320			0			1,830.80			7,788.40			7,208.50			0


									464,006.90			136,994.50			163,453.50			103,557.60			112,257.40			196,503.90			113,694.70			89,395.40


			NSP Total metic tons									752,403.50


			NSP pounds									1,658,763,804.17


			Exploitation Rate


			Year			USA			Coastwide			Stochastic Emsy			Stochastic Emsy (U.S. portion)			CalCOFI Emsy			CalCOFI Emsy (U.S. portion)			3-y CalCOFI SST			Emsy (CalCOFI)			Emsy = -18.46452+3.25209*(T)-0.19723*(T^2)+0.0041863*(T^3)


			2000			7.74%			11.31%			18%			16%			26.91%			23.41%			16.28			0.2691341018


			2001			8.02%			10.11%			18%			16%			21.73%			18.91%			15.95			0.2173431377


			2002			14.78%			17.36%			18%			16%			15.38%			13.38%			15.54			0.1538310021


			2003			12.90%			16.77%			18%			16%			13.67%			11.90%			15.43			0.1367448973


			2004			11.35%			12.93%			18%			16%			14.92%			12.98%			15.51			0.1491775172


			2005			8.52%			10.65%			18%			16%			16.62%			14.46%			15.62			0.1662239679


			2006			7.47%			8.68%			18%			16%			19.25%			16.75%			15.79			0.1925299835


			2007			9.80%			12.26%			18%			16%			18.63%			16.21%			15.75			0.1863393141


			2008			8.07%			11.29%			18%			16%			14.92%			12.98%			15.51			0.1491775172


			2009			7.30%			11.37%			18%			16%			13.99%			12.17%			15.45			0.1398566853


			2010			7.37%			12.41%			18%			16%			11.02%			9.58%			15.26			0.110163105


			2011			6.54%			14.33%			18%			16%			13.05%			11.35%			15.39			0.1305128495


			2012			20.57%			26.79%			18%			16%			14.61%			12.71%			15.49			0.1460727944


			2013			22.36%			27.13%			18%			16%			14.45%			12.57%			15.48			0.1445196377


			2014			13.91%			15.20%			18%			16%			12.19%			10.61%			15.34			0.1219228246


			Year			USA Exploitation Rate			Stochastic Emsy (U.S. portion)			CalCOFI Emsy (U.S. portion)


			2007			9.80%			16%			16.21%


			2008			8.07%			16%			12.98%


			2009			7.30%			16%			12.17%


			2010			7.37%			16%			9.58%


			2011			6.54%			16%			11.35%


			2012			20.57%			16%			12.71%


			2013			22.36%			16%			12.57%


			2014			13.91%			16%			10.61%


			Year			Coastwide Exploitation Rate			Stochastic Emsy			CalCOFI Emsy


			2007			12.26%			18%			18.63%


			2008			11.29%			18%			14.92%


			2009			11.37%			18%			13.99%


			2010			12.41%			18%			11.02%


			2011			14.33%			18%			13.05%


			2012			26.79%			18%			14.61%


			2013			27.13%			18%			14.45%


			2014			15.20%			18%			12.19%
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Baby pelicans starving along
California coast

Species has been recovering, problem might be competition for food
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CORDELIA, Calif. — Miles from the shoreline, 10 baby = . W, 1]

brown pelicans lounge by a pool in a roomy cage, large

buckets of fish there for the taking. Just days ago, these

birds could not feed themselves at all. Scores of starving

baby pelicans — emaciated, cold and too weak to fly —are | =
washing up on California beaches in disturbing numbers

this spring.

The underfed California brown pelicans have stirred

concerns over the endangered species, which in recent ¢
years has shown strong signs of recovery. Biologists say the SR
recovery could actually be the source of the problem: There

are more pelicans competing for food.
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Starving Sea Lions Washing Ashore by the Hundreds in California

By JACK HEALY  MARCH 12, 2015

Book Your Flight Today

Rescued sea lions recuperated at the Pacific Marine Mammal Center in Laguna
Beach, Calif, last month. In a normal January, animal rescuers will find about 20
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