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Dear Dan,

We appreciate the opportunity to present our scientific findings regarding the GY E grizzly bear population this week and hope
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    Overview and background



1. Population estimation and trend

	A.  Population trend

	B.  New population estimation technique



2. Management flexibility

	A.  Demographic Monitoring Area (DMA)

	B.  Assessing sustainable mortality
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*Recently retired (Steve Cain) or new position (Daryl Meints)
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Greater Yellowstone Ecosystem



National Park lands 

	10,344 km2
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IGBST

Greater Yellowstone Ecosystem



National Park lands 

	10,344 km2



Recovery Zone 1982

	23,828 km2
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IGBST

Greater Yellowstone Ecosystem



Grizzly bear distribution 

	1973-1979

	15,786 km2

















IGBST









6







IGBST

Greater Yellowstone Ecosystem



Grizzly bear distribution 

	1980-1989

	23,971 km2
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Greater Yellowstone Ecosystem



Grizzly bear distribution 

	1990-2000

	33,298 km2
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Greater Yellowstone Ecosystem



Grizzly bear distribution 

	Bjornlie et al. (2014)

	1990-2010

	50,280 km2
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Range based on kriging method developed by Bjornlie et al. (2014) using presence/absence of GB observation in 3- x 3-km grid cells, zonal analysis of 9 (3 x 3) grid cells to fill in ‘holes’ in the distribution.



Bjornlie, D. D., D. J. Thompson, M. A. Haroldson, C. C. Schwartz, K. A. Gunther, S. L. Cain, D. B. Tyers, K. L. Frey, and B. Aber.  2013.  Methods to estimate distribution and range extent of grizzly bears in the Greater Yellowstone Ecosystem.  Wildlife Society Bulletin 78:68-78.
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IGBST Demographic Workshops 2011-2012

Directives from the Yellowstone Ecosystem Subcommittee (YES) of IGBC



Two primary directives:

Alternative population estimator

Flexibility for mortality management



3 workshops (Feb 2011, Jul 2011, Feb 2012)



IGBST members and external experts
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IGBST

Population trend based on 4 methods



Mark-resight estimator

Topic 1: Population Estimation and Trend
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Challenges of Grizzly Bear 

Population Studies

Low density and solitary



Low observability (activity pattern, habitat)



Remote and difficult terrain



Achieving adequate sample size



IGBST uses multiple methods for stronger inference
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Population Trend



IGBST
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Method 1: Chao2 Estimator
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Primary method used by IGBST for population estimation and trend monitoring; see Keating et al. (2002) and Cherry et al. (2007).  



Based on aerial and ground observations of females with cubs-of-the-year (FCOY).  FCOY are most identifiable of all cohorts and are a critical component of the population to monitor (i.e., reproductive females).



Trend in FCOY assumed to reflect trend in overall population.



Cherry, S., G. C. White, K. A. Keating, M. A. Haroldson, and C. C. Schwartz. 2007. Evaluating estimators of the number of females with cubs-of-the-year in the Yellowstone grizzly bear population. Journal of Agricultural, Biological, and Environmental Statistics 12:195–215.



Keating, K. A., C. C. Schwartz, M. A. Haroldson, and D. Moody.  2002.  Estimating numbers of females with cubs-of-the-year in the Yellowstone grizzly bear population.  Ursus 13:161–174.
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Chao2 Estimator
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Chao2 estimator



Smoothing trend 

using “local regression”
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Method 2: Known-Fate Analysis
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Fate of radio-monitored bears is determined every 10 to 14 days, and a determination is made about each bear’s status: alive, mortality (based on ‘mortality’ signal from transmitter, which allows immediate on-the-ground investigation to determine if there is a mortality and its potential cause), or fate unknown (bear cannot be found with telemetry). 



These data are then used to estimate survival of independent-aged bears (2 yrs or older), cubs, and yearlings; as well as estimating reproductive parameters (e.g., fecundity).  Those ‘vital rates’ are then used for population projections using Leslie matrices to estimate population growth for a specific time period.
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Population Projection

High estimate of survival

7.6% annual growth

Low estimate of survival

4.1% annual growth

2.2% annual growth

0.3% annual growth
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Low and high survival of independent females represent conservative and less conservative survival scenarios, respectively, and are a function of how bears with unknown fates are treated:  low estimate when unknown fates are assumed dead, high estimate when censored in the analysis.



Time series stops at 2011 because this involved 2 periods of very intensive analyses:  1983-2001 (Schwartz et al. 2006) and 2002-2011 (IGBST 2012)



Interagency Grizzly Bear Study Team.  2012.  Updating and evaluating approaches to estimate population size and sustainable mortality limits for grizzly bears in the Greater Yellowstone Ecosystem.  Interagency Grizzly Bear Study Team, U.S. Geological Survey, Northern Rocky Mountain Science Center, Bozeman, Montana, USA.  <http://nrmsc.usgs.gov/files/norock/IGBST/GYEGBMonMortWksRpt2012(2).pdf> 



Schwartz, C. C., M. A. Haroldson, G. C. White, R. B. Harris, S. Cherry, K. A. Keating, D. Moody, and C. Servheen.  2006.  Temporal, spatial, and environmental influences on the demographics of grizzly bears in the Greater Yellowstone Ecosystem.  Wildlife Monographs 161.
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Known dead	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	250	268.31261543489819	287.96663840606226	309.06032763490464	331.69913933955121	355.99625445479887	382.07314447117847	410.06017872199038	440.09727615439613	472.33460484304271	506.93333274338369	544.06643343802716	583.91955090437602	626.69192762689715	672.59740069404279	721.86547085973132	774.74244991407511	831.49269209954446	892.39991572893314	911.8198691608909	931.66242974985562	951.93679405800128	972.65235877841405	993.81872509023947	1015.4457031086041	1037.5433164313745	1060.1218067848592	1083.1916387706103	1106.7635047155202	Assumed dead	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	250	259.80517828832035	269.9949226617037	280.58431607626073	291.58903305239738	303.02536287638816	314.91023371193194	327.26123765738038	340.09665678572833	353.43549020591132	367.29748218546672	381.70315137618536	396.67382118601427	412.23165134216697	428.39967069216158	445.20181129133903	462.66294382731792	480.80891443382188	499.6665829483714	501.1633386844984	502.66457796587355	504.17031422299686	505.68056092659964	507.19533158776477	508.71463975804772	510.23849902959785	511.76692303527983	513.29992544879576	514.8375199848075	Year



Population size







Method 3: Population Reconstruction

(Minimum Known Alive)
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Bears from captures and mortalities are aged using cementum annuli from premolar tooth.  We can ‘reconstruct’ who was alive and when, providing the minimum bears known alive, their trend, changing age structure, etc.  Advantage is there is almost no error associated with aging; disadvantages are 1) that many animals are never handled (i.e., number is absolute minimum); 2) bias can occur if sampling (i.e., captures and mortalities) is biased; and 3) there is a lag of about 5 years because, on average, bears are first captured around age 5, which requires ‘stopping’ the time series 5 years ahead of current time i.e., 2009 in graph on next slide.  
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Population Reconstruction

Based on 1,222 

individual bears
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Reconstruction based on 1222 individual bears.  Through 2009 ONLY; stopped time series 5 years prior to current time because average age of first capture is about 5 years (see previous slide for explanation).
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Count Bears	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	124	136	137	136	135	131	146	138	155	149	165	177	200	226	246	271	311	327	331	366	383	376	380	384	395	393	401	415	399	378	Year



Number of bears 





Method 4: Mark-Resight of Radio-Marked 

Females with Cubs
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Based on 2 systematic observation flights per year, systematically conducted since 1997

Trend in FCOY assumed to reflect trend in overall population.



The mark-resight technique was documented in a peer-reviewed paper published in a statistical journal (Higgs et al. 2013).  The basis of this technique is the ratio of marked (with radio collar) vs. unmarked (no radio collar) females with cubs-of-the-year seen during systematic observation flights throughout the ecosystem (2 flights per year for each bear observation area).  This estimator provides a relatively unbiased estimate of female grizzly bears accompanied by cubs-of-the-year, which can then be used to determine overall population size. 



Higgs, M. D., W. A. Link, G. C. White, M. A. Haroldson, and D. D. Bjornlie.  2013.  Insights into the latent multinomial model through mark-resight data on female grizzly bears with cubs-of-the-year.  Journal of Agricultural, Biological, and Environmental Statistics 18:556–577.
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Mark-Resight Estimator





































3-year running average

Number of females with cubs
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Mark-resight point estimates (horizontal bars) and the 95% posterior interval (vertical lines) and their 3-year running average (blue line).  These estimates exclude bears observed from aerial census counts at army cutworm moth sites.  Technique is described in Higgs et al. (2013).



Higgs, M. D., W. A. Link, G. C. White, M. A. Haroldson, and D. D. Bjornlie.  2013.  Insights into the latent multinomial model through mark-resight data on female grizzly bears with cubs-of-the-year.  Journal of Agricultural, Biological, and Environmental Statistics 18:556–577.
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Mechanism Behind Slowing of Population Growth

Evidence from Known-Fate Analysis



1983-2001

2002-2011

Robust 

population 

growth

Little to no

population 

growth

Reproduction

Reproduction



0.52



0.30
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Based on comparison between the 2 periods (1983-2001 and 2002-2011) of estimated vital rates from known-fate analyses.  Data from IGBST (2012).



Interagency Grizzly Bear Study Team.  2012.  Updating and evaluating approaches to estimate population size and sustainable mortality limits for grizzly bears in the Greater Yellowstone Ecosystem.  Interagency Grizzly Bear Study Team, U.S. Geological Survey, Northern Rocky Mountain Science Center, Bozeman, Montana, USA.  <http://nrmsc.usgs.gov/files/norock/IGBST/GYEGBMonMortWksRpt2012(2).pdf> 

22



Changing Age Structure 

Population Reconstruction
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Prediction from previous graphs is that age structure is changing and we should have increasing trend in number of adult bears (green line) and decreasing trend in younger age classes (blue and red lines).  Based on population reconstruction analysis of live captures and mortalities conducted by Dan Bjornlie, WYGFD, February 2015.
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1-2 Yrs	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	0.32258064516129031	0.3235294117647059	0.29197080291970801	0.24264705882352941	0.24444444444444444	0.22137404580152673	0.28082191780821919	0.2608695652173913	0.24516129032258063	0.22818791946308725	0.23030303030303031	0.28813559322033899	0.28499999999999998	0.30530973451327431	0.28048780487804881	0.24723247232472326	0.28938906752411575	0.29663608562691129	0.23262839879154079	0.23224043715846995	0.21671018276762402	0.18085106382978725	0.19473684210526315	0.1953125	0.20506329113924052	0.19338422391857507	0.18453865336658354	0.21445783132530122	0.17293233082706766	0.17195767195767195	2-4 Yrs	0.29838709677419356	0.3235294117647059	0.35036496350364965	0.375	0.36296296296296299	0.32061068702290074	0.22602739726027396	0.2391304347826087	0.25806451612903225	0.26845637583892618	0.29090909090909089	0.24858757062146894	0.26500000000000001	0.2831858407079646	0.31707317073170732	0.32841328413284132	0.28295819935691319	0.28134556574923547	0.31722054380664655	0.31420765027322406	0.30548302872062666	0.29521276595744683	0.24473684210526317	0.2421875	0.21518987341772153	0.2340966921119593	0.25436408977556108	0.23132530120481928	0.23809523809523808	0.23544973544973544	5+ Yrs	0.37903225806451613	0.35294117647058826	0.35766423357664234	0.38235294117647056	0.3925925925925926	0.4580152671755725	0.49315068493150682	0.5	0.49677419354838709	0.50335570469798663	0.47878787878787876	0.4632768361581921	0.45	0.41150442477876104	0.40243902439024393	0.42435424354243545	0.42765273311897106	0.42201834862385323	0.45015105740181272	0.45355191256830601	0.47780678851174935	0.52393617021276595	0.56052631578947365	0.5625	0.57974683544303796	0.5725190839694656	0.56109725685785539	0.55421686746987953	0.58897243107769426	0.59259259259259256	Year



Proportion of population







































































Density Index

Grizzly Bear Density Index

Based on 870 individual home ranges of bears ≥2 years of age
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Based on back- and forecasting home ranges (14- x 14-km grid cells; ≈mean lifetime home-range size of adult female).  Used survival probabilities to estimate contribution of bears with unknown fates.  Limited to age 30.  Ended index in 2006 and used ARIMA models to project density forward for 2007-2012 based on previous 5 years (2002-2006).
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Conclusions:  Population Trend

4 independent methods show minimal population growth since early 2000s



First reported in 2012 (IGBST Workshop Report)



Mechanism: lower survival of younger age classes



Pattern follows predictions for populations of large vertebrates reaching carrying capacity (Eberhardt 1977)



A population near carrying capacity is indicative of recovered population
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Based on Eberhardt (1977), sequence of processes for large vertebrate populations nearing carrying capacity:

decline in survival of immature animalsincrease in age of first reproductionreduction in reproductive rate adult femalesdecline in survival of adults





Eberhardt, L. L. 1977.  Optimal policies for conservation of large mammals, with special reference to marine ecosystems.  Environmental Conservation 4:205–212.



Interagency Grizzly Bear Study Team.  2012.  Updating and evaluating approaches to estimate population size and sustainable mortality limits for grizzly bears in the Greater Yellowstone Ecosystem.  Interagency Grizzly Bear Study Team, U.S. Geological Survey, Northern Rocky Mountain Science Center, Bozeman, Montana, USA.  <http://nrmsc.usgs.gov/files/norock/IGBST/GYEGBMonMortWksRpt2012(2).pdf> 
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Population Estimation



IGBST
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IGBST has chosen to emphasize trend monitoring.  When evaluating options for population monitoring based on DNA sampling, YES subcommittee decided that the logistical challenges of sampling the large and inaccessible GYE would be cost prohibitive (11 million dollars to obtain 1 estimate) and that a concerted, long-term monitoring effort based using females with cubs-of-the-year and known-fate monitoring would be a better investment and provide better data for decision making. 
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Various new approaches were evaluated to address known underestimation in Chao2



Workshop participants agreed mark-resight technique provided best alternative that can be applied with data collected since 1997



Based on aerial observations of radio-marked vs. unmarked females with cubs



Shown to be relatively unbiased but high variance (Higgs et al. 2013)



Mark-Resight: An Outcome from 

the Demographic Workshops
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The mark-resight estimator was an important outcome of 3 scientific workshops on the demographics of the Greater Yellowstone Ecosystem grizzly bear population organized by the Interagency Grizzly Bear Study Team (Study Team) during 2011-2012.  The impetus for those workshops was to address the known underestimation bias of a technique that is currently used (Chao2 estimator).  The mark-resight technique was documented in a peer-reviewed paper published in a statistical journal (Higgs et al. 2013).  The basis of this technique is the ratio of marked (with radio collar) vs. unmarked (no radio collar) females with cubs-of-the-year seen during systematic observation flights throughout the ecosystem.  This estimator provides a relatively unbiased estimate of female grizzly bears accompanied by cubs-of-the-year, which can then be used to determine overall population size. 



Interagency Grizzly Bear Study Team.  2012.  Updating and evaluating approaches to estimate population size and sustainable mortality limits for grizzly bears in the Greater Yellowstone Ecosystem.  Interagency Grizzly Bear Study Team, U.S. Geological Survey, Northern Rocky Mountain Science Center, Bozeman, Montana, USA.  <http://nrmsc.usgs.gov/files/norock/IGBST/GYEGBMonMortWksRpt2012(2).pdf> 
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Mark-Resight Estimator





































3-year running average

Number of females with cubs
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Mark-resight point estimates (horizontal bars) and the 95% posterior interval (vertical lines) and their 3-year running average (blue line).  These estimates exclude bears observed from aerial census counts at army cutworm moth sites.



Higgs, M. D., W. A. Link, G. C. White, M. A. Haroldson, and D. D. Bjornlie.  2013.  Insights into the latent multinomial model through mark-resight data on female grizzly bears with cubs-of-the-year.  Journal of Agricultural, Biological, and Environmental Statistics 18:556–577.
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Mark-Resight Estimator
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Fiddle plot of mark-resight estimates of number of females with cubs-of-the-year (FCOY) derived from the analyses presented in Higgs et al. (2013).  



IMPORTANT:  This provides a better estimate of trend and variation than previous slide.  This plot contains a lot of information but attention should be focused on:



the blue line (LOESS  smoother over the 0.40 quantiles [local weight polynomial regression]) and the variance associated with it (blue polygon area)  

3-year running average (red line, connecting 0.40 quantiles) and its posterior distribution (red vertical bars  = 0.025 to 0.975 quantiles of the posterior distribution).



This graph supports the notion that population growth has slowed and the population has stabilized.  



These estimates exclude bears observed from aerial census counts at army cutworm moth sites.



Higgs, M. D., W. A. Link, G. C. White, M. A. Haroldson, and D. D. Bjornlie.  2013.  Insights into the latent multinomial model through mark-resight data on female grizzly bears with cubs-of-the-year.  Journal of Agricultural, Biological, and Environmental Statistics 18:556–577.
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3-Year Running Average
Chao2 and Mark-Resight estimators

Mark-resight estimator

Chao2 estimator







IGBST







Mark-resight estimator is closer estimate of true population size (more accurate) than Chao2, which we have documented to be biased low (Schwartz et al. 2008)  but still has wide confidence intervals:  dip in 2004 and peak in 2007 likely are manifestations of this uncertainty.  



This series starts in 2002 because that is the period for which we obtained updated vital rates  (i.e., lower survival of cubs and yearlings) with which we extrapolated the estimated number of females with cubs-of-the-year to a total population estimate.

30



Total population size	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	1020.1242556783657	1062.6297625786347	813.80266093967293	1053.4637303673303	1137.3470009683153	1229.3172329161187	1086.327952807055	1067.5700332627302	1016.7889736223184	976.728269306936	1057.225592337551	999.86195374218107	Chao2	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	646.69851994367218	679.62140390983598	580.84965303843978	561.66016190091534	544.05716697784374	638.52579008327007	646.30924450746147	658.68319619575732	626.17581785770813	680.01371110110654	698.3877812019208	762.96124754445714	Year

Total population size



YES consensus to start implementation

Study team to address incorporating uncertainty into overall population estimate



2) Independent genetic approach to evaluate mark-resight

Evaluate if results support mark-resight 

Publish findings in peer-review journal



3) Presentation to YES and IGBC – Summer/Fall 2015

Requires maintaining current sample (>25) of radio-marked, adult females; preferably more

Implementation Steps 

for Mark-Resight Estimator
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Although the mark-resight estimator is unbiased, the uncertainty around the point estimate is relatively large with few opportunities to improve this.  Because the mark-resight technique translates into substantially larger estimates of total population size compared with the previous technique (Chao2), the Study Team recently decided to evaluate whether independent data support these larger estimates.

 

Genetic data represent one independent source and can be used to calculate “effective population size”, a measure of the number of animals contributing to the population in terms of reproduction.  With over 800 individual bears genotyped from the Greater Yellowstone Ecosystem, we have a very large dataset.  We are investigating trend, and potentially total population size, based on this genetic approach.  These analyses are nearly completed and an initial manuscript has been drafted to document the details of the genetic population analyses and compare population estimates and trends with the mark-resight technique.  We plan to submit this paper to a peer-review journal by early summer 2015.

 

We would use the earliest Yellowstone Ecosystem Subcommittee and Interagency Grizzly Bear Committee meetings to announce these findings (spring/summer or fall/winter 2015).   If the mark-resight estimator is adopted as the primary population estimation technique by YES, a continuing commitment would be required to maintain at least 25 radio-marked females within the area that we monitor for demographic analyses.  We will continue population trend analysis estimation based on the currently used technique based on the Chao2 estimator; these estimates will continue to serve as a benchmark to assess and compare population trends over time.
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Detecting Population Trends

Grizzly bears have low reproductive potential; difficult to detect population change





Chao2 estimator

Power to detect ≈5% annual decline after 5 years (Harris et al. 2007)





Mark-resight estimator

Power not yet tested but likely less than Chao2 estimator
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Harris, R. B., G. C. White, C. C. Schwartz, and M. A. Haroldson.  2007.  Population growth of Yellowstone grizzly bears:  uncertainty and future monitoring.  Ursus 18:167–177. 
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Conclusions:  Population Estimation

Mark-resight technique is relatively unbiased and produces higher population estimates



Higher estimates are due to different technique,        NOT an actual change in population size



Mark-resight trend supports interpretation from other methods:  minimum population increase since early 2000s
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IGBST

Demographic Monitoring Area (DMA)





Assess sustainable mortality

Topic 2: Management Flexibility
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Demographic Monitoring Area (DMA)

IGBST
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Adopt the Demographic Monitoring Area (DMA) as the area for which population estimates will be derived and within which grizzly bear mortalities will be counted towards sustainable mortality limits



Presented to Yellowstone Ecosystem Subcommittee Spring 2012



Yellowstone Ecosystem Subcommittee approved adoption of DMA by committee vote



An Outcome from 

the Demographic Workshops
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IGBST



Conservation Management Area 

	2007 Conservation Strategy	

	95,225 km2







Demographic Management Boundaries













CMA was developed as part of the 2007 Conservation Strategy as the area within which mortalities would be counted to assess sustainable mortality.
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Conservation Management Area 

	2007 Conservation Strategy 	

	95,225 km2



Demographic Monitoring Area  

	2012 

	49,931 km2





Demographic Management Boundaries













Development of the DMA was documented in the Demographic Workshop Report (IGBST 2012).  Primarily based on FWS suitable habitat; see http://www.fws.gov/mountain-prairie/species/mammals/grizzly/BackgroundOnUSFWS_SuitableHabitatMarch2013.pdf



DMA is 52% of the CMA.
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42 mortalities outside the

Demographic Monitoring Area



29 males, 13 females







Mortality Locations

Since 2005









IGBST







Proportion females inside DMA:  86/209 = 41%

Proportion females outside DMA:  13/42 = 31%
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Implications for Flexibility

total n = 42 

total n = 6 







IGBST







Numbers are for independent-aged bears.
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outside CMA	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	0	0	0	0	0	0	0	0	0	0	0	0	1	0	1	0	1	3	0	0	outside DMA	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	0	1	1	2	0	3	2	1	2	0	0	2	2	1	3	6	8	9	6	5	Year



Number of mortalities





Evaluated annually based on population estimate



For independent females (>2 yrs):

Previous:  9.0 % sustainable mortality (Schwartz et al. 2006)

New:  7.6% sustainable mortality (IGBST 2012)



Reduced limit = less flexibility?  No

Flattened population trajectory more vulnerable to decline 

Flexibility from conceptual shift:  managing for stability









Assessing Sustainable Mortality







IGBST







Interagency Grizzly Bear Study Team.  2012.  Updating and evaluating approaches to estimate population size and sustainable mortality limits for grizzly bears in the Greater Yellowstone Ecosystem.  Interagency Grizzly Bear Study Team, U.S. Geological Survey, Northern Rocky Mountain Science Center, Bozeman, Montana, USA.  <http://nrmsc.usgs.gov/files/norock/IGBST/GYEGBMonMortWksRpt2012(2).pdf> 



Schwartz, C. C., M. A. Haroldson, G. C. White, R. B. Harris, S. Cherry, K. A. Keating, D. Moody, and C. Servheen.  2006.  Temporal, spatial, and environmental influences on the demographics of grizzly bears in the Greater Yellowstone Ecosystem.  Wildlife Monographs 161.
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% Annual population growth

-10%		-5%		0%		5%		10%



2007 Delisting Rule:

Robust population growth

95% probability of maintaining growth with 9% mortality for independent females

(5% probability of decline)

Conceptual Shift in Assessing 

Sustainable Mortality

Probability







IGBST
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% Annual population growth



2015 Delisting Approach:

Little or no population growth

95% probability of maintaining growth not feasible with any mortality

Maintain stability (no growth) with 7.6% mortality limit for independent females

(50% probability of decline)



-10%		-5%		0%		5%		10%

Probability



Conceptual Shift in Assessing 

Sustainable Mortality







IGBST







Male mortality limit was not changed and still is 15%.
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Management Flexibility

Conclusions

Scientific consensus and YES committee approval



Demographic Monitoring Area most effective among options considered 



Conceptual shift in assessing sustainable mortality



Flexibility anticipated to increase













IGBST
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Microsoft_Excel_Worksheet1.xlsx

Sheet1


			Year			Total population size			Chao2


			2002			1020			647


			2003			1063			680


			2004			814			581


			2005			1053			562


			2006			1137			544


			2007			1229			639


			2008			1086			646


			2009			1068			659


			2010			1017			626


			2011			977			680


			2012			1057			698


			2013			1000			763


			All based on 2002-2011 rates
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