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Grizzly Bear Recovery Program (U.S. Fish and Wildlife Service):
https://www.fws.gov/mountain-prairie/es/grizzlyBear.php

Yellowstone and Grand Teton National Parks (National Park Service):
http://www.nps.gov/yell/planyourvisit/bearsafety.htm
http://www.nps.gov/qgrte/planyourvisit/bearsafety.htm

Wyoming Game and Fish Department:
https://wgfd.wyo.gov/Wildlife-in-Wyoming/More-Wildlife/Large-Carnivore/Grizzly-Bear-

Management

Montana Fish, Wildlife and Parks:
http://fwp.mt.qgov/fishAndWildlife/livingWithWildlife/grizzlyBears/default.html

Idaho Department of Fish and Game:
http://fishandgame.idaho.gov/public/wildlife/?getPage=248
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INTRODUCTION

Frank T. van Manen and Mark A. Haroldson,
Interagency Grizzly Bear Study Team, U.S.
Geological Survey

This Report

This Annual Report summarizes results of
grizzly bear (Ursus arctos) monitoring and
research conducted in the Greater Yellowstone
Ecosystem (GYE) by the Interagency Grizzly Bear
Study Team (IGBST) during 2017. This report also
contains a summary of grizzly bear management
actions to address conflict situations. Annual
reports of the IGBST summarize annual data
collection. Because additional information may be
obtained after publication, data summaries are
subject to change. Data, analyses, and summaries
presented in this report supersede previously
published data and analyses and interpretations
may be subject to change contingent on future
manuscript publication and the peer review
process.

The More Things Change, the More They Stay
the Same

From a policy standpoint, 2017 was a
noteworthy year for grizzly bear conservation. A
Final Rule to delist the Yellowstone grizzly bear
population was published on 30 June 2017 (U.S.
Fish and Wildlife Service 2017) and took effect 30
days later, removing federal population protections
provided under the Endangered Species Act. We
recognize that the delisting of the population may
raise concerns among some stakeholders regarding
future monitoring and how scientific data are used
to inform management. In reference to the subtitle
of this section, the delisting marks a distinct shift
in management authority from the federal
government to the states of Wyoming, Montana,
and Idaho, however, the role and responsibilities of
IGBST will not change. We reaffirm our
commitment to conducting independent science
and communicating the findings to managers and
the public at large. We emphasize that the IGBST
will continue to monitor the population with effort
and intensity similar to that of previous years, and
as was specified in the 2016 Conservation

Strategy, which was developed and signed by
members of the Yellowstone Ecosystem
Subcommittee of the Interagency Grizzly Bear
Committee (now renamed to the Yellowstone
Grizzly Bear Coordinating Committee).

Importantly, another thing that has not
changed is the status and trend of the population
itself. As you will learn in the subsequent chapters,
the population status within the Demographic
Monitoring Area (DMA) of the GYE remains
stable to increasing. Additional indicators (e.g.,
new individuals encountered, range expansion, and
long-term mortality rates) support that
interpretation (see 2016 Annual Report, pages 1-3
for an overview).

Population Monitoring

We followed monitoring protocols and
recovery criteria established under the 2016
Conservation Strategy (Yellowstone Ecosystem
Subcommittee 2016). Given that we now operate
under updated criteria, we provide the population
criteria from the 2016 Conservation Strategy here
for reference (slightly edited for clarity):

Demographic Recovery Criterion 1—
Maintain a minimum population size of 500
animals and at least 48 females with cubs-of-the-
year (hereafter, females with cubs) within the
DMA (Fig. 1), as calculated by IGBST using
methods established in published, peer-reviewed
scientific literature and following the most recent
protocol, as posted on the IGBST website. The
estimate of total population size cannot drop below
500 or 48 females with cubs in three consecutive
years. The 48 females with cubs metric is a model-
averaged estimate of documented unique females
with cubs as described in Appendix C of the
Conservation Strategy.

Demographic Recovery Criterion 2—
Sixteen of 18 bear management units within the
Primary Conservation Area must be occupied by
females with young, with no two adjacent bear
management
units unoccupied, during a 6-year sum of
observations. This criterion ensures that
reproductive females occupy the majority of the
Primary Conservation Area and are not
concentrated in one portion of the ecosystem.

Demographic Recovery Criterion 3—
Maintain the population within the DMA around
the 2002-2014 model-averaged Chao 2 estimate of
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674 (95% CI = 600-747; 90% CI = 612-735) by
maintaining annual mortality limits for
independent-age (02 years old) females,
independent-age males, and dependent young
(cubs and yearlings) as shown in Table 2 of the
Conservation Strategy. The varying mortality rates
were motivated by the objective of state managers
to maintain population size near the model-
averaged Chao2 population estimate of 674 bears
that occurred during the time period the population
had a relatively flat population trajectory. If
mortality limits are exceeded for any sex or age
class for three consecutive years and any annual
population estimate falls below 612 (the lower
bound of the 90% confidence interval), the IGBST
will undertake a Biology and Monitoring Review
to inform the appropriate management response. If
any annual population estimate falls below 600
(the lower bound of the 95% confidence interval),
this criterion will not be met and there will be no
discretionary mortality, except as necessary for
human safety.

In 2017, the model-averaged Chao2
estimate was 57 females with cubs within the
DMA, from which we derived a total population
estimate of 718 (see “Estimating Number of
Females with Cubs”. These estimates are similar
to those from previous years and continue to
support the notion that the population within the

DMA may be oscillating around a long-term mean,

which we predicted in previous annual reports and
other publications (e.g., van Manen et al. 2016).
Referencing the total population estimate of 718
against Table 2 of the 2016 Conservation Strategy,
total mortality thresholds for independent females,
independent males, and dependent young are 9%,
20% and 9%, respectively.

Habitat Monitoring

In this annual report, we report on items
identified in the 2016 Conservation Strategy. This
report is also the 10 detailing monitoring programs
implemented since the 2007 delisting rule and
continues to document: 1) changes in secure
habitat, open motorized access route density, and
total motorized route density inside the Primary
Conservation Area (equivalent to the former U.S.
Fish and Wildlife Service Recovery Zone); 2)
changes in number and capacity of developed sites
inside the Primary Conservation Area; and 3)
changes in number of commercial livestock

allotments, changes in the number of permitted
domestic sheep animal months inside the Primary
Conservation Area, and livestock allotments with
grizzly bear conflicts during the last 5 years
(Appendix A).

Habitat monitoring includes documenting
indices of abundance for 3 high-calorie foods
throughout the GYE: 1) cutthroat trout
(Oncorhynchus clarkii) spawning numbers, 2) bear
use of army cutworm moth (Euxoa auxiliaris)
sites, and 3) whitebark pine (Pinus albicaulis) cone
production. We previously also reported on a
fourth high-calorie food source, winter-kill
carcasses of large ungulates. That resource was
indexed based on spring carcass surveys in
Yellowstone National Park. However, we are no
longer conducting those surveys. The primary
reason for this is the small number of ungulate
carcasses observed in recent survey years, which
does not produce sufficient data for trend analysis.
In this annual report we present a final, summary
report of the spring ungulate carcass surveys.

Results of these monitoring efforts have
been reported by the IGBST for numerous years
and are reported here for 2017. Additionally,
monitoring of the health of whitebark pine in the
ecosystem continued with the cooperation of the
Greater Yellowstone Whitebark Pine Monitoring
Working Group. We reference these monitoring
efforts in Appendix B. The protocol has been
modified to document mortality rate in whitebark
pine from all causes, including mountain pine
beetle (Dendroctonus ponderosae).

History and Purpose of the IGBST

It was recognized as early as 1973
that a better understanding of the dynamics
of grizzly bears in the GYE would best be
accomplished by a centralized research
group responsible for collecting, managing,
analyzing, and distributing information. To
meet this need, agencies formed the
IGBST, a cooperative effort among the
U.S. Geological Survey, National Park
Service, U.S. Forest Service, U.S. Fish and
Wildlife Service, and the state wildlife
agencies of Idaho, Montana, and Wyoming.
The Eastern Shoshone and Northern
Arapaho Tribes formally joined the study
team in 2009. Responsibilities of the
IGBST are to: 1) conduct short- and long-



term research projects addressing
information needs for bear management; 2)
monitor the bear population, including
status and trend, numbers, reproduction,
and mortality; 3) monitor grizzly bear
habitats, foods, and impacts of humans; and
4) provide technical support to agencies
and other groups responsible for the
immediate and long-term management of
grizzly bears in the GYE. Additional details
can be obtained at our web site:
http://www.usgs.gov/norock/igbst.

Quantitative data on grizzly bear
abundance, distribution, survival, mortality,
nuisance activity, and bear foods are critical to
formulating management strategies and decisions.
Moreover, this information is necessary to evaluate
the recovery process. The IGBST coordinates data
collection and analysis on an ecosystem scale,
prevents duplication of effort, and pools limited
economic and personnel resources.

Previous and Recent Research

Since 1975, the IGBST has produced annual
reports and numerous scientific publications
summarizing the team’s monitoring and research
efforts within the GYE. Descriptions of the study
area and sampling techniques are reported by
Blanchard (1985), Mattson et al. (1991a),
Haroldson et al. (1998), and Schwartz et al. (2006).
A new book published by Yellowstone Forever

YELLOWSTONE

GRIZZLY BEARS

of an ICON OF WILDNESS

e 3
wren m P White, Kerry A Gunther, and Frank T. van Manen

and the U.S. Geological Survey (White et al. 2017)

provides a comprehensive overview of the ecology
and management history of Yellowstone grizzly
bears: Yellowstone Grizzly Bears — Ecology and
Conservation of an Icon of Wildness. From the
closures of open-pit garbage dumps to the recent
delisting, the book provides a richly illustrated and
accessible resource for anyone interested in the
natural history of Yellowstone’s iconic species and
the most recent research findings from the IGBST.
The book can be purchased from Yellowstone
Forever and is also available free as a PDF file.

Development and enhancement of data
collection and analysis techniques continues. As
our summaries of recent longitudinal studies
underscore, through long-term research and
monitoring we continue to collect detailed data to
support a variety of analyses, providing researchers
and managers with a comprehensive assessment of
population dynamics. We are currently in the
process of re-evaluating criteria for the rule set to
identify unique females with cubs. We are also
collaborating with other researchers to develop
integrated population models, or IPMs, which
would take advantage of the full suite of data we
collect on an annual basis. By integrating different
data, our goal is to improve the reliability and
precision of estimates of population size and trend.

Finally, a recent IGBST collaboration with
the Northern Continental Divide Ecosystem
(NCDE) Science Team (Peck et al. (2017) focused
on identifying potential movement paths for male
grizzly bears between the NCDE and GYE
populations. Connectivity between these 2
populations is a management objective of both
state and federal wildlife managers and would
enhance the genetic health of the GYE population.
The study used GPS-derived movement data from
male grizzly bears and step-selection habitat
models to predict likely paths. Our findings (Fig.
1) provide detailed, spatially explicit information
for land managers and organizations working to
identify, prioritize, and conserve areas that will
maintain or enhance potential movement of male
grizzly bears between these populations (e.g.,
through conservation easements and land
purchases; mitigation of highway and other
infrastructure barriers; proactive education and
attractant management programs to prevent or
reduce human-bear conflict).
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Fig. 1. Predictions of randomized shortest paths (RSP)
from the Northern Continental Divide Ecosystem
(NCDE) to the Greater Yellowstone Ecosystem (GYE)
based on data from GPS-collared, independent-age (02
years old) males monitored during 2000-2015. Shown
are predicted paths with the highest level of exploration
versus optimal movement (d = 0.0001). Locations of 21
confirmed records of grizzly bear presence are shown
as blue triangles. From Peck et al. (2017).
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BEAR MONITORING AND

POPULATION TREND

Marked Animals (Mark A. Haroldson and Chad

Dickinson, Interagency Grizzly Bear Study Team,
U.S. Geological Survey; and Daniel D. Bjornlie,

Wyoming Game and Fish Department)

During the 2017 field season, we
captured 87 individual grizzly bears on 99
occasions (Table 1), including 26 females (11
adult), 54 males (34 adult) and 7 bears (6
yearlings, 1 subadult) of unknown sex that were
released without handling. Fifty-eight (67%)
individuals were bears not previously marked.
The percent of previously unmarked individual
grizzly bears captured annually during 1998—
2017 has remained relatively constant, averaging
62%, with no evidence (F = 0.263, 1 df, P =
0.614) of a change in trend (Fig. 2). This result
suggests that bears are recruiting into the
population at a relatively constant rate. In this
closed population, we would expect the number
of new individuals encountered annually to
decline if bears were not recruiting into the
population.

We conducted research capture efforts for
a total 779 trap days (1 trap day = 1 trap set for 1
day). Research trapping operations resulted in 62
captures of 53 individual grizzly bears for a

trapping success rate of 1 grizzly bear capture
every 12.6 trap days.

There were 37 management captures of
35 individual bears during 2017 (Tables 1 and 2),
including 8 females (2 adults), and 27 males (13
adults). Fifteen individual bears (3 females, 12
males), were relocated because of conflict
situations (Table 1). One subadult male (#904,
Table 1) was transported after capture at a cattle
depredation site; he subsequently returned to the
vicinity of his initial conflict site, was captured at
a second cattle depredation and subsequently
removed. Another adult male (#736, Table 1)
captured in the vicinity of cattle depredations
was instrumented and released on site.
Additional cattle depredations confirmed his
involvement and he was removed from the
population. In total there were 16 management
captures that resulted in removals (2 females, 14
males) during 2017 (Table 1). One 27-year-old
male (#228, Table 1) was captured twice at
research trap sites in May and was later removed
after breaking into multiple buildings and
obtaining food rewards in October.

We radiomonitored 111 individual
grizzly bears during the 2017 field season,
including 48 (34 adults) females (Tables 2 and
3). Fifty-eight grizzly bears entered their winter
dens wearing active transmitters. Since 1975,
907 individual grizzly bears have been
radiomarked in the GYE.

100
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= = =% of Individuals

80 -
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— T Y= Y= = = = =
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Fig. 2. Percent of previously unmarked (new individuals) and total number of grizzly bears captured annually

in the Greater Yellowstone Ecosystem, 1998-2017.



Table 1. Grizzly bears captured in the Greater Yellowstone Ecosystem during 2017.

Bear Sex Age Date General location? Capture type Rz:f;fe Handler®
Unml Male Subadult ~ 03/24/17  Greybull River, PR-WY  Management I?g(r)r;%%d WGFD
877 Male  Subadult  04/12/17 Dell Crk, PR-WY Management '?Zegl“;gg’ WGFD
G223 Female  Yearling  04/22/17 Jakeys Fork, PR-WY Management On site WGFD
G224 Male Yearling  04/23/17 Jakeys Fork, PR-WY Management On site WGFD
884 Male Adult 04/29/17  Pat O'Hara Crk, PR-WY  Management  Transport WGFD
South Fork Shoshone,

G225 Male Subadult  05/09/17 PR-WY Management  Transport WGFD
South Fork Shoshone,

G226 Male Subadult ~ 05/10/17 PR-WY Management  Transport WGFD
South Fork Shoshone,

885 Male Adult 05/10/17 PR-WY Management  Transport WGFD
630 Male Adult 05/19/17 Antelope Crk, YNP Research On site IGBST
886 Female  Subadult  05/22/17 Carter Crk, PR-WY Management  Transport WGFD

887 Male Adult 05/22/17 Elk Crk, YNP Research On site IGBST/YNP
228 Male Adult 05/24/17 Stephens Crk, YNP Research On site IGBST
228 Male Adult 05/25/17 Stephens Crk, YNP Research On site IGBST
228 Male Adult  10/14/17  Grayling Crk, PR-MT  Management '?Zegl“;;’g;’ MTFWP
888 Male Adult 05/25/17 Gibbon River, YNP Research On site IGBST
888 Male Adult 06/05/17 Gibbon River, YNP Research On site IGBST
889 Male Subadult  06/01/17 Horse Crk, SNF Research On site WGFD
890 Male Subadult  06/02/17 Buck Crk, PR-WY Management  Transport WGFD
769 Male Adult 06/05/17 Stephens Crk, YNP Research On site IGBST
891 Male Adult 06/05/17 Charlie Crk, SNF Research On site WGFD
892 Male Adult 06/08/17 East Fork Long Crk Research On site WGFD
G227 Male Subadult  06/11/17 Brent Crk, PR-WY Research On site WGFD
G228 Male Adult 06/12/17 Frontier Crk, SNF Research On site WGFD
893 Female Adult 06/16/17 Charlie Crk, SNF Research On site WGFD
894 Male Adult 06/16/17 Horse Crk, SNF Research On site WGFD
695 Male Adult 06/16/17 Gibbon River, YNP Research On site IGBST
227 Male Adult 06/16/17 Gibbon River, YNP Research On site IGBST
227 Male Adult 07/09/17 Henrys Fork, CTNF Research On site IDFG
227 Male Adult 07/12/17 Warm River, CTNF Research On site IDFG
227 Male Adult 07/13/17 Warm River, CTNF Research On site IDFG
227 Male Adult 07/14/17 Warm River, CTNF Research On site IDFG
895 Female Adult 06/18/17 Tappen Crk, SNF Research On site WGFD
East Fork Long Crk,
G229 Male Subadult ~ 06/19/17 SNF Research On site WGFD
896 Female  Subadult  06/20/17 Tappen Crk, SNF Research On site WGFD
G230 Male Adult 06/23/17 Horse Crk, SNF Research On site WGFD
816 Male Adult 06/30/17 Trout Crk, SNF Research On site WGFD
897 Male Adult 06/30/17 Standard Crk, BDNF Research On site IGBST
898 Female Adult 06/30/17 Trout Crk, SNF Research On site WGFD
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Table 1. Continued.

Bear Sex Age Date General location? Capture type Rg:'?;se Handler®
786 Female Adult 07/01/17 Papoose Crk, PR-MT Research On site IGBST
unm?2 Unk Yearling 07/02/17 Enos Crk, SNF Research On site WGFD
Unm12 Unk Yearling 07/02/17 Enos Crk, SNF Research On site WGFD
899 Female Subadult 07/08/17 Warm River, CTNF Research On site IDFG
899 Female Subadult 08/04/17 Warm River, CTNF Research On site IDFG
824 Male Adult 07/09/17  West Goosewing Crk, BTNF  Management I?Ze(r)rll(;\llg)d WGFD
900 Female Subadult 07/10/17 Beauty Crk, BTNF Research On site WGFD
736 Male Adult 07/11/17  West Fork Madison, BDNF Management On site WS
736 Male  Adult  08/21/17  West Fork Madison, BDNF  Management '?;g}g‘z’gf WS
653 Male Adult 07/12/17 Henrys Fork, CTNF Research On site IDFG
653 Male Adult 08/12/17 Bootjack Crk, CTNF Research On site IDFG
G231 Female Subadult 07/12/17 Beauty Crk, BTNF Research On site WGFD
902 Male Adult 07/14/17 Papoose Crk, PR-MT Research On site IGBST
485 Female Adult 07/15/17 Gneiss Crk, YNP Research On site IGBST
903 Female Adult 07/17/17 Jesse Crk, CTNF Research On site IDFG
904 Male Adult 07/19/17 Green River, BTNF Management  Transport WGFD
904 Male  Adult  09/12/17 Mosquito Lake, BTNF Management '?;g}g‘z’gf WGFD
905 Female Adult 07/20/17 Beauty Crk, BTNF Research On site WGFD
825 Male  Adult  07/21/17 Green River, BTNF Management '?;g}g‘l’gj WGFD
880 Male  Subadult 07/21/17 Green River, BTNF Management ~ Transport WGFD
763 Male Adult 07/27/17 Enget Crk, CTNF Research On site IDFG
906 Female Adult 07/29/17  East Fork Cream Crk, CGNF Research On site IGBST
907 Female Subadult 07/31/17 Meadow Crk, CGNF Research On site IGBST
908 Male  Subadult 07/31/17  East Fork Cream Crk, CGNF Research On site IGBST
909 Female Subadult 08/02/17  East Fork Cream Crk, CGNF Research On site IGBST
G130  Male  Adult  08/02/17  North Fork Owl Crk, PR-WY  Management Fggl?‘l’g)d WGFD
910 Male  Subadult 08/04/17 Eldridge Crk, CGNF Research On site IGBST
866 Male  Subadult 08/05/17 Gypsum Crk, BTNF Management Fggl?‘l’g)d WGFD
Unm3 Unk Yearling 08/07/17 Henrys Fork, CTNF Research On site IDFG
911 Female Subadult 08/10/17 Buck Crk, CGNF Research On site IGBST
912 Female Subadult 08/10/17 Eldridge Crk, CGNF Research On site IGBST
711 Male Adult 08/10/17 Warm River, CTNF Research On site IDFG
Unm4 Male  Yearling 08/10/17 Camp Crk, SNF Management R(’gglg\llg;j WGFD
unm5 Male  Yearling 08/09/17 Camp Crk, SNF Management I?Ze(r)rll(;\llg)d WGFD
810 Male Adult 08/11/17 Greybull River, PR-WY Management  Transport WGFD
G232 Male  Subadult 08/12/17 Eldridge Crk, CGNF Research On site IGBST
Unmé Unk Yearling 08/12/17 Meadow Crk, CGNF Research On site IGBST
unm7 Unk Yearling 08/12/17 Meadow Crk, CGNF Research On site IGBST
720 Female Adult 08/18/17 Wigwam Crk, CGNF Management On site WS
913 Female Subadult 08/23/17 Wyoming Crk, CTNF Research On site IDFG







Table 2. Annual number of grizzly bears monitored, captured, and transported

in the Greater Yellowstone Ecosystem, 1980-2017.

Number Individuals Total captures
Year monitored trapped Research Management  Transports
1980 34 28 32 0 0
1981 43 36 30 35 31
1982 46 30 27 25 17
1983 26 14 0 18 13
1984 35 33 20 22 16
1985 21 4 0 5 2
1986 29 36 19 31 19
1987 30 21 15 10 8
1988 46 36 23 21 15
1989 40 15 14 3 3
1990 35 15 4 13 9
1991 42 27 28 3 4
1992 41 16 15 1 0
1993 43 21 13 8 6
1994 60 43 23 31 28
1995 71 39 26 28 22
1996 76 36 25 15 10
1997 70 24 20 8 6
1998 58 35 32 8 5
1999 65 42 31 16 13
2000 84 54 38 27 12
2001 82 63 41 32 15
2002 81 54 50 22 15
2003 80 44 40 14 11
2004 78 58 38 29 20
2005 91 63 47 27 20
2006 92 54 36 25 23
2007 86 65 54 19 8
2008 87 66 39 40 30
2009 97 79 63 34 25
2010 85 95 36 75 52
2011 92 86 61 46 24
2012 112 88 47 56 35
2013 88 65 58 30 20
2014 94 70 51 30 20
2015 101 89 34 72 41
2016 106 96 59 49 18
2017 99 87 62 37 15




Table 3. Grizzly bears radiomonitored in the Greater Yellowstone Ecosystem during 2017.

Monitored Current
Bear Sex Age Offspring? Out of den Into den status
227 M Adult Yes No Cast
228 M Adult No No Removed
394 M Adult No Denl/cast?
399 F Adult 2 cubs Yes Yes Active
427 M Adult Yes No Cast
439 F Adult 3 cubs Yes No Cast
468 M Adult Yes Active
485 F Adult 3 cubs, 3 lost No No Killed
506 M Adult Yes Yes Active
516 M Adult No Yes Active
630 M Adult No Cast
653 M Adult Yes Yes Active
676 F Adult 1 yearling, lost? Yes Yes Active
678 F Adult 2 cubs, 1 lost? Yes Yes Active
679 M Adult Yes Yes Active
695 M Adult No Yes Active
711 M Adult No No Killed
728 F Adult 3 2-year olds, weaned Yes No Cast
736 M Adult No No Removed
743 F Adult 2 2-year olds, weaned Yes Yes Active
747 F Adult 2 cubs Yes No Cast
749 F Adult None Yes Yes Active
762 F Adult None Yes Yes Active
763 M Adult No Yes Active
72 M Adult No Yes Active
773 F Adult None Yes Yes Active
782 M Adult Yes No Cast
786 F Adult 1 cub, lost Yes Yes Active
788 M Adult Yes No Probable battery failure
789 M Adult No Yes Active
799 F Adult 2 yearlings No No Dead
800 F Adult None Yes No Cast
803 M Adult Not seen No No Dead
808 M  Subadult Yes No Cast
810 M Adult No Yes Active
815 F Adult 1 yearling Yes Yes Active
816 M Adult No No Cast
819 M Adult Yes No Cast
824 M Adult Yes No Removed
825 M Adult Yes No Removed
828 M Adult Yes No Cast
831 F Adult 1 2-year old, weaned Yes No Cast
833 F Adult 2 cubs, 1 lost Yes Yes Active
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Table 3. Continued.

Monitored Current
Bear  Sex Age Offspring? Out of den Into den status
840 M Adult Yes No Cast
842 M Adult Yes No Cast
848 F Adult 1 2-year old, weaned Yes Yes Active
851 F Adult 2 cubs Yes Yes Active
852 M Adult Yes No Cast
853 M Adult Yes Yes Active
855 M Adult Yes No Cast
856 M Adult Yes No Cast
857 F Adult 3 cubs, lost 1 Yes Yes Active
858 M Adult Yes No Cast
859 M Subadult Yes No Cast
861 F Adult 2 cubs, lost 2 Yes No Dead
863 F Subadult None Yes Yes Active
864 F Adult None Yes No Cast
865 M Subadult Yes No Cast
866 M Subadult Yes No Removed
867 F Subadult None Yes Yes Active
868 F Adult None Yes Yes Active
869 F Adult 2 3-year olds, weaned Yes Yes Active
870 M Subadult Yes No Cast
871 F Adult 2 yearlings Yes No Killed
872 M Adult Yes No Cast
873 M Adult Yes No Cast
875 F Adult 3 cubs, 1 lost Yes Yes Active
876 F Subadult None Yes Yes Active
877 M Subadult Yes No Removed
878 M Adult Yes Yes Active
879 M Subadult Yes Yes Active
880 M Subadult Yes Yes Active
881 M Adult Yes No Cast
882 M Adult Yes No Cast
883 F Subadult None Yes Yes Active
884 M Adult No No Cast
885 M Adult No No Cast
886 F Subadult None No Yes Active
887 M Adult No No Cast
888 M Adult No Yes Active
889 M Yearling No No Cast
890 M Subadult No Yes Active
891 M Adult No No Cast
892 M Adult No No Cast
893 F Adult None No Yes Active
894 M Adult No No Cast
895 F Adult None No Yes Active
896 F Subadult None No Yes Active
897 M Adult No No Cast
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Table 3. Continued.

Monitored Current
Bear Sex Age Offspring? Out of den Into den status
898 F Adult 2 yearlings No Yes Active
899 F Subadult None No Yes Active
900 F Yearling (Mom - #905) No Yes Active
902 M Adult No Yes Active
903 F Adult 3 cubs, 3 lost No No Killed
904 M Subadult No No Removed
905 F Adult 3 yearlings (1 - #900) No Yes Active
906 F Adult 2 yearlings No Yes Active
907 F Subadult None No Yes Active
908 M Subadult No Yes Active
909 F Subadult None No Yes Active
910 M Subadult No No Cast
911 F Subadult None No Yes Active
912 F Subadult None No Yes Active
913 F Subadult None No Yes Active
914 F Adult 2 cubs No Yes Active
915 F Adult Not seen No Yes Active
916 M Adult No Yes Active
917 M Adult No Yes Active
918 M Subadult No Yes Active
919 F Subadult None No Yes Active
920 M Subadult No Missing
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Estimating Number of Females with Cubs (Mark
A. Haroldson and Frank T. van Manen,
Interagency Grizzly Bear Study Team, U.S.
Geological Survey; and Daniel D. Bjornlie,
Wyoming Game and Fish Department)

I. Assessing Trend and Estimating Population
Size from Observations of Unique Females with
Cubs

Background

Under the 2016 Conservation Strategy for
the grizzly bears in the GYE (Yellowstone
Ecosystem Subcommittee 2016), IGBST is tasked
with annually estimating the number of female
grizzly bears with cubs in the GYE population,
determining trend for this segment of the
population, and estimating size of specific
population segments to assess annual mortalities
relative to population size. Here, we present our
2017 findings for counts of unique females with
cubs, and the population estimate derived from
numbers of females with cubs observed within the
Demographic Monitoring Area (DMA) based on
the most recent vital rates from the period 2002—
2011 (IGBST 2012).

Methods

Specific procedures used to accomplish the
above-mentioned tasks under the previous
protocols are presented in IGBST (2005, 2006) and
Harris et al. (2007). Under these protocols only
females with cubs observed within the DMA (Fig.
3) are counted for the Chao2 estimate. The most
recent vital rates and ratios for numerical
estimation of specific population segments are
provided in IGBST (2012).

Briefly, the Knight et al. (1995) rule set is used to
estimate the number of unique females with cubs
and tabulate sighting frequencies for each family.
We then apply the Chao2 estimator (Chao 1989,
Wilson and Collins 1992, Keating et al. 2002,
Cherry et al. 2007) to sighting frequencies for each
unique family. This estimator accounts for
individual sighting heterogeneity and produces an
estimate for the number of females with cubs
present in the population. Next, we estimate trend
and rate of change (&) for the number of unique
females with cubs in the population from the

natural log (Ln) of the annual NChaozestimates

using linear and quadratic regressions with model
averaging (Burnham and Anderson 2002). The
quadratic model is included to detect changes in
trend. Model AIC. (Akaike Information Criterion)
weight will favor the quadratic model if the rate of
change levels off or begins to decline (IGBST
2006, Harris et al. 2007). This process smoothes
variation in annual estimates that result from
sampling error or pulses in numbers of females
producing cubs due to natural processes (i.e.,
process variation). Some changes in previous
model-averaged estimates for unique females with

cubs ( NMAFC) are expected with each additional

year of data. Retrospective adjustments to previous
estimates are not done (IGBST 2006).
Demographic Recovery Criterion 1 specifies a
minimum of 48 females with cubs for the current

year ( N warc ) (Yellowstone Ecosystem

Subcommittee 2016). Given the assumption of a
reasonably stable sex and age structure, trend for
the females with cubs represents the rate of change
for the entire population (IGBST 2006, Harris et al.
2007). It follows that estimates for specific

population segments can be derived from NMAFC

and the estimated stable age distribution for the
population. Estimates for specific population
segments and associated confidence intervals
follow IGBST (2005, 2006) for the previous
protocol and IGBST (2012) for the updated
protocol, which incorporates observed changes in
vital rates during 2002-2011 and is based on the
DMA. In modeling the rate of change (trend) of
females with cubs as described in the Supplement
to the Reassessing Methods Document (IGBST
2006), if the AICcweight favors the quadratic term
and corresponding (AIC: 02.0 compared with the
linear model for 3 consecutive years, a full review
of the population’s demographics will be
undertaken to better understand its status
(Yellowstone Ecosystem Subcommittee 2016).

2017 Sightings of Females with Cubs and number
Unique

We documented 180 verified sightings of
females with cubs during 2017 in the GYE. Nearly
twice as many observations of females with cubs
were obtained from aerial sources (63.9%) than
from ground observers (36.1%, Table 4). We were
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able to differentiate 58 unique females with cubs
from the 180 sightings using the rule set described
by Knight et al. (1995). Four sightings (2.2%) from
3 unique females occurred outside the DMA (Fig.
3). One of the 58 unique females was only
observed (n = 1 sightings) outside the DMA.
Thirty-three (18.3%) observations from an
estimated 14 unique females with cubs occurred
within the boundary of Yellowstone National Park
(YNP).

The total number of cubs observed during
initial sightings of the 58 unique females with cubs
was 115 and mean litter size was 1.98 (Table 5).
There were 15 single cub litters, 30 litters of twins,
and 12 litters of triplets, and 1 litter of quadruplets
(Table 5). Including only initial observations that
occurred inside the DMA, there were 57 unique
females with a total of 113 cubs and a mean litter
size of 1.98.

2017 DMA Chao2 and Population Estimate

Excluding the 4 sightings (1 female)
observed outside the DMA, there were 125
observations of 53 families obtained without the
aid of telemetry. Using sighting frequencies for
these families produced an estimate for unique

females with cubs within the DMA of N gyachao2 =

64. Using this estimate in our linear and quadratic
regression analyses produced a model-averaged

estimate for 2017 of N jyachaor =57 (95% CI = 45—

71). This estimate does not retrospectively exclude
unique families observed outside the DMA for
years prior to 2012. However, if those sighting of
unique families observed outside the DMA were
excluded, changes in our estimates of trend and
population size would be small because nearly all
females with cubs are sighted within the DMA.
This was especially true during years prior to 2012
(IGBST 2012). Applying the updated 2002-2011

vital rates to NDMACha02 produces a total population
estimate for the DMA of 718 (Table 7).
We used the annual N, for the DMA

during the period 1983-2017 (Table 6) to evaluate
trend for the female with cubs segment of the
population (Fig. 4). With the 2017 addition, AIC.
weights (Table 8) continue to support for the
quadratic (86.8%) over the linear (13.2%) model.
The estimated quadratic effect (b = -0.00098) was
statistically significant (P = 0.017, Table 8). We

note that findings from Schwartz et al. (2008)
indicated the number of unique females with cubs
estimated using the Knight et al. 1995 method is
biased low and becomes more biased with
increasing population size. We again observed
strong support for a leveling off of population
growth for the more restricted geographic area of
the DMA; this was not unexpected and is
consistent with other results. Indeed, linear

regression of N, values with year for the

period 2002 2017 shows no support for either a
positive or negative trend (F = 1.590, 1 df, P =
0.228).

Table 4. Method of observation for female

grizzly bears with cubs sighted in the Greater
Yellowstone Ecosystem, 2017.

Method of o Cumulative
observation s BN % %
Fixed wing aircraft — 5 28 28
other researcher
Fixed wing aircraft — 50 278 306
observation flight : :
Fixed wing aircraft —
telemetry flight 56 311 617
Fixed wing aircraft — 2 11 628
ferry time
Helicopter — other 2 11 63.9
researcher
Ground sighting 64 35.6 99.5
Trap 1 0.5 100
Total 180 100
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Table 5. Number of unique females with cubs ( Ngy,), litter frequencies, total number of cubs,

and average litter size at initial observation, Greater Yellowstone Ecosystem, 1983-2017.

A Total no. of Litter size Total no. of Mean litter
Year NObs sightings 1 cub 2 cubs 3 cubs 4 cubs cubs size
1983 13 15 6 5 2 0 22 1.69
1984 17 41 5 10 2 0 31 1.82
1985 9 17 3 5 1 0 16 1.78
1986 25 85 6 15 4 0 48 1.92
1987 13 21 1 8 4 0 29 2.23
1988 19 39 1 14 4 0 41 2.16
1989 16 33 7 5 4 0 29 1.81
1990 25 58 4 10 10 1 58 2.32
19912 24 62 6 14 3 0 43 1.87
1992 25 39 2 12 10 1 60 2.40
1993 20 32 4 11 5 0 41 2.05
1994 20 34 1 11 8 0 47 2.35
1995 17 25 2 10 5 0 37 2.18
1996 33 56 6 15 12 0 72 2.18
1997 31 80 5 21 5 0 62 2.00
1998 35 86 9 17 9 0 70 2.00
1999 33 108 11 14 8 0 63 1.91
2000 37 100 9 21 7 0 72 1.95
2001 42 105 13 22 7 0 78 1.86
2002 52 153 14 26 12 0 102 1.96
2003 38 60 6 27 5 0 75 1.97
2004 49 223 14 23 12 0 96 1.96
2005 31 93 11 14 6 0 57 1.84
2006 47 172 12 21 14 0 96 2.04
2007 50 335 10 22 18 0 108 2.16
2008 44 118 10 28 6 0 84 1.91
2009 42 117 10 19 11 2 89 212
2010 51 286 15 23 12 1 101 1.98
2011 39 134 13 17 9 0 74 1.90
2012 49 124 14 25 10 0 94 1.92
2013 58 183 8 35 14 3 126 2.17
2014 50 119 16 22 12 0 96 1.92
2015 46 156 15 17° 14° 0 91° 1.98°
2016 50 144 15 22 13 0 98 1.96
2017 58 180 15 30 12 1 115 1.98

& One female with unknown number of cubs; average litter size was calculated based on 23 females.

b Corrected values for 2015; online version of 2015 Annual Report has also been corrected.
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Table 6. Annual Chao?2 estimates for the numbers of female grizzly bears with cubs in the Greater
Yellowstone Ecosystem, 1983-2017. Estimates in parenthesis for 2012-2017 are specific to the
Demographic Monitoring Area (DMA). The number of unique females observed ( N,,) includes those
located using radio telemetry; m is the number of unique females observed using random sightings only;

and N, givesthe nonparametric bias-corrected estimate, per Chao (1989). Also included are the
number of females with cubs sighted once (f1) or twice (f2), and the annual estimate of relative sample
size (n/NChaoz ), where n is the total number of observations obtained without the aid of telemetry.

Female with cubs sighted 03 time can be derived (fs+ = m — (f, + f2)).

Year N Obs il it f2 N Chao2 n n/ N Chao2
1983 13 10 8 2 19 12 0.6
1984 17 17 7 3 22 40 1.8
1985 9 8 5 0 18 17 0.9
1986 25 24 7 5 28 82 3.0
1987 13 12 7 3 17 20 1.2
1988 19 17 7 4 21 36 1.7
1989 16 14 7 5 18 28 1.6
1990 25 22 7 6 25 49 2.0
1991 24 24 11 3 38 62 1.6
1992 25 23 15 5 41 37 0.9
1993 20 18 8 8 21 30 1.4
1994 20 18 7 23 29 1.3
1995 17 17 13 2 43 25 0.6
1996 33 28 15 10 38 45 1.2
1997 31 29 13 7 39 65 1.7
1998 35 33 11 13 37 75 2.0
1999 33 30 9 5 36 96 2.7
2000 37 34 18 51 76 15
2001 42 39 16 12 48 84 1.7
2002 52 49 17 14 58 145 2.5
2003 38 35 19 14 46 54 1.2
2004 49 48 15 10 58 202 3.5
2005 31 29 6 8 31 86 2.8
2006 47 43 8 16 45 140 3.3
2007 50 48 12 12 53 275 5.1
2008 44 43 16 8 56 102 1.8
2009 42 39 11 11 44 100 2.3
2010 51 51 11 9 56 256 4.6
2011 39 39 14 10 47 123 2.6
2012 49 (48) 44 (43) 16 (15) 7(7) 59 (56) 110 (108) 1.9(1.9)
2013 58 (57) 53 (52) 13 (14) 11 (11) 60 (60) 160 (152) 2.6 (2.5)
2014 50 (47) 46 (44) 23 (21) 13 (13) 64 (59) 92 (90) 1.4 (1.5)
2015 46 (44) 43 (41) 14 (13)° 10 (11)® 51 (47)? 135 (131) 2.6 (2.8)
2016 50 (45) 50 (45) 15 (12) 15 (13) 56 (50) 129 (121) 2.3(2.4)
2017 58 (57) 54 (53) 19 (19) 16 (15) 64 (64) 127 (125) 2.0(1.9)

aCorrected sighting frequencies and Chao2 estimate in 2015; online version of 2015 Annual Report has also been corrected.
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Table 7. Estimates and 95% confidence intervals (Cl) for population segments and total grizzly
bear population size derived using the Chao2 estimate for females with cubs within the
Demographic Monitoring Area, 2017.

Independent females (02 years old) 250 199 301
Independent males (02 years old) 250 195 305
Dependent young (cubs and yearlings) 217 196 238
Total 718 640 796

Table 8. Parameter estimates and model selection results from fitting linear and quadratic
models for Ln(N.,,,,) (number of female grizzly bears with cubs) with year for the time period
1983-2017. During 2012-2017, Chao?2 estimates were restricted to the Demographic Monitoring

Area.

Linear
3.00866 0.07795 38.60 <0.0001
0.03404 0.00378 9.01 <0.0001
SSE 1.68029
AlC. -99.50
AIC. weight 0.132
Quadratic
2.79168 0.11254 24.81 <0.0001
0.06922 0.01441 4.80 <0.0001
-0.00098 0.00039 -2.52 0.017
SSE 1.40267
AlC. -103.261
AIC. weight 0.868
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Fig. 3. Distribution of 180 sightings of 58 (indicated by unique colors) unduplicated female grizzly bears with
cubs observed in the Greater Yellowstone Ecosystem, 2017. Only sightings from females with cubs occurring
within the Demographic Monitoring Area (DMA) are used for population estimation. During 2017, 4 sightings
(black circles around symbols) from 3 unique females with cubs occurred outside the DMA. One of these females
(1 observation) was only observed outside the DMA.
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Fig. 4. Model-averaged estimates for the number of unique female grizzly bears with cubs, 1983-2017, where the
linear and quadratic models of LN(N,,,) were fitted. Estimates for 2012-2017 were restricted to the

Demographic Monitoring Area (DMA). The inner set of light solid lines represents a 95% confidence interval on
the predicted population size.
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1. Mark-Resight Technique to Estimate
Females with Cubs

Schwartz et al. (2008) demonstrated
biases inherent in the method of estimating
population size based on the Chao2 estimator (see
previous section) using counts of unique females
with cubs and the associated rule set of Knight et
al. (1995). The IGBST invited partner agencies
and quantitative ecologists to participate in 3
workshops held in February 2011, July 2011, and
February 2012 to consider alternative approaches.
An important product of these workshops was a
recommendation to use systematic flight
observation data conducted since 1997. The
mark-resight estimator yields an annual estimate
of the number of females with cubs based on 1)
the presence of a radio-marked sample, and 2) 2
systematic observation flights/year, during which
all bears observed are recorded and, following
observation, checked for marks (i.e., radio collar)
using telemetry. Pilots note whether family
groups observed include cubs, yearlings, or 2-
year-old offspring. Mark-resight designs for
population estimation are commonly used for
wildlife monitoring because they can provide a
cost-efficient and reliable monitoring tool.
However, inference from such designs is limited
when data are sparse, either from a low number of
marked animals, a low probability of detection, or
both. In the GYE, annual mark-resight data
collected for female grizzly bears with cubs suffer
from both limitations. As an important outcome
of the 3 workshops, Higgs et al. (2013) developed
a technique to overcome difficulties due to data
sparseness by assuming homogeneity in sighting
probabilities over 16 years (1997-2012) of
biannual aerial surveys. They modeled counts of
marked and unmarked grizzly bears with cubs as
multinomial random variables, using the capture
frequencies of marked females with cubs for
inference regarding the latent multinomial
frequencies for unmarked females with cubs (Fig.
5).

One important assumption of the mark-
resight technique is that the geographic distribution
of radio-marked female bears is generally
representative of the geographic distribution and
relative density of female bears in the population.
Conclusions from workshop discussions were that

this assumption is likely not violated within the
GYE, with one exception. A subset of bears in the
southeastern portion of the GYE annually spend 6
to 10 weeks in late summer (mid-Jul to late Sep) in
alpine scree slopes feeding on army cutworm
moths (Mattson et al. 1991b, Bjornlie and
Haroldson 2011). These bears are highly visible
and constitute a substantial proportion of bears seen
during observation flights. However, capturing and
marking of bears is difficult because these remote,
high-elevation areas are snow-covered early in the
capture season and access is limited due to high
spring runoff. When access improves later in the
season, most bears have already begun feeding on
army cutworm moths and are difficult to capture.
Thus, the proportion of radio-marked females with
cubs among those feeding on these high-visibility
sites is lower than in the remainder of the
ecosystem. A