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Executive Summary  ɀ Lake Fork Herd ɀ E25 

Game Management Units: 66 & 67                                     Landownership: 18% private & 82% Public  
Post-hunt population size (2015): 5650 elk                       Post-hunt sex ratio (bulls:100 cow): 26.6 (modeled) 
2001 DAU plan objectives: 4000 elk, 25 bulls:100 cows  
2017 (Current) DAU plan objectives: 6000 ς 7000 elk, 23 ς 28 bulls:100 cows, gradual change in license allocations 

 

 

The E25 elk population will continue to be managed under the limited licensing strategy with the 

purpose of providing ample hunting opportunity with low hunter crowding. The management 

alternatives selected in this plan will be used for setting annual license allocations. Formation of primary 

alternatives (population size) are made considering 9нрΩǎ limited licensing purpose, public input, 

carrying capacity history, and the influence of secondary alternatives (bull ratio). Formation of 

secondary (bull ratios) and tertiary alternatives (license allocation strategy details) should consider the 
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population size alternatives. Bull ratio alternatives were formed considering the over-arching E25 

strategy to manage for low hunter crowding. License allocation strategy was formed based on public 

input and potential impacts on bull ratios. 

Objective Alternatives 

Population Size 
(Primary) 

1: 5000 ς 6000 elk (2015 status quo) 

2. 6000 ς 7000 elk (18% increase)  PREFERRED AND APPROVED 

2: 6500 ς 7500 elk (25% increase) 

3: 8000 ς 9000 elk (50% increase) 

Bull Ratio 
(Secondary) 

1: 18-23 bulls : 100 cows 

2: 23 ς 28 bulls: 100 cows (status quo)  PREFERRED AND APPROVED 

3: 28 ς 33 bulls: 100 cows 

License Allocation 
Strategy (Tertiary) 

1: Gradual change in license allocations to meet herd objectives  PREFERED AND 

APPROVED 

2: Rapid change in license allocations to meet herd objectives 

 

Desires of hunters were characterized through extensive public input gathering. Two preliminary and 

three primary surveys with extensive questioning were conducted on hunter opinions. Among the three 

primary surveys and their respective targeted audiences, few substantial differences in hunter desires 

exist.  

Several issues, outside of hunter desires, influence the carrying capacity of the landscape in E25. 

Approximately 25% of the total forest canopy (50% of all spruce-fir forest communities) has been 

impacted by a spruce beetle die-off. It is anticipated that forage availability will increase on elk summer 

range as a result. Landscape health was poor in the late 1990s and early 2000s following high population 

sizes of elk, mule deer, and livestock. As a response, CPW decreased elk and mule deer population sizes 

by 50%. Concerns of degradation to Gunnison Sage-grouse habitat were also present during high 

ungulate abundance. Current (>2010) surveys indicate that vegetation has likely recovered. 

Concerns exist by CPW staff that elk distribution within E25 is changing in response to spruce beetle, 

non-hunting recreation, vehicle traffic, and private land refuges. While these elk distribution issues may 

not always be tied directly to carrying capacity, the ability of hunters to encounter elk is likely impacted. 

The population size alternative selected is #2: an approximate 18% increase (to 6000-7000 elk) from the 

2015 post-hunt status-quo population size. This reflects a collaborative desired population size gathered 

through extensive polling of survey and meeting participants. The bull ratio selected is #2: 23 ς 28 

bulls:100 cows (status quo). This alternative is anticipated to strike a balance between hunters who wish 

to have opportunity (i.e., hunt frequently), and those hunters wanting lower crowding in the field. The 

license allocation strategy selected is to make a change in population size gradually (alternative #1), 

rather than rapidly. This also reflects the desires gathered through extensive polling of hunters. 
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This plan was presented to the CPW commission January 12, 2017 and approved by the CPW commission 

March 2, 2017. 

Introduction and Purpose  
Colorado Parks and Wildlife (CPW) manages wildlife for the use, benefit and ŜƴƧƻȅƳŜƴǘ ƻŦ /ƻƭƻǊŀŘƻΩǎ 

people and visitors. aŀƴŀƎŜƳŜƴǘ ƻŦ ōƛƎ ƎŀƳŜ ǇƻǇǳƭŀǘƛƻƴǎ ƛǎ ŎƻƴŘǳŎǘŜŘ ǿƛǘƘ ŀ άaŀƴŀƎŜƳŜƴǘ ōȅ 

hōƧŜŎǘƛǾŜέ ŀǇǇǊƻŀŎƘΣ ƛƴ ǿƘƛŎƘ ōƛƎ ƎŀƳŜ ǇƻǇǳƭŀǘƛƻƴǎ ŀǊŜ ƳŀƴŀƎŜŘ ǘƻ ŀŎƘƛŜǾŜ ƻōƧŜŎǘƛǾŜǎ ŦƻǊ ŜŀŎƘ Data 

Analysis Unit (DAU). DAUs are distinct geographic areas delineated to encompass a herd that has little 

spatio-temporal overlap with neighboring herds. Ideally, it is where most animals in the herd are born, 

live, and die. A DAU is often divided into several game management units (GMUs) to distribute hunters 

and harvest within the DAU. 

The primary purpose of a DAU plan is to establish management objectives pertaining to a big game herd. 

For DAU E25, the DAU plan establishes management objectives in terms of a desired elk population size 

range (primary) and sex ratio range (secondary). Management objectives established in this plan must 

abide by statutes and policies set forth by the /t²Ωǎ .ƛƎ DŀƳŜ {Ŝŀǎƻƴ {ǘǊǳŎǘǳǊŜΣ /t²Ωǎ Strategic Plan, 

Parks and Wildlife Commission, and the Colorado State Legislature. E25 is currently designated by the 

Colorado Parks and Wildlife Commission as a totally limited license unit for providing a low-hunter 

crowding opportunity. DAU plans also identify and carefully consider issues and topics important to big 

game management. These issues and topics can be categorized broadly into elk population dynamics 

(pp. 7 ς 16), elk habitat carrying capacity and distribution (pp. 17 ς 21), and public involvement (pp. 21 ς 

24); this plan devotes a section to each of those categories. 

The alternatives selected in this plan will drive annual elk license setting decisions, which are designed 

to maintain or modulate the elk population and meet the objectives established in this plan. The plan 

also describes additional strategies and techniques that will be used to achieve the herd objectives.  

Description of DAU  
The E25 DAU is located in southwest Colorado in the southern half of the Gunnison Basin, spanning 

Gunnison, Hinsdale, and Saguache counties. It consists of Game Management Units 66 and 67 (Fig. 1) 

and spans 1572 square miles. A complete description of the boundary, topography, and climate, can be 

found in Masden (2001). A description of the current vegetation can be found in the habitat and carrying 

capacity section below. 

Land ownership is dominated (82%) by public lands managed by the Bureau of Land Management 

(BLM), United States Forest Service (USFS), National Park Service (NPS), and the state of Colorado 

(Colorado Parks and Wildlife / State Land Board). 
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Figure 1. Location of DAU E25, GMU 66/67 boundaries, public land ownership (shaded), private 

landownership (un-shaded), cities, and elevation gradient. 

E25 Elk Population Dynamics  

Population Estimation Methods  
Estimating numbers of wild animals over large geographic areas is a difficult and approximate science. 

Colorado Parks and Wildlife recognizes the difficulties of estimating the size of big game populations as a 

challenge in managing populations. The agency utilizes flexible population estimates that incorporate 

the latest technologies available and complimenting data sources. As additional years of data are added, 

the accuracy of prior year estimates are improved, thus ultimately improving current estimates.  

Population estimates are derived from computer assisted population models that integrate multiple 

biological factors, such as initial population size, mortality rates, reproductive rates, hunter harvest 

numbers (Steinert et al. 1994), post-harvest sex ratios, and wounding loss. Annually, a suite of 

biologically plausible models is constructed and ranked based on a score that minimizes the difference 

between observed and predicted sex ratios. Initial models of the early 1970s were constructed with ONE 

POP software. In the early 1980s, POP II software was implemented (Bartholow 2000). Post-1999, 
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spreadsheet models replaced POP II. In 2009, the spreadsheet model was standardized based on newer 

mathematical models (White and Lubow 2002). This continual process of updating the model: 1) allows 

past and current estimates of population size to be more accurate, 2) dampens annual variation that 

reflects sampling variability, 3) provides a better representation of population trend (long term relative 

changes in population size). In addition to annual updates to the model, a revision to the model is made 

when a DAU plan is updated; an expanded suite of models is constructed and the best model is selected. 

Actual counts or extrapolation-based sampling of elk population size are not conducted in E25. Instead 

multiple sources of information are gathered during: 1) aerial elk age/sex classification surveys and 2) 

elk harvest mortality surveys. The elk age/sex classification surveys provide an estimate of the number 

of males and number of young of the year per 100 females. Bulls:100 cows ratios include bulls > 1 year 

of age. Current aerial survey methodologies underestimate the bulls:100 cows ratio, as larger groups of 

animals, primarily represented by females and calves, are easier to detect than bull groups. Habitat 

utilization differences between bulls and cows further complicates the technique. Given that bulls have 

a lower probability of detection than cows, a sightability factor is incorporated into the model to provide 

a more realistic representation of the bulls:100 cows. This modeled bull ratio estimate is utilized when 

making management decisions concerning allocation of licenses. 

During the development of population models, the model produces various diagnostic measures. This 

includes a measure of model parsimony using an information theoretic approach. Model realism is 

further diagnosed by examining the various biological parameters derived by the model. Appendix 1 

provides further justifications of model suitability regarding specific biological parameters and survey 

techniques used to gather input data. 

Finally, anecdotal information gathered from hunter and landowner contacts made by CPW field staff is 

considered for model evaluation and final license allocations. While field observations are used to help 

ground-ǘǊǳǘƘ ǘƘŜ ƳƻŘŜƭΣ ƛǘ ƛǎ ǊŜŎƻƎƴƛȊŜŘ ǘƘŀǘ ǳǎƛƴƎ ǇƻǇǳƭŀǘƛƻƴ ŜǎǘƛƳŀǘŜǎ ōŀǎŜŘ ŜƴǘƛǊŜƭȅ ƻƴ ǎǇƻǊǘǎƳŜƴΩǎ 

observations has produced severely biased results (Freddy et al. 2004, Appendix 1). 

Indexed Population Size Objectives 
The population objective range depends on the population estimate derived during formation of the 

DAU plan. However, population modeling is an evolving process whereby modeled estimates can change 

over time based on additional data or improved modeling methodology. CPW managers have conducted 

two major revisions in the E25 population models since the 2001 plan. These changes ultimately 

improved the model, but also resulted in a dramatic increase of estimated population size at two points 

in time (post-hunt 2004 and 2010) (Fig 2). No actions were taken concerning elk license allocations when 

these changes in population estimation methods occurred; an actual population change was superficial. 

An index can be calculated by examining the difference observed in the published population estimate 

for the 2001 DAU plan and the retrospective estimates of the size of the 2001 elk population derived 

with the most recent population model (July 2016). To account for uncertainty in this disparity, we 

computed the average difference in annual population size estimates originating from the two models 

during 1999-2003. The retrospective estimates of population size were on average a factor of 1.67 times 

higher than what was generated and published on an annual basis. If the 2001 established population 



 

8 
 

objective of 4000 elk was adjusted retrospectively in accordance with this 67.7% difference, an indexed 

objective of ~6700 elk would be realized (Fig 2). Given this information, the 2015 E25 population is just 

under the population objective desired in the 2001 E25 DAU plan. 

Population indexing is a concept that has been extensively discussed, but never officially implemented 

by CPW. In situations where population models are updated with new data (as done annually in E25) or 

with new parameters that result in more accurate population estimates, an existing DAU Plan could be 

modified with a simple amendment. As demonstrated in the 2001 ς 2016 example expressed above, 

indexing could be conducted by examining the change in population size of a new population model 

compared to the existing model. If functional changes to the model in the future result in changes in the 

population estimate, but not changes in management, the population objective can be modified with a 

short DAU plan amendment. 

 

 

Figure 2. Population size trend estimates and corresponding herd management objectives. Current best 

estimates (blue) have smoother estimates over estimates published annually (yellow), and are thus more 

realistic. DAU plan objectives (solid red lines) of pre- and post-2001. Indexed objective (dotted red line) is 
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2001 DAU plan objective scaled with a factor of 1.667 reflecting retrospective population estimate 

updates. 

Post-hunt Population Size History  
Examining the E25 herd retrospectively with the most current population model indicates that E25 

experienced three major population trajectories since 1980: 

1) 1980 ς 1999. During this period, the population slowly grew, more than doubling the initial 1980 

estimate. An average of 337 cow elk were harvested annually, representing approximately 8% 

annual harvest of the ǇƻǇǳƭŀǘƛƻƴΩǎ cow segment (pre-harvest annual estimates) 

2) 2000 ς 2005. 5ǳǊƛƴƎ ǘƘŜ ƭŀǘŜ мффлΩǎΣ 9нрΣ ƭƛƪŜ Ŝƭƪ ǇƻǇǳƭŀǘƛƻƴǎ statewide, was over-objective and 

considered over-abundant from a landscape health and rangeland conflict standpoint. In 2001, 

management of E25 changed in three ways. The first was to intentionally decrease the elk 

population size. The second was to raise the population objective size by 25% (3000 to 4000 

elk). The third was the implementation of totally limited elk licenses to decrease hunter 

crowding. Given the published 1999 estimate of 7800 elk, the population objective (4000 elk) of 

the 2001 DAU plan was implemented to decrease the population size by nearly 50%. From 2000 

to 2005, high harvest pressure was placed on cows. The primary method used to reduce the 

population was with a large allocation of either-sex licenses. Approximately 922 cow elk were 

harvested annually, representing a 21.7% annual harvest of the ǇƻǇǳƭŀǘƛƻƴΩǎ cow segment (pre-

harvest annual estimates). 

3) 2006 ς 2015. In 2006, either-sex licenses were reduced to only archery season. Based on the 

published post-hunt population estimates and the corresponding DAU plan objectives, the 

reductions of the prior period had been met. Retrospectively, with the revised E25 population 

model provided in this plan, along with indexed objectives, it is further confirmed that the 2001 

DAU plan population objective was reached. Population size was considered steady relative to 

the 1980ς1999 and 2000ς2005 periods. It is uncertain whether current model projections of 

population size, given the recent license allocation strategy, is indicating a growing or decreasing 

population. Approximately 407 cow elk were harvested annually, representing 12.8% of the 

ǇƻǇǳƭŀǘƛƻƴΩǎ Ŏƻǿ ǎŜƎƳŜƴǘΦ 

Post-hunt Herd Composition History  
Bull ratios (bulls per 100 cows) experienced a sharp increase followed by a sharp decline since 1997 (Fig. 

3). This change in bull ratio was driven by a dramatic shift in the harvest proportion of cows and bulls 

starting in 1997 (Fig. 4). While other factors were likely influential between 1997 and 1999, a large 

number of limited either-sex licenses were used to bring the E25 population down the following 6 years. 

This decrease was largely attributed to the high proportion of cows harvested during the 2000 - 2005 

period (Fig. 4). Manager manipulations to cow harvest is an efficient means of making dramatic 

population size changes, with the least influence on total license allocation numbers. Either-sex licensing 

strategies allow a higher success rate, as it allows hunters to be less selective. Total license numbers are 
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important to consider when balancing population objectives and maintaining the low hunter crowding 

status in E25.  

During the management period of intentional population decline, the number of bulls encountered for 

every cow encountered was likely high for hunters, despite a declining overall elk population size (Fig. 

2). The response of bull ratios to changes in cow harvest proportion appeared to lag ~4 years (Fig. 4). 

In more recent history, the bull ratio may have leveled off (2012-2015). Alternatives posed in this plan 

assume that this 4-year stasis will continue under status quo license allocations. 

 

Figure 3: Modeled (red) and observed (blue) bull ratio estimates (bulls:100 cows) and corresponding 95% 

confidence intervals (blue and red shading). Previous DAU plan objectives (gray) were not published as 

ranges, but as a single mid-point objective. Objective range is projected retrospectively corresponding to 

+/- 15% of the mid-point. Annual management decisions consider the modeled bull ratio and running 

three-year average observed (green) bull ratio.  

Calves per 100 cows measured post-hunting season are a measure of reproductive performance. Calf 

ratios have exhibited a gradual decline in E25 since 1980 (Fig. 5). The source of this decline is currently 

unknown, but may be from disease, predation, climate, and habitat changes. This decline is also 












































































