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Figure 3-1.  Location of the Northern Study Area of the Black Bear Study in New 

Mexico showing relationship to major roads, towns, and terrain. 
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 The area included numerous permanent streams draining into the 
Cimarron River, including Willow Creek, California Creek, Ute Creek, Dean 
Creek, and Ponil Creek.  Most of the smaller streams draining into these larger 
streams also were permanent. 

 
Climate varied by elevation within the study area (Table 3-1).   Mean 

January temperatures were at or below freezing and snowfall was high in the 
upper elevations.  July temperatures were generally mild with most rainfall 
occurring during July-August. 

 
 

Table 3-1.  Climate variables recorded at weather stations close to the Northern 
Study Area (NSA) and Southern Study Area (SSA), New Mexico, 1939-
2000.   

 NSA  SSA 
 
Parameter 

Eagle Nest 
(2506 ma) 

Cimarron 
(1939 m)  Beaverhead 

(2023 m) 
Glenwood 
(1432 m) 

Mean Jan temperature (0C) -7 0  -1 5 
Mean Jul temperature(0C) 16 21  19 24 
Frost -free season (days) 70-120 145-190  110-155 180-230 
Annual precipitation (cm) 37.8 41.4  37.6 40.4 
Monthly snowfall Dec-Mar (cm) 25.4 15.0  10.5 4.0 
Monthly rainfall Jul-Aug (cm) 6.9 7.0  6.6 6.8 
a Elevation of weather station 

 
 

 The area was located in Game Management Unit (GMU) 55.  Prior to the 
study, bear hunting intensity varied within the study area.  The CNWA and EBWA 
were closed to bear hunting since the late 1980's.  Levels of bear hunting varied 
on private land, but were probably moderate to high throughout the area.  With 
cooperation of private landowners, the area was closed to bear hunting so 
population dynamics could be studied in the absence of hunting.  This closure 
was in effect from 1992 until 1998 when hunting was reestablished on some 
private land within the study area.  
 

The Southern Study Area (SSA) was located in the Mogollon Mountains of 
west-central New Mexico (Figure 3-2). The area was approximately 423 km2 and 
was bounded by U. S. Forest Service Road 141 to the north and Mineral Creek 
to the south.  The area was encompassed within the Gila National Forest 
(Reserve Ranger District), but included some private parcels.  It was remote, with 
the closest towns of Reserve, Glenwood, and Mogollon, located 3-16 km away.  
A 2-lane, partially paved loop road provided the main access into the study area.  
Numerous gravel roads, dirt roads, and trails were found on the study area, and 
access was usually unrestricted. 
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Figure 3-2. Location of the Southern Study Area of the Black Bear Study in New 

Mexico showing relationship to major roads, towns, and terrain. 
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During the study period, cattle grazing and recreation were the primary 
land uses.  Historically, logging was also a dominant land use in this area, but 
during the 1990’s, timber harvest was very limited within the study area.  It 
consisted of 1 commercial timber sale on Corner Mountain and limited firewood 
cutting.  Prior to the 1990’s, much of the forested area was selectively logged or 
cleared for pasture, therefore most forests were second-growth.  Some old-
growth forests persisted, especially in steeper canyons.  Numerous constructed 
dirt tanks were found within the area, providing permanent or seasonal water for 
cattle and wildlife. 

 
 Topography was diverse on the SSA, but elevations were lower than the 
NSA.  Elevations ranged from approximately 1,750 m (5,740 ft) on the west side 
of the study area to 3,035 m (9,954 ft) on Bearwallow Mountain.  Dominant 
habitat types coincided with those described for the NSA, with some variation in 
species composition.  The high elevation bristlecone pine-limber pine forest and 
alpine community of the NSA were not present on the SSA. 
 

The area included numerous permanent streams draining into the San 
Francisco River, including Devils Creek, Deep Creek, Copper Creek, and Mineral 
Creek.  Many of the smaller streams on the area were ephemeral, drying out 
annually or in drought years. 

 
Climate varied by elevation within the study area (Table 3-1).  Mean 

January temperatures were below freezing at upper elevations, but above 
freezing at lower elevations.  Snowfall was lower than that of the NSA.  July 
temperatures were generally mild, but warmer than the NSA.  Most rainfall 
occurred during July-August and rates were similar to the NSA. 

 
 The SSA was located within GMU 16A, and was open to bear hunting 
throughout the study period.  Historically, hunting intensity in the region was 
moderate to high. 
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CHAPTER 4 
 

CAPTURE OUTCOMES AND PHYSICAL CHARACTERISTICS 
 
 The objectives of the field study required us to capture a large sample of 
black bears and place radio-transmitters on many individuals.  As a prelude to 
later chapters, we report the methods for our field investigations, including 
trapping efforts, den investigations, and radio-telemetry monitoring.  We also 
include information on physical characteristics of bears obtained during these 
activities. 
 
METHODS 

 
Throughout the study period, our trapping efforts were primarily focused 

on the capture of previously unmarked females, to meet a target of 25 radio-
transmitter equipped females monitored each year for reproductive success.  
During later years, much of the trapping effort was aimed at recapture of 
individuals requiring refitting or removal of their radio-collar. 

 
Throughout the active season (primarily May-October), we captured bears 

using foot snares and culvert traps.  Traps were examined by 1200 hours each 
day to prevent excessive stress to captured animals.  All snared bears and most 
culvert-trapped bears were chemically immobilized and handled, however some 
recaptured bears caught in culvert traps were released without handling. 
Immobilizing drugs were administered using syringe poles.  Captured bears were 
immobilized using 1 of 2 mixtures of immobilizing agents.  Most often, we used a 
2:1 mixture of ketamine hydrochloride (Ketaset, Fort Dodge Animal Health, 
Overland Park, Kansas) and xylazine hydrochloride (Rompun, A. H. Robins Co., 
Richmond, Virginia) at a combined dosage rate of 6.6 mg/kg (3mg/lb) estimated 
body weight (Addison and Kolenosky 1979).  Under some circumstances, we 
used tiletamine hydrochloride + zolazepam hydrochloride (premixed as Telazol, 
A. H. Robins Co., Richmond, Virginia) at a dosage rate of 5.5 mg/kg (2.5mg/lb) 
estimated body weight (Gibeau and Paquet 1991).  Use of Telazol was not ideal 
for our trapping regime because the protracted recovery period, characteristic of 
this drug, limited our ability to handle multiple bears per day.  

 
We monitored respiration, pulse, and body temperature during 

immobilization.  Ointment was applied to the eyes of bears to inhibit drying.   
Blindfolds were used and loud sounds were minimized to reduce unnecessary 
disrupting stimulus.  We remained with immobilized bears until recovery was 
observed. 

 
 Sex of captured bears was determined from external genitalia.  Black or 
brown color phase was noted for each bear, based on the color of the guard 
hairs and the underfur.  Coat condition was rated as good or poor/shedding.  For 
all bears, we recorded chest girth, body length, neck circumference, foot pad 
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length/width, and weight (when possible).  For female bears, we noted vulval 
swelling, teat length/width, teat color, occurrence of lactation, evidence of 
suckling (swollen teats or hair matting), and presence of offspring. 
 

Approximate age of bears was estimated from tooth eruption/wear (Jonkel 
1993) and size.  A vestigial premolar tooth was extracted from bears ≥1 year old 
for age determination using cementum annuli counts (Stoneberg and Jonkel 
1966, Willey 1974).  Age class was assigned as follows: cub (<1 year), yearling 
(1 year), subadult (2-4 years), and adult (≥5 years). 

   
 We marked each bear with numbered, colored eartags (Allflex USA, 
Dallas, TX) and we tattooed the same number on an inner, upper lip.  We placed 
radio-transmitters on all females captured, except during 1999-2000 when our 
target sample size of 25 had been met.  We placed radio-transmitters on adult 
males as needed to maintain a sample of approximately 10 individuals each 
year.  During the first year of the study, most subadult males were also given 
radio-transmitters. The practice of collaring captured subadult males was 
terminated after 1993, in favor of placing transmitters on yearling males and 
females in the den.  Adult-sized collars (mod-500 or mod-505, Telonics, Tempe, 
Arizona) were placed on bears weighing over 23 kg (50 lbs).  Bears weighing 
less than 23 kg were fitted with Telonics mod-400 collars, expandable subadult 
collars (Ursus Technologies, Williamsburg, Virginia), or ear-tag transmitters 
(Advanced Telemetry Systems, Isanti, Minnesota).  Collars were fitted to allow 
for growth and cotton spacers were attached to ensure collars would fall off in the 
event of transmitter failure (Hellgren et al. 1988). 
 

We visited dens of radio-transmittered adult females each year to 
ascertain their reproductive status.  If offspring were present, we attempted to 
handle all bears in the den, however inaccessibility sometimes prevented it.  If 
offspring were not present, females were usually handled only if necessary to 
change or refit collars.  Dens of males and subadult females were visited 
annually or biannually to change or refit collars as necessary.  Adult, subadult, 
and yearling bears requiring handling were immobilized using Telazol.  We 
elected to use Telazol for den work because of its reduced tendency to depress 
heart rate and respiration compared to Ketaset/Rompun.  Cubs were handled 
without immobilization.  Typically, we did not remove adult bears from dens, 
unless it was necessary to reach their head or to reach offspring, however 
yearlings and cubs were removed from dens for handling.  Weights and other 
measurements were obtained from all bears when possible.  Den investigations 
were conducted between January and April, however we limited handling of cubs 
to March and April when our handling would have negligible impact on their 
survival. 

 
We monitored radio-collared bears from fixed-wing aircraft on a 14-day 

schedule during the active season (weather permitting).  During fall and spring 
months, we attempted to increase the flight schedule to 7-10 days for obtaining 
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den entrance and den emergence data.  During winter months, monitoring of 
bears was reduced while the bears remained in their dens.  We recorded 
locations using Universal Transverse Mercator (UTM) grid coordinates to the 
nearest 0.1km, on United States Geological Survey (USGS) 7.5-minute maps. 
We estimated aerial telemetry error by comparing locations obtained by telemetry 
to actual locations verified by ground investigation.  These locations included 
those of shed transmitters, bear mortalities, and blind tests. 

 
RESULTS AND DISCUSSION 
 
Trapping Success, Den Investigations, and Monitoring 
 
 Between September 1992 and June 2000, we captured 300 bears (103 
females, 195 males, 2 unknown sex) 517 times.  Individual bears were captured 
1-9 times with a mean of 1.5 captures/bear.  First-time captures, total captures, 
and capture success were similar between study areas (Table 4-1). History and 
circumstances of all bears handled are described in Appendix A. 
 
Table 4-1.  Black bear trapping success on the Northern Study Area (NSA) and 

Southern Study Area (SSA), New Mexico, 1992-2000. 
   

No.  
Trap-nights 

 
No. Captures 

 Capture Success 
(trap-nights/bear) 

Area Category First-time Total  First-time Total 
NSA Snare 1338 64 116  20.9 11.5 
 Culvert 1564 76 162  21.7 9.7 
 Total 2902 140 278  20.7 10.4 
      Females  49 73  59.2 31.9 
      Males 

 
 91 204  39.8 14.2 

SSA Snare 1552 79 116  19.6 13.4 
 Culvert 2230 81 123  27.5 18.1 
 Total 3782 160 239  23.6 15.8 
      Females  54 73  70.0 51.8 
      Males  104 164  36.4 23.1 
 
 
 Between January 1993 and April 2000, we handled or observed 339 bears 
(178 females, 137 males, 24 unknown sex) in dens 680 times.  Individual bears 
were handled or observed 1-8 times with a mean of 2.0 observations/bear.  
Successful den investigations included 282 individual adults (233 females, 49 
males), 99 subadults (65 females, 34 males), 95 yearlings (45 females, 44 
males, 6 unknown sex) and 204 cubs (94 females, 91 males, 19 unknown sex).  
In addition to these successful den investigations, we attempted to visit the dens 
of 24 other bears, but were unsuccessful because of inaccessibility of dens (n = 
14), and prior emergence from the den (n = 10). 

 
During 1992-1999, we placed 409 radio-transmitters on 316 bears (181 

females, 135 males).  Transmitters included 287 adult-sized collars, 27 subadult-
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sized collars, 55 expandable subadult collars, and 40 ear-tag transmitters.  We 
obtained 5,723 radio-telemetry locations. 
 
 Telemetry error was estimated from 105 locations verified with ground 
investigation.  On the NSA, error ranged from 50-1,100 m with a median of 200 
m, and a mean of 285 m (n = 23).  On the SSA, error ranged from 50-3,780 m, 
with a median of 505 m and a mean of 784 m (n = 82). 
 
Physical Characteristics 
 
 Color phase was recorded for 471 bears on 918 occasions.  Most bears 
(75%) were brown-phase.  Confidently assigning a bear to a color phase was 
sometimes difficult, due to color differences in underfur, especially when coats 
were shedding.  Black-phase bears were identified by their black guard hairs, but 
often had gray to brown underfur.  Within the brown-phase, we observed hues 
ranging from blonde to cinnamon to dark chocolate or liver color.  Due to 
bleaching and shedding, the hue of brown-phase individuals was observed to 
vary, depending on season.  Many bears with light-colored coats during spring 
and summer were observed with dark brown coats in the fall or winter.  Color 
phase has been described as changing for an individual (Beck 1991), but we 
found no definitive evidence of such change.  We believe any recorded changes 
in color phase were due to seasonal changes in hair condition (shedding, 
bleaching), different conditions during observation (time of day, lighting), and 
differences in observers. 
 
 Percent color phase did not differ by sex (X2 = 0.03, df = 1, P = 0.85, n = 
471), but differed by study area (X2 = 35.5, df = 1, P < 0.001, n = 471 ).  On the 
NSA, 83% of females and 84% of males were brown phase.  On the SSA, 58% 
of females and 64% of males were brown phase.  
 
 Coat condition varied throughout the year.  Almost all bears (98%) had 
good coat condition during fall months (September-October, n = 132) and during 
the denning period (January-early April, n = 326).  During May-August, we 
observed shedding or poor coat condition on 18-40% of bears (n = 267), with the 
highest proportion in July.  
  
 We obtained active-season weights or measurements for 280 individuals 
on 333 occasions.  Weights and measurements differed among sex and age 
categories (Table 4-2).  Mean weight of males increased significantly between 
cub age and 6-7 years, when mean weight appeared to level off (Figure 4-1).  
Mean weight of females increased between cub age and 2-3 years, when a 
gradual increase in weight was observed by age.  A significant difference in male 
and female weights was observed by the ages of 2-3 and this deviation 
increased with age.  Means for all other measurements showed similar trends 
(Figure 4-2).  
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Table 4-2.  Mean and range for weights and measurements, by age category, of 

black bears recorded during the trapping season (May-October) on the 
Northern and Southern Study Areas, New Mexico, 1992-1999. 

 
Measurement Sex Age n Mean Range 

Weight (kg) Female Cub 3 20.9 17 - 25 
  Yearling 13 23.0 11 - 36 
  2-3 years 33 46.2 21 - 71 
  4-5 years 17 52.9 36 - 84 
  6-7 years 10 64.1 52 - 82 
  8-10 years 14 68.9 50 - 114 
  >10 years 

 
11 73.1 53 - 107 

 Male Cub 2 20.0 18 - 22 
  Yearling 19 29.3 14 - 48 
  2-3 years 71 62.8 27 - 105 
  4-5 years 33 84.9 50 -130 
  6-7 years 16 117.1 75 -178 
  8-10 years 20 117.3 77 -159 
  >10 years 

 
23 110.2 70 -146 

Chest girth (cm) Female Cub 3 51 48 - 53 
  Yearling 14 52 45 - 63 
  2-3 years 36 70 52 - 86 
  4-5 years 21 75 62 - 97 
  6-7 years 12 77 69 - 93 
  8-10 years 16 83 75 - 103 
  >10 years 

 
14 84 69 - 98 

 Male Cub 2 54 47 - 61 
  Yearling 19 60 45 - 83 
  2-3 years 83 79 45 - 108 
  4-5 years 38 92 70 - 120 
  6-7 years 25 102 84 - 127 
  8-10 years 25 104 86 - 124 
  >10 years 

 
27 105 88 - 124 

Length (cm) Female Cub 3 105 100 - 108 
  Yearling 14 117 96 - 142 
  2-3 years 35 137 107 - 160 
  4-5 years 21 148 110 - 162 
  6-7 years 11 152 140 - 162 
  8-10 years 16 154 139 - 175 
  >10 years 

 
13 159 146 - 170 

 Male Cub 1 104  
  Yearling 19 119 103 - 142 
  2-3 years 82 153 115 - 184 
  4-5 years 35 171 146 - 193 
  6-7 years 22 177 161 - 205 
  8-10 years 24 177 125 - 194 
  >10 years 

 
27 178 164 - 193 
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Measurement Sex Age n Mean Range 
Neck circumference (cm) Female Cub 3 32 29 - 34 
  Yearling 14 32 27 - 38 
  2-3 years 34 42 27 - 55 
  4-5 years 21 46 40 - 54 
  6-7 years 12 47 42 - 51 
  8-10 years 16 50 44 - 58 
  >10 years 

 
13 50 42 - 59 

 Male Cub 1 31  
  Yearling 19 36 28 - 49 
  2-3 years 81 48 36 - 69 
  4-5 years 36 57 35 - 73 
  6-7 years 24 64 22 - 78 
  8-10 years 25 66 50 - 76 
  >10 years 

 
27 65 49 - 79 

Front pad width (mm) Female Cub 3 76 73 - 79 
  Yearling 14 81 73 - 85 
  2-3 years 33 94 80 - 115 
  4-5 years 21 99 93 - 108 
  6-7 years 12 101 90 - 110 
  8-10 years 16 104 90 - 120 
  >10 years 

 
14 106 95 - 116 

 Male Cub 1 82  
  Yearling 18 89 70 - 110 
  2-3 years 78 108 75 - 135 
  4-5 years 36 120 100 - 139 
  6-7 years 24 125 110 - 149 
  8-10 years 21 125 96 - 140 
  >10 years 

 
24 126 102 - 153 

Rear pad length (mm) Female Cub 3 96 90 - 100 
  Yearling 14 108 89 - 122 
  2-3 years 34 123 103 - 143 
  4-5 years 21 129 102 - 147 
  6-7 years 12 135 120 -150 
  8-10 years 16 138 124 - 153 
  >10 years 

 
14 135 122 - 150 

 Male Cub 3 112 108 - 117 
  Yearling 18 119 103 - 140 
  2-3 years 77 142 103 - 172 
  4-5 years 37 156 140 - 187 
  6-7 years 24 157 106 - 184 
  8-10 years 20 161 140 - 190 
  > 10 years 25 163 146 - 185 
 
 
 We obtained den-season weights or measurements for 183 cubs or 
yearlings on 238 occasions (Table 4-3). At approximately 4-8 weeks of age, 
mean weight of cubs was 2.0 kg, and mean weight did not differ by sex (t = -0.5, 
df = 165, P = 0.64, n = 167).  At approximately 12-14 months, mean weight of 
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yearlings was 20.8kg, and it did not differ by sex either (t = -0.5, df = 36, P = 
0.63, n =38). 
 
Table 4-3.  Mean and range for weights and measurements of cub (<1 year) and 

yearling (1 year old) black bears, recorded during the den season 
(January-April) on the Northern and Southern Study Areas, New Mexico, 
1992-1999. 

Measurement Age n Mean Range 
Weight (kg) Cub 167 2.0 1.0 - 3.8 
 Yearling 

 
38 20.8 9.1 - 38.6 

Chest girth (cm) Cub 87 27 19 - 36 
 Yearling 

 
65 54 34 - 74 

Length (cm) Cub 44 46 36 - 60 
 Yearling 

 
49 105 82 - 134 

Neck circumference (cm) Cub 49 18 12 - 23 
 Yearling 

 
51 33 22 - 40 

Front pad width (mm) Cub 7 36 31 - 43 
 Yearling 

 
18 75 50 - 91 

Rear pad length (mm) Cub 7 43 38 - 47 
 Yearling 18 101 80 - 140 

 
 
 We observed 1 unusual bear on the NSA, first captured as a 3-year-old 
and monitored for 3 years.  This bear exhibited male and a female external 
genitalia.  It was not clear whether this hermaphrodite was reproductively 
functional as either sex.  The bear was not observed to produce cubs, but it was 
once observed in the company of a marked female bear during the mating 
season.  Its size was also more closely aligned with that of males.  Because of 
the lack of offspring and its large size, we treated this individual as a male for 
most analyses, such as survival and home range. 
 
Research-related Injury, Mortality, and Den Disturbance 
 

During 517 captures, bears sustained 1 mortality (0.2%) and 10 injuries 
(1.9%).  The mortality was sustained by a snared subadult female killed by 
another bear, and 1 injury (severed toe and claw) was sustained by a snared 
adult male as he defended himself from another bear.  The other 9 injuries were 
the result of bears chewing their snared foot and severing toes and/or part of the 
main pad.  Two incidents occurred during 1992 on the NSA, and 7 occurred 
during 1993 or 1995 on the SSA.  During 1993 on the SSA, trapping teams 
sometimes separated to examine snares and, after meeting up, returned to sites 
where bears were captured.  We suspect this action may have contributed to 
some of the first incidents of foot chewing on the SSA, and this practice was 
immediately discontinued when snares were used.  It appeared most other 
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incidents occurred when function of the swivel mechanism was inhibited, 
however cause could not be identified in all cases.  Factors contributing to loss of 
swivel action included: use of stacked log cubbies; use of small, but live plant 
materials as part of the cubby; and failure to remove small shrubs from the area 
reachable by the snared bear.  We discontinued use of stacked-log cubbies and 
only used dry, brittle material in cubby construction.  Complete elimination of 
these factors after 1995 resulted in no further incidents of foot chewing.  The 
addition of bungee cords and hood springs to snares during 1995-1997 also may 
have reduced injuries. 
   
 In traps and dens, we immobilized 762 bears and experienced 3 handling 
mortalities (0.4%).  We believe an adult male died from reaction to the 
immobilizing drugs because a necropsy revealed the bear had sustained internal 
injuries prior to capture and it also had a congenital heart defect.  An adult female 
with a debilitating case of sarcoptic mange died during den handling.  Probably 
as a result of the infection and blindness, she was very emaciated and weak.  
The dose of immobilizing drug was appropriate for a healthy bear, however it 
may have been too much for a bear in her poor condition.  Another adult female 
died when her radio-collar blocked her airway when she became immobile in the 
den.  The problem was not observed quickly enough, and her breathing and 
heartbeat stopped.  Cardio-pulmonary resuscitation was attempted for 35 
minutes, however she was not revived. 
 

In 369 uses of radio-collars, 8 uses (2.2%) resulted in severe subdermal 
injury when bears outgrew the collar.   One injury involved an adult male wearing 
an adult-sized collar.  Another injury involved a maturing female wearing an adult 
-sized collar.  The 6 other injuries occurred when juvenile bears were fitted with 
expandable collars.  Injuries occurred both when collars expanded as designed 
(n = 3) and when collars failed to expand (n = 2).  Four of 6 injuries resulted from 
collars worn >2 years because we were prevented from removing them by 
inaccessible dens, unsuccessful trapping, and loss of signal.  
 

During 414 den visits, there were 33 instances when bears fled dens upon 
our approach.  Nine of these instances (27%) involved adult females with 
offspring (5 with cubs, 4 with yearlings).  Following our disturbance, 4 of 5 
females with cubs were believed to have returned to their dens.  One female 
abandoned a single cub, which was removed from the den and cross-fostered 
with another adult female with cubs.  When disturbed, 3 of 4 females with 
yearlings fled without their offspring, while 1 of 4 fled along with her single 
yearling.  One of the 3 females that fled without their yearlings returned to the 
den, while 2 did not return.  It was unknown if 1 of these females reunited with 
her offspring, but the other was handled in a second den and her yearlings were 
not with her.  One female on the NSA fled her den each time we visited it, 
including 4 times when we immobilized her as she fled the den.  This bear 
accounted for 4 of the 9 incidents described above (3 with cubs, 1 with 
yearlings). 
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Figure 4-1. Mean and 95% confidence interval for weight (kg), by age category, 

of female and male black bears, recorded during the trapping season 
(May-October) on the Northern and Southern Study Areas, New Mexico, 
1992-1999. 
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Figure 4-2. Mean and 95% confidence interval for measurements, by age 

category, of female and male black bears, recorded during the trapping 
season (May-October) on the Northern and Southern Study Areas, New 
Mexico, 1992-1999. 
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CHAPTER 5 
 

VARIATION IN MAST PRODUCTION 
 

A positive correlation between food abundance and black bear 
reproductive success has been widely reported, based on annual variability in 
foods (Jonkel and Cowan 1971, Rogers 1976, Eiler et al. 1989, Elowe and 
Dodge 1989, McLaughlin et al. 1994, Miller 1994), geographic variability in foods 
(Schwartz  and Franzmann 1991, McLaughlin et al. 1994, Miller 1994) and 
differential feeding behaviors among bears (Rogers 1976, Elowe and Dodge 
1989).  In most studies, availability of hard mast (e.g., acorns and beechnuts) 
and soft mast (e.g., huckleberries and blueberries) appeared to have the greatest 
influence on reproduction.  Reproductive success also has been linked to female 
nutritional condition (Kolenosky 1990, Noyce and Garshelis 1994, Samson and 
Huot 1995).  

 
A first step in understanding New Mexico black bear ecology and 

population dynamics was to verify use and availability of mast species.  We 
investigated bear foraging habits and variation in mast production on the 2 study 
areas during 1993-2000.  Our objectives were to: (1) identify important mast 
species consumed by New Mexico black bears; (2) document annual variation in 
mast production of these species; (3) determine relationships between weather 
parameters and mast production; and (4) evaluate the feasibility of implementing 
statewide mast production surveys. 
 
METHODS 
 
Foraging Habits 

 
We quantified bear foraging habits from scat analysis and observation.  

During 1992-1995, we collected scats incidental to field work.  In addition, we 
visited selected ground locations identified from aerial telemetry to collect scats 
and observe bear sign.  We recorded approximate date of deposition, location, 
and habitat descriptions for each scat.  Data on other bear sign and activity also 
were noted.  We analyzed scats using methods described by Hatler (1972) and 
visually estimated percent volume of each food item.  We summarized scat 
contents during 3 seasons: premast (den emergence-20 July), early mast (21 
July-15 September), and late mast (16 September-den entrance).  During 1995-
1996, we documented general trends in foraging habits by recording 
observations of bear sign and identifying primary contents of scats in the field. 

 
Study Area Mast Surveys 
 
 We conducted mast production surveys to quantify annual variation in 
food abundance on the 2 study areas.  Surveys were limited to species 
contributing most to bear diets, based on scat analysis, field observations, and 
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previous studies in the Western U.S.  On the NSA, surveyed species included 
Gambel oak (Quercus gambelii), wavyleaf oak (Q. undulata), pinyon (Pinus 
edulis), Rocky Mountain juniper (Juniperus scopulorum), one-seed juniper (J. 
monosperma), and chokecherry (Prunus virginiana).  On the SSA, surveyed 
species included Gambel oak, gray oak (Q. grisea), pinyon, alligator juniper (J. 
deppeana), Utah juniper (J. osteosperma), and orange gooseberry (Ribes 
pinetorum).  Timing of surveys coincided with the period just prior to peak 
ripening (mid August to mid September), to ensure most fruit were fully formed, 
but losses to wildlife were minimal. 
 

We established mast survey routes across study areas designed to 
encompass variation in elevation and aspect.  Survey routes followed roads, jeep 
trails, or foot trails, and ranged from approximately 0.8-8.0 km (0.5-5.0 mi), 
depending on the extent of appropriate habitat.  On each transect, we designated 
2-10 survey sites at predetermined intervals of 0.2-1.6 km (0.1-1.0 mi).  At each 
site, we walked 10 paces away from the road and classified production for the 
closest 1-10 (usually 5) plants of each species.  The same survey routes and 
sites were revisited each year, with the same number of plants classified at each 
site.  One hundred individual plants were classified for oaks, junipers, pinyon, 
and gooseberry.  Forty individual plants were classified for chokecherry.  All 
species, except for chokecherry, were surveyed on 2-5 separate survey routes.   

 
Ratings were assigned as described by Graves (1980): no visible fruit = 0; 

fruit visible after very close inspection = 2; fruit readily visible, but not covering 
entire plant = 4; or fruit readily visible and covering entire plant = 8.  This 
sequence of numbers was chosen because it roughly represented a minimum 
ratio of fruit/plant among the 4 classifications. 

   
Analyses were performed using SPSS statistical software (SPSS, 

Chicago, Illinois).  Mean ratings were calculated for each species by year.  
Because the rating data were ordinal, the Kruskal-Wallis (KW) rank procedure 
was used to test for annual differences, by species and genera.  The Student-
Newman-Keuls (SNK) test was then used to detect differences among mean 
ranks and identify homogenous subsets (pool years).  We used mean ratings of 
homogenous subsets to characterize mast production by species or genera, with 
the following ranges of values as guidelines: 0.0 - 1.4 = failure; 1.5 - 2.4 = poor; 
2.5 – 3.9 = moderate; 4.0 – 4.9 = good; 5.0 – 6.0 = excellent.  These ranges of 
values were flexible under certain circumstances.  For example, if the mean 
rating of subset A was 1.6 and the mean rating of subset B was 2.4, subset B 
might be designated as “moderate” to differentiate it from subset A. 
 
Relationship with Weather Variables 
 

Forward and backward stepwise linear regressions, using S-PLUS 2000 
statistical software (Insightful Corporation, Seattle, Washington), were performed 
using average oak mast index as the response variable.  Explanatory 
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environmental variables considered included temperature, last frost date, 
seasonal rainfall, and seasonal Palmer Drought Stress Index, all varying both 
between study areas and from year to year on each study area.  Additional 
statewide variables, which differed from year to year but were the same for both 
study areas each year, were annual total wildland fire acres, winter El Nino state 
estimated by NOAA (coded as +1 for warm El Nino conditions, -1 for cold or La 
Nina conditions, and 0 for neutral).  One-year time lags were considered.  
Analyses were run using 1993-1999 mast observations, to be tested with 2000 
observations, and also with 1993-2000 mast observations. 
  
District Mast Surveys 
 

During 1999-2000, we distributed simplified mast survey forms to New 
Mexico Department of Game and Fish officers whose districts included bear 
habitat.  For these surveys, mast production was assessed at the genera level for 
oaks, junipers, and pinyon.  Officers were asked to observe mast production any 
time during September, coincident with other field activities, and answer the 
following questions for each genera (no specific training given to officers): 
 

(a) What percentage of plants had fruit? (circle one) 
< 25% = 1; 25-50%  = 2; 51-75% = 3; > 75% = 4 
 

(b) In general, of plants bearing fruit, how would you characterize the 
number of fruit per plant? (circle one or two) 
scarce = 2; moderate = 3; abundant = 4; super abundant = 5 
 

(c) How would you characterize overall fruit production? (circle one) 
mast failure = 1; poor = 2; moderate = 3; good = 4; bumper crop = 5 
 

For summarizing data, the subjective criteria were substituted with 
numerical variables, as shown above.  Numerical values to questions (a) and (b) 
were multiplied to produce a mast production “score”.  Numerical answers to 
question (c) were used as mast production "assessment".  Officer surveys were 
summarized on a regional basis.  Mean scores and assessments were calculated 
for each of the following mountain regions (see Chapter 11): 
 

San Juan complex (San Juan and Jemez Ranges, Navajo Dam area) 
Sangre de Cristo complex 
Central (Sandia, Manzano, Zuni, and San Mateo ranges) 
Gila complex (Mogollon, Tularosa, Mimbres, Gallinas, and Animas ranges) 
Southeast (Sacramento, Capitan, and Guadalupe ranges) 
 

We used Spearman’s rank correlation procedure to compare our mast survey 
results to scores and assessments provided by officers from the 2 Districts 
encompassing the study areas. 
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Follow-up Telephone Survey 
 

We conducted a follow-up telephone survey during October-December 
1999.  Personnel from NMDGF were asked several questions regarding the ease 
of the survey, the time spent on the survey, and their willingness to participate in 
the survey on an annual basis. 
 
RESULTS 
 
Foraging Habits 

 
Analysis of scats collected during 1993-1995, indicated most of the annual 

diet was plant matter on both study areas (Table 5-1).  Diets during the pre-mast 
season (den emergence – 20 July) were dominated by grasses and forbs.  On 
the NSA, most of diet was grasses, including Poa, Festuca, and Muhlenbergia.  
On the SSA, grasses and sedges were most dominant, including Poa, Festuca, 
Muhlenbergia, Piptochaetium and Carex., Forbs appeared to be more important 
on the SSA, and included vetch (Vicia spp.), peavine (Lathyrus spp.), and golden 
pea (Thermopsis rhombifolia).  Blossoms of New Mexico locust (Robinia 
neomexicana) also were consumed.  On both study areas, ants (Formicidae) 
constituted a significant portion of the pre-mast season diet.  Unlike the NSA, soft 
mast was a significant portion of the pre-mast diet for bears on the SSA.  Mast 
species consumed included alligator juniper, Utah juniper, squawroot 
(Conopholis alpina), gooseberry (Ribes spp.), and hawthorn (Crataegus sp.). 

 
Mast species became more dominant in the diets of bears on both study 

areas during the early mast season (21July – 15 September), and consumption 
of vegetation and ants was reduced.  On the NSA, acorns of Gambel oak and 
wavyleaf oak were most common, comprising 56% of the scat volume.  Other 
mast species consumed included chokecherry, squawroot, and gooseberry.  On 
the SSA, important species consumed included juniper berries, acorns, pinyon 
nuts, gooseberries, prickly pear fruit (Opuntia spp.), and squawroot. 

 
During the late mast season (16 September – den entrance), mast was 

the dominant food on both study areas.  On the NSA, 88% of the scat volume 
was mast, with acorns comprising 87%.  On the SSA, 82% of the diet was mast, 
with acorns accounting for 36%.  Other species included juniper and prickly pear. 

 
Observations and field examination of scats during 1995-2000 concurred 

with scat analysis findings reported above.  On the NSA, grasses and insects 
were the most commonly observed pre-mast foods.  During the early and late 
mast seasons, observations indicated acorns were the primary food sought by 
bears.  However, consumption of 5 other soft mast species, not found during 
1992-1995, were recorded.  During the early mast season bears were observed 
to forage on squawbush (Rhus trilobata), wild plum (Prunus americana), and 
kinnikinnick (Arctostaphylos uva-ursi), and during the late mast season bears 
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were observed to forage on Rocky Mountain juniper and one-seed juniper.  Most 
juniper scats were encountered at den sites, indicating this food was primarily 
consumed during the late fall, just prior to den entry.   
 
 
Table 5-1.  Percent volume and percent frequency (in parentheses) of food items 

identified from black bear scats collected on the Northern Study Area 
(NSA) and Southern Study Area (SSA), New Mexico, 1993-1995.   

 NSA  SSA 
 Pre-

Mast 
Seasona 

Early 
Mast 

Seasonb 

Late 
Mast 

Seasonc 

 Pre-
Mast 

Season 

Early 
Mast 

Season 

Late 
Mast 

Season 
Item  (n = 44) (n = 20) (n = 50)  (n = 53) (n = 145) (n = 56) 

Vegetation         
     Poaceae / Cyperaceae 78 (89) 11 (30) 2 (10)  33 (60) 17 (34) 4 (16) 
     Forbs 2 (5)    9 (19) 3 (9) 5 (7) 
     Conopholis spp.  5 (5)   6 (6) 4 (6) Tr d(4) 
     Robinia neomexicana     5 (6)   
     Prosopis glandulosa 
 

     3 (5)  

Hard and Soft Mast        
     Quercus spp.  56 (60) 87 (98)  1 (6) 7 (10) 36 (43) 
     Juniperus spp.     2 (6) 32 (46) 36 (52) 
     Pinus edulis      11 (17) 2 (4) 
     Opuntia spp.      4 (10) 6 (11) 
     Ribes spp.  5 (5)   1 (4) 10 (21)  
     Prunus virginiana  5 (5) 1 (2)     
     Crataegus sp.     3 (4)   
      Actea arguta 1 (2)       
     Rhamnus sp.      Tr (1)  
     Juglans sp.       Tr (2) 
     Sambucus sp.      Tr (1)  
     Unidentified 
 

 3 (5)     2 (4) 

Insect         
     Formicidae 15 (48) 9 (15) 5 (6)  23 (66) 3 (13) Tr (11) 
     Vespidae     Tr (4) 1 (4)  
     Coleoptera Tr (2)    1 (8) Tr (3)  
     Orthoptera   2 (2)     
     Unidentified larvae 
 

Tr (2) 3 (10)    Tr (1) Tr (2) 

Fungi 
 

0 0 0  0 Tr (3) 2 (4) 

Mammal        
     Ursus americanus  Tr (5) Tr (32)   Tr (6) Tr (14) 
     Urocyon cinereoargenteus 1 (2)       
     Cervidae   2 (8)     
     Sciuridae 1 (2)       
     Unidentified Tr (7)    2 (2) 2 (6)  
a Den emergence-20 July 
b 21 July-15 September 
c 16 September-den entrance 
d Trace amounts 



 
Black Bear Study in New Mexico 29 Final Report - 2001 
CHAPTER 5   Evaluating Mast Production 

On the SSA, observations during 1996-2000 also concurred with findings 
from scat analysis, with 1 possible exception.  During 1997 and 1999, we 
observed bears feeding on juniper berries throughout the active season, 
beginning as early as April.  These observations indicated juniper berries 
constituted more than 10% of the spring and summer diet as observed from scat 
analysis.  Consumption of 2 other soft mast species, Wright silktassel (Garrya 
wrightii) and squawbush), was noted during 1996-2000.   
 
Study Area Mast Surveys 
 

Mast production varied annually for all species on both study areas (P < 
0.001).  Production of Utah juniper was most variable of the species surveyed, 
with crops ranging from failure to excellent (Table 5-2).  Production of Gambel 
oak, gray oak, alligator juniper, and orange gooseberry also was variable, with 
crops ranging from poor to excellent or failure to good.  Production of wavyleaf 
oak, Rocky Mountain juniper, and pinyon was generally low, with only 1 of 8 
years exceeding a poor rating on either study area.  Although production of one-
seed juniper varied among years, all production was rated as failure. 

 
 Within most years on each study area, mast production varied by species 
or genera.  With the exceptions of 1997 (NSA) and 2000 (SSA), at least 1 
species produced mast in excess of poor each year.  We observed only 1 year of 
outstanding mast production, when production of all species was at least 
moderate.  This occurred on the SSA in 1998.  Production of combined oak 
varied annually on both study areas.  Combined juniper production varied greatly 
on the SSA, but juniper failure occurred every year on the NSA. 
 
Relationship with Weather Parameters 
 

Mast patterns differed between the study areas.  The SSA had a higher 
correlation among species, but more variability within species over time.  
Analysis focused on environmental associations with oak mast, because oak had 
a consistent relationship to parturition (see Chapter 6). 
 

For the NSA for 1993-1999, the best regressions with average oak mast 
used last frost date and El Nino state.  Both a regression with frost date alone 
and a regression with both variables predicted good mast for 2000, as observed, 
but the regressions were not usable.  The single variable model was not 
significant (P = 0.185) and the independent variables were negatively correlated 
(-0.60) in the model with both variables.  For the NSA for 1993-2000, reasonable 
models were found with a single variable (last frost date) and 2 variables (last 
frost date and winter El Nino: Table 5-3).  With the addition of the year 2000 data 
points, the correlation between frost date and El Nino (0.07) was eliminated.  
Both models leave much of the variation in oak mast unexplained, and neither 
correctly predicts the single NSA mast failure in 1993. 
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Table 5-2.  Mast production survey results for 10 woody plant species examined 
on the Northern Study Area (NSA) and Southern Study Area (SSA), New 
Mexico, 1993-2000.  

   Mast Production Rating by Year 
Area Species N 1993 1994 1995 1996 1997 1998 1999 2000 
NSA Gambel Oak 100 1.2a

Pb 
3.4 
M 

1.6 
P 

3.3 
M 

2.3 
P 

3.5 
M 

1.5 
P 

5.9 
E 

 Wavyleaf Oak 100 0.6 
F 

3.3 
M 

2.4 
P 

1.9 
P 

2.3 
P 

2.8 
P 

2.4 
P 

2.0 
P 

 Combined Oaks 200 0.9 
F 

 

3.4 
M 

2.0 
P 

2.6 
P 

2.3 
P 

3.2 
M 

1.9 
P 

4.0 
M 

 Rocky Mtn. Juniper 100 2.6 
M 

0.3 
F 

0.1 
F 

0.6 
F 

1.6 
P 

1.7 
P 

0.8 
F 

1.0 
F 

 One-seed Juniper 100 0.1 
F 

0.8 
F 

0.2 
F 

0.02 
F 

0.8 
F 

0.3 
F 

0.9 
F 

0.04 
F 

 Combined Junipers 200 1.4 
F 

 

0.5 
F 

0.1 
F 

0.3 
F 

1.2 
F 

1.1 
F 

0.9 
F 

0.5 
F 

 Pinyon 100 2.4 
M 

 

0.5 
F 

1.2 
P 

2.2 
P 

0.3 
F 

1.4 
P 

1.8 
P 

0.4 
F 

 Chokecherry 40 --- 
 

2.9 
M 
 

2.4 
M 

1.6 
P 

0.6 
F 

3.9 
M 

3.1 
M 

--- 

SSA Gambel Oak 100 1.6 
F 

1.3 
F 

2.1 
P 

1.1 
F 

3.5 
M 

4.6 
G 

0.7 
F 

1.5 
F 

 Gray Oak 100 2.5 
M 

1.1 
F 

4.1 
G 

0.6 
F 

1.6 
P 

4.4 
G 

0.1 
F 

0.0 
F 

 Combined Oaks 200 2.1 
P 

 

1.2 
F 

3.1 
M 

0.9 
F 

2.5 
P 

4.5 
G 

0.4 
F 

0.7 
F 

 Alligator Juniper 100 --- 
 

0.5 
F 

0.5 
F 

0.5 
F 

1.8 
P 

4.6 
G 

0.5 
F 

0.4 
F 

 Utah Juniper 100 --- 4.4 
G 

4.9 
G 

2.2 
P 

4.6 
G 

5.9 
E 

1.8 
P 

0.8 
F 

 Combined Junipers 200 --- 2.5 
M 

 

2.7 
M 

1.3 
F 

3.2 
M 

5.2 
E 

1.1 
F 

0.6 
F 

 Pinyon 100 1.3 
F 
 

0.2 
F 

1.1 
F 

0.8 
F 

0.4 
F 

3.6 
M 

0.1 
F 

0.1 
F 

 Orange Gooseberry 100 4.4 
G 

1.7 
P 

0.2 
F 

3.3 
M 

2.2 
P 

3.6 
M 

3.4 
M 

--- 

a Individual plants were visually rated using the following criteria and mean ratings are shown: no 
visible fruit = 0; fruit visible after very close inspection = 2; fruit readily visible, but not covering 
entire plant = 4; or fruit readily visible and covering entire plant = 8. 

b Letters refer to the following relative scale for mast production: F = Failure, P = Poor, M = 
Moderate, G = Good, or E = Excellent.  For each species, annual estimates designated with 
distinct letters were different based on the Kruskal-Wallis rank sum and Student-Newman-Keuls 
tests (P < 0.10).
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For the SSA, good regressions with average oak mast were found with 

either winter El Nino state or average April temperature for 1993-2000 (Table 5-
3).  Models for 1993-1999 were nearly identical.  El Nino and April temperature 
are strongly negatively correlated (-0.76 for 1993-1999 and –0.80 for 1993-2000), 
so the 2 models are related.  The El Nino model correctly predicts the mast 
failures in 1996, 1999, and 2000, but not in 1994.  The April temperature model 
correctly predicts the mast failures in 1996 and 2000, but not in 1994 or 1999. 
 
 
Table 5-3.  Regressions predicting average oak mast production from weather 

parameters for the Northern Study Area (NSA) and Southern Study Area 
(SSA), New Mexico, 1993-2000. 

 
Area 

 
Model 

 
Variable 

 
Coefficient 

 
t-value 

Model 
R2 

Model 
P

NSA 1-variable Intercept 12.4215 3.5 0.56 0.03 
  Date of last 28oF frost 

 
-0.0844 -2.8   

 2-variable Intercept 12.1190 3.6 0.67 0.07 
  Date of last 28oF frost -0.0818 -2.8   
  Winter El Nino state -0.3455 -1.3   
       
SSA 1-variable Intercept 1.9250 6.8 0.72 <0.008 
  Winter El Nino state 

 
1.2833 3.9   

 1-variable Intercept 18.3257 3.2 0.58 0.03 
  Average April temperature -0.3325 -2.9   
 
 
District Mast Surveys 
 

Combining all genera, mast scores and evaluations were highly correlated 
(Spearman’s r = 0.82, P < 0.001, n = 58), indicating both criteria (Question a*b 
vs. Question c) produced similar relationships.  On the 2 study areas, scores 
were highly correlated with survey results (Spearman’s r = 0.0.72, P = 0.008, n = 
12), as were assessments (Spearman's r = 0.76, P = 0.004, n = 12), but scores 
displayed less variation at the lower levels. 

 
Summarizing data for the 5 mountain regions, mast production was either 

failure or poor for all genera (Table 5-4).  However, a few districts reported 
moderate and good production of oak and juniper.  Some districts also reported 
moderate pinyon production, but none reported good production. 
 
Phone Survey 
 

Twenty-two NMDGF officers were interviewed in the follow-up phone 
surveys, but 3 (14%) did not complete mast surveys in their districts.  One 
respondent thought the survey pertained only to an adjacent district; 1 
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respondent felt there was only marginal bear habitat in his district, therefore a 
survey was not necessary; and 1 respondent said he did not have time to 
participate. 
 

Nineteen (86%) of the 21 NMDGF officers interviewed completed mast 
surveys in their districts.  Summary of responses to 6 questions indicated that 
most respondents (94%) said it was easy to evaluate mast production using the 
criteria provided, while 1 respondent (5%) said it was moderately difficult.  More 
than half of respondents (67%) said it was easy to evaluate their entire district, 
while several respondents (28%) said it was moderately difficult, and 1 
respondent (6%) said it was difficult. 

   
Similarly, more than half of respondents (64%) did not believe their 

districts needed to be subdivided for this survey, while several respondents 
(36%) believed districts should be subdivided.  Two NMDGF personnel 
subdivided their districts by Game Management Unit (GMU) for the mast survey, 
and several respondents also suggested this option during the phone surveys.  
One respondent identified 4 separate sections of bear habitat within a district, but 
said these areas did not correspond with GMU boundaries.  One other 
respondent suggested adding a section on the form for a description of the areas 
surveyed. 
 
 Almost all respondents (95%) said they were able to complete the surveys 
in the course of their usual duties; only 1 respondent (5%) said he had to devote 
specific time to the survey, but he added that it was not a large time commitment.  
All respondents agreed mast survey information is important for bear 
management, but several respondents voiced concern over how data would be 
used, or whether the surveys were detailed enough to be useful.  All respondents 
(100%, n = 20) said they would be willing and able to participate in the survey on 
an annual basis.  One respondent suggested the survey period be extended into 
October, since mast is still available, and officers spend many hours patrolling 
during that month. 
 
DISCUSSION 
 
 Oak production was highly variable on both study areas, especially that of 
Gambel oak and gray oak.  On the NSA, only 1 oak failure was recorded in 8 
years of study, however 4 oak failures were recorded on the SSA in the same 
period.  Continuation of mast surveys may allow us to determine if these 
observed frequencies of oak failure are consistent within the 2 regions of the 
state.  Production was highly variable for Utah and alligator juniper, but was 
consistently low for Rocky Mountain and one-seed-juniper.  If further surveys 
indicate a consistent trend, the lack of abundant juniper berries throughout 
northern New Mexico, where Utah and alligator juniper are largely absent, may 
have important implications for bear population dynamics.  According to popular 
thought, abundant pinyon production occurs only once every 7 years.  Results of 
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our surveys concur with that belief,  in that there was only 1 year of moderate 
production on each study area in 8 years.  Results of statewide mast surveys 
showed, in most areas, mast production was relatively low in both 1999 and 
2000. 
  

The variables correlated with oak production were temperature and El 
Nino winter state, suggesting that a combination of moisture and temperature 
conditions for the winter and spring influence mast conditions in the following fall.  
Each of the oaks surveyed were species that flower and fruit within the same 
year, and we observed oak flowering from mid May-early June.  Models for the 
NSA and SSA used different variables, and no useful relationship was found that 
applied to both areas.  All of the models failed to predict at least 1 mast failure 
year; none predicted mast failure when no failure was observed.  

 
MANAGEMENT IMPLICATIONS 
 

Environmental cues did not provide a prediction of mast conditions 
adequate for bear management needs.  Results of simplified surveys conducted 
by NMDGF officers were highly correlated with our more intensive survey results, 
indicating subjective criteria were adequate to distinguish variation in mast 
production.  Results were most consistent with a score of relative numbers of 
fruit/plant and relative numbers of plants bearing fruit.  Most officers indicated the 
criteria were reasonably easy to use and said they were able to complete the 
surveys in the course of their usual duties.  Although most NMDGF officers were 
comfortable making assessments for their entire districts, others felt subdivision 
of their district into sections or Game Management Units made the assessments 
more realistic.  Quality assessments of regional mast production will always be 
improved with higher sample sizes, therefore subdivision of districts may be 
preferable to district-wide surveys. 
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Table 5-4. Results of mast production surveys conducted by New Mexico 
Department of Game and Fish District Officers, New Mexico, 1999-2000a.   

   1999    2000  
Genera Region / District a*b c Rating  a*b c Ratings 
Oak San Juan complex        
    Aztec     4 3 P 
    Chama     8 4 M 
    Jemez Springs 2 1 F     
    Navajo Dam 1 1 F     
    Tres Piedras (GMU 51) 4 3 P     
    Tres Piedras (GMU 52) 12 4 G     
  4.8 2.4 P  6.0 3.5 P 
 Sangre de Cristo        
    Cimarron 4 3 P  12 4 G 
    Mora 4 3 P  4 3 P 
    Pecos     1 2 F 
    Penasco 1 2 F  1 2 F 
    Raton 1 2 F  9 4 M 
    Santa Fe 2 2 F     
  2.4 2.4 F  5.4 3.0 P 
 Central        
    Belen 1 1 F  1 2 F 
    Gallup 3 2 F  3 2 F 
    Grants     1 2 F 
    Grants (GMU 9) 9 4 M     
    Grants (GMU 10) 2 2 F     
    Grants (GMU 13) 3 3 F     
    Moriarty 1 2 F     
  2.8 2.1 F  1.7 2 F 
 Gila complex        
    Quemado 1 2 F     
    Reserve 1 2 F  1.5 2 F 
    Silver City 1 2 F  1 2 F 
    Socorro     6 2 P 
    T or C 1 2 F  4 3 P 
  1.0 2.0 F  3.1 2.3 F 
 Southeast        
    Alamagordo 3 2 F  1 2 F 
    Carlsbad 1 1 F     
    Mayhill     9 4 M 
    Mountainaire     2 2 F 
    Ruidoso 4 3 P     
  2.7 2.0 F  4.0 2.7 P 
Juniper San Juan complex        
    Aztec     9 4 M 
    Chama     4 3 P 
    Jemez Springs 2.5 1 F     
    Navajo Dam 1 2 F     
    Tres Piedras (GMU 51) 4 3 P     
    Tres Piedras (GMU 52) 9 4 M     
  4.1 2.5 P  6.5 3.5 P 
 Sangre de Cristo        
    Cimarron 4 3 P  2 2 F 
    Mora 4 3 P  6 3 P 
    Pecos     1 2 F 
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   1999    2000  
Genera Region / District a*b c Rating  a*b c Ratings 
    Penasco 12 4 G  4 2 P 
    Raton 1 2 F  6 3 P 
    Santa Fe 12 4 G     
  6.6 3.2 P  3.8 2.4 P 
 Central        
    Belen 1 2 F  1 2 F 
    Gallup 4 2 P  10 4 M 
    Grants     4 3 P 
    Grants (GMU 9) 4 3 P     
    Grants (GMU 10) 3 2 F     
    Grants (GMU 13) 3 2 F     
    Moriarty 2 3 F     
  2.8 2.5 F  5.0 3.0 P 
 Gila complex        
    Quemado 1 2 F     
    Reserve 4 2 P  1.5 1 F 
    Silver City 4 3 P  9 4 M 
    Socorro     1 1 F 
    T or C 4 3 P  2 2 F 
  3.2 2.5 F  3.4 2.0 F 
 Southeast        
    Alamagordo 1 1 F  1 1 F 
    Carlsbad 3 3 F     
    Mayhill     9 4 M 
    Mountainaire     6 3 P 
    Ruidoso 6 3 P     
  3.3 2.3 F  5.3 2.7 P 
Pinyon San Juan complex        
    Aztec     4 3 P 
    Chama     4 3 P 
    Jemez Springs 2 1 F     
    Navajo Dam 6 3 P     
    Tres Piedras (GMU 51) 4 3 P     
    Tres Piedras (GMU 52) 9 4 M     
  5.3 2.8 P  4.0 3.0 P 
 Sangre de Cristo        
    Cimarron 6 3 P  1 2 F 
    Mora 3 3 F  2 2 F 
    Pecos     1 1 F 
    Penasco 1 2 F  1 2 F 
    Raton 1 2 F  2 2 F 
    Santa Fe 4.5 3 P     
  3.1 2.6 F  1.4 1.8 F 
 Central        
    Belen 4 3 P  1 1 F 
    Gallup 6 4 P  6 3 P 
    Grants     1 1 F 
    Grants (GMU 9) 9 4 M     
    Grants (GMU 10) 6 3 P     
    Grants (GMU 13) 9 4 M     
    Moriarty 4 3 P     
  6.3 3.5 P  2.7 1.6 F 
 Gila complex        
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   1999    2000  
Genera Region / District a*b c Rating  a*b c Ratings 
    Quemado 1 2 F     
    Reserve 1 2 F  1 1 F 
    Silver City 1 2 F  9 4 M 
    Socorro     1 1 F 
    T or C 1 2 F  1 2 F 
  1.0 2.0 F  3.0 2.0 F 
 Southeast        
    Alamagordo 1 1 F  1 1 F 
    Carlsbad 1 1 F     
    Mayhill     9 4 M 
    Mountainaire     4 3 P 
    Ruidoso 6 3 P     
  2.7 1.7 F  4.7 2.7 P 
aOfficers assessed production of oak, juniper, and pinyon production using the 
following subjective criteria: mean number of fruit/plant on a scale of 1-4 (a), 
percent of plants bearing fruit on a scale of 1-4 (b), and overall production on a 
scale of 1-5 (c).  Scores (a*b) were highly correlated with more intensive surveys 
conducted concurrently (Spearman’s r = 0.0.72, P = 0.008, n = 12), and ratings 
were calculated using the equation of the line.  Letters refer to the following 
relative scale for mast production: F = Failure, P = Poor, M = Moderate, G = 
Good, or E = Excellent. 
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CHAPTER 6 
 

REPRODUCTION AND CUB SURVIVAL 
 

Maintenance and growth of wildlife populations are closely tied to 
reproductive output.  Collectively, bear species exhibit some of the lowest 
reproductive rates among terrestrial mammals (Bunnell and Tait 1981).  In many 
previous bear studies, a positive correlation between food abundance and black 
bear reproduction has been reported, based on annual variability in foods (Jonkel 
and Cowan 1971, Rogers 1976, Eiler et al. 1989, Elowe and Dodge 1989, 
McLaughlin et al. 1994, Miller 1994), geographic variability in foods (Schwartz  
and Franzmann 1991, McLaughlin et al. 1994, Miller 1994), and differential 
feeding behaviors among bears (Rogers 1976, Elowe and Dodge 1989).  
Reproductive success also has been linked to female nutritional condition 
(Kolenosky 1990, Noyce and Garshelis 1994, Samson and Huot 1995).  
Understanding the reproductive rates of black bears in New Mexico, as well as 
the factors that influence success, is important for monitoring population trend.  
On an annual basis, collection of actual data on bear reproduction would 
probably be labor-intensive and cost-prohibitive.  However, documentation of 
annual variation in food abundance may serve as an index to bear reproductive 
success.   

 
We investigated black bear reproductive success on the 2 New Mexico 

study areas during 1993-2000.  Our objectives were to (1) document black bear 
reproductive parameters, including age of primiparity, natality, cub survival, 
recruitment, and litter interval; and (2) investigate relationships between mast 
production and reproductive parameters. 
 
METHODS 

  
Data on natality, litter size, and recruitment were collected during annual 

den investigations of radio-collared bears.  We visited dens of adult females each 
year to ascertain their reproductive status.  Dens of 2- or 3-year-old bears were 
visited annually or biannually to change or refit collars as necessary.  We 
obtained cub survival data by revisiting dens of females whose cubs were 
handled or observed the previous year.  Cubs were assumed to have died if they 
were absent from the den as yearlings, or if their mother died prior to 1 July in 
their birth year.  Cubs whose mother died after 1 July and cubs whose fate was 
unknown (due to mother shedding collars, lost signals, inaccessible dens, etc.) 
were excluded from analyses. 

 
We estimated mean age when the first litter is produced (age of 

primiparity) by constructing a cumulative table of ages for bears that had never 
give birth versus ages of bears when they first produced cubs.(Garshelis et al. 
1998).  The minimum age of primiparity was judged to be 4 years old, because 
no 1-, 2-, or 3-year-old bear was observed with cubs in the den (n = 76), and no 
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1- or 2-year-old bear was observed in estrus when captured between May and 
September (n = 21).  We constructed the cumulative table by first including all 
bears whose reproductive status was verified during annual den investigations 
beginning at age 4 (n = 36).  We also included females captured at age 4, whose 
reproductive status was judged from teat measurements, weight, lactation, or 
observation of cubs (n = 11).  Among females captured at age 5, we included 
bears judged to never have given birth from teat measurements and weight, but 
entered them into the table only for later den investigations (n = 2).  To backdate 
them to age 4 or include them for the year of capture would bias the sample 
against bears captured with their first cubs, because we could not distinguish first 
litters from subsequent litters for bears captured at ages >4 years.  We used the 
same procedure to estimate mean age of primiparity relative to mast production 
during the previous fall (year-1). 

 
We tested for variation in reproductive success relative to mast production 

using Mann-Whitney (MW), Kruskal-Wallis (KW), Chi-square, and Student-
Newman-Keuls (SNK) tests.  We report specific p-values associated with any 
differences declared.  Annual reproductive events for the same female were 
treated as independent observations, as were offspring from the same female. 
When possible, we separated females into distinct subsets to lessen effects of 
any potential lack of independence.  Variation in reproductive parameters was 
investigated relative to mast production during the previous fall (year-1) and 
relative to fall mast production 2 years previous (year-2).  Mast production 
categories included combined oaks, combined junipers, pinyon, and softmast 
(chokecherry or gooseberry). 

 
To construct a sample for estimating mean litter interval, we first included 

all bears whose interval was verified during annual den investigations (n = 63).  
We also included females whose interval was known from observation of 
offspring at capture (n = 2), and bears whose incomplete interval was known to 
be at least 3 years (n = 7).  We included these latter bears in the analyses 
because long intervals were more difficult to document than short intervals. 
Reproductive status must be documented for at least 3 consecutive years to 
document a successful 3-year interval and at least 4 years for an unsuccessful 3-
year interval.  During this study, reproductive status was documented <3 times 
for 38% of individual bears (n = 64), reducing the likelihood of documenting 
longer intervals. 

 
RESULTS 
 
Age of First Birth 

 
Age at birth of first litter was documented for 31 bears between 1992 and 

2000, and mean age from this sample was 5.5 years.  However, age(s) prior to 
primiparity were documented for another 18 bears aged 4-6.  Ultimate age of 
primiparity was not documented among this sample because of collar removals 
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at the end of the study (n = 6), collar removal due to a wound (n = 1), mortalities 
(n = 4), shed transmitters (n = 4), and lost signals (n = 3). 

 
Among bears observed at each age that had not produced litters 

previously, only 9% of 4-year-old bears produced their first litters, while 40% of 5-
year-olds, 67% of 6-year-olds, 75% of 7-year-olds, and 100% of 9-year-olds 
produced their first litters (Table 6-1).  Proportions differed among ages (X2 = 
27.1, df = 5, P < 0.001, n = 97), with 4-year-old females having the most 
significant residual.  When this age was excluded, proportions did not differ 
among other ages (X2  P= 0.21, n = 51).  Proportions did not differ between study 
areas within any age (X  P≥ 0.47).  Accounting for the proportion of previously 
non-reproductive bears in the population at each age, analysis indicated 9% of 
bears produced their first litter at age 4, 37% at age 5, 36% at age 6, 14% at age 
7, and 5% at age 9.  The mean age of primiparity calculated from these 
percentages was 5.7 years.  Mean age of primiparity was 5.8 years on the NSA 
and 5.7 years on the SSA.  Although age of primiparity varied by 5 years among 
the entire sample, analyses indicated most bears (73%) produced their first litter 
either at age 5 or 6. 

 
 

Table 6-1. Observed percent of previously non-reproductive female black bears 
(by age) that produced first litters, on the Northern Study Area (NSA) and 
Southern Study Area (SSA), New Mexico, 1992-2000.  

 Age (years)a Mean 
age Area 4 5 6 7 8 9 

NSA        
      n 28 19 8 3 1 1  
     % of n with first litters 11 37 63 67 0 100  
     Cumulative % with first litter 11 44 79 93 93 100  
     Incremental % with first litter  11 33 35 14 0 7 5.8 
SSA        
     n  19 11 6 1    
     Percent of n with first litters  5 46 67 100    
     Cumulative % with first litter 5 48 83 100    
     Incremental % with first litter 5 43 40 17   5.6 
Combined        
     n  47 30 14 4 1 1  
     Percent of n with first litters 9 40 64 75 0 100  
     Cumulative % with first litter 9 45 80 95 95 100  
     Incremental % with first litter 9 36 35 15 0 5 5.8 
a Proportions of previously non-reproductive bears that produced first litters were different among 

ages (P < 0.001), but were not different within ages between study areas (P > 0.45).  Mean age 
at birth of first litter was calculated using incremental percentages. 

 
 
Mean age of primiparity appeared to differ by oak production during the 

previous fall, however mean testing was not possible using this method.  Mean 
age of primiparity following oak failure was 6.3 years.  Mean age of primiparity 
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following poor, moderate, and good oak production was 5.7 years, 5.7 years, and 
5.8 years, respectively.  

 
Natality 

 
Between 1993 and 2000, reproductive data were obtained during 268 den 

investigations of 80 female bears aged 4-27 years.  We estimated natality (cub 
production) using observations from all females.  In addition, we separated the 
sample into 2 categories: non-reproductive females (those never having 
produced cubs prior to the current observation) and eligible reproductive females 
(those having produced cubs prior to the current observation).  We considered all 
bears unaccompanied by yearlings “eligible” for cub production. 

 
Overall natality of female bears ≥4 years old was 0.77 cubs/female/year 

and parturition rate (percent of females with cubs) was 43% (n = 268).  Overall 
there was no difference (0.85 vs. 0.67, MW, Z = -1.4, P = 0.15) in natality on the 
NSA versus the SSA (Table 6-2).  Parturition rate also did not differ by study area 
(X2 P = 0.32).  Among previously non-reproductive females, natality was 0.53 
cubs/female/year and parturition rate was 33% (n = 87).  Neither rate differed by 
study area (MW P = 1.0, X2 P = 0.81).  Among previously reproductive females, 
natality was 1.4 cubs/female/year and parturition rate was 77% (n = 112).  
Natality among these female bears was higher on the NSA (1.6 vs. 1.2, MW, Z = 
-2.3, P = 0.02), as was parturition rate (62% vs. 37%, X2 = 4.8, df = 1, P = 0.04). 
 
 
Table 6-2. Natality and recruitment of female black bears determined from den 

investigations on the Northern Study Area (NSA) and Southern Study 
Area (SSA), New Mexico, 1993-2000.  Females were considered eligible 
for cub production if unaccompanied by yearlings in the den.  Rates 
denoted by asterisks differed from others by reproductive history or study 
area (P ≤ 0.15). 

 
Area/ 
Category of female 

Natality 
(all females) 

 Natality 
(eligible females) 

 Recruitment 
(all females) 

n Ratea %b   n Ratea %b  n Ratec %d

NSA 155 0.9 46  118   1.1* 60  133 0.4 27 
SSA 112 0.7 39  85  0.9 52  98 0.4 27 
Combined 267 0.8 43  203 1.0 57  231 0.4 27 
 Previously 
    non-reproductive 

45 1.0 64  35   1.3* 83  42 0.3 21 

   Previously 
    reproductive 

153 1.0 56  101  1.6 85  152 0.5 34 

a  No. cubs/female/year 
b  Percent of females with cubs 
c  No. yearlings/female/year 
d  Percent of females with yearlings 
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Within all categories of females, natality and parturition rate were 
positively associated with oak production during the previous year (Table 6-3).  
For all females and for reproductive females, natality was lower in years following 
acorn failures than all other years (KW P < 0.001, SNK P  = 0.05), as was 
parturition rate (X2 P < 0.001).  Neither natality nor parturition rate differed 
relative to poor, moderate, or good oak production during the previous fall (KW P 
≥ 0.37, X2 P ≥ 0.23).  Among previously non-reproductive females, natality varied 
by oak production (KW P = 0.08), however no distinct subsets were identified 
(SNK P  > 0.15).  Parturition rate was positively associated with oak production 
(X2 P = 0.10), with the lowest rate associated with oak failure.  However, among 
the previously non-reproductive females, strength of the test was limited by an 
age bias in the sample.  Of the 18 previously non-reproductive females observed 
following oak failure, 13 (72%) were 4-year-olds, and 5 (28%) were aged 5 or 6.  
Following poor, moderate, and good oak production, 4-year-old females 
comprised 29% (n = 45), 40% (n = 15), and 0% (n = 7) of the sample, 
respectively.  When 4-year-old bears were analyzed alone, natality was positively 
but weakly associated with oak production.  Natality was 0.2 cubs/female/year 
following moderate oak production, but 0.0 following oak failure and poor 
production (KW, X2 = 4.3, P = 0.12, n = 32, SNK P  = 0.15).  Parturition rate was 
higher following moderate oak production (0% vs. 17%, X2 = 4.4, P = 0.11, n = 
32).  When non-reproductive bears >4 years old were examined, neither natality 
nor parturition rate varied significantly by oak production during the previous fall 
(KW P ≥ 0.77, X2 P = 0.91).  Within all categories of females, neither natality nor 
parturition rate was positively associated with juniper, pinyon, or softmast 
production during the previous year. 

 
In years following oak failures, natality was lowest when the failure was 

preceded by poor oak production, among all females and among eligible 
reproductive females (KW P ≤ 0.09, SNK P  = 0.05).  When the failure was 
preceded by moderate or good oak production, 73% of eligible reproductive 
females produced cubs.  However, none produced cubs when the failure was 
preceded by a poor oak crop (X2 = 10.0, df = 2, P = 0.007, n = 19).  This 
association was possibly observed for juniper production.  During 1993, no 
juniper survey was completed on the SSA.  However, scat analysis and bear 
weight data indicated juniper production was relatively low.  If we assume a 
juniper failure, or even a poor juniper crop occurred in that year, then natality was 
positively associated with juniper production during the fall 2 years previous.  
However, the low oak and juniper production, prior to oak failure, occurred 
simultaneously, therefore it was not possible to ascertain which genera exerted 
more of an influence on natality. 
 
Litter Size 

 
A total of 115 litters were handled or observed in dens during 1993 - 2000.  

Litter size ranged from 1-3 cubs and mean litter size was 1.8 cubs (Table 6-4). 
Two-cub litters were most common (71%), followed by 1-cub litters (24%).  
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Three-cub litters were rare, accounting for only 5% of observations.  Mean litter 
size on the NSA (1.9) did not differ (Z = -1.6, P = 0.11) from that on the SSA 
(1.7). Observed frequencies of 1-, 2-, and 3-cub litters did not differ by study area 
(X2 = 2.6, df = 2, P = 0.27). 
 
Table 6-3. Black bear reproductive parameters associated with variable oak 

production on 2 New Mexico study areas, 1993-2000.  Natality 
(cubs/female/year) and parturition rates (percent of females with cubs) were 
analyzed relative to oak production during the previous fall (year-1).  
Following oak failure, rates were also analyzed relative to fall oak production 
2 years previous (year-2).  Recruitment rate (yearlings/female/year) and 
percent of females with yearlings were analyzed relative to fall oak 
production 2 years previous (year-2).  Asterisks indicate distinct subsets 
differing from other observations within the category, with corresponding P-
values provided.   

Parameter / 
Category of females 

Observations 
included 

Mast 
year 

 
n 

Oak production ratinga KWb 

P 
SNKc 

P 
X2 
P F P M G 

Natality           
 All (age ≥ 4) All Year – 1 262    0.3 * 0.9 1.0 0.7 <0.001 0.05  

 Year-1 = F Year – 2 52     0 * 0.4 0.5 0.09 0.15  
 Previously non-reproductive All Year – 1 85  0.1 0.6 0.5 0.9 0.08   
 Eligibled reproductive All Year – 1 108    0.7 * 1.6 1.6 2.0 <0.001 0.05  

 Year-1 = F Year – 2 19     0 * 1.5 1.3 0.01 0.05  
Percent with Cubs           
 All (age ≥ 4) All Year – 1 262    16 * 47 59 40   <0.001 

 Year-1 = F Year – 2 52     0 * 20 32   0.08 
 Previously non-reproductive All Year – 1 85 11 38 33 57   0.10 
 Eligible reproductive All Year – 1 108    35 * 84 90 100   <0.001 

 Year-1 = F Year – 2 19     0 * 75 72   0.007 
Recruitment           
 All (age ≥ 5) All Year – 2 214    0.1 * 0.4 0.6 0.6 0.003 0.10  
 Reproductive 
 

All Year – 2 157    0.2 * 0.6 0.7 0.7 0.009 0.05  

Percent with Yearlings           
 All (age ≥ 5) All Year – 2 214      7 * 28 42 38   0.001 
 Reproductive All Year – 2 157    10 * 40 51 46   0.003 
aF = Failure, P = Poor, M = Moderate, G = Good 
bKruskal-Wallis test 
cStudent-Newman-Keuls test  
dFemales were considered eligible for cub production if unaccompanied by yearlings in the den. 
 

 
First litters were smaller than subsequent litters (1.6 vs. 1.9, Z = -2.7, P = 

0.008, n = 115) and frequencies of 1-, 2-, and 3-cub litters also varied (X2 = 7.18, 
df = 2, P = 0.03).  Specifically, frequency of 1-cub litters was higher among first 
litters than among subsequent litters.  Litter size did not vary by mast production 
of any species among all litters, first litters, or subsequent litters (KW P ≥ 0.24). 
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Table 6-4. Size (range, mean, and relative frequency) of black bear litters 
observed on the Northern Study Area (NSA) and Southern Study Area 
(SSA), New Mexico, 1992-2001.   

  Range 
(cubs/litter) 

Meana 
(cubs/litter) 

Relative frequencya 
Area/Litter order n  1-cub 2-cub 3-cub 

NSA 71 1 – 3 1.9 20% 75% 5% 
SSA 44 1 – 3 1.7 32% 66% 2% 

Combined 115 1 – 3 1.8 25% 71% 4% 
     First litters 29 1 – 2  1.6**  41%**  59%  
     Subsequent litters 86 1 – 3  1.9**  19%**  76%  6%
a Means and frequencies denoted by asterisks were different by litter order (P < 0.10). 
 
 
Cub Survival 

 
Cub survival was documented for 148 individual cubs from 82 litters 

handled or observed in dens between 1993 and 2000.  Overall cub survival rate 
was 0.55, and observed rates did not differ by study area (X2 P = 0.22) or sex (X2 
P = 0.30). Among litters observed, 45% experienced no mortality, 20% 
experienced partial mortality, and 35% were completely lost.  Observed 
frequencies of litter fate did not differ by study area (X2 P = 0.53). 
  

Cub survival was lower among first litters than subsequent litters (38% vs. 
60%, X2 = 4.9, df = 1, P = 0.03, n = 148).  Similarly, frequency of whole litter loss 
was higher among first litters than subsequent litters (57% vs. 30%, X2 = 5.7, df = 
2, P = 0.06, n = 84).  Based on these findings, cubs were separated into these 2 
categories for further analyses.  

 
Among all litters and first litters, cub survival varied positively with juniper 

and pinyon production during the previous fall (X2 P ≥ 0.10), but no differences 
were found among subsequent litters (X2 P ≥ 0.34).  The most significant residual 
corresponded to 100% cub survival (n = 5) observed in 1999, following the single 
most outstanding year of juniper, pinyon, and oak production on the SSA.  Cub 
survival within the cohort born following 1998 was higher than within the 
combined cohorts born following years of lower production (100% vs. 56%, X2 = 
3.9, df = 1, P = 0.07, n = 133).  When this cohort was excluded from analyses, 
cub survival no longer differed by juniper or pinyon production during the 
previous fall (X2 P ≥ 0.55).  Instead, cub survival appeared to be weakly 
associated with oak production during the birth year (X2 P ≥ 0.14). The most 
significant residual was associated with cohorts born during years of oak failure.  
Their survival rate was lower than the rate observed for cohorts born during 
years of poor to good oak production (33% vs. 57%, X2 = 3.1, df = 1, P = 0.08, n 
= 136).  The association of low cub survival and oak failure during the birth year 
was masked when the 1999 cohort was included in analyses.  Although this 
cohort was born during a year of oak failure, it experienced 100% survival, 
possibly owing to the super abundance of food produced in 1998.  Field 
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observations indicated mast of oak, pinyon, and especially juniper remained 
available long into the spring and summer of 1999, perhaps compensating for the 
lack of new production.  

 
To account for the interacting effects of mast production during the 

previous fall and mast production during the birth year, we produced mast indices 
combining genera over the 2 periods.  Cub survival was most significantly 
associated with an index of juniper production (during the previous fall) and oak 
production (during the birth year).  For these analyses, we presumed juniper 
failure on the SSA during 1993 (as described above).  Low cub survival was 
associated with mast failure by oak and juniper; intermediate cub survival was 
associated with poor to moderate production by oak and/or juniper; and high cub 
survival was associated with good to excellent production by oak and/or juniper.  
These patterns in survival were observed among all litters (13% vs. 54% vs. 
76%, X2 = 9.7, df = 2, P = 0.008, n = 138) and among subsequent litters (13% vs. 
60% vs. 83%, X2 = 10.1, df = 2, P = 0.006, n = 108).  Among first litters, no cubs 
were born in years when both genera failed, however, higher cub survival was 
associated with good to excellent production (29% vs. 67%, X2 = 3.8, df = 2, P = 
0.10, n = 30). 

 
Cub survival varied annually on the SSA within all categories (X2 P ≤ 

0.08).  On the NSA, cub survival did not vary annually within any category (X2 P ≥ 
0.13).  The uniform cub survival observed on the NSA was associated with 
consistent poor to moderate combined mast production.  The variable cub 
survival on the SSA (13% vs. 63% vs. 76%, X2 = 9.9, df = 2, P = 0.007, n = 48) 
was positively associated with all 3 levels of mast production.  When all 
observations from the NSA were compared to the SSA observations associated 
with poor to moderate mast production, no difference was found in the cub 
survival rate (P = 0.45). 

 
Cause of death was rarely documented among cubs, because they were 

not fitted with radio-transmitters.  However, cause of death was documented for 8 
cubs, all on the NSA. Two sibling female cubs were killed in August 1993 by an 
automobile when they attempted to cross a 2-lane highway in Ute Park, adjacent 
to a campground.  These cubs, as well as their mother, frequently obtained food 
from visitors to the campground and from unsecured garbage containers.  In 
February 1997, a dead female cub was found at the entrance of her den.  Her 
mother and female sibling were hibernating within the den.  The position and 
condition of the carcass indicated she had died at least 6 weeks prior to our 
discovery and that she had been dragged from the den chamber (probably by her 
mother).  Examination of the carcass indicated a broken pelvis, suggesting she 
may have died from internal injuries, but cause of the injuries was unknown.  This 
family resided in a part of the study area characterized by very steep slopes 
adjacent to a 2-lane highway, therefore the injuries may have been sustained in a 
fall or an automobile collision.  Five cubs in 2 litters presumably died from 
predation, along with their mothers.  Although no cub remains were found, 
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evidence indicated their mothers had been killed by predators, possibly bears.  
The first incident occurred in May 1995 and the second incident occurred in April 
1999. 

 
Recruitment 

 
We estimated recruitment using observations from all females ≥5 years 

old and observations of reproductive females only.  Overall recruitment of 
females ≥5 years old was 0.40 yearlings/female/year and 27% of 232 females 
were accompanied by yearlings in the den.  Rates did not differ by study area 
(MW P ≥ 0.78, Table 6-2).  Recruitment of previously reproductive females was 
0.53 yearlings/female/year and percent of females with yearlings was 35% (n = 
175).  These rates did not differ by study area either (MW P ≥ 0.79).  

 
Within both categories, recruitment was positively associated with fall oak 

production 2 years previous (KW P ≤ 0.09, SNK P ≤ 0.10).  Specifically, 
recruitment was lower 2 years after oak failures than all other years (Table 6-3).  
Percent of females with yearling also was lower 2 years after oak failures than all 
other years (P ≤ 0.003).  Neither rate differed relative to poor, moderate, or good 
oak production 2 years previous (P ≥ 0.43), nor did they differ by production of 
juniper, pinyon, or softmast production 2 years prior (P ≥ 0.49). 

 
Litter Interval 
  

We documented 65 complete litter intervals and 7 incomplete intervals 
known to be at least 3 years, occurring between 1992 and 2001 (Table 6-5).  
Incomplete intervals ranged from 3-5 years.  However 3 of the 7 incomplete 
intervals (two 3-year intervals and one 5-year interval) were documented for 
bears believed to have reached reproductive senescence at 16, 24, and 25 years 
of age, respectively.  Because it was likely these bears would not complete the 
intervals, these 3 observations were excluded from analyses.  In fact, the 
diseased 16-year-old female did not survive to complete her interval. 

 
Observed litter interval ranged from 1-3 years.  One-year intervals 

occurred when entire litters were lost and bears bred again.  Two- and 3-year 
intervals occurred both when litters were lost and cubs survived, but 3-year 
intervals included an additional year when the bear failed to produce a litter.  
Mean litter interval was 1.8 years and it was slightly lower on the NSA than the 
SSA (1.7 vs. 1.9, Z = -1.7, P = 0.09, n = 69).  However, relative frequencies of 1-, 
2-, and 3-year intervals were not different between study areas (X2 P = 0.15).  
Unsuccessful intervals (when entire litters were lost) ranged from 1-3 years with 
a mean of 1.3 years (n = 27).  For unsuccessful intervals, neither mean interval 
nor frequencies of 1-, 2-, and 3-year intervals differed by study area (X2 P > 
0.44).  Successful intervals (when some or all cubs survived) ranged from 2-3 
years with a mean of 2.1 years (n = 42).  Among successful intervals, frequency 
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of 3-year intervals was lower on the NSA (X2 P = 0.07), resulting in a lower mean 
successful interval (2.0 vs. 2.2, Z = -1.9, P = 0.05). 

 
 

Table 6-5.  Ranges, means, and relative frequencies of black bear litter intervals 
observed on the Northern Study Area (NSA) and Southern Study Area 
(SSA), New Mexico, 1992-2001.   

  Range 
(years) 

Meana 
(years) 

Relative frequencya 
Interval type/Area n  1-year 2-year 3-year 

All intervals       
     NSA 44 1 - 3  1.7* 34% 61%  5% 
     SSA 25 1 - 3  2.0* 20% 64% 16% 
     Combined 69 1 - 3 1.8 29% 62% 9% 

Successful intervals       
     NSA 25 2 - 3  2.0*   96%*   4%*

     SSA 17 2 - 2  2.2*   77%*  23%*

     Combined 42 2 - 3 2.1  88% 12% 
Unsuccessful intervals       

     NSA 19 1 - 3 1.3 79% 16% 5% 
     SSA 8 1 - 2 1.4 63% 37%    
     Combined 27 1 - 3 1.3 74% 22% 4% 
a Means and frequencies denoted by asterisks were different by study area (X2 P <0.10). 

 
 
Within unsuccessful 2- and 3-year intervals, and within successful 3-year 

intervals, bears failed to produce cubs at 1 or 2 reproductive opportunities.  We 
observed 14 failed reproductive opportunities, and 71% coincided with oak 
failures during the previous fall, while 29% coincided with poor to good oak 
production.  Conversely, within 1-year intervals and successful 2-year intervals, 
bears reproduced at the first reproductive opportunity.  We observed 52 
successful reproductive opportunities, and only 14% coincided with oak failures, 
while 84% coincided with poor to good oak production.  These observed ratios of 
failed to successful opportunities varied by oak production (X2 = 19.8, df = 3, P < 
0.001, n = 66). 

 
DISCUSSION 

 
The influence of mast production on age of first production of cubs was 

not entirely clear.  Mean age of first litter appeared to increase in years following 
oak failure.  However, production of first litters did not appear to decline, except 
among 4-year-old bears.  This result was possibly due to the small sample size 
of previously non-reproductive bears aged >4 years observed during years 
following oak failure.  Among females that had produced multiple litters, a higher 
frequency of skipped reproductive opportunities occurred following oak failure.  
Therefore, it would be expected that reproduction of potential first litters would 
also decline.  However, production of first litters may not be determined solely by 
mast production during the previous year.  Instead, a bear's ability to produce her 
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first litter may be influenced by mast production throughout her developing years.  
Noyce and Garshelis (1994) postulated age at birth of first litter may be more 
closely tied to cub growth rates and hence the condition of the mother.  The more 
important influence of mast production may be the onset of first estrus.  Of 3-
year-old females handled between May and September (n = 18), only 11% 
showed signs of estrus, indicating most 4-year-old bears would not reproduce 
regardless of mast abundance.  Even among non-reproductive bears aged 4-6 (n 
= 14), only 43% handled during the mating season appeared to be in estrus. 

 
The influence of oak production, especially acorn failures, on bear 

reproductive success appeared to be strong. Natality, and subsequently 
recruitment, was reduced by more than 50% following years of oak failure.  Rates 
were reduced to zero when oak failure was preceded by poor oak production.  
Availability of hard mast has been tied to reproductive success in several regions 
(Eiler et al. 1989, Elowe and Dodge 1989, McLaughlin et al. 1994).  Neither 
natality nor recruitment varied following poor, moderate, or even good oak 
production.  Following poor to good production, 94% of eligible reproductively 
experienced females produced cubs, and no increase in litter size was observed 
when oak production was high.  This suggests only a minimum threshold of high 
quality food is needed for successful reproduction.  

 
Juniper production possibly had a secondary effect on natality, when oak 

production failed.  Natality rates were zero when oak failure was preceded by 
poor juniper production.  However this poor juniper production coincided with 
poor oak production, making it impossible to ascertain which genera may have 
exerted the greater influence on natality.  Given the primary effect oak had on 
reproductive success, it is probable that oak also exerted the greater secondary 
effect. 

 
Juniper production probably had more of an impact on cub survival than 

natality. From our observations, juniper berries began to ripen from September to 
October and remained on the tree through late fall.  Berries began to drop during 
winter and early spring.  We observed consumption of significant quantities of 
juniper berries by bears during fall, spring, and summer (unpublished data).  
Therefore, more than any other mast genera, juniper could continue to affect the 
nutritional condition of bears and their cubs long after emergence from the den.  
Comparing study areas, consumption of juniper berries appeared to be related to 
production.  Juniper production failed each year on the NSA, and only limited 
consumption of juniper berries was observed, primarily during late fall.  The lack 
of this important spring food, combined with no occurrence of good or excellent 
fall oak production, resulted in consistent, but low cub survival on the NSA.  On 
the contrary, juniper production varied greatly on the SSA, with crops ranging 
from failure to excellent.  Juniper berries were a significant food item in the spring 
and summer diets of bears on this area (see Chapter 5).  The variable cub 
survival observed on the SSA was associated with varied levels of juniper and 
oak production. 
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No positive association was found between pinyon production and 

reproductive success.  On each study area, pinyon production was better than 
poor during only 1 year.  Unfortunately, on the SSA, the moderate pinyon crop 
coincided with a good oak crop and an excellent juniper crop in 1998.  These 
simultaneous events did not allow us to assess the effect of pinyon alone on 
reproductive success.  On the NSA, moderate pinyon production occurred in 
1993, when both oak and juniper production failed.  Nonetheless, natality and 
recruitment was zero following this production, indicating a moderate supply of 
pinyon nuts did not compensate for the lack of acorn production.  This result may 
be due to the timing of availability.  Pinyon cones mature and open approximately 
6 to 8 weeks after the ripening of acorns, possibly limiting the foraging 
opportunities of bears readying for hibernation.  More study is needed to 
determine the influence of pinyon production on bear reproduction, especially in 
the absence of other foods. 

 
Production of chokecherries and gooseberries did not appear to influence 

reproductive success.  Compared to the other species surveyed, these soft mast 
species were more limited in distribution, and were probably available to only a 
fraction of the bear population.  Analyses of foraging habits indicated these 
species also accounted for <10% of scat volume during the fall (see Chapter 5). 

 
In their study comparing body condition to reproductive success, Noyce 

and Garshelis (1994) concluded black bears respond to declining nutrition by 
modifying reproductive performance in the following sequence: (1) litter size, (2) 
age of primiparity, (3) cub survival, and (4) litter frequency.   Our analyses 
indicated the sequence may be exactly opposite in New Mexico.  The greatest 
influence of mast failure on bears in New Mexico appeared to be a reduction in 
the number of females producing litters, hence an increase in litter interval.  
Second, cub survival appeared to decline associated with mast availability.  
Third, mast failure was associated with a decrease in the percent of bears 
producing first litters and a resulting increase in the age of primiparity.  Litter size 
did not appear to be associated with availability of mast, among first litters or 
subsequent litters. 

 
MANAGEMENT IMPLICATIONS 
 

Documenting annual mast production, particularly occurrence and 
frequency of mast failures, may be an effective tool for monitoring black bear 
reproductive success in New Mexico.  Continuation of the statewide mast 
surveys, as conducted by NMDGF officers during 1999-2000 (see Chapter 5), 
will provide valuable data for all regions of bear habitat.  These data will be useful 
for analyzing population trend and interpreting harvest data with the bear 
population model. 
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Chapter 7 
 

SURVIVAL RATES AND CAUSES OF MORTALITY 
 
 As in many states, the primary foundation for black bear management in 
New Mexico is information obtained from hunter-killed bears.  Fluctuations in the 
sex and age composition of kills are seen as signals of changing population 
trends.  However, trends in kill data can sometimes be misleading (Garshelis 
1991).  Therefore, interpretation of kill data is often aided by supporting 
information about bear population characteristics, especially survival rates, and 
associated cause-specific mortality rates. 
 
 We investigated black bear survival on 2 New Mexico study areas.  To 
better understand the effects of hunting on black bears, a hunting closure was 
instituted on 1 study area that remained in effect from 1992-1997.  Our objective 
was to document survival and cause-specific mortality rates by sex and age 
category. 
 
METHODS 
 

We estimated adult (≥5 years old), subadult (2-4 years old), and yearling 
(1 year old) survival rates using data from bears equipped with radio-transmitters.  
We monitored radio-collared bears from fixed-wing aircraft on a 14-day schedule 
during the active season (weather permitting).  Radio-collars were constructed to 
emit a "mortality" signal when they remained stationary for more than 2 hours.  
We ground-tracked all collars emitting a mortality signal to determine whether the 
signal was a mortality or a dropped collar.  We determined approximate date and 
cause of mortality (when possible). 
 

Hunting mortalities of marked bears were recorded through the New 
Mexico Department of Game and Fish (NMDGF) mandatory pelt tag program.  
Personnel of the Colorado Division of Wildlife (CDOW) and the Arizona 
Department of Game and Fish (ADGF) also reported hunting mortalities.  
Depredation mortalities and relocations of marked bears were reported by the 
NMDGF and the CDOW.   

 
  Survival rates were calculated using the staggered entry method (Pollock 

et al. 1989).  Rates were estimated separately for each study area by year, within 
26 quarter-monthly intervals from May 1 – November 15.  Mortality rates for 
specific causes of death were calculated as 1– survival rate estimated with 
deaths from other causes treated as censors.  Annual rates over 1993-1999 were 
averaged with years weighted equally; annual confidence intervals were pooled 
(N.S. Urquhart, personal communication.) 

 
We used data from all bears with working transmitters monitored for ≥1 

day during the active season.  Bears whose signals were not heard for periods 
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exceeding 45 days were censored from analyses beginning on the last day of 
contact.  If contact was re-established, bears re-entered the analyses on the day 
the first signal was heard.  If contact was not re-established, bears did not re-
enter the analysis. 
 

Radio-telemetry contact was permanently lost for numerous bears during 
the study period.  Some signal loss was probably attributable to premature 
transmitter failure, transmitter battery expiration, or long-range movements made 
by bears.  However, we suspect other signal loss was due to deliberate 
destruction of transmitters following human-caused mortality.  Signal loss also 
may have been due to transmitter damage caused by predation.  To account for 
these possibilities in our survival estimates, we identified a portion of the missing 
bears as possible mortalities.  

 
  Assignment of potential mortality for each bear was based on transmitter 

type, expected battery life left on its transmitter, known failure rate for that 
transmitter type, and information on subsequent recapture, observation, or 
mortality.  Signal loss was attributed to battery expiration if it occurred at >70% of 
battery life.  Signal loss was attributed to known failure if transmitters were 
recovered or observed not functioning or not functioning properly (timer failure of 
eartag transmitters).  Signal loss was attributed to possible signal failure when 
bears were later captured or killed by hunters not wearing transmitters.  Signal 
loss was attributed to possible damage or weak signal if temporary signal loss 
occurred >3 times or if signal loss occurred during the time the bear was denned.  
Signal loss not attributed to any of these causes was considered possible 
mortalities.  We also reclassified 1 handling mortality as a possible natural 
mortality due to the poor condition of the bear.  Possible survival rates were then 
calculated including known and suspected mortalities.  
 
RESULTS 
 
Possible Mortalities from Signal Loss 
 

Known and possible failure rates were only 1% and 2% for Telonics and 
Ursus Technologies (UT) radio-collars, respectively (Table 7-1).  However, 
known failure rate for the Advanced Telemetry Systems (ATS) eartag 
transmitters was 13%.  Due to this high rate of known failure among ATS 
transmitters, and an even higher number of unexplained signal losses (32%), no 
missing bears wearing ATS eartags were considered possible mortalities.  Eight 
missing bears wearing Telonics or UT radio-collars were considered possible 
mortalities due to unexplained signal loss. 
 
Known and Possible Survival Rates 
 
 Observed adult female survival rates were very similar for the 2 study 
areas and were above 90% (Table 7-2).  Most mortality of adult females was 
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human-caused, including hunter kills, depredation kills, and illegal kills (Table 7-
3).  Surprisingly, female hunting mortality rates were fairly similar for the 2 study 
areas, despite the hunting closure from 1992-1997 on the NSA.  Of 4 adult 
female bears killed by hunters on the NSA, 1 (25%) was taken after the closure 
was lifted, 2 (50%) were known to be taken outside of the closure area, and 1 
(25%) was reported as taken outside of the hunting closure area, however 
examination of her movements suggest this may not have been true.  
Depredation mortalities (n = 2) were observed only on the NSA, while illegal kills 
(n = 2) were observed only on the SSA.  The 2 illegal kills occurred during the 
hunting season but no carcasses were found (only cut collars), therefore they 
may have been unreported legal kills.  Of 4 mortalities of unknown cause, 3 
(75%) occurred during the hunting season and may have been associated with 
hunting.  However, we found no evidence confirming this due to the condition of 
the carcasses.  The other mortality of unknown cause occurred during August.  
Despite finding an almost intact carcass, we could not identify the cause of 
death, but it did not appear to be human-caused. 
 
Table 7-1 . Signal loss from radio-telemetry transmitters fitted on black bears on 

the Northern Study Area and Southern Study Area, New Mexico, 1992-
1999. 

 Telonics 
Radio-
Collars 

UT Radio-
Collars 

ATS Eartag 
Transmitters

Transmitters Used 
 

287 55 38 

Total Signal Loss 20 (7%) 9 (16%) 24 (63%) 
     Known or Probable Battery Expiration 9 (3%) 4 (7%) 7 (18%) 
     Known Failures 1 (0.3%) 1 (2%) 5 (13%) 
     Possible Failures with Known Fate 4 (1%) 0 0 
     Possible Damage or Weak Signal 0 2 (4%) 0 
     Unexplained Losses 6 (2%) 2 (4%) 12 (32%) 

 
 
 Two known natural mortalities occurred on the NSA and both appeared to 
be predation.  Both females killed had new cubs and the predation occurred 
during spring.  Evidence for the first mortality indicated the bear was killed in a 
struggle with another bear.  Evidence for the second mortality was not 
conclusive, but bear sign in the area suggested the predator may have been a 
bear.  A possible mortality was observed on the NSA and involved an adult 
female with a severe case of sarcoptic mange.  Her mortality was actually a 
result of our handling in the den.  However she was extremely emaciated and 
essentially blind (from callousing over her eyes), and we suspect she would not 
have survived through spring. 
 
 Known and possible survival rates of subadult females also were similar 
between study areas.  Known survival rates were very similar to adult females; 
however possible rates appeared to be somewhat lower.  Most mortality of 
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subadult females also was human-caused.  Again, hunting mortality rates were 
fairly similar for the 2 study areas, despite the hunting closure.  The single 
subadult female killed by a hunter on the NSA was reported as taken outside of 
the hunting closure area, however examination of her movements suggest this 
may not have been true.  Again, depredation mortality (n = 1) was observed only 
on the NSA.  The 2 mortalities of unknown cause were observed on the SSA.  
Although no cause of death could be identified, timing and locations of these 
mortalities did not suggest they were human-caused. 
 
 
Table 7-2. Observed survival rates and 95% confidence intervals (in parenthesis) 

of adult (≥ 5 years old), subadult (2-4 years old), and yearling (1 year old) 
black bears monitored on the Northern Study Area (NSA) and Southern 
Study Area (SSA), New Mexico, 1993-1999.  Rates were obtained using 
the staggered entry method.  Known rates included documented 
mortalities, while possible rates included known and suspected mortalities.  
Sample size is reported in bear-years. 

 NSA  SSA  Combined 
 n Known Possible  n Known Possible  Known Possible 
Female           
   Adult 131 0.93 

(0.81-1.0) 
 

0.92 
(0.79-1.0) 

 119 0.90 
(0.73-1.0) 

0.90 
(0.73-1.0) 

 

 0.92 
(0.81-1.0) 

0.91 
(0.80-1.0) 

   Subadult 67 0.94 
(0.72-1.0) 

 

0.86 
(0.58-1.0) 

 54 0.91 
(0.71-1.0) 

0.89 
(0.68-1.0) 

 0.93 
(0.78-1.0) 

0.88 
(0.70-1.0) 

   Yearling 19 0.75 
(0.56-0.86) 

 

0.75 
(0.56-0.86) 

 19 0.97 
(0.84-1.0) 

0.97 
(0.84-1.0) 

 0.85 
(0.63-1.0) 

0.85 
(0.63-1.0) 

Male           
   Adult 77 0.89 

(0.69-1.0) 
 

0.89 
(0.69-1.0) 

 80 0.91 
(0.68-1.0) 

0.82 
(0.53-1.0) 

 0.91 
(0.75-1.0) 

0.87 
(0.71-1.0) 

   Subadult 27 0.94 
(0.73-1.0) 

 

0.94 
(0.73-1.0) 

 36 1.0 
(1.0-1.0) 

0.97 
(0.83-1.0) 

 0.95 
(0.73-1.0) 

0.92 
(0.67-1.0) 

   Yearling 21 0.90 
(0.68-1.0) 

0.87 
(0.59-1.0) 

 13 0.82 
(0.30-1.0) 

0.76 
(0.24-1.0) 

 0.86 
(0.55-1.0) 

0.83 
(0.47-1.0) 

 
 
 Unexplained signal loss occurred for 3 subadult females, 2 on the NSA 
and 1 on the SSA, and these losses were identified as possible illegal kills.  Two 
(67%) signals were last heard just before the start of hunting seasons, 
suggesting bears may have been unreported legal kills. 
 
 Observed yearling female survival was lower on the NSA than the SSA, 
but sample sizes were relatively small.  On the NSA, all mortalities (n = 3) were 
of natural causes.  One bear appeared to have died of starvation after emerging 
from the den with low weight.  One bear appeared to have been preyed on by a 
mountain lion.  One bear may have been preyed on by a bear.  However, no 
clear evidence of predation was found, other than the fact the carcass was fed on 
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by a bear.  It should be noted the 2 mortalities attributed to predation might have 
been affected by our research activities.  During 1994, larger collars were put on 
young bears and the burden of these large collars may have affected their 
survival.  Since that time, we have used smaller, expandable collars on yearling 
and subadult bears in an effort to reduce our influence on survival.  On the SSA, 
one mortality of a subadult female was attributed to illegal kill.  This mortality 
occurred during the hunting season but no carcass was found (only a cut collar); 
therefore it may have been an unreported legal kill. 
 
 
Table 7-3. Cause-specific mortality rates of adult (≥ 5 years old), subadult (2-4 

years old), and yearling (1 year old) black bears monitored on the 
Northern Study Area (NSA) and Southern Study Area (SSA), New Mexico, 
1993-1999.  Rates were obtained using the staggered entry method.  
Known rates included documented mortalities, while possible rates 
included known and suspected mortalities.   

  
Age 
class 

 NSA  SSA  Combined 
Sex Cause Known Possible  Known Possible  Known Possible 

Female Adult Hunt 0.04 0.04  0.07 0.07  0.05 0.05 
  Depredation 0.01 0.01  - -  <0.01 <0.01 
  Illegal kill - -  0.01 0.01  <0.01 <0.01 
  Natural 0.01 0.02  - -  0.01 0.03 
  Unknown 0.01 0.01  0.02 0.02  0.02 0.02 
  Total 

 
0.07 0.08 0.10 0.10  0.08 0.09

 Subadult Hunt 0.05 0.05  0.04 0.04  0.04 0.04 
  Depredation 0.02 0.02  - -  0.01 0.01 
  Illegal kill - 0.08  - 0.02  - 0.05 
  Unknown - -  0.05 0.05  0.02 0.02 
  Total 

 
0.06 0.14 0.09 0.11  0.07 0.12

 Yearling Natural 0.25 0.25  - -  0.13 0.13 
  Illegal kill - -  0.03 0.03  0.02 0.02 
  Total 

 
0.25 0.25 0.03 0.03  0.15 0.15

Male Adult Hunt 0.02 0.02  0.07 0.07  0.05 0.05 
  Depredation 0.03 0.03  - -  0.01 0.01 
  Illegal kill 0.03 0.03  - 0.10  0.02 0.05 
  Automobile 0.03 0.03  - -  0.02 0.02 
  Hunt (Arizona) - -  0.02 0.02  0.01 0.01 
  Total 

 
0.08 0.08 0.09 0.18  0.09 0.13

 Subadult Depredation 0.06 0.06  - -  0.06 0.06 
  Illegal kill - -  - 0.03  - 0.02 
  Total 

 
0.06 0.06 - 0.03  0.05 0.08

 Yearling Illegal kill 0.10 0.10  - -  0.07 0.07 
  Natural - -  0.08 0.14  0.02 0.02 
  Unknown - 0.03  0.10 0.10  0.05 0.09 
  Total 0.10 0.13 0.18 0.24  0.14 0.17
 
 
 Known adult male survival rates were very similar for the 2 study areas 
and were above 90%.  However, including possible mortalities, the possible 
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survival rate dropped to 82% on the SSA.  Specific causes of death were 
different between study areas, however all were human-caused.  Mortality 
sources for adult males included hunting, illegal kill, depredation kill, and 
automobile collision.  As expected, male hunting mortality was lower on the NSA 
than on the SSA, and the single adult male killed by hunters on the NSA was 
taken after the hunting closure was lifted.  One adult male captured on the SSA 
was killed in Arizona during their hunting season.  On the NSA, 2 adult males 
were illegally killed outside of the hunting season.  Radio-collars of these males 
were disposed of in Eagle Nest Lake and in the Cimarron River.  On the NSA, 2 
adult males appeared to have died from collisions with automobiles on U. S. 
Highway 64 in Cimarron Canyon.    
    
 Unexplained signal loss occurred for 3 adult males on the SSA, and these 
losses were identified as possible illegal kills.  None of these possible mortalities 
occurred during the hunting season, suggesting they were not unreported legal 
kills.  Although these mortalities cannot be verified, the documented occurrence 
of illegal kills of adult males on the NSA, coupled with documented occurrence of 
illegal kills of other bears on the SSA, indicate a high probability for illegal kill of 
adult males on the SSA.  Inclusion of these possible mortalities doubled the 
mortality rate of males on the SSA. 
 
 Observed survival rates of subadult males were high on both study areas, 
and no hunting mortality was documented.  The single documented mortality was 
a depredation kill following an incident on Philmont Scout Ranch when the bear 
entered a camp and scratched a scout inside a tent. 
  
 Unexplained signal loss occurred for 1 subadult male on the SSA, and this 
loss was also identified as a possible illegal kill.  This possible mortality occurred 
during the bear hunting season, suggesting it may also have been an unreported 
legal kill.  
 
 Observed male yearling survival appeared lower on the SSA than the 
NSA.  The single mortality documented on the NSA was an illegal kill during the 
bear season (the carcass was found).  On the SSA, 1 yearling male mortality was 
due to predation by another bear.  Cause of death was not known for the other 2 
mortalities, but locations and dates did not suggest they were human-caused. 
 
 One SSA yearling bear never left the den following our den investigation.  
We suspect he may have died as a result of our handling, therefore this bear was 
censored in analysis of the known survival rates.  However, the bear may have 
also died from natural causes, therefore it was included in analysis of possible 
mortality.  Inclusion of this mortality increased the observed total mortality rate on 
the SSA from 18% to 24%.  Unexplained signal loss occurred for 1 yearling male 
on the NSA, and this loss was attributed to an unknown cause.  The signal was 
lost from this bear only weeks out of the den, and it was unlikely the possible 
death was human-caused.   
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DISCUSSION 
   

Although not statistically distinct, survival rates appeared to differ among 
sex-age categories during this study.  Among adult and subadult bears of both 
sexes, human-caused mortality was most common.  Among yearling bears, most 
mortality was from natural causes, but human-caused mortality was also 
observed.  Mortality from hunting was lower on the NSA and this difference was 
probably attributable to the hunting closure in effect from 1992-1997.  However, 
even during the years of closure, hunting mortality was observed on the NSA.  
Most mortalities occurred outside of the closed area, indicating it was not large 
enough to allow complete protection for resident bears.  However, we suspect 2 
of the hunt mortalities occurred within the area of the hunt closure, indicating a 
possible source of illegal activity.  Other sources of human-caused mortality 
included illegal kill, depredation kill, and automobile collisions.  These sources of 
mortality were substantial, especially on the NSA, where they accounted for as 
much as 10% mortality. 

 
Within the Southwest, observed adult female survival rates from this study 

were similar to those reported in Colorado (0.96: Beck 1991) and Mexico (0.94, 
Doan-Crider and Hellgren 1996), but higher than those reported in Arizona (0.85: 
LeCount 1990).  Observed adult male survival rates were slightly higher than 
those reported in Arizona (0.85: LeCount 1990) and substantially higher than 
those reported in Colorado (0.70: Beck 1991). 
 
 The lack of documented hunting mortality among subadult males was 
surprising, given the substantial proportion of subadult males observed in hunter 
harvests.  Relative to adults, and even subadult females, sample sizes were low 
for subadult males; therefore these results should be interpreted with caution.  
Our observed subadult male survival was higher than that observed in Colorado 
(0.76: Beck 1991), but our observed subadult female survival was similar to 
Colorado (0.94: Beck 1991).   
 
 Yearling survival rates appeared lower than those of adults and subadults, 
however much of the documented mortality was due to natural causes.  Due to 
the small sample sizes associated with this ageclass, these results should also 
be interpreted with caution.  Yearling survival rate was lower than the rate 
reported for Colorado (0.94: Beck 1991).   
 
MANAGEMENT IMPLICATIONS 
 
 Among adult and subadult bears, most mortality was human-caused.  In 
addition to hunting, illegal kills and depredation kills were significant sources of 
mortality for these bears.  Illegal kills were documented on both study areas, and 
many of the unexplained losses were probably due to illegal kills followed by 
destruction of the transmitters.  We were unable to verify any of these possible 
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mortalities, therefore these possible rates should be viewed as maximum rates.  
Depredation mortality was only documented on the NSA.  The proximity of the 
NSA to several towns, as well as the inclusion of Philmont Scout Ranch within its 
boundaries, increased the likelihood of bear-human interactions. 
 
 It is important to recognize that there was no legal hunting on the NSA 
during 1992 through 1997.  Therefore the hunting mortality rates observed may 
not reflect actual mortality of bears from hunting in northern New Mexico.  The 
possibility of total mortality exceeding the rates we observed must be considered 
when interpreting harvest data and output from the population model. 
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CHAPTER 8 
 

DENNING CHRONOLOGY AND DEN SITE SELECTION 
 
As omnivores, New Mexico black bears are faced with reduced foraging 

opportunities during winter, primarily due to a lack of new plant growth, 
desiccation of existing plant matter, and accumulation of snow.  Like bears 
throughout most of their range, New Mexico bears respond to this limited food 
supply by hibernating.  Use of dens or shelters during this extended period of 
immobility provides both security from predators and protection from extreme 
weather (Nelson and Beck 1984, Beck 1991). 

 
Timing of den entry and emergence is widely variable among populations 

and between individuals within a population.  Typically, female bears enter dens 
earlier and emerge from dens later than male bears across North America (Tietje 
and Ruff 1980, Beecham et al. 1983, LeCount 1983, O’Pezio et al. 1983, Beck 
1991, Schooley et al. 1994, Weaver and Pelton 1994, Oli et al. 1997).  The 
prolonged denning period of females is usually most pronounced for adults giving 
birth during that period.  Knowledge of the denning chronology of New Mexico 
black bears may facilitate more effective management of hunting.  In many states 
and provinces, patterns of differential denning chronology afford wildlife 
managers an opportunity to regulate the demographic composition of bear 
harvests (Troyer 1961, Lindzey 1981).  In addition, interpretation of hunter-kill 
data also is enhanced with an understanding of the denning behavior of 
populations (Alt 1977, O’Pezio et al. 1983).  

 
Knowledge of den site characteristics is also valuable.  Energetic 

properties and level of security of the physical site of hibernation may play a role 
in the success of bear populations.  Where quality den sites are limited, forest 
management practices can be adjusted to increase their availability (Weaver and 
Pelton 1994, Oli et al. 1997).  

 
Our objectives were to (1) document den entrance and emergence dates 

by sex-age category and study area, and (2) document den site characteristics 
by sex and study area. 
 
METHODS 
 
Denning Chronology 
 
 We estimated dates of den entrance and den emergence using aerial 
telemetry data.  During appropriate months (1 October–15 December and 15 
March–30 May), we intensified our flight schedule in an effort to locate each 
radio-collared bear once per 7-10 days (weather permitting).  We did not attempt 
to determine exact dates of den entry or emergence by observation because of 
the possibility of disturbance. 
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 Studies have shown bears often concentrate their movements around den 
sites days or weeks before den entry, and bears often remain in the den vicinity 
after emergence in the spring (Lindzey and Meslow 1976, LeCount 1980, Tietje 
and Ruff 1980, Beecham et al. 1983, Kolenosky and Strathearn 1987).  Our 
observed telemetry error prevented us from distinguishing very small movements 
associated with a specific den location.  Therefore, we defined denning dates as 
those when bears were in the den vicinity, not dates of actual movement into or 
out of the den cavity. 
 
 For each consecutive location, we assigned active or denned status based 
on its proximity to the previous location or its proximity to the actual den site 
(documented during a den visit).  Other relevant information, particularly observer 
notes and "mortality" signal status, also were considered.  Denning occurred 
when a bear was found in the "same" location during 2 or more consecutive 
flights, or when a bear was located at its documented den site.  Locations were 
considered the same if they were within the median aerial telemetry error radius 
of 505 m.  Bears were considered active the first time they were located more 
than 505 m from the den site in the spring.  
 
 We defined the fall den entry date as the midpoint between the last active 
location and the first denned location.  Similarly, we defined the spring den 
emergence date as the midpoint between the last denned location and the first 
active location (O’Pezio et al 1983).  For den entry, we limited our analyses to 
those observations when the period between relevant locations was <15 days; 
and for den emergence, we limited the period to <20 days.  These criteria 
allowed us to use approximately 50% of our data.  To eliminate the potential bias 
of our research activities, we excluded den emergence observations when the 
first active location occurred following our den visit. 
 
 We used analysis of variance (ANOVA) to determine differences in den 
chronology among the following sex-age categories: pregnant females (with cubs 
at den emergence), females with yearlings, other females, adult males, and 
subadult males.  We used t-tests to determine differences within distinct 
categories between study areas. 
 

We determined total denning period for bears with entrance and 
emergence dates as defined above.  Differences in denning period was tested 
among sex-age categories using ANOVA and tested between study areas using 
t-tests.  All analyses were performed using SPSS software (Chicago, Illinois); 
where appropriate because of variance differences, degrees of freedom are 
expressed as decimals. 
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Den Characteristics 
 
We documented den characteristics, site features, and habitat variables 

during all visits to winter dens.  Den type, number of entrances, types of bedding 
material, and prior use were recorded.  Prior use was known when previous visits 
to the same den were made. Prior use was judged probable based on 
characteristics such as vegetation growth on the dirt berm of an excavated den, 
soil compaction of the berm, and old claw marks on hollow trees.  We recorded 
elevation, topographic position, slope, and aspect of each den site.  Habitat type 
was assigned following Brown (1982).  We estimated canopy cover above 0.9 m 
(3 ft), and ground cover at 0-0.3 m (0-1 ft) and 0.3-0.9 m (1-3 ft) in the following 
categories: 1-5%, 6-25%, 26-50%, 51-75%, 76-100%.  For analysis of aspect at 
the den site, aspect was classified into 9 categories: N, NE, E, SE, S, SW, W, 
NW, and flat (no aspect). 

 
RESULTS 
 
Denning Chronology 

 
Among all bears on both study areas, observed den entrance dates 

ranged from 25 September-7 February (n = 179).  Range of den entrance dates 
differed among sex-age categories and between study areas (Table 8-1).  
Among males, the first observed den entrance date was 18 October, while the 
latest was 29 December.  Among females, the first observed den entrance date 
was 25 September, while the latest was 7 February.  Among both sexes, the 
majority of bears entered dens between mid October and mid November (Figure 
8-1).   
 
 
Table 8.1.  Ranges and means of black bear den entrance dates, by sex-age 

category, observed on the Northern Study Area (NSA) and Southern 
Study Area (SSA), New Mexico, 1992–1999.   

 
Area 

 
Sex-age Category 

 
n 

 
Earliest 

 
Latest 

 
Mean 

NSA Pregnant females 33 25 September 21 November 26 October 
 Females with yearlings 18 12 October 8 December 3 November 
 Other females 27 7 October 28 November 2 November 
 Adult males 27 18 October 21 November 3 November 
 Subadult males 

 
13 19 October 24 November 2 November 

SSA Pregnant females 10 29 October 15 November 11 November 
 Females with yearlings 7 3 November 27 January 28 November 
 Other females 31 20 October 7 February 8 November 
 Adult males 8 29 October 29 December 18 November 
 Subadult males 5 2 November 10 December 11 November 

 



   

 
Black Bear Study in New Mexico 60 Final Report - 2001 
CHAPTER 8   Denning Chronology and Selection 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8-1.  Cumulative percent of black bears that entered dens, by week, on 
the Northern Study Area (NSA) and Southern Study Area (SSA), New 
Mexico, 1992-1999. 
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Mean den entrance date differed among the 5 sex-age categories (F = 
2.5; df = 4,174; P = 0.05), but subsets were not distinct.  When observations 
were divided into 3 categories (pregnant females; females with yearlings; other 
females and males), 2 distinct subsets were identified (SNK, P = 0.05).  Mean 
entrance date of pregnant females was 29 October, while that of all other bears 
was 6 November.  Comparison of 95% confidence intervals indicated pregnant 
females entered dens approximately 1-15 days earlier than all other bears. 

 
Within both groups, mean den entrance date also differed between study 

areas.  Pregnant females entered dens approximately 4-25 days earlier on the 
NSA (26 October vs. 10 November, t = -4.3, df = 27.9, P < 0.001).  Other bears 
entered dens about 2-19 days earlier on the NSA (3 November vs. 13 November, 
t = -3.0, df = 68.3, P = 0.003).   
 

On the SSA, mean den entry date differed by oak production for the group 
of other females and subadult males (F = 3.4, df = 2,40, P = 0.04, n = 42) and for 
pregnant females (t = -4.1, df = 2.0, P = 0.05, n = 9).  Other females and subadult 
males entered dens later during the years of good oak production than all other 
years (30 November vs. 8 November, SNK P = 0.05).  Pregnant females entered 
dens later during years of good oak production than during years of poor 
production (15 November vs. 31 October).  Mean den entry date did not differ 
significantly by oak production on the NSA.   
 

Among all bears on both study areas, observed den emergence dates 
ranged from 21 March-5 June (n = 177).  Range of emergence dates was similar 
for males and females (Table 8-2).  Among males, the earliest observed date 
was 21 March, while the latest was 20 May.  Among females, the first observed 
den emergence date also was 21 March, while the latest was 5 June.  Among 
both sexes, the majority of bears emerged from dens during April (Figure 8-2).   

 
 

Table 8.2.  Ranges and means of black bear den emergence dates, by sex-age 
category, observed on the Northern Study Area (NSA) and Southern 
Study Area (SSA), New Mexico, 1993–1999.   

 
Area 

 
Sex-age Category 

 
n 

 
Earliest 

 
Latest 

 
Mean 

NSA Females with cubs 40 9 April 5 Jun 10 May 
 Females with yearlings 19 13 April 19 May 4 May 
 Other females 31 1 April 23 May 1 May 
 Adult males 20 21 March 20 May 21 April 
 Subadult males 

 
7 29 March 20 May 30 April 

SSA Females with cubs 10 28 March 29 April 24 April 
 Females with yearlings 3 21 March 6 May 15 April 
 Other females 28 21 March 31 May 21 April 
 Adult males 12 23 March 6 May 14 April 
 Subadult males 7 6 April 6 May 24 April 

 



   

 
Black Bear Study in New Mexico 62 Final Report - 2001 
CHAPTER 8   Denning Chronology and Selection 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8-2.  Decreasing percent of black bears remaining in dens, by week, on 

the Northern Study Area (NSA) and southern Study Area (SSA), New 
Mexico, 1993-1999. 
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Mean den emergence date differed among the 5 sex-age categories (F = 
9.8; df = 4, 172; P < 0.001).  Using a SNK test, females with yearlings, other 
females, and subadult males constituted a homogenous subset.  When this 
combined group was compared to females with cubs and adult males, all 3 
categories were different (SNK, P = 0.05).  Adult males emerged earliest with a 
mean date of 18 April.  The mean date for combined group was 28 April.  
Females with cubs emerged the latest, with a mean date of 7 May. 

 
Comparing these groups between study areas, we observed some 

differences in mean date.  Among the combined group of other females and 
subadult males, bears emerged about 2-19 days earlier on the SSA (21 April vs. 
2 May, t = 3.8, df = 93, P < 0.001).  Females with cubs emerged from dens about 
6-27 days earlier on the SSA (24 April vs. 10 May, t = 4.4, df = 48, P < 0.001).  
Mean date did not differ between areas for adult males (19 April, t = 1.6, df = 32, 
P = 0.12). 

 
Total denning period for 83 individuals varied significantly among the 5 

sex-age categories (F = 2.6; df = 4, 78; P = 0.04), however homogenous subsets 
overlapped (Table 8-3).  Denning period of adult males was different from all 
other bears combined.  Denning period of adult females with cubs also differed 
from all other bears combined.  Combining all sex-age categories, mean denning 
period was shorter on the SSA than the NSA (165.6 vs. 178.0 days, t = 2.4, df = 
81, P = 0.02). 

 
Table 8.3.  Ranges and means of black bear total denning period (days), by sex-

age category, observed on the Northern Study Area (NSA) and Southern 
Study Area (SSA), New Mexico, 1993–1999.   

 
Area 

 
Sex-age Category 

 
n 

 
Minimum 

 
Maximum 

 
Mean 

NSA Females with cubs 16 165 229 187.1 
 Females with yearlings 10 145 201 172.4 
 Other females 13 145 216 173.8 
 Adult males 8 155 203 173.8 
 Subadult males 

 
3 162 197 178.0 

SSA Females with cubs 3 171 181 174.3 
 Females with yearlings 2 151 163 157.0 
 Other females 19 42 198 170.6 
 Adult males 6 98 170 142.7 
 Subadult males 3 171 185 180.3 

 
 
Den Characteristics 
 

Over 64% of 390 dens visited during 1993-2000 were associated with rock 
structure, including excavations under rock (35%) and natural rock cavities 
(30%).  Den types associated with tree structure were used to a lesser degree (a 
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total of 31%), with 20% of dens excavated under trees and 11% in natural tree 
cavities. 

 
Use of den types differed by sex and study area (X2 = 96.1, df = 18, P < 

0.001, n = 387).  Females and males on the NSA used dens excavated under 
rocks more than bears on the SSA (Table 8-4).  Females on the SSA used tree 
cavity dens and dens excavated under trees more than any other group.  Males 
on the SSA used rock cavity dens more than any other group. 

 
 

Table 8-4.  Relative use of den types by female and male bears on the Northern 
Study Area (NSA) and Southern Study Area (SSA), New Mexico, 1993-
2000. 

 NSA SSA 

Den type 
Females 
(n = 173) 

Males 
(n = 53) 

Females 
(n = 132) 

Males 
(n = 29) 

Rock cavity 0.25 0.32 0.24 0.69 
Tree cavity 0.06 0 0.24 0 
Excavated under rock 0.43 0.60 0.17 0.24 
Excavated under tree 0.21 0.08 0.27 0.03 
Excavated into ground 0.03 0 0.06 0.03 
Ground nest 0.01 0 0.01 0 
Other 0.01 0 0 0 

 
 
Bears denned in a variety of habitats (Table 8-5).  The most commonly 

used habitats were mixed conifer forests (45%), pinyon-juniper woodlands (21%), 
spruce-fir forests (13%), ponderosa pine forests (9%), and oak shrublands (8%).  
Other den-site habitats included aspen forests (3%), bristlecone and limber pine 
forests (2%), desert shrubland (<1%), and subalpine-plains grassland (<1%).  On 
each study area, bears denned most frequently in mixed conifer habitat.  Bears 
of the NSA used pinyon-juniper habitat secondarily, while SSA bears used 
pinyon-juniper and oak habitats secondarily. 

   
Denning habitat differed by sex and study area (X2 = 63.5, df = 24, P < 

0.001, n = 380).  Males denned in scrub oak habitat more frequently than 
females on both study areas (Table 8-5).  Females on the NSA denned in 
spruce-fir habitat more frequently than other groups and SSA females denned in 
mixed conifer habitat more frequently than other groups.  Use of pinyon-juniper 
and ponderosa habitats did not differ between sexes on either study area. 

 
Certain den types were more closely associated with specific habitats.  

Over 95% of tree cavity dens were located in mixed conifer or spruce-fir habitat 
(n = 42), with the vast majority (83.3%) located in mixed conifer habitat.  Over 
82% of dens associated with tree structure were located in mixed conifer or 
spruce-fir habitats (n = 120).  All dens located in scrub oak habitat (n = 28) and 
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88% of dens located in pinyon-juniper habitat (n = 69) were rock cavity dens or 
dens excavated under rocks.    

 
 

Table 8-5.  Relative use of habitat types for denning by female and male bears 
on the Northern Study Area (NSA) and Southern Study Area (SSA), New 
Mexico, 1993-2000. 

 NSA  SSA 

Habitat type 
Females 
(n = 174) 

Males 
(n = 50) 

 Females 
(n = 126) 

Males 
(n = 27) 

Grassland 0.01 0  0 0 
Oak shrubland 0.01 0.20  0.08 0.26 
Pinyon -juniper woodland 0.22 0.24  0.13 0.22 
Ponderosa pine forest 0.10 0.06  0.10 0.07 
Aspen forest 0.02 0.02  0.02 0.07 
Mixed conifer forest 0.41 0.36  0.57 0.33 
Spruce-fir forest 0.20 0.10  0.09 0.04 
Bristlecone-limber pine forest 0.03 0.02  0 0 

 
 
Elevation at den sites ranged from 1,636 - 3,576 m (5,400 - 11,800 ft).  

Elevation differed by study area (t = 7.5, df = 385, P < 0.001, n = 385); elevation 
at NSA den sites averaged 2,657 meters (8,768 feet) whereas SSA den sites 
averaged 2,427 meters (8,010 feet).  Elevation differed by sex on each study 
area. Males on the NSA denned at lower elevations than females (2,485 vs. 
2,706 m, t = 4.0, df = 222, P < 0.001, n = 224), as did males on the SSA (2,332 
vs. 2,448 m, t = 2.4, df = 159, P = 0.02, n = 161). 
 

Aspect at den site differed by sex and study area (X2 = 51.1, df = 24, P = 
0.001, n = 390) and the significant differences were primarily among females.  
Female bears on the NSA selected dens with SW aspects more frequently and 
dens with NW aspects less frequently than other bears.  Female bears on the 
SSA selected dens with NW aspects more frequently and dens with S or SE 
aspects less frequently than other bears.  There was no difference between 
study areas in use of aspect by male bears (X2 = 4.7, df = 7, P = 0.70, n = 82). 
 

Slope at den sites ranged from 0o – 90o and the mean was 28 o (n = 386.  
Only 1 den site had a slope of 90o.  It was a natural rock cavity den used by a 
subadult male on the SSA, situated on a sheer cliff face with a narrow path to the 
entrance.  There was no difference in slope at the den site between study areas 
(P = 0.173).  However, there was a difference between the sexes, with males 
using steeper slopes than females (31 o vs. 27 o, P = 0.006).   

 
Bears denned at all categories of topographic position, however few den 

sites were located on ridge-tops (5%) or bottoms (3%).  Most den sites were 
located at the upper portion of slopes (42%), the mid portion of slopes (37%), or 
the lower portion of slopes (13%).  Bears on the NSA denned most frequently at 
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mid-slope (43%), while SSA bears denned most frequently on the upper slope 
(48%). 

 
The number of useable entrances into a den ranged from 1 to 4, but most 

dens had only 1 entrance (94%, n = 390).  Twenty-one dens had 2 entrances 
(5%), 2 dens had 3 entrances (1%), and 1 den had 4 entrances (<1%).  Eighteen 
of 24 (75%) dens with more than 1 entrance were natural rock cavity dens.  Only 
7% of den entrances were blocked with bedding material (n = 381), and this 
frequency did not differ by study area or sex (P < 0.11).  Snow covered 22% of 
den entrances (n = 377); this frequency did not differ by study area or sex (P = 
0.67).  Snow cover ranged from approximately 15cm to 1.2m.  Typically, there 
was a small hole in the snow (5-15cm diameter) that was kept open by heat 
generated from within the den. 
 

Bedding material was found in 93% of all bear dens (n = 360) and was 
common to all sex and age categories.  Percent of dens with beds was high on 
both study areas, however SSA females used beds most frequently and NSA 
females used beds least frequently (98% vs. 89%, X2  = 7.5, df = 3, P  = 0.06, n = 
357).  Common bedding materials found in 351 dens were pine needles (48%), 
twigs (42%), leaves (39%), and grass (37%).  Other materials included conifer 
boughs, duff , bark, bracken fern (Pteridium spp.), yucca (Yucca spp.), beargrass 
(Nolina microcarpa), conifer cones, lichen, moss, agave (Agave spp.), silktassel 
(Garrya spp.), and remains of rodent midden.  An earthen floor, sometimes 
strewn with stones, characterized dens lacking a bed. 
 

Of 390 dens visited on both study areas, 10% were definitely used in 
years prior to the visit, and an additional 26% likely were used in years prior to 
the visit.  There was a difference in the frequency of den re-use by study area (X2  
= 14.8, df = 1, P < 0.001, n = 387).  Definite or probable re-use occurred at 43% 
of the NSA den sites, but only 24% of the SSA den sites.  On the SSA, males 
denned in sites believed to have been previously used more often than females 
(38% vs. 21%, X2  = 4.0, df = 1, P = 0.06, n = 161).  Rates of probable re-use did 
not differ by sex on the NSA (P = 0.27).  Several bears on the NSA were 
observed to use the same den 2-5 times during the study period.  Use of the 
same den by different individuals also was observed. 

 
DISCUSSION 

 
 Johnson and Pelton (1980b) proposed that 2 factors interact to ensure 
optimal timing of hibernation and denning of black bears.  The primary factor is a 
genetically controlled hormonal response to photoperiod, or day length.  This 
factor is modified by annually variable elements such as weather and food 
supply.  These factors interact to provide the final stimulus to den. 
  

Erickson and Youatt (1961) reported that prolonged feeding delayed 
denning of captive bears, but when feeding was terminated, denning occurred 
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promptly.  Delayed den entrance by wild black bears has been documented 
during years of greater fall food availability in Maine (Hugie 1982, Schooley et al. 
1994), Alberta (Tietje and Ruff 1980), Tennessee (Johnson and Pelton 1980b), 
and Idaho (Beecham et al. 1983).  In Ontario, bears that fed on acorns, a food 
with high fat and carbohydrate content (Eagle and Pelton, 1983), denned 
significantly later than bears not feeding on acorns (Kolenosky and Strathearn 
1987).  Shorter denning periods observed in mild climates has led to the theory 
that bears forage until they encounter a decreasing or negative energy return per 
unit of search effort (Lindsey and Meslow 1976, Johnson and Pelton 1980b).   

    
 Timing of den entrance also has been reported to be influenced by various 
weather factors including snowfall (Jonkel and Cowan 1971), temperature 
(Johnson and Pelton1980b, Rogers 1987), and precipitation (Lindzey and 
Meslow 1976, Johnson and Pelton 1980b).  However, Schwartz et al. (1987) and 
Schooley et al. (1994) reported that variation in den entry was not strongly 
associated with weather patterns during autumn.  Bears have the physical 
capability to survive brief periods of hostile weather, and onset of hibernation is 
probably not controlled by changes in weather.  Rather, inclement weather 
typically coincides with decreased food availability, and tends to compound the 
negative energy return of a dwindling food supply by increasing the foraging 
effort required to obtain food.  In the case of snow cover, food is exponentially 
more difficult to find and retrieve per unit effort of search. 

 
On average, we observed bears entering dens 1-2 weeks later than usual 

during a single year of outstanding food production on the SSA.  Two females 
without offspring were observed to delay den entrance until January and 
February.  That year of outstanding mast production also was characterized by 
mild weather and little snowfall, allowing for increased foraging opportunities.  
Dates of den entrance were not different among years of oak production ranging 
from failure to moderate.  Overall, our results lend support to the theory of 
negative energy return and that food availability is the primary proximate cause 
of black bear den entry.  We hypothesize that years of mast failure do not result 
in earlier den entrance because the endogenous rhythm has not yet prepared 
bears to den.  Weather factors are likely a secondary proximate cause of den 
entrance.   

 
Smith et al. (1994) summarized denning chronology results of 25 black 

bear research projects and concluded that populations of more northern latitudes 
and higher elevations tend to enter dens earlier, remain denned longer, and 
emerge later.  Our data suggest this pattern may exist within New Mexico.  Mean 
entrance dates of the SSA population were very similar to those of central 
Arizona (LeCount 1983), and were approximately 2 weeks later than those 
observed on the NSA.  Entrance dates of NSA bears were more similar to those 
of Colorado (Beck 1991) and Idaho (Beecham et al. 1983). Bears inhabiting 
mountain ranges in New Mexico of lower elevations than our study areas may 
display this trend to a greater degree.  With uniform hunting seasons for black 
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bears throughout New Mexico, regional differences in denning chronology will 
likely affect the demographic composition of the harvest and interpretation of 
population sex and age structure from harvest data. 

 
Differential denning dates among demographic segments of black bear 

populations has been widely reported in such regions as the Southwest (LeCount 
1983, Beck 1991), the Pacific Northwest (Lindzey and Meslow 1976, Schwartz et 
al.1987, Smith et al. 1994), the intermountain west (Tietje and Ruff 1980, 
Beecham et al. 1983), the Northeast (O’Pezio et al. 1983, Schooley et al. 1994), 
and the Southeast (Johnson and Pelton 1980b, Weaver and Pelton 1994, Oli et 
al. 1997).  Typically, females enter dens earlier than males.  Pregnant females 
enter dens earlier than any other group, and adult males enter dens latest.  The 
reverse sequence is commonly observed at den emergence.  Subadult entrance 
and emergence appears to be more random and has not exhibited the definitive 
patterns apparent between sex and reproductive groups.  Bears of New Mexico 
exhibited these same demographic variations and fit the overall pattern 
documented with other research projects.  Mean den entrance date for pregnant 
females was earlier than all other bears on both study areas.  The weekly 
cumulative percentage of pregnant females having entered dens was 5-30% 
greater than for all other bears on the NSA during peak entrance in October; den 
entry by pregnant females on the SSA probably was similar but sample size was 
too small to document this pattern.  Den emergence patterns in New Mexico also 
fit the general pattern of other research findings.  Adult male bears on both study 
areas emerged earliest and females with cubs emerged latest.  Mean emergence 
dates differed by 10-20 days between these groups.  The weekly cumulative 
percentage of adult males that had departed the den vicinity was 20-50% greater 
than for females with cubs during peak emergence in April and May. 

   
Bears of New Mexico exhibited these same demographic variations and fit 

the overall pattern documented with other research projects.  Mean den entrance 
date for pregnant females was earlier than all other bears on the NSA and the 
SSA.  Also, the weekly cumulative percentage of pregnant females that had 
entered the den was 5-30% greater than for all other bears on the NSA during 
October; den entry by pregnant females on the SSA probably was similar but 
sample size was too small to assess this pattern .  These differences generally 
agree with other documented populations.  

 
Emergence from dens in New Mexico also fit the general pattern of other 

research findings.  Adult  male bears on both study emerged earliest, females 
with cubs emerged latest; average emergence dates differ by 10 to 20 days 
between those groups.  Also, the weekly cumulative percentage of adult males 
that had departed the den vicinity was 20-50% greater than for females with cubs 
during peak emergence in April and May.  However this emergence schedule 
was about 20 days later on the NSA than the SSA.  These differences generally 
agree with other documented populations. 
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 We found that male and female black bears selected different types of den 
sites and den structure, and that trends were similar between regions in New 
Mexico.  In general, males denned at lower elevations, on steeper slopes, in oak 
habitats, and in rock dens.  Females used dens associated with trees with 
greater frequency than males and denned at higher elevations, on more 
moderate slopes, and in spruce-fir and mixed conifer habitats.  While some of the 
variation in the aforementioned den characteristics may be inter-related (primarily 
site-characteristics), much of the differences that we observed in New Mexico 
can, in large part, be explained by differing needs of the sexes and the adaptive 
significance they afford each sex.   

 
Black bears den for periods up to 6 months long and can lose 14-34% of 

their body weight during the denning period (Hock 1960, Erickson and Youatt 
1961, Tietje and Ruff 1980).  Females nursing cubs may lose an additional 9% 
above the 25% that other females lose during denning (Tietje and Ruff 1980).  In 
addition, factors other than metabolic expenditure also influence energy 
conservation during the denning period.  Bears have been documented changing 
dens within a winter apparently by natural causes (LeCount 1980, Weaver and 
Pelton 1994).  Abandonment of a den site was estimated to cause a doubling of 
over-winter weight loss (Tietje and Ruff 1980).  Considering the intense 
physiological demands of denning, lactation, and the generally poor forage 
conditions available to bears upon emergence, the need for den types that favor 
energy conservation during this period is obvious. 

    
The insulating capacity of snow is well known and of great significance to 

bears of more northern regions where accumulations are deep enough to cover 
dens and mid-winter thawing is not frequent (Tietje and Ruff 1980).  We found 
that 22% of dens in New Mexico were covered with snow at our visit date.  We 
did not detect any difference in the frequency with which male and female dens 
were covered with snow.  Interestingly, there also was no difference in frequency 
of snow-covered dens between study areas even though the NSA was farther 
north and included areas of higher elevation.  Bears on the SSA, particularly 
females, used NE slopes more frequently which may account for this lack of 
difference.  Female use of higher elevations on both study areas may represent 
an inclination to use more insulated dens. 

 
Use of tree cavity dens by black bears may result in energetic 

conservation in regions where snow accumulations are not significant, mid-winter 
rains occur, or intermittent flooding occurs (Johnson and Pelton 1980b, Weaver 
and Pelton 1994, Oli et al. 1997).  Johnson et al. (1978) simulated winter heat 
loss of denned black bears and concluded that enclosed tree cavity dens 
accounted for a 15% energy savings compared to open ground dens.  However, 
Thorkleson and Maxwell (1974) suggested while dens afford protection from 
conductive, convective, and radiant heat loss, the increased air circulation can 
greatly reduce their thermal efficiency.  Because of its latitudinal position and 
range of elevations, New Mexico falls somewhere between the typical northern 
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bear habitats and those with less severe winters.  The fact that only 22% of dens 
were covered with an insulating blanket of snow indicates that thermally insulated 
dens may have great importance for bears in New Mexico.  The need for more 
thermally efficient dens may be greater for females and younger bears due to 
their higher surface area to volume ratio.  Observed use of tree dens was higher 
on the SSA, where snow accumulation was more limited.  Although male bears 
have been observed to use hollow trees for denning in other regions (C. Godfrey, 
pers. commun., 1998), no use of tree cavity dens by males was observed during 
this study.  It is possible that availability of large cavities suitable for adult males 
is limited in New Mexico.   

 
In addition to energetic conservation, security is another factor of 

importance related to den type.  Predation of denned black bears by wolves 
(Rogers and Mech 1981), man (Erickson 1964), and other bears (Rogers 1977, 
Tietje and Ruff 1980, Alt 1984) has been reported.  Security of the den site is 
affected by inaccessibility, defensibility, and cover. Females may seek tree den 
types because of a greater need for security, due to their smaller size and the 
vulnerability of cubs.  Bears that den in hollow tree cavities above the ground are 
less accessible to potential predators than those in other den types.  During this 
study, no elevated tree cavity dens were abandoned at our approach, supporting 
previous contentions that bears denned in trees were less vulnerable to human 
disturbance than those using ground (Johnson and Pelton 1981, Weaver and 
Pelton 1994).  Den types other than elevated tree cavities appear to be less 
secure, but similarly inaccessible and defensible to each other.  Ninety-four 
percent of the dens we examined had only 1 entrance.  Although lethargic and 
approachable while denned, bears remain capable of defending themselves.  
Cover would appear to function for security purposes by reducing the odds that a 
den could be located, and, as we often found during the research effort, by 
functioning as an auditory alarm system.  Undetected approaches to dens were 
difficult to achieve in thick scrub oak and mountain mahogany vegetation and/or 
steep terrain covered with loose rocks.   

 
Craighead and Craighead (1972) suggested grizzly bear use of northern 

aspects for den sites reduced the likelihood of a flooded den as the result of a 
mid-winter thaw.  Cub mortality from hypothermia and drowning, associated with 
flooding of dens, has been observed (Alt 1984, Hayes and Pelton 1994, Weaver 
and Pelton 1994).  Although SSA females appeared to favor dens with NW 
aspects, NSA females tended to avoid this aspect, selecting sites with SW 
aspects instead.  Snowmelt on south-facing slopes was relatively common on 
both study areas.  We observed flooding of a maternal den on the NSA during a 
den visit in late March.  The den was beneath a rock ledge where snow was 
melting through the roof of the den.  The female, her 2 cubs, and all of the 
bedding material were extremely wet, however the female remained lethargic.  
Fearing for the survival of the cubs, we dried them, put fresh bedding under 
them, and attempted to redirect the snowmelt.  Fortunately, the bears moved 
from the den within 2 days after the den visit.  It is unknown if the bears would 
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have moved without our disturbance.  On the SSA, females may have selected 
north-facing slopes to avoid frequent snowmelts that may reduce cub survival; 
however other factors, such as availability of large tree dens, may have caused 
them to select these sites. 

 
Relatively high levels of den reuse have been documented in other 

regions, particularly in western states, such as Colorado (Beck 1991), Idaho 
(Beecham et al. 1983), and Alaska (Smith et al. 1994).  Methodologies used to 
determine rates of den reuse differed widely among studies, making comparison 
difficult.  Lindzey and Meslow (1976) documented a high degree of den reuse 
(90% of all bears reused dens) and attributed it to reduced den site availability 
following logging.  Schwartz et al. (1987) documented competition among bears 
for den sites.  The wide variety of den types observed during this study 
suggested availability of dens was not limiting. 

 
MANAGEMENT IMPLICATIONS 
 
 The verified differential in den entry and emergence dates among sex and 
age groups has application to setting bear hunting seasons to accomplish 
various objectives.  However, den entry and emergence dates are highly variable 
and generally span a period exceeding 2 months.  We observed variation relative 
to mast production; other factors undoubtedly play a role influencing the timing 
from year to year.  No single timing scenario is appropriate for every use.  This 
information also is valuable for interpreting past and future harvest composition 
relative to season timing and region.  These interpretations are especially 
important for selecting information to be used in the Population Model as a 
management tool. 
 
 Dens that facilitate security and energy conservation during hibernation 
period are of significant value to black bears, and female bears exhibit a 
tendency to select tree cavity dens when available.  Retention of large diameter 
live trees, large snags, and large fallen logs may be a valuable goal to benefit 
black bears in all forest management plans and programs. 
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CHAPTER 9 
 

HOME RANGE, MOVEMENTS, AND HABITAT USE  
 

 Relative to most North American game species, black bears exhibit very 
large home ranges, and are known to travel great distances to reach abundant 
food sources (Amstrup and Beecham 1976, Lindzey an Meslow 1977, Garshelis 
and Pelton 1981, Warburton and Powell 1985, Smith and Pelton 1990, Wooding 
and Hardisky 1994).  A thorough understanding of the movement patterns of 
bears may help agencies identify and manage distinct subpopulations within a 
state, and work with neighboring states to manage inter-state populations.  
Information about dispersal rates may aid in interpreting hunter-kill data, as it 
relates to emigration and immigration. Knowledge of the sources of bear-human 
conflict and effectiveness of translocation may aid in management of nuisance 
and depredation complaints. 
 

We investigated black bear home range and movements on 2 New Mexico 
study areas during 1992-2000.  Our objectives were to (1) document black bear 
home range size by sex and study area; (2) investigate seasonal movement 
patterns by sex and age category; (3) investigate general habitat use patterns on 
each study area; (4) examine dispersal of subadult males and females; (5) 
examine patterns of nuisance and depredation activities by sex and study area; 
and (6) compare movements of translocated bears by sex and age category. 
 
METHODS 
 

For analysis of home range and movements, we used aerial telemetry 
locations, capture and recapture locations, den locations, and locations of 
mortalities (including hunter kill or depredation kill locations).  Locations were 
classified by season: den, premast (den emergence to 20 July), and mast (21 
July to den entry). To eliminate autocorrelation of locations, we excluded 
recapture locations if the bear was captured more than once at the same trapsite 
during the same trap period.  When the interval between 2 locations was <5 
days, we excluded the second location if the distance between the 2 locations 
was <1000 m for females or <1500 m for males.  
 

Numerous studies of black bears have documented extensive movements 
to abundant food sources, especially during the fall foraging period.  Although 
these distant locations are a significant part of a bear's lifetime home range, we 
wished to discriminate them from the locations representing areas of 
concentrated, multi-annual use.  For each bear, we selected den locations and 
locations from the premast season.  For each location, we determined the 
distance to its nearest neighbor.  For each bear, we multiplied the maximum 
distance by 1.5, and this became our critical value.  Any mast season location 
exceeding this critical distance from any den or premast location was considered 
a long-range movement.  If the maximum distance was ascribed to an outlier 
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among the den and premast locations and the maximum distance was more than 
2 times the second longest distance, we usually reclassified the outlier as a long-
range movement, and reanalyzed based on the second longest nearest neighbor 
distance.  In most of these circumstances, the outliers appeared to be associated 
with movements to summer foods (mostly during July) or return movements from 
distant den locations (mostly during February to April).  For the few subadult 
bears determined to be dispersing as described below, we used the above 
criteria only for locations when the bears were resident in their natal range.  
During years of active dispersal, we did not classify any locations as long-range 
movements. 
 
Home Range 
 

Multi-annual total home ranges were estimated using all locations, while 
multi-annual primary home ranges were estimated excluding long-range 
movements.  Home range was estimated using the 100% minimum convex 
polygon (MCP) method (Mohr 1947) and the 95% fixed kernel (FK) method with 
the least squares cross validation procedure as the smoothing parameter 
(Silverman 1986). Estimates were calculated using the Animal Movements 
extension (P. Hooge, USGS-BRD, Alaska Biological Science Center) developed 
for use with ArcView software (Environmental Systems Research Institute, 
Redlands, California).  A minimum sample size of 30 locations was required for 
bears to be included in home range analyses.  Mean home range size was 
compared by sex and study area using t-tests.   
 
Movements 

 
We estimated the center of each primary home range using the arithmetic 

mean.  We then calculated an “activity radii” for each bear location as the 
distance between the location and the home range center (Dice and Clark 1953).  
To determine the effect of sample size on our ability to estimate the home range 
center, and thus activity radii, we calculated incremental mean activity radii for 
each bear by sample size, starting with the first 3 premast locations.  We then 
calculated the percent change in the mean activity radius as sample size 
increased.  Minimum sample size was achieved when the mean percent change 
fell below 5%.  Bears with sample sizes below this number were excluded from 
analyses using activity radii.  Differences in mean activity radius by sex, 
ageclass, season, and study area were tested using t-tests and analysis of 
variance (ANOVA), with individual bears as a random factor. 
 
Habitat Use 

 
We defined habitats using land cover data obtained from the New Mexico 

Gap Analysis Project (NMGAP, Thompson et al. 1996).  These data included 42 
land cover types, primarily based on dominant vegetation and canopy cover.  For 
analysis of general use, we reclassified these land cover types into 6 broad 
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categories: closed forest/closed woodland, open forest, open woodland, open 
shrubland, open grassland/tundra, and other land cover. 

 
We used bear location data compiled for home range analyses to 

document use of these habitat types by the bear populations on each study area.  
For these analyses, locations outside of New Mexico were excluded.  For each 
bear location, a scan area was created with a radius corresponding to the 
median telemetry error for each study area (NSA = 200 m, SSA = 505 m).   Scan 
areas were overlaid onto the NMGAP map and habitats found within the buffer 
area were determined.  When more than 1 habitat type was found within a scan 
area, use was weighted by the inverse of the number of types within the scan 
area (ranging from 1-3).  Percent use was defined by percent of locations within 
each habitat type by season. 
 
 We determined availability of habitat types using composite home range 
data.  We created composites of the 100% MCP and the 95% FK total home 
ranges for all radio-transmittered bears, excluding the locations outside of New 
Mexico as described above.  We also excluded the single long-range movement 
to Elephant Butte Lake (observed for a male on the SSA), because this single 
location would have greatly inflated the available habitat area.  Relative 
distribution of habitat types within the composite home ranges was determined 
by assigning habitat type to random points generated at approximately 1 
point/km2.  Patterns of selection versus avoidance of habitat types were 
estimated using use versus availability analyses (Neu et al.  1974). 
 
Dispersal 
 
 We estimated dispersal rates using 2 samples of radio-transmittered 
juvenile bears.  The first sample consisted of bears whose natal range was 
known (those handled as cubs or yearlings in the den).  The second sample 
consisted of bears whose natal range was not verified (those captured as 
yearlings or subadults).  Dispersal was determined by examining annual changes 
in premast movements.  We considered a bear dispersed when it moved from 1 
premast range to a second premast range (with no overlap).   
 
Nuisance or Depredation Activity and Post-translocation Movements 
 

We identified areas of potential human conflict for bears on each study 
area.  We restricted analyses to areas of predictable potential food sources, 
including towns, public campgrounds, and other known sources of garbage or 
food.  Areas of unpredictable potential food sources, such as backcountry 
campsites, were not assessed.  We determined percent of all MCP home ranges 
of bears >1 year old that overlapped these areas of potential human conflict.  In 
addition, nuisance and depredation complaints reported to NMDGF were 
recorded for marked study bears.  Percent of each study population involved in 
these complaints was determined by sex.   
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 During the study period, several radio-collared study bears were 
translocated by NMDGF personnel due to nuisance or depredation activities.  We 
documented post-translocation movements of radio-collared bears to determine 
rate of return. 
 
RESULTS 
 
Home Range 
 
 Mean total and primary home range size was larger for males than 
females (P < 0.001) on both study areas (Table 9-1).  Total home range size 
varied greatly by individual, especially using the MCP method.  Total MCP home 
range size ranged from 104.8 km2 to 3,343.8 km2 for males.  Variation in FK 
home range size was not as great, but still notable.  The largest home range size 
was that of a SSA adult male (M380) that made a single long-range movement to 
the vicinity of Elephant Butte Lake.  Although this home range size greatly 
exceeded those of other males, it may actually reflect the potential areas used by 
SSA bears.  Of 8 SSA males with estimated home ranges, 7 (88%) were not 
found for 1-4 periods exceeding 45 days, indicating many long-range movements 
were not documented.  The single SSA male bear that was consistently located 
(M326) had a total MCP home range size of 847.1 km2 and a FK home range 
size of 213.4 km2.  On the NSA, only 3 of 10 (30%) bears were missing for 1-3 
periods exceeding 45 days.  Therefore, home ranges were probably more 
accurately documented for NSA males than SSA males.  No significant 
differences were found between NSA and SSA male total home ranges (P ≥ 
0.39), however the higher frequency of missing bears on the SSA may indicate 
total home ranges were larger. 
 

Total MCP home range size ranged from 10.2 km2 to 866.7 km2 for 
females.  Among females, the largest total home range size was that of a SSA 
adult female (F804) that appeared to have 2 distinct primary home ranges.  One 
range was located within the study area, while the other was located within the 
Gila Wilderness.  Most of the large sizes of other female total home ranges were 
attributable to isolated long-range movements.  Mean total home range size was 
not significantly different by study area (P ≥ 0.25).  On the SSA, 15 of 26 (58%) 
female bears were not found for 1-2 periods exceeding 45 days, but only 4 of 35 
(11%) females were missing for a single period exceeding 45 days on the NSA.  
This may indicate total home ranges were larger on the SSA. 

 
Mean primary home range size estimates were approximately 3-5 times 

larger for males than females (P ≤ 0.01) on both study areas (Table 9-1).  Among 
males, ranges and means of primary home range size were very similar between 
study areas, and no differences were found (P ≥ 0.96).  Mean primary home 
range size estimates of SSA females were nearly twice as large as estimates for 
NSA females.  The difference was significant for the MCP estimates (t = -2.1, df 
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= 27.0, P = 0.05) and slightly significant for the FK estimates (t = -1.7, df = 24.6, 
P = 0.10). 

 
 

Table 9-1.  Size (km2) of multi-annual minimum convex polygon and 95% fixed 
kernel home ranges for black bears monitored on the Northern Study Area 
(NSA) and Southern Study Area (SSA), New Mexico, 1992-2000.  All 
estimates differed by sex within study areas (P < 0.001) and estimates of 
primary home range differed between areas for females (P ≤ 0.003). 

    Minimum Convex Polygon  Fixed Kernel 
   na Mean Range  Mean Range 
Totalb NSA Female 35 123.3   10.2 - 482.0  70.2  17.2 - 509.1 
  Male 

 
11 417.8 104.8 - 855.3  370.1 112.0 - 800.1 

 SSA Female 26 172.4  17.4 - 866.7  116.6    16.4 - 1001.7 
  Male 

 
8 769.8  180.6 - 3343.8  383.8 213.4 - 967.9 

Primaryc NSA Female 28 24.0 7.2 - 50.4  27.6 10.6 - 45.2 
  Male 

 
10 132.1 46.6 - 266.6  162.1   56.4 - 307.7 

 SSA Female 25 43.1 10.7 - 222.7  55.8   13.7 - 430.9 
  Male 4 130.1 74.6 - 180.1  163.4 102.3 - 231.4 
aSample included individuals with ≥30 locations 
bTotal home ranges included all locations 
cPrimary home ranges excluded long-range movements 
 
 
Movements 
 

Mean activity radius around home range centers was smaller during the 
premast season than during the mast season for all sex-age categories, except 
yearling females and SSA male yearlings (P ≤ 0.05, Table 9-2).  On both study 
areas, mean activity radii were larger for adult and subadult males than all other 
sex-age categories during the premast season and during the mast season (P < 
0.001). 

 
Among adult and subadult males, mean activity radius did not differ 

between study areas during either season (P ≥ 0.28).  Among all females and 
yearling males, mean activity radius was larger on the SSA than the NSA during 
the premast season (t = -5.1, df = 775.2, P < 0.001), but not during the mast 
season (t = -0.3, df = 1899.0, P = 0.79).  

 
Mean activity radius was larger during years of oak failure than all other 

years for adult and subadult males on the NSA (16.2 vs. 9.1 km, P < 0.001) and 
the SSA (19.3 vs. 9.5 km, P < 0.001).  The same was observed for all females 
and yearling males on the SSA (5.4 vs. 3.9 km, P = 0.001), however no 
difference was observed for that group on the NSA (P = 0.21). 
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On both study areas, mean activity radii of male bears displayed a gradual 
increase throughout the premast season, while mean activity radii of female 
bears remained relatively constant (Figure 9-1).  On the NSA, both sexes 
appeared to increase movements during mid-August and continue to move until 
early October.  On the SSA, both sexes increased movements during late August 
and continued to move widely through late October.  Peaks of fall movements 
appeared to occur earlier for males on both study areas.  Peaks also appeared to 
occur earlier on the NSA than the SSA. 
 
 
Table 9-2.  Activity radii (km) around home range centers for black bears 

monitored on the Northern Study Area (NSA) and Southern Study Area 
(SSA), New Mexico, 1992-2000.  Mean activity radius differed by season 
and sex for all age classes, except yearling males (P = 0.05). 

   Premast 
(den emergence - 20 July) 

 Mast 
(21 July - den entry) 

   n Mean Range  n Mean Range 
NSA Female Adult 561 1.9 0.03 - 23.1  649   4.8 0.08 - 41.4 
  Subadult 229 1.6 0.2 - 7.2  298   6.1 0.08 - 35.7 
  Yearling 

 
47 1.1 0.04 - 4.7  55   2.1 0.1 - 22.0 

 Male Adult 384 5.3 0.2 - 40.5  382 11.6 0.2 - 53.5 
  Subadult 99 3.9 0.2 - 63.2  88  9.7 0.6 - 46.1 
  Yearling 

 
53 1.7 0.04 - 5.3  57  4.5 0.2 - 28.1 

SSA Female Adult 400 2.6 0.09 - 57.1  561   4.5 0.1 - 55.4 
  Subadult 137 2.2 0.03 - 10.8  205   4.2 0.04 - 27.5 
  Yearling 

 
25 2.2 0.03 - 6.3  50   5.2 0.6 - 17.2 

 Male Adult 174 7.6 0.2 - 59.1  180 14.5 0.3 - 134.9 
  Subadult 74 6.1 0.4 - 28.6  82 14.1 0.2 - 75.8 
  Yearling 21 4.6 0.8 - 24.9  28   3.1 0.5 - 6.5 
 
 

Percent of all locations considered long movements (outside of primary 
home ranges) also increased during the fall mast season (Figure 9-2).  On the 
NSA, from late August until early October, over 40% of male locations and over 
30% of female locations were long-range movements.  On the SSA, over 25% of 
female locations were long-range movements from late August to late October.  
For SSA males, sample sizes were smaller than other categories, therefore that 
group exhibited more variation, but in general more than 20% of male locations 
were long-range movements between mid August and late October.    
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Figure 9-1. Mean activity radius (km) around home range centers, by week, for 

male and female black bears monitored on the Northern Study Area (NSA) 
and Southern Study Area (SSA), New Mexico, 1992-2000.  
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Figure 9-2. Percent of black bear locations considered long-range movements 

(outside of primary home ranges), by week, on the Northern Study Area 
(NSA) and the Southern Study Area (SSA), New Mexico, 1992-2000. 
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Habitat Use 
 

Patterns of habitat use were very similar between the 2 study areas.  On 
both study areas, analyses indicated bears were highly selective of the closed 
forest and woodland habitat types during all seasons, with >80% of locations 
occurring in these types (Table 9-3).  Areas of open shrubland also were 
selected, but use and availability of this type was more limited.  Areas of open 
woodland and open grassland were avoided, and most locations (96%, n = 460) 
within these habitats occurred within 500 m of the edge of closed-canopy 
habitats.   
 
 
Table 9-3.  Observed use versus availability of habitat types by black bears on 

the Northern Study Area (NSA) and Southern Study Area (SSA), New 
Mexico, 1992-2000. 

  Observed percent use  
 by season 

 Percent in 
composite 

home range 

 

 
Area 

 
Habitat type 

All 
year 

Premast 
season 

Mast 
season 

 Result 
P < 0.001 MCP 95K 

NSA Closed forest/ 
woodland 

90 92 87  79 77 Selected 

 Open woodland 4 3 4  4 5 Avoideda

 Open shrubland 3 2 3  2 1 Selectedb

 Open grassland 3 3 4  16 16 Avoided 
 Agricultural land 

 
0 0 0  1 1  

 n 
 

3085 1883 1203     

SSA Closed forest/ 
woodland 

85 86 84  76 71 Selected 

 Open woodland 3 2 4  11 13 Avoided 
 Open shrubland 6 7 6  1 2 Selected 
 Open grassland 

 
7 6 7  12 14 Avoided 

 n 
 

2444 1176 1015     

aNot significant relative to MCP composition 
bNot selected during premast season 
 

Habitat use patterns differed slightly by sex during the premast season on 
both study areas, but closed forest and woodland habitats still accounted for 
>85% of use for both sexes.  On the NSA, more male locations were found in 
open grassland habitats (4% vs. 2%) and agricultural lands (1% vs. 0%) than 
females (X2 = 13.1, df = 4, P  = 0.01, n = 1883).  On the SSA, more male 
locations were found in open woodland habitats (3% vs. 1%) and open shrubland 
habitats (6% vs. 3%) than females (X2 = 24.0, df = 4, P  < 0.001, n = 1170). 
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Dispersal 
 
 No dispersal was observed among female bears whose natal range was 
known, however dispersal was observed among male bears (Table 9-4).   Radio-
telemetry monitoring ended prior to dispersal for most males (76%), due to shed 
transmitters, collar removal, mortality, or lost contact.  Of males monitored until 
age 4, 100% dispersed from their natal range.  Five dispersal movements were 
documented.  Two males (40%) dispersed during fall of their yearling year, 2 
males (40%) dispersed during fall of their second year, and 1 male dispersed 
during the spring of his third year (20%).  Dispersal distance ranged from 
approximately 25-60 km.  Interestingly, 2 littermates dispersed at the same time 
to the same area and made similar movements to fall mast. 
 

In addition to these known dispersal observations, we also documented 
the probable dispersal of a male bear captured as a subadult.  This bear 
appeared to disperse during late summer of its third year, when it moved 
approximately 45 km from its previous range and established a new home range.  
This individual was known to maintain this home range until fall of his fifth year. 
 
 
Table 9-4. Rate of dispersal, by age, for juvenile black bears monitored with radio 

telemetry on the Northern and Southern Study Areas, New Mexico, 1993-
2000. 

  
Age 

 
n 

Percent 
Disperseda

 
Details 

Females 1 21 0  
 2 9 0  
 3 8 0  
 4 2 0  
 5 

 
2 0  

Males 1 17 0  
 2 13 15 2 bears left natal range in fall of yearling year 
 3 4 100 1 bear left natal range in fall of second year 

1 bear left natal range in spring of third year 
aBy end of premast season (20 July) 
 
 
Nuisance or Depredation Activity and Post-translocation Movements 
 

On the NSA, radio-telemetry data was obtained for 52 females bears and 
41 male bears >1 year old.  Primary MCP home ranges of 81% of females and 
90% of males overlapped areas of potential human conflict.  The most common 
area of overlap was Philmont Scout Ranch, used by 65% of females and 90% of 
males.  Public campgrounds were found within 10% of female and 34% of male 
home ranges.  The towns of Eagle Nest, Ute Park, or Cimarron, or the Eagle 
Nest  Reintegration Center were found within 15% of female and 39% of male 
home ranges. 
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On the SSA, radio-telemetry data were obtained for 41 females and 35 

males >1 years old.  Primary MCP home ranges of 3 (7%) females and 4 (11%) 
males overlapped areas of potential human conflict.  Areas of overlap included 2 
public campgrounds at Willow Creek and Snow Lake.  None of the home ranges 
of SSA bears overlapped towns. 
 
 On the NSA, 14% of females and 20% of males >1 year old were known 
or suspected of potential nuisance or depredation activity (n = 158), but only 2% 
of females and 1% of males on the SSA were involved in these activities (n = 
154, Table 9-5).  Of 28 NSA bears involved in nuisance or depredation activities, 
half (50%) were attracted to towns with unsecured garbage or other available 
foods.  Garbage was made available to bears most often by the use of open 
dumpsters lacking bear-resistant lids.  Foods associated with homes included 
hummingbird feeders, pet foods, deer feed, and garbage.  Nuisance activities of 
7 bears (25%) were associated with Philmont camps and activities of 5 bears 
(18%) were associated with public campgrounds.  Three depredation complaints 
(11%) arose from depredation of domestic pigs or apiaries. 
 
 
Table 9-5. Percent of marked black bears >1 year old known or suspected of 

nuisance or depredation activities on the Northern Study Area (NSA) and 
Southern Study Area (SSA), New Mexico, 1992-1999. 

 
 
 
Area 

 
 
 
Sex 

 
 
 

n 

Percent 
suspected of  

nuisance 
activity 

Percent causing nuisance or 
depredation complaints 
by management action 

 
 

Total 
percent Hazed Translocated Killed 

NSA Females 57 7 2 4 2 14 
 Males 

 
101 4 3 8 5 20 

SSA Females 56 0 0 2a 0 2 
 Males 98 1 0 0 0 1 
a Both bears were translocated into the study area from outside its boundary 
 
 
 On the SSA, both female bears translocated because of nuisance activity 
were actually moved onto the study area from outside its boundary.  One incident 
arose at a public campground and the other was associated with a backcountry 
camp.  The single male bear suspected of depredation activity was found shot 
dead near a cattle carcass.  It was unknown if the bear was responsible for the 
death of the cow.  
 
 Post-translocation movements were documented following 11 
translocations of 8 bears (Table 9-6).  Translocation distances ranged from 26-84 
km and overall rate of return was 73%.  Return movements took from 
approximately 1-328 days.  Return rate of adult bears was 100%, and each 
individual appeared to begin return movements immediately following 
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translocation.  Return rate of subadult bears was 57%, and 3 of 4 bears that did 
not attempt return movements were males. 
 
DISCUSSION 
 

Evidence indicated bears on the SSA, in general, moved over larger areas 
than bears on the NSA.  Mean premast activity radii and primary home range 
size was larger for females on the SSA.  Although no differences in male home 
range size or activity radii were found between study areas, the higher frequency 
of missing bears on the SSA suggested they may have moved greater distances 
than documented.  Many have postulated home range size is an indication of 
habitat quality.  The premise is when food is abundant and evenly distributed 
animals do not need to search far for food.  When food is scarce and distribution 
is patchy, animals need to move more widely in search of food.  We do not have 
detailed information on the distribution of food plants on each study area, but 
examination of habitat data showed that availability of mast-producing habitats 
did not differ between study areas.  However, relative consumption of premast 
foods did appear to differ between study areas (see Chapter 5).  On the NSA, the 
premast diet was dominated by grasses.  On the SSA, the premast diet was 
characterized by less consumption of grasses, and greater consumption of mast 
and woody plants.  The more arid conditions of the SSA, coupled with livestock 
grazing, may limit the availability of grasses to bears, and compel individuals to 
search more widely for other foods, such as juniper berries. 
 
 
Table 9-6.  Rate of return, by sex-age category, for nuisance bears translocated 

into or away from the Northern and Southern Study Areas, New Mexico, 
1993-2000. 

 
Sex 

 
Age class 

 
n 

Percent 
Returned 

Distance 
Moved 

 
Details 

Female Adult 2 100% 38-47 km Both bears previously moved as 
subadults, both returned 
 

 Subadult 
 

4 75% 25-58 km The bear that did not return moved 
to another human development 
 

Male Adult 2 100% 45 km 
 

One individual moved twice 

 Subadult 3 0% 65-85 km All bears appeared to establish 
home ranges in new area, no 
further nuisance activity 
documented 

 
 
 The fall foraging period lasted for over 2 months.  On the NSA, bears 
ranged widely beginning in early August and ending during early to mid October.  
On the SSA, fall movements were less well-defined, but ranged from mid August 
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to late October.  On both study areas, peaks of male movements appeared to 
occur earlier than those of females, and initiation of long-range movements was 
earlier for males on the NSA.  Earlier initiation of fall movements to oak stands by 
male black bears also was observed in Great Smoky Mountain National Park 
(Garshelis and Pelton 1981). 
 

Increased fall travel distances during years of food shortage have been 
reported in other bear studies (Garshelis and Pelton 1981, Beck 1991).  Mast 
season activity radii of black bears in New Mexico were significantly larger during 
years of oak failure for most sex-age categories, indicating bears may have had 
to travel farther in search of food when oak production failed.  The increased 
movements and unfamiliarity of distant areas may make bears more vulnerable 
to hunting.  Higher bear harvest levels have been associated with shortages of 
natural foods in Massachusetts (McDonald et al. 1994) and Minnesota (Noyce 
and Garshelis 1997).  This has important ramifications for interpreting and 
predicting fall harvest of bears.    
 
 Analyses of habitat use indicated bear movements were strongly 
associated with closed forest and closed woodland habitat types.  Open habitats, 
including grasslands and open woodlands, appeared to be avoided, particularly 
by female bears.  Use of the open shrubland habitat was relatively low, but was 
higher than expected given its low occurrence.  Oak species are an important 
component of many montane shrubland communities in New Mexico, and 
general observations throughout the study period indicated bears sought these 
habitats during the fall foraging period.  Based on ground knowledge of the study 
areas, we believe shrubland communities were under-represented in the NMGAP 
landcover map (Thompson et al. 1996) we used for habitat analysis (see Chapter 
11).  This probably limited our ability to assess actual use of shrubland habitat.  
Selection for closed canopy habitats, avoidance of open habitats, and use of 
edges by black bears have been reported in other black bear studies in the West 
(Lindzey and Meslow 1977,  LeCount and Yarchin 1990). 
 

Overlap of bear home ranges with areas of potential human conflict was 
very different between the 2 study areas.  Most bears on the NSA had 1 or 
several sources of human-related food within their primary home ranges, but few 
bears on the SSA had access to predictable human-related foods.  Given these 
circumstances, it is easy to explain the substantial depredation mortality 
observed on the NSA and the lack of such mortality on the SSA (see Chapter 7).  

 
Despite the potential for conflict on the NSA, most bears did not engage in 

nuisance or depredation activities.  At least 35 female study bears had home 
ranges partly or entirely within Philmont Scout Ranch, however only 3 of these 
bears created nuisance problems requiring management action.  Likewise, at 
least 37 male study bears used areas of Philmont, but only 2 were involved in 
nuisance complaints.  Throughout the study period, Philmont maintained strict 
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guidelines for storing foods in established camps and on the trail.  These 
precautions appeared to be effective at minimizing bear-human conflict. 

 
Compared to bears using areas of Philmont, far fewer study bears (9 

females and 17 males) had home ranges encompassing towns or campgrounds.  
However, the majority of documented conflict was associated with these areas.  
In each of the 3 towns close to the NSA and the Eagle Nest Reintegration 
Center, garbage disposal was achieved using non bear-resistant dumpsters, 
often distributed throughout residential areas.  These dumpsters were probably 
the initial attractant drawing bears into human-populated areas.  The reward of 
high-calorie food obtained from dumpsters was probably enough to overcome the 
natural wariness of bears to humans (Herrero 1989).  Human habituation, or loss 
of innate fear of humans, has been directly associated with use of human-related 
foods by black and grizzly bears (Hastings et al. 1989, Herrero 1989).  In human-
populated areas of the NSA, the transition from wariness to human habituation 
probably fit the circumstances described by Herrero (1989), whereby over time, 
when use of human-related foods did not result in harm or harassment to the 
bear, habituation developed.  Increased use of other human-related foods, such 
as hummingbird feeders or pet food, was a predictable outcome of this 
progression.  In the end, bears and humans can be negatively impacted by these 
events.  Mortality of male and female bears was observed on the NSA due to 
nuisance and depredation problems.  In most cases, bears were destroyed 
because they were considered a threat to human safety.  In addition, many 
incidents of human injury and fatality from black and grizzly bears have been 
attributed to human habituation (Herrero 1989). 
 

Increases in black bear nuisance problems have been correlated with 
shortages in natural foods (Rogers 1976, Rogers 1987).  The small number of 
depredation complaints recorded on an annual basis, and the occurrence of only 
1 oak failure on the NSA prevented us from drawing any conclusions about the 
effect of natural food availability on bear problems in New Mexico.  However, 
general observation in the region of the NSA hinted at an association of bear 
problems with spring and summer periods lacking rainfall.  Analyses of bear 
complaints relative to fall mast production and spring to summer conditions is 
needed in New Mexico. 
 

Use of translocation as a means of solving nuisance or depredation 
complaints had variable success.  All translocated adult bears returned to their 
original home range within days or months of their translocation.  However, in 
most cases the time elapsed before their return did allow for immediate 
resolution of the problem.  Some translocations of subadult bears, especially 
males, were successful in that bears remained in the new area, and did not 
resume nuisance behavior.  This was probably due to behavioral differences 
between sex-age categories.  Subadult male bears may not have attempted 
return to their previous home range, because of the dispersing behavior 
characteristic of this age class.  On the contrary, adult bears, and even subadult 
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females displayed a high degree of home range fidelity during our study, 
indicating they would most like show homing behavior following translocation.  
Homing behavior of translocated bears has been widely reported and an inverse 
relationship between distance moved and probability of return was evident in all 
studies (Sauer et al. 1969, Beeman and Pelton 1976, McArthur 1981, Rogers 
1986).  In general, bears translocated more than 65 km from the capture site 
were less likely to exhibit homing behavior.  Despite some success, translocation 
is not without cost to bears.  Survival rates of translocated bears were found to 
be only 23% in Virginia and the primary cause of death was automobile collisions 
(Comly-Gericke and Vaughan 1997).  
 
MANAGEMENT IMPLICATIONS 
 
 Analyses of bear movement data and distribution among habitat types on 
the 2 study areas illustrated the importance of distinguishing how male and 
female bears use the landscape differently.  These analyses also indicate the 
importance of considering the season and condition of food supply when drawing 
conclusions about the presence of bears in specific locations. 
 

Three of the largest tracts of bear habitat in New Mexico (the San Juan 
complex, the Sangre de Cristo complex, and the Gila complex) are contiguous 
with bear habitat in Colorado or Arizona (see Chapter 11).  Two small tracts (the 
Bootheel region and the Guadalupe region) share habitat with Arizona or Texas.  
Evidence indicates bears commonly cross state boundaries during fall foraging 
and dispersal.  Therefore, bear management in New Mexico is not independent 
of these other states.  Some understanding of the population trend in these other 
states is vital for estimating the potential impact of immigration and emigration on 
New Mexico black bear populations. 
 
 Analysis indicated a small percentage of individuals within a bear 
population engage in nuisance and depredation activities.  Most documented 
bear problems were associated with human-related foods, especially garbage.  
Efforts to reduce accessibility of human-related foods will be instrumental in 
reducing the likelihood of bear problems on an annual basis.  More information is 
needed on the relationships of natural food availability and bear problems.  
Increase in nuisance problems have been associated with food shortage in other 
regions,. Therefore, during years of low natural food abundance, problems can 
be expected to increase above the average level in New Mexico. 
 
      There is an apparent differential between subadult and adult bears 
regarding homing after translocation.  This difference suggests that choices 
about relocating nuisance or depredating bears need to consider age and sex of 
the animal in addition to other factors surrounding the complaint. 
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CHAPTER 10 
 

POPULATION DENSITY AND SEX-AGE COMPOSITION 
 

 For wildlife managers, 2 of the most desirable facts about a wildlife 
population are a firm estimate of total number of individuals and a tally by sex 
and age category.  Sound wildlife management can be, and most often is 
practiced in the absence of these data.  Nonetheless, population data are 
invaluable for monitoring population trend, setting hunt regulations, and providing 
adequate suitable habitat.  Estimates of density and sex-age composition are 
among the most difficult values to obtain for wild populations, and black bears 
present some special challenges.  Their solitary nature, forest-dwelling habit, and 
low densities make them difficult to enumerate using survey methods common 
for other big game species.  Most often mark-recapture methods have been used 
to estimate black bear density (LeCount 1982, Beecham 1983, Miller et al. 1987, 
Garshelis 1992, Clark and Smith 1994). 
 
 At the beginning of this study, reliable information on population size and 
structure was lacking in New Mexico.  The NMDGF had a long-standing 
populations estimate of 3000 bears statewide; however the means by which this 
estimate was deduced were not available.  Our objective was to determine 
density and sex-age composition of study populations annually and with all years 
combined.  This information would be valuable in estimating statewide and 
regional population numbers and for comparison of the sex-age composition of 
the live population to that of hunter-killed bears.   
 
METHODS 
 
 Although the number of captures and recaptures were numerous, our 
trapping effort was primarily designed to capture an increasing sample of 
unmarked adult females.  For this reason, it did not lend itself to a traditional 
capture-recapture analysis.  We used population reconstruction (Eberhardt and 
Knight 1996), or backdating, to estimate a minimum population size of bears on 
each study area.  This technique simply counts each individual as part of a study 
population during years when it was known or presumed to be resident, based on 
knowledge of its age.  To translate this count into a density estimate, the critical 
element becomes the size of the area occupied by the individuals. 
 
 We defined a multi-year "effective sampling area” based on distribution of 
trap sites (Caughley 1977, Clark and Smith 1994).  For each sex, we applied a 
buffer around each trap site equal to the mean activity radius of adult bears.  We 
used the mean activity radius for the time period before most bears began to 
make long-range movements to fall mast (1 May – 12 August, see Chapter 9).  
We also restricted trap sites to those trapped within this period.  The buffer areas 
around each trap were merged into a composite, and this became our effective 
sampling area.  On the NSA, sampling areas used were 297.1 km 2 for females 
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and 545.4 km 2 for males.  On the SSA, areas used were 538.6 km 2 for females 
and 969.2 km 2 for males.  In essence, size of the area differed by sex, based on 
observed differences in movement patterns.  Because males ranged over larger 
areas than females, we were able to sample a larger area for males than females 
using a single trap site.   
 

We constructed a table of bears known alive during each year, by 
backdating from the last known observation of each study bear.  Because no 
dispersal was observed among females (see Chapter 9), we counted bears as 
resident during all years if they were captured during the 1 May-12 August 
season.  If they were captured during the mast season, they were counted only if 
they were known from radio-telemetry monitoring to reside within the effective 
sampling area.  Female offspring of resident females were counted as residents.  
Due to observed dispersal patterns of males (see Chapter 9), we used different 
criteria.  For males captured as adults, we could not assume they were born on 
the effective sampling area, therefore we counted them as resident only back to 
the age of 4 years.  For males captured only as subadults and not monitored with 
radio-telemetry, we counted them as resident only during years when they were 
captured.  For males captured as yearlings, we backdated until birth.  Male 
offspring of resident females were counted as resident only as yearlings or until 
dispersal was observed through radio-telemetry monitoring. 

 
We determined annual and mean population densities of bears >1 year 

old based on these counts.  We did not assume we captured all resident bears 
within the sampling area; therefore these estimates were considered minimum.  
Because more female bears were monitored with radio-telemetry than male 
bears, more information on residency and survival was obtained for female 
bears.  Therefore, although we used this method to estimate the sex-age 
composition of the populations, we recognized it could be biased toward females.  
Relative proportions of yearlings were also probably underestimated.  Because 
capture probabilities appeared to be lower for this age class, and most bears 
were captured as adults, bears that did not survive their yearling year would not 
appear in our analyses. 
 
RESULTS 
 
 Estimates of adult and subadult densities remained relatively constant 
from year to year, on both study areas (Table 10-1).  Number of females, 
particularly adult females, varied little between years.  Number of males generally 
decreased over the years of study; however this decrease may have been due to 
a reduction in trapping effort rather than an actual change in numbers.  Densities 
of yearlings were more variable.  Bear density appeared to be higher on the NSA 
than the SSA.  Mean estimates of adult bears were 45% lower for females on the 
SSA and 29% lower for males.  
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Relative proportions of sex-age categories varied annually, with most of 
the changes observed in the yearling age class.  Proportions of subadult males 
also varied, with peaks observed during 1993-95 on the NSA and 1994-95 on the 
SSA. 
 
 
Table 10-1.  Density (bears/100 km2) of adult (≥5 years old), subadult (2-4 years 

old), and yearling (1 year old) black bears sampled on the Northern 
Study Area (NSA) and Southern Study Area (SSA), New Mexico, 
1993-1999a.   

   Year All 
Area Sex Age class 1993 1994 1995 1996 1997 1998 1999 years 
NSA Female Adult 4.7 5.0 5.0 5.4 6.7 7.7 7.4 6.0 
  Subadult 3.4 4.0 4.7 3.7 3.4 2.7 2.4 3.5 
  Yearling 2.0 1.7 0.7 2.0 0.7 2.4 1.7 1.6 
  Total 10.1 10.8 10.4 11.1 10.8 12.8 11.4 11.1 

 
 Male Adult 3.3 3.1 3.3 3.9 3.3 2.6 2.2 3.1 
  Subadult 2.9 4.6 2.8 1.1 1.3 1.5 0.9 2.1 
  Yearling 0.4 0.4 0.0 1.1 0.7 0.9 1.3 0.7 
  Total 

 
6.6 8.1 6.1 6.1 5.3 5.0 4.4 5.9 

 Grand Total 16.7 18.8 16.5 17.2 16.1 17.7 15.8 17.0 
 

SSA Female Adult 2.6 2.8 2.8 3.5 3.2 3.9 4.1 3.3 
  Subadult 2.0 2.2 3.2 2.2 1.9 1.1 1.1 2.0 
  Yearling 0.4 1.9 0.6 0.2 1.1 0.7 1.1 0.8 
  Total 5.0 

 
6.9 6.5 5.9 6.1 5.8 6.3 6.1 

 Male Adult 2.7 2.6 2.4 3.1 2.0 2.0 0.7 2.2 
  Subadult 0.3 1.7 1.9 0.7 0.4 0.4 0.4 0.8 
  Yearling 0.1 0.3 0.0 0.0 0.9 0.4 0.7 0.4 
  Total 3.1 4.5 4.2 3.8 3.3 2.8 1.9 3.4 

 
 Grand Total 8.1 11.4 10.7 9.8 9.4 8.5 8.2 9.4 
aEstimates were derived using population reconstruction within an effective sampling 
area based on distribution of traps. 
 

Population sex-age composition was very similar for the 2 study areas 
(Table 10-2).  Adult females constituted approximately 35% and adult males 
accounted for 18-23% of study populations.  Relative proportions of yearlings 
varied annually. 
 
DISCUSSION 
 
 Although this method had limitations, we believe the estimates derived 
were relatively accurate, particularly for adult and subadult bears.  The raw 
numbers of individuals counted within the sampling areas were similar for the 2 
study areas, as expected considering the nearly equal trapping success (see 
Chapter 4). The primary factors contributing to differences in density estimates 
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were observed difference between study areas in activity radius and the 
differences between study areas in total area sampled.  The smaller activity radii 
observed on the NSA, coupled with the more restricted study area boundary, 
resulted in smaller effective sampling areas, thus higher densities.  The activity 
radius values used to generate the effective sampling error appeared to be fairly 
accurate, based on comparisons with the composite primary MCP home ranges 
(see Chapter 9) for the individuals counted as residents (Figures 10-1 and 10-2).  
For females, the composite home range areas were only 5-6% larger than the 
effective sampling area, and most individual home ranges were well within its 
boundary.  For males, the composite home range area was 28-59% larger, but 
most individual home ranges were still contained within the sampling area.  A 
high degree of home range overlap was observed between individuals, especially 
males.  Therefore, the composite home range areas would likely contain more 
unsampled individuals, especially on the outer edges, well away from trap sites.   
 
Table 10-2.  Estimated proportions of adults (≥5 years old), subadults (2-4 years 

old), and yearlings (1 year old) within black bear populations sampled on 
the Northern Study Area (NSA) and Southern Study Area (SSA), New 
Mexico, 1993-1999a.   

   Year All 
Area Sex Age class 1993 1994 1995 1996 1997 1998 1999 Years 
NSA Female Adult 0.28 0.27 0.31 0.31 0.42 0.44 0.47 0.35 
  Subadult 0.20 0.21 0.29 0.22 0.21 0.15 0.15 0.20 
  Yearling 0.12 0.09 0.04 0.12 0.04 0.13 0.11 0.09 
  Total 0.60 

 
0.57 0.63 0.65 0.67 0.72 0.72 0.65 

 Male Adult 0.20 0.17 0.20 0.22 0.21 0.14 0.14 0.18 
  Subadult 0.18 0.24 0.17 0.06 0.08 0.08 0.06 0.13 
  Yearling 0.02 0.02 0.00 0.06 0.05 0.05 0.08 0.04 
  Total 

 
0.40 0.43 0.37 0.35 0.33 0.28 0.28 0.35 

SSA Female Adult 0.32 0.24 0.26 0.36 0.33 0.46 0.50 0.35 
  Subadult 0.25 0.20 0.29 0.23 0.20 0.13 0.14 0.21 
  Yearling 0.05 0.16 0.05 0.02 0.12 0.09 0.14 0.09 
  Total 0.62 

 
0.60 0.61 0.61 0.65 0.67 0.77 0.64 

 Male Adult 0.33 0.23 0.22 0.32 0.21 0.23 0.09 0.23 
  Subadult 0.04 0.14 0.17 0.07 0.04 0.05 0.05 0.09 
  Yearling 0.01 0.03 0.00 0.00 0.10 0.05 0.09 0.04 
  Total 0.38 0.40 0.39 0.39 0.35 0.33 0.23 0.36 
aEstimates were derived using population reconstruction within an effective sampling 
area based on distribution of traps. 
 
 

Although density estimates were quite different by study area, estimates of 
sex-age composition were remarkably similar.  Given similar survival rates 
observed on the 2 study areas (see Chapter 7), our estimates of density and 
composition appear relatively accurate.  However, densities observed on the 
NSA may have been higher than in similar habitat where hunting was not 
restricted.  Our data are not sufficient to rigorously assess that question.
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Figure 10-1.  Size of the effective sampling area used for estimating black bear 

density, relative to primary minimum convex polygon home ranges of 
resident bears on the Northern Study Area, New Mexico, 1992-2000. 



   

 
Black Bear Study in New Mexico 92 Final Report - 2001 
CHAPTER 10   Density and Sex-Age Composition 

 

 
 
Figure 10-2.  Size of the effective sampling area used for estimating black bear 

density, relative to primary minimum convex polygon home ranges of 
resident bears on the Southern Study Area, New Mexico, 1992-2000. 



   

 
Black Bear Study in New Mexico 93 Final Report - 2001 
CHAPTER 10   Density and Sex-Age Composition 

 
Densities and proportions of yearlings were quite variable among years.  

For each study area, the years of lowest yearling density (1995 on the NSA, 
1996 on the SSA) corresponded to years following oak failure (see Chapter 6).   
On both study areas, the densities and proportions of yearlings were lower for 
males than for females.  We suspect this was a product of the sampling and 
estimation method, and did not accurately reflect true values.  In any given year, 
most yearlings counted within the sampling area were offspring of resident 
females, not trapped bears. Because the male sampling area was larger than the 
female's, there were likely unsampled females within it.  Because we could not 
count their offspring, the resulting density estimates for male yearlings were 
lower than those of females.  The density estimates for females in these age 
classes were probably more accurate. 
 

Black bear density has been estimated in many regions of North America, 
primarily using mark-recapture or mark-resight methods.  The variability of these 
estimates is tremendous, with densities as low as 1.8 bears/100 km 2 in the 
Snowy Mountains of southeast Wyoming (Grogan and Lindzey 1999) to 149 
bears/km2 on a coastal island in Washington (Lindzey and Meslow 1977).  Within 
the Southwest, density estimates have ranged from 12-16 bears/100 km2 in 
west-central Colorado (Beck 1991) to 71 bears/100 km2 in north-central Arizona 
(LeCount 1987). Our density estimates appeared reasonable in the context of 
these other studies. 

 
MANAGEMENT IMPLICATIONS 
 

The density estimates obtained for the study areas can be used in 
conjunction with habitat data (see Chapter 11) to estimate statewide and regional 
population sizes.  However, these estimates must be used with caution.  
Arguably, our study was conducted within some of the most productive bear 
habitat in New Mexico, particularly the NSA.  Direct extrapolation of these density 
values to all areas of bear habitat would not be realistic.     

 
The sex-age composition estimated for the study areas also can be 

compared to the structure of hunter kill data and simulated population structures 
generated using the bear population model (see Chapter 14).  These analyses 
may aid in current and future interpretation of bear population trend, as reflected 
in the harvest data. 
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CHAPTER 11 
 
A MODEL OF STATEWIDE HABITAT SUITABILITY AND POPULATION SIZE  

  
Understanding the population status and trend of large carnivores, such 

as bears, over large landscapes is constrained by limited by availability of 
detailed empirical data and few approaches to analysis and display of spatial 
information (Merrill et al. 1999).  Habitat analysis using GIS technologies has 
proven useful for management of wildlife in general (Scott et al. 1993, Horino and 
Miura 2000) and black bears in particular (Clark et al 1993, van Manen and 
Pelton 1997). These approaches can be useful to forecast future impacts of 
human population growth or habitat alteration. Van Manen et al. (1997) 
considered forecasting capabilities fundamental to the management process. 

 
In this chapter, we describe the New Mexico landscape from the 

perspective of bear habitat suitability.  Specifically, we make spatial predictions 
as to potential availability of mast species and the potential for human interaction.  
Our objectives were to: (1) predict suitable black bear habitat in New Mexico, (2) 
derive associated statewide and regional population estimates, and (3) analyze 
potential human influences on bear habitat.  These objectives involved GIS 
analyses of bear habitat associations based on habitat use and movements 
observed on the 2 study areas.  These associations were applied to a land cover 
map of New Mexico and other spatial criteria to depict predicted suitable bear 
habitat.  Factors (roads, human population density, hunter kills) known to affect 
bear populations were overlaid with suitable habitat to develop spatially explicit 
perspectives on potential hunting mortality and bear-human conflict. 

 
Information gathered from these exercises should help managers better 

understand the status of black bears across the state and serve as the basis for 
black bear management.  The bear habitat model is a tool that identifies where 
bears have the potential to occur, the spatial boundaries of distinct populations, 
the degree of isolation between populations, and whether landscape 
characteristics differ among populations.  These perspectives can aid in 
forecasting bear management needs and challenges. 

 
METHODS 

 
Habitat Model Development 

 
A spatial model predicting the extent of suitable black bear habitat was 

developed using a rule-based system with GIS technologies, based on the New 
Mexico Gap Analysis (NMGAP) land cover map (Thompson et al. 1996) and 
biological information derived from field studies during 1992-2000.  The habitat 
model was developed using ESRI Arc/View script language.  The NMGAP land 
cover map includes 42 cover classes, described by dominant vegetation and 
canopy cover.  Each of these cover classes was assigned to 1 of 4 categories of 
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relative suitability for bears based on habitat use observed on the 2 study areas 
(see Chapter 9) and cover type descriptions.  Suitability was rated as primary, 
secondary, edge use, and no use (Table 11-1).  Cover classes rated as primary 
included all closed-canopy forest and woodland types, because more than 80% 
of bear locations were found within these types.  Cover classes rated as 
secondary included shrubland types used more than expected, but accounting 
for <10% of total use.  Cover classes rated as edge use included open woodland 
and grassland types used less than expected.  Analyses indicated these types 
were used by bears, but usually in close proximity to more suitable habitats.  
Cover classes associated with humans, such as agriculture or urban, were rated 
as no use.  Desert cover types also were classified as no use.  
 

Each land cover class also was assigned to 1 of 3 categories of relative 
mast production potential, based on cover type descriptions (Thompson et al. 
1996) and occurrence of oak, juniper, or pinyon species within cover classes.  
Categories were high, poor, and no mast production potential. 

 
The habitat model first selected all land cover classes classified as 

primary.  Secondary types were then selected only if they were adjacent to a 
primary type.  Edge use types were then selected if they were adjacent to a 
primary type, and only that portion within a 500 m buffer from the primary type 
was included in predicted habitat.   

 
When these areas were identified, we used GIS analyses in the model 

determine the area of each contiguous tract of suitable habitat (regardless of its 
habitat suitability score).  Tracts >300 km2 were selected as suitable habitat.  
This size represented the approximate area supporting 50 individual bears based 
on density data from the NSA (see Chapter 10), and we deemed this a “minimum 
sustainable population”.  Also, tracts >20 km2 (large enough to support 1-2 bears 
based on home range data) were selected only if they were within 15 km of a 
habitat tract large enough for a minimum sustainable population..  All other tracts 
were considered too small or too isolated to be included in the final model. 

 
The model was designed to allow users to vary the habitat scores for each 

land cover class, minimum tract size for a sustainable population, minimum tract 
size for a single individual, and maximum distance that an individual must be 
from viable population before it is considered too isolated from the population. 
Predictions of bear habitat reported here were based on values described above. 

 
The model was designed to generate 2 maps of black bear habitat.  The 

first was the detailed map described above.  The second was a generalized 
distribution map that identified major regions of bear habitat.  To develop this 
map, internal, unselected polygons were absorbed and the boundaries were 
simplified by expansion and shrinking of the boundary.  This eliminated much of 
the reticulation and complexity of the polygon boundary.  We found that doing 
this process twice resulted in a better generalization.
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Table 11-1. Habitat suitability and mast potential assignments used in the 

statewide black bear habitat model for New Mexico; land cover classes 
are from Thompson et al. (1996). 

NMGAP 
Code 

 
Description

 
Suitability

 
Mast potential

1111 Rocky Mountain Alpine Graminoid Tundra EdgeUse None 
1112 Rocky Mountain Alpine Forb Tundra EdgeUse None 
2111 Subalpine Conifer Forest Primary None 
2112 Subalpine Broadleaf Forest Primary None 
2121 Rocky Mountain Upper Montane Conifer Primary Poor production
2122 Rocky Mountain Lower Montane Conifer Primary High production
2211 Madrean Lower Montane Conifer Forest Secondary High production
3111 Upper Montane Open Conifer Woodland EdgeUse None 
3121 Rocky Mnt/Great Basin Closed Conifer Primary High production
3122 Rocky Mnt/Great Basin Open Conifer EdgeUse None 
3211 Madrean Closed Conifer Woodland Primary High production
3222 Madrean Open Oak Woodland (Encinal) Secondary High production
4110 Rocky Mountain Montane Scrub & Interior Secondary High production
4111 Rocky Mountain Montane Deciduous Scrub Secondary High production
4121 Broadleaf Evergreen Interior Chaparral Secondary High production
4131 Plains-Mesa Broadleaf Sand-Scrub None High production
4211 Great Basin Microphyllous Desert Scrub None None 
4212 Great Basin Broadleaf Deciduous Desert None None 
4220 Chihuahuan Desert Scrub None None 
4221 Chihuahuan Broadleaf Evergreen Desert None None 
4222 Chihuahuan Broadleaf Deciduous Desert None None 
5110 Rocky Mountain Subalpine and Montane EdgeUse None 
5121 Short Grass Steppe EdgeUse None 
5122 Mid-Grass Prairie EdgeUse None 
5123 Tall Grass Prairie None None 
5211 Great Basin Foothill-Piedmont Grassland EdgeUse None 
5212 Great Basin Lowland/Swale Grassland None None 
5220 Chihuahuan Desert Grassland EdgeUse None 
5221 Chihuahuan Foothill-Piedmont Desert EdgeUse None 
5222 Chihuahuan Lowland/Swale Desert None None 
6110 Rocky Mountain Montane Forested/Shrub Secondary None 
6120 Southwest & Plains Forested/Shrub Wetland Secondary None 
6131 Arroyo Riparian Scrub None None 
6210 Persistent Emergent Wetlands Secondary None 
6211 Graminoid Wetlands EdgeUse None 
9110 Dryland Agriculture None None 
9120 Irrigated Agriculture None None 
9210 Barren None None 
9220 Mine/Quarries None None 
9230 Rock Outcrop None None 
9310 Urban None None 
9320 Urban Vegetated None None 
9410 Riverine/Lacustrine None None 
9420 Basin/Playa None None 
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Estimates of statewide and regional black bear population size were 
derived by extrapolating mean density estimates from the 2 study areas (see 
Chapter 9) to areas of primary habitat.  Density estimates from the NSA were 
used to estimate population size on the San Juan and Sangre de Cristo 
complexes.  Density estimates from the SSA were used for all other regions.  

 
GIS data and related metadata (Appendix B) and the habitat model 

(Appendix C) are included on a CD associated with this report. The habitat model 
is written in ESRI Arc/View script language and this package, with Spatial Analyst 
is needed for its use.  The script language used for the New Mexico bear habitat 
model is contained in a file on the CDs associated with this report. 

 
Hunter-Kill Locations 
 

We used locations (UTM coordinates reported to the nearest 1000 m) 
recorded for hunter-killed bears obtained from the NMDGF harvest data (see 
Chapter 13) to compile a point file of bear kill locations.  Accuracy of data was 
verified by comparing the recorded GMU with the recorded location, and obvious 
mistakes were corrected.  Records for which the numeric portion of the GMU did 
not match with valid coordinates were discarded from analyses. 

 
 A total of 3,047 records of hunter-killed bears were available for the years 
1990-1999, but 420 records (14%) were discarded due to a lack of UTM 
coordinates or UTM coordinates inconsistent with the GMU recorded.  
Examination of relative numbers of discarded records by year and GMU did not 
indicate any bias in the remaining sample of 2,627 records.  
 
Human Interface 
 
 We created a coverage depicting total road length within the mean activity 
radius for female and male bears during the fall season (1 September-den entry, 
see Chapter 9).  Mean activity radii were calculated for bears on both study 
areas, and a radius of 7.0 km was used for females and 12.0 km was used for 
males.  A coverage depicting New Mexico roads was obtained from the U.S. 
Census Bureau (http://www.uscensus.gov).  Road length was tabulated for each 
region.  Analysis of total length of secondary roads within female (7 km) and 
male (12 km) fall activity radii was designed to estimate the potential length of 
road a bear might encounter during months of fall hunting.  These data were 
derived by calculating the length of roads within 7-km or 12-km radii of points 
distributed at 1-km intervals across all of New Mexico.  
 
 A coverage of U.S. census blocks was used to evaluate distribution of 
bear habitat relative to human populations.  Population blocks with human 
residential density >1 person/ha and >5 households were identified.  Buffers 
created around these population centers represented areas within 5-20 20 km. 
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 Conceptually, we viewed human activity relative to potential effect on the 
bear population.  Bear hunters pose the greatest relative direct effect on a bear 
population, therefore we tried to obtain available information on distribution and 
magnitude of bear hunting activity statewide.  Secondly, human activity on the 
landscape can cause significant indirect and direct influence on bear distribution 
and mortality (e.g., interaction with or avoidance of recreationists, bear mortality 
to depredation complaints or vehicle collision).  In addition to bear mortality, 
interactions with humans can be highly visible events. We sought spatial data 
that would identify the degree of human use (not including recreationists) on the 
landscape. Recreationists were considered a separate group. Their interactions 
with bears are varied but generally present seasonal and dispersed effects.  
Residential and recreational uses were conceptually separated not only because 
of their effect on the bear population but to the social aspects of management. A 
nuisance bear is different to a resident versus a recreationist regarding the type 
of mitigation possible. 
 
 With this conceptual framework we searched for data to develop indices of 
human use of the landscape.  We directed our search toward data that were 
statewide in scope.  NMDGF harvest survey data were obtained, compiled, and 
linked to GMU coverages to depict relative hunter occurrence on the landscape.  
Similarly, angler survey data obtained from NMDGF were linked to a coverage of 
New Mexico fishing waters. We anticipated that these data will represent areas of 
possible hunter/angler-bear interaction.  We also made attempted to obtain 
United States Forest Service (USFS) Lands spatial data as they contain a 
significant portion of bear habitat in New Mexico. We looked for spatially explicit 
measures of use and locations of facilities.  We acquired recreation data from the 
USFS including limited recreation user days data and point locations of 
recreation facilities.  In addition, we acquired recreation user days data from the 
New Mexico State Parks and the National Park Service.   
 
RESULTS 
 
Predicted Suitable Habitat 
 
 The habitat model prediction depicted prospective distribution of suitable 
black bear habitat (Figure 11-1) across approximately 58,939 km2 (5.9 million 
hectares or 14.6 million acres).  Simplification of the boundaries identified 10 
distinct regions of predicted black bear habitat: 4 large regions including the San 
Juan complex, the Sangre de Cristo complex, the Gila complex, and the 
Sacramento region; 3 smaller, relatively isolated tracts including the Zuni region, 
Mt. Taylor region, and Sandia/Manzano region; and 3 small regions connected to 
larger range outside New Mexico, including the Chuska region, Bootheel region, 
and the Guadalupe region.  The simplification process did not distinguish the San 
Juan complex and the Sangre de Cristo complex.  We artificially separated these 
complexes, with the boundary defined as the Rio Grande. All applicable 
summaries reported here use this stratification of the state. 
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Figure 11-1.  Map of predicted suitable habitat for black bear in New Mexico. 
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Of the 5.9 million ha of suitable habitat, 75% was comprised of primary 

cover types, 7% was comprised of secondary cover types, and 18% was 
comprised of edge use cover types (Table 11-2).  Relative proportions of these 
types varied among regions.  Most notably, the Bootheel region was comprised 
of relatively little primary habitat.  Among the 4 large regions, the Gila complex 
had less primary habitat and more secondary habitat (Table 11-2).  

 
Mast potential within suitable bear habitat showed some variability among 

regions (Figure 11-2).  Areas of poor mast production potential were associated 
with higher elevations, especially in the San Juan complex, the Sangre de Cristo 
complex, the Gila complex, and the Sacramento region.  When primary habitat 
was overlaid with mast production potential, only 280 km2 was found to be >7.0 
km from areas of high mast production potential.   This distance corresponds to 
the observed mast season activity radius of female bears.  That limited area with 
no mast production potential was located within the highest elevations of the 
Pecos Wilderness in the Sangre de Cristo complex.  

 
 Land ownership differed among the regions (Table 11-2).  Nearly half of 
the predicted suitable bear habitat was managed by the USFS (Figure 11-3).  
Private landowners were the second most predominant stewards bear habitat, 
with about one third of all lands under private ownership.  Tribal lands comprised 
about 10% of bear habitat, but it was concentrated in 3 regions.  All of the 
Chuska range was situated within the Navajo Reservation, and large portions of 
the San Juan complex and the Sacramento region were found within the Jicarilla 
Apache and Mescalero Reservations, respectively.  State lands and Bureau of 
Land Management properties constitute a relatively small portion of New Mexico 
bear habitat (Figure 11-3). 
 
Human Interface 
 

Locations of hunter-killed bears overlaid with the predicted habitat 
indicated strong corroboration of the habitat model predictions of habitat 
distribution (Figure 11-4).  Significant tracts with no recorded bear kills were tribal 
lands and the Guadalupe and Bootheel regions.  The Sandia range found within 
the north part of the Sandia/Manzano region also lacked records of bear kills.  
Overall, 95% (n = 2,488) of the bear kills occurred within the regional boundaries 
of predicted bear habitat.  Of the 5% occurring outside boundaries, most were 
located north of the Gila complex.  Bear kills are expected outside of predicted 
habitat because of occurrence of transient bears and slight errors in the 
predictive model. 

 
 Total road length within a female activity radius was highly variable 
statewide (Figure 11-5), but relatively uniform for a male activity radius (Figure 
11-6).   Approximately 40% of the bear habitat had >120 km of road within a 
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female activity radius, while greater than 80% of the habitat had >120 km of road 
within a male activity radius. 

 
 

Table 11-2.  Summary of habitat model predictions and bear population 
estimates statewide and by region in New Mexico (see text and Figure 11-
1 for description of regions). 

  
 

Statewide 

Sangre 
de Cristo 
complex 

 
San Juan 
complex 

 
Gila complex 

 
Sacramento 

region 

 
Zuni 

 region 

 
Mt Taylor 

region 

Sandia / 
Manzano 

region 

 
Bootheel 

region 

 
Chuska 
region 

 
Guadalupe 

region 
Predicted habitat (km2)    
Total range 70,680 19,350 16,006 19,594 7,123 2,584 988 1,969 1,363 1139 564
Suitable 
habitat  
 

58,939 16,960 12,495 15,472 6,642 2,242 887 1,788 895 1,060 499

Type of suitable habitat (%)   
Primary  75.10 79.74 77.70 71.25 80.21 68.86 64.85 72.66 21.29 75.79 53.31
Secondary  6.95 2.08 4.02 11.26 5.90 2.84 9.15 8.19 74.96 28.83
Edge use 
  

17.96 18.18 18.28 17.49 13.89 28.29 26.00 19.15 3.75 24.21 17.86

Mast potential of suitable habitat 
(%) 

  

None  21.93 26.34 24.33 18.47 14.35 28.29 26.61 19.88 3.75 24.74 17.86
Poor 11.84 19.47 10.19 8.16 13.47 0.25 2.42 8.83  5.81
High 
  

66.23 54.19 65.48 73.37 72.19 71.46 70.97 71.29 96.25 69.45 82.14

Stewardship of suitable habitat (%)   
USFSa  49.89 27.32 49.19 82.86 45.05 50.72 50.60 40.77 23.22 58.49
Private  31.60 62.88 22.57 10.15 22.03 19.23 35.84 47.03 55.22 5.19
Tribal 10.61 2.14 20.30 27.01 15.97 1.57 7.35  100.00
BLMb 3.79 1.98 5.38 4.22 2.67 4.14 11.79 0.86 15.25 9.12
State 3.18 5.55 1.04 2.75 2.93 1.55 0.20 3.89 6.31 3.58
NPSc  0.61 0.03 0.76 0.01 6.31   23.62
DOEd 0.15  0.72   
DODe 0.12   0.31 2.09 0.10  
USFWSf 0.03 0.10    
BORg 

 
0.01 0.00 0.06   

Population estimate (bears ≥1 year old)   
Total bears 5947 2299 1651 1047 506 147 55 123 18 76 25

aU.S. Forest Service 
bBureau of Land Management 
cNational Park Service 
dDepartment of Energy 
eDepartment of Defense  
fU. S. Fish and Wildlife Service 
gBureau of Reclamation
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Figure 11-2.  Distribution of mast production within predicted black bear suitable 

habitat. 

San Juan 
Complex

Gila complex

Sangre de
Cristo 

Complex

Sacramento

Zuni

Sandia/Manzano

Guadalupe

Chuska

Mt .
Taylor

Bootheel

N

50 0 50 100 Kilometers

Mast Potential
High production
Poor production
None

Predicted Mast Production Potential 
in Black Bear Habitat



   

 
Black Bear Study in New Mexico 103 Final Report - 2001 
CHAPTER 11   Habitat  and Population Estimate 

Figure 11-3. Federal, state, tribal, and private land stewardship (ownership) 
relative to predicted suitable black bear habitat in New Mexico. 
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Figure 11-4.  Distribution of reported bear kills by hunters from 1990 to 1999. 
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Figure 11-5.  Extent of secondary roads within a female black bear fall activity 
radius (7 Km) in New Mexico. 
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Figure 11-6. Extent of secondary roads within a male black bear fall activity 

radius (12 km) in New Mexico. 
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All predicted regions of bear habitat displayed areas that were in proximity 
to human populations (Figure 11-7).  Statewide, 17% of bear habitat was within 5 
km of human populated areas.  Percent of bear habitat within proximity to human 
populations differed regionally, with the highest proportions observed in the 
Sandia/Manzano region, the Sacramento region, and the Sangre de Cristo 
complex (Table 11-3).   Within the Guadalupe region and the Bootheel region, 
more than 60% of bear habitat was >20 km from human populated areas. 
 
Table 11-3.  Percent of predicted suitable black bear habitat within 0 to 20 km of 

human-populated areas (> 1 person/ha and > 5 households) in New 
Mexico, based on 2000 U.S. Census Bureau block data and sorted by 
area of bear habitat.  

Region Area (km2) < 5 km < 10 km < 15 km < 20 km >20 km 
Sangre de Cristo 16,960 23.16% 48.77% 66.66% 80.15% 19.85%
Gila 15,472 6.49% 19.69% 36.47% 53.98% 46.02%
San Juan 12,495 14.96% 38.71% 60.96% 75.35% 24.65%
Sacramento 6,642 28.15% 57.50% 74.82% 87.77% 12.23%
Zuni 2,242 17.73% 45.29% 69.15% 86.19% 13.81%
Sandia/Manzano 1,788 50.76% 79.79% 95.63% 98.68% 1.32%
Chuska 1,060 10.30% 43.39% 79.03% 94.64% 5.36%
Bootheel 895 0.89% 4.89% 9.63% 14.18% 85.82%
Mt Taylor 887 1.47% 14.59% 38.16% 60.88% 39.12%
Guadalupe 499 0.10% 5.37% 17.27% 34.38% 65.62%
 
 

Predictions for proximity to secondary roads and proximity to human 
populations did not necessarily coincide.  Some areas with relatively higher 
length of road within activity radii were situated in areas of low human 
populations, particularly private and USFS lands in the Gila complex and private 
and tribal lands in the San Juan complex. 

 
Our compilation of various coverages and data sets regarding distribution 

of human recreation produced information of varied completeness, quality, and 
spatial resolution.  We judged that these data in current form were insufficient to 
perform detailed analyses relative to distribution of bear habitat and population 
estimates.  Nonetheless,. we anticipate that these data, if further compiled with 
specific objectives in mind, can be used to depict areas of possible human-bear 
interactions.  Thus, we provide these data digitally (see Appendix C) for future 
users of this report and the associated modeling tools. Those data include  
consolidated NMDGF hunter and angler survey results for hunt year 1990-1991 
through 1999-2000 (hunt year generally is April-March). We were unable to 
collect spatially explicit results for small game and birds (except turkey).  The 
finest spatial resolution available for all hunts is the GMU. Because some data 
are missing, care must be taken not to make literal interpretations of absolute 
hunter days from these data. However, this data set can provide a fair indication 
of the spatial distribution of hunting activities in New Mexico with further editing. 
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Figure 11-7.  Distance of predicted black bear habitat to human-populated areas 
(>1 person per hectare and >5 households) in New Mexico. 
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Bear Population Estimate 
 

Extrapolating observed density estimates (see Chapter 10) to areas of 
primary habitat yielded a statewide population estimate of 5,947 bears >1 year 
old, pertaining to the premast season (Table 11-2).  Regional estimates ranged 
from 18 bears in the Bootheel region to 2,299 bears in the Sangre de Cristo 
complex.  The small populations (<50 bears) estimated for the Bootheel and 
Guadalupe regions reflect areas of contiguous habitat with Arizona and Texas  
 
DISCUSSION 
 
 In the NMGAP methodology (Thompson et al. 1996), prediction of suitable 
habitat for a species was based on the premise that a species distribution was all 
suitable land cover categories within that species general range.  Other ancillary 
variables, such as elevation or soil classification also were included in the habitat 
modeling when those values were represented on spatially-registered maps.  
This methodology has proven useful for developing landscape and regional scale 
maps of species occurrence (Edwards et al. 1996). Another approach is to 
assign a numeric score to habitat rather than assignment to categories (Boyce 
and McDonald 1999, Kliskey et al. 1999).  In constructing the statewide black 
bear habitat model for this study , we enriched the modeling process by 
classifying suitable habitat into multiple categories (e.g., primary, secondary , 
edge, and no use) rather than the Boolean response (suitable or not) used in 
NMGAP (Thompson et al. 1996). Our more enriched approach provided greater 
realism in identifying occupied habitat. 
 
 As with all modeling exercises, our habitat prediction results were a 
compromise between realism, practicality, and data limitations.  The largest 
impediment to a “true” habitat map was the size and scale of this objective. 
Scaling is probably the most difficult aspect of landscape ecology and the subject 
of intense research.  Large, mobile animals function at a relatively larger scale 
(Wiens, 1982).  Scale is also not independent of spatial pattern (O’Neill et al. 
1988). Changing of scale can greatly change perceived landscape patterns. 
When inappropriate scales are used, true biological relations can become 
masked or false patterns can emerge (Scott et al. 1996). 
 

Our model was limited to data available as of summer 2001. To our 
knowledge, NMGAP is the only statewide coverage of land cover (42 themes at 
2-100 ha resolution) that exists. There are other vegetation coverages that are 
more detailed in thematic and spatial resolution but they are not statewide in 
scope. For example, databases and digital vegetation coverages developed by 
the USDA Forest Service may provide more comprehensive information 
appropriate for analysis of black bear habitat quality. Although not statewide, 
these data would provide insight into a majority of the bear habitat in New 
Mexico.  However, although the data are publicly accessible, at present they are 
not complied in a single archive to our knowledge. 
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Bear reproduction is inherently stochastic with its variability tied to mast 

crop variability, particularly oaks. Our ability to define this variability statewide 
was limited because there is no temporal variability in the land cover map.  In 
addition, the land cover map does not differentiate on the basis of subdominant 
species in each land cover class.  Most oak species in New Mexico exist as 
understory species in several different cover types, therefore the actual 
abundance of these species cannot be predicted using the current data. Although 
general predictions of mast potential were developed, more detailed data would 
be necessary to assess actual habitat productivity between regions.    

 
 We were purposely careful to identify suitable habitat and this map should 
be considered potential habitat rather than actual bear distribution on any given 
day or in a single year.  It is very important to recognize that bears (e.g., 
transients) can occur in New Mexico outside of the predicted habitat areas.  The 
key consideration is that we modeled conditions on the landscape that are 
considered to be reliably associated with routine occurrence of reproductively 
sustaining bear population.   
 
 As the human population increases, human-bear interactions have the 
potential for increase.  This raises the value of human-bear interface data.  
These data serve as a tool to increase the ability of a game/land manager to 
predict areas of interactions between bears and humans.  Spatial data provide a 
means to “visualize” these areas of interaction on the landscape.   
 

The study area density estimates were derived in productive bear habitat 
that arguably represents some of the best habitat within their prospective 
regions.  These values may not be applicable to areas of low quality habitat.  
However, some of this difference was accounted for in the habitat suitability 
analysis, where secondary habitat was identified.  Because the population 
estimate was derived by extrapolating to primary habitat only, lower quality 
habitat did not unduly influence the population estimate.  

 
MANAGEMENT IMPLICATIONS 
 

The statewide estimate of 5,947 bears derived from habitat-density 
extrapolation is similar to the independent estimate derived from population 
modeling (see Chapter 14).  That estimate of 5,200 bears was for the state, 
excluding the Zuni, Mt. Taylor, Sandia/Manzano, and Chuska regions.  Both 
estimates are for the pre-mast season (May-early August) and excluded cubs of 
the year. 
 
 Statewide population estimates derived from this study refute previous 
estimates.  Our estimates indicate a statewide population of approximately twice 
the long-standing estimate of 3,000 bears previously used by the NMDGF.  
However, these estimates do not suggest a doubling of the bear population in the 
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past decade.  Rather, these estimates are based on better information including 
demographics, density, and habitat extent.   
 
 Annual trends in black bear reproductive success were highly influenced 
by fall mast crops, especially the abundance of acorns.  Within predicted bear 
habitat, mast producing land cover types were found within 7 km (female activity 
radius) of primary habitat throughout New Mexico except for about 300 km2 in the 
Sangre de Cristo complex.  This indicates that nearly all bears have access to 
habitat with potential for producing important mast producing species.  However, 
the actual abundance of oak, juniper, and pinyon within different regions remains 
unknown. In the future, incorporation of more detailed data, especially on 
distribution of oak species, may provide valuable insight into the relative 
productivity of habitats throughout the regions of New Mexico. 
   

Estimated statewide bear habitat encompasses approximately 14.6 million 
acres, of which 75% is primary habitat.  Primary habitat represents about 13.5% 
of the state.  Approximately 17% of bear habitat is situated within 5 km of human 
populations.  These dimensions clearly illustrate the extent of bear exposure to 
human influences.  More detailed analyses of the dataset provided can be used 
to target bear conflict and nuisance reduction efforts. 

 
The modeling algorithm is intentionally constructed to alter the criteria so 

managers can examine different habitat assumptions and land management 
scenarios.  Further, the modeling approach allows incorporation of future, 
improved spatial data sets (e.g., more resolved land cover) with minimal 
adaptation or cross-walking of habitat categorizations.  Accordingly, it will be 
interesting and wise to perform sensitivity analyses of conclusions based on this 
coverage and future modifications.   
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CHAPTER 12 
 

RELIABILITY OF HARVEST DATA  
 
INTRODUCTION 
 

In New Mexico, as in many states, interpretation of black bear population 
trend is based primarily on harvest data.  Annual harvest data include the total 
number of hunter-killed bears and sex-age composition in the kill.  Given the 
complexities associated with documenting population trend (Miller 1990, 
Garshelis 1991), determining the accuracy and consistency of current methods is 
important.  

 
Age composition of NMDGF harvest data is determined using the 

cementum annuli aging technique on teeth collected from each bear.  This 
method involves counting the layers of cementum deposited in teeth.  Each year, 
2 types of cementum are produced which are visible when stained.  The first 
layer is a dark narrow band deposited during the winter months.  The second 
layer appears broad and lightly-stained and is produced during the growth 
seasons of spring, summer, and fall (Harshyne et al. 1998).  When a thin cross-
sectional segment of the tooth is viewed, these layers can be counted as an 
estimate of the animal's age, similar to growth rings on a tree.  This method was 
first developed using canine teeth collected from hunter-killed bears (Sauer et al. 
1966, Stoneberg and Jonkel 1966).  The technique was further refined by use of 
the small vestigial premolar tooth, which can be collected from live animals as 
well as hunter-killed bears (Willey 1974).   Accuracy of the cementum annuli 
aging technique has been tested in only a few locations across North America 
(McLaughlin et al. 1990, Harshyne et al. 1998).  Diet and variability in food 
supplies are known to affect deposition of cementum layers, therefore accuracy 
rates from other regions may have no bearing on New Mexico bears.  Our 
objective was to determine the accuracy and consistency in estimating age using 
teeth from New Mexico black bears.  A second objective was to determine the 
comprehensiveness of the NMDGF harvest data and to document any error with 
regard to reporting of sex. 

 
METHODS 
 
Harvest-data 

 
We tested the completeness and accuracy of reported sex for the NMDGF 

hunter-kill (pelt tag) harvest records.  These records were tested by comparing 
them to known hunter-kills of study bears, verified by radio-telemetry monitoring 
and direct reports from NMDGF personnel.  
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Cementum Annuli Data 
 

An upper premolar tooth was extracted from most study bears ≥1 year of 
age during initial capture, and a second tooth was collected from some bears 
during recapture or den investigations, particularly during the final year of 
fieldwork (see Chapter 4).  For hunter-killed study bears, a second tooth also was 
collected by NMDGF as part of the mandatory check program (see Chapter 11).  
During 1993, NMDGF personnel removed 2 teeth from each hunter-killed black 
bear specifically for examining consistency in aging black bear teeth. 
 

All collected teeth, from study bears and hunter-killed bears, were 
processed by Matson Laboratory (Milltown, Montana) for age determination using 
cementum annuli counts.  Pairs of teeth from the same bears were assigned 
different numbers to create a blind sample.  Date of extraction, sex of bear, and 
comments relevant to tooth condition (e.g., broken or rotten) were reported to 
Matson's Laboratory for most tooth samples.  

 
 Matson's Laboratory provided us with age estimates with corresponding 
accuracy limits.  These accuracy limits were based on the determined age of the 
bear and the condition of the tooth sample.  In general, they found that error 
increased with age.  Thus, determined ages were grouped into 1-7 years, 8-15 
years, and >16 years.  "Certainty codes", based on tooth condition, were 
superimposed on these age groupings.  Assigned certainty codes were (A) result 
nearly certain, (B) some error possible, and (C) error likely.  The combination of 
the tooth age grouping and the certainty code resulted in an age estimate with a 
corresponding range of error in years. 
 
 We tested the consistency of the aging technique by comparing 2 or more 
age estimates obtained for a single individual.  Two samples were used for 
consistency analysis: (1) paired teeth collected from hunter-killed bears on the 
same day, and (2) pairs of teeth collected from study bears on different dates 
(often years apart).   We tested accuracy of the aging technique by obtaining age 
estimates from known-age study bears.  The sample of known-age bears 
consisted of individuals handled as cubs or yearlings in the den, and individuals 
confidently aged from tooth eruption when captured as cubs or yearlings. 
 
 Using Chi-square tests and Pearson's correlation, we evaluated 
consistency relative to estimated age class (or mean age class of pairs), sex, 
tooth condition, certainty code, and season of extraction (den = January-April, 
active = May-October). Probability levels are reported for all test outcomes 
reported. 
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RESULTS 
  

Harvest Data 
 

From 1992-1999, 42 marked study bears were known harvested by 
hunters, including 16 radio-transmittered bears and 26 marked bears.  Three 
bears (7%) were not included as records in the NMDGF harvest database.  In all 
instances, the bears were known to have been checked by a NMDGF officer, 
however record of the kill was not present in the central database.  Sex was 
accurately recorded for all study bears present in the harvest database.   
 
Cementum Annuli Aging 
   
 Age estimates were obtained for 236 pairs of teeth collected by NMDGF 
personnel in 1993.  All teeth were collected during the mast season.  Most age 
estimates (83%, n = 472) were assigned a certainty code of A (result nearly 
certain), while 16% were assigned as B (some error possible) and 1% were 
assigned C (error likely).  Among the 96 teeth that were broken (20% of total), 
most were assigned a certainty code of B (61%), while 32% were assigned as A 
and 6% were assigned as C.      
 
 Teeth were consistently aged for 74% of pairs (n = 236).  Among pairs 
inconsistently aged (n = 96), discrepancies ranged from 1-6 years, with a mean 
of 1.6 years.  Percent inconsistency among pairs differed by certainty code (X2 = 
28.7, df = 2, n = 236).  Among pairs with both age estimates assigned A, 83% of 
pairs were consistently aged (n = 168).  Only 52% and 33% of pairs were 
consistently aged when ≥1 assignment was B (n = 62) or C (n = 6), respectively. 
 

Discrepancy in estimated age, in years, was positively associated with 
mean estimated age of the pair (Pearson r = 0.51, P = 0.001, n = 236).  
Compared to intermediate groups, percent inconsistency was significantly lower 
(9%) for pairs with a mean estimated age of 1 and significantly higher (46%) for 
pairs with a mean estimated age of ≥5 (X2 = 34.7, df = 4, n = 236). 
 
 Percent consistency also was lower when teeth were broken (50% vs. 
83%, X2 = 27.8, df = 1, n = 236), however percent tooth breakage was positively 
associated with estimated age class (X2 = 29.3, df = 5, n = 472) and with higher 
certainty codes (X2 = 214.4, df = 2, n = 472).  Only 8% of ages designated with A 
(n  = 392) were broken, while 88% and 100% of ages designated with B (n = 62) 
or C (n = 6) were broken. 
 

Percent consistency differed by sex (X2 = 6.6, df = 1, n = 231).  Percent 
consistency was 65% for females and 80% for males.  However, mean estimated 
age of tooth pairs was higher for females than for males (t = 4.8, df = 174, P < 
0.001, n = 231).   

 



   

 
Black Bear Study in New Mexico 115 Final Report - 2001 
CHAPTER 12  Reliability of Harvest Data 

Extraction of improper teeth (e.g., molars, incisors) did not appear to affect 
consistency, however sample size was very low.  Inconsistency in estimated 
ages was 33% for these teeth (n = 6), however the patterns of inconsistency 
relative to estimated age and certainty codes appeared similar to other teeth.  
    
 The observed inconsistencies in aging did not appear to affect the 
estimated age composition of the harvest (Table 12-1).  Comparing the 2 blind 
samples (obtained independently), estimated age composition of the harvest did 
not differ statewide (X2 = 1.4, df = 5, P = 0.92, n = 472) or for any region (P ≥ 
0.55). 
 
 
Table 12-1.   Estimated age composition of hunter-killed black bears, by region, 

using the cementum annuli technique applied to 2 blind samples of 
premolar teeth in New Mexico, 1993.   

   Percent composition by age categorya 
Region Sample n Cub 1 year 2 years 3 years 4 years ≥5 years 
Statewide 1 236 0 14 26 13 5 42 
 2 236 

 
0 14 28 12 6 41 

San Juan 
complex 

1 55 0 11 26 18 7 38 
2 55 

 
0 13 24 18 11 35 

Sangre de Cristo 
complex 

1 77 0 14 22 9 3 52 
2 77 

 
0 14 23 8 3 52 

Zuni and Mt. 
Taylor regions 

1 20 0 10 20 0 0 70 
2 20 

 
0 10 20 10 0 60 

Sandia/Manzano 
region 

1 10 0 20 0 0 20 60 
2 10 

 
0 20 0 0 20 60 

Gila complex 1 29 3 14 35 14 3 31 
2 29 

 
0 17 35 14 3 31 

Sacramento 
region 

1 56 0 16 29 14 5 36 
2 56 0 14 34 11 5 36 

a Percent composition did not differ between samples for any region (P ≥ 0.55). 
 
 

We obtained age estimated for 61 pairs of teeth from study bears (actual 
ages not known).  Most age estimates (85%, n = 122) were assigned a certainty 
code of A, while 11% were assigned as B and 3% were assigned C.  Among the 
20 teeth that were broken (16% of total), most were assigned a certainty code of 
A (80%), while 10% were assigned as B and 10% were assigned as C.  Pairs of 
teeth were extracted 0-9 years apart, with a mean of 4.0 years (n = 61). 

  
 Teeth were consistently aged for only 46% of pairs (n = 61).  Among pairs 
inconsistently aged (n = 33), discrepancies ranged from 1-12 years, with a mean 
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of 2.8 years.  Percent inconsistency among pairs did not differ by certainty code 
(X2 = 1.0, df = 2, n = 61).  Discrepancy in estimated age, in years, was positively 
associated with mean estimated age of the pair (Pearson r = 0.50, P < 0.001, n = 
61). 

 
Percent consistency was lower when teeth were broken (46% vs. 80%, X2 

= 5.4, df = 1, P = 0.04, n = 61), however percent tooth breakage was positively 
associated with higher certainty codes (X2 = 21.9, df = 3, n = 122).  Only 13% of 
ages designated with A (n  = 103) were broken, while 21% and 100% of ages 
designated with B (n = 14) or C (n = 4) were broken.  Percent consistency was 
lower for tooth pairs when 1 or both teeth were removed in the den (34% vs. 
62%, X2 = 4.5, df = 1, P = 0.04, n = 61).  Percent consistency did not differ by sex 
(X2 = 1.0, df = 1, P = 0.40, n = 61). 

 
For 26 of 31 (84%) inconsistent pairs of teeth extracted during different 

years, the age estimate from the tooth extracted at an older age was lower than 
the age estimate for the tooth extracted at a younger age (accounting for the 
difference in years).  In other words, compared to earlier ages estimated, older 
ages were underestimated most of the time. 
 
Accuracy Analyses 
 
 We obtained age estimates for 29 known-age bears, including 15 
yearlings, 10 subadults, and 4 adults.  Twenty-eight of 29 age estimates (97%) 
were assigned a certainty code of A, and 1 age estimate (3%) was assigned B.  
No teeth were broken among this sample. 

 
Most of these teeth (83%) were accurately aged (n = 29).  Among age 

estimates designated with A, 86% were accurate, but the single age estimate 
designated with B was inaccurate.  Difference between estimated age and actual 
age ranged from 1-2 years, with a mean of 1.2 years (n = 5).  All inaccurate age 
estimates were underestimates. 
 

Percent accuracy differed by age class (X2 = 6.9, df = 2, P = 0.03).  All 
yearlings were aged accurately, while 60% of subadults and 75% of adults were 
aged accurately.  Percent accuracy did not differ by sex (X2 = 0.08, df = 1, P = 
1.0). 
 

Accuracy of age estimates differed by season (X2 = 13.4, df = 1, P = 
0.001).  Estimates from teeth extracted during the active season were 100% 
accurate, while estimates from those extracted during the den season were only 
55% accurate, however only sub-adult and adult teeth were extracted during the 
den season. 
 
 



   

 
Black Bear Study in New Mexico 117 Final Report - 2001 
CHAPTER 12  Reliability of Harvest Data 

DISCUSSION 
 
Harvest Data 
 

Results revealed both negative and positive aspects regarding usefulness 
of the harvest data obtained by the NMDGF.  Our analyses indicated the harvest 
data were incomplete, underestimating the annual bear kill by as much as 7%.  
This proportion not only limits the usefulness of these data for monitoring total 
kill, but also hinders reliable estimation of sex-age composition of the kill. 
 

On the other hand, analyses indicated age estimates using the cememtum 
annuli method were relatively accurate and consistent for New Mexico bears.  
Accuracy and consistency were negatively associated with age and tooth 
breakage, however these 2 factors were correlated.  These results supported 
earlier findings that consistency and accuracy declined with age (Willey 1974, 
McLaughlin 1990, and Harshyne et al. 1998).  Sauer et al. (1966) suggested 
cementum annuli were more difficult to count in older teeth because annuli 
become thinner as the tooth ages. 
 

Differences in the patterns of annuli deposition have been noted for male 
and female black bears (Coy and Garshelis 1992).  Cross-sections of male teeth 
have displayed dark accessory lines that can be confused with annuli, especially 
in late summer and fall.  On teeth from female bears, narrow bands associated 
with cub rearing can make distinction of adjacent annuli difficult to observe, 
leading to miscounts.  Despite these potential differences, our analyses did not 
indicate sex affected accuracy or consistency of aging, and these findings were 
consistent with Harshyne et al. (1998).  Although female teeth were less 
consistently aged in the sample of study bears, evidence indicated age was the 
factor likely causing the difference. 

 
Accuracy and inconsistency were also affected by season.  Age estimates 

from teeth extracted in the den were less consistent than those from teeth 
extracted during the active season.  When the den-extracted teeth were removed 
from the known-age sample, accuracy improved to 100%.  This may have been 
due to the fact that black bears deposit annuli during the winter and new annuli 
may not appear visibly until late spring (Sauer et al.1966, Coy and Garshelis 
1992). 
 
MANAGEMENT IMPLICATIONS 
 
 Accuracy and consistency of the cementum annuli method appeared 
adequate for estimating age of New Mexico black bears.  Among adult bears, our 
findings indicated the cementum annuli method was not precise enough to 
identify specific age cohorts.  However, accuracy and consistency was relatively 
high for bears with known or estimated ages <5 years old.  Identification of 
specific cohorts is only required for these younger age classes, therefore the 
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method appeared adequate to classify bears into age classes and to estimate the 
age composition of the kill. 
 

According to Matson Laboratory, 2 types of tooth breakage occurred.  The 
first occurred when the root tip was broken off during extraction.  The second 
occurred when the tooth was removed intact, but the tools used for extraction 
damaged the cementum annuli.  Breakage probably cannot be completely 
avoided, especially when extracting teeth from older bears.  However, extra care 
in tooth extraction, use of proper tools, and improved training of personnel 
responsible for tooth extraction will aid in the consistency of aging teeth. 
 



   

 
Black Bear Study in New Mexico 119  Final Report - 2001 
CHAPTER 13  Harvest Data Analysis 
 

CHAPTER 13 
 

PATTERNS IN HARVEST DATA 
 
INTRODUCTION 

 
 New Mexico has more than 2 decades of black bear harvest data, a rich 
information resource.  Harvest data document harvest numbers and provide a 
historical perspective on new information accumulating year by year.  
Relationships among harvest, regulations, effort, and environmental conditions 
provide valuable insight for managers that is useful for regulating harvest 
numbers and composition.    
 

Black bear harvest data alone do not provide a window onto populations; 
changes in harvest size and composition do not indicate trends in the living 
resource population (Garshelis 1990).  This study provides an opportunity for 
limited comparisons of live populations and harvests.  
 

Our objective in this chapter is to describe relationships between the 
harvest sample and the sex-age composition of study populations.  We do this 
from the standpoint of hunter supplied information, kill records, and results of 
field investigations. 
 
METHODS 
 
Harvest Data 
 

Tagging of bear pelts and reporting of all hunter-killed bears has been 
mandatory in New Mexico since 1978.  NMDGF officers have recorded proof of 
sex and collected a tooth for estimating age of bears since 1985.  Other 
information recorded included date and Game Management Unit (GMU) of kill, 
use or nonuse of dogs, and use or nonuse of guides.  Pelt tag records were 
complete through 1999.   
 

A card survey has been mailed to all licensed bear hunters with usable 
mailing addresses since 1990.  Information requested included whether they 
hunted, used guides or used dogs, days hunted in up to 3 different GMUs, killed 
a bear, and sex and GMU location of kill.  Statewide effort and success 
projections by hunt method were based on individual responses with use or 
nonuse of guides and dogs reported.  For the 1994 survey, use of guides and 
use of dogs could not be separated, so projections were made for using aids 
(guides or dogs or both) and no aids (neither).   
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Hunt regulations and license costs were obtained from annual NMDGF 
Proclamations.  Numbers of licenses sold were obtained from NMDGF fiscal 
records. 
 

Regional summaries were compiled for contiguous game management 
units including mountain ranges.  The Gila complex, containing the SSA, consists 
of GMUs 13, 15-17, 21-24, 26, and 27.  The Sangre de Cristo complex, 
containing the NSA, consists of GMUs 41-49 and 53-58. 

 
Years in summary tables are calendar years of hunting seasons, not fiscal 

year or license year designations.  Harvest numbers in summaries are derived 
from pelt tag reports, considered more reliable than projections from the hunter 
card survey.  Correlation coefficients were calculated from annual statewide total 
harvest numbers and license sales. 
 
Effort, Success, and Hunting Method 
 

Estimates of hunter success were based on reported numbers of hunters 
and kills by GMU from card survey returns for each year.  Hunters reporting days 
in multiple GMUs were included in each unit reported.  Unit hunter and bear 
harvest numbers using guides, dogs, both, or neither, were summed over GMUs 
for regional totals.  Success by year and method was calculated as total reported 
harvest divided by total reported hunters for each region. 

 
Proportions of hunters or harvests by hunting method were based on the 

subset of records with hunting methods known.  Numbers of hunters or harvests 
by hunting method were calculated as the product of total hunters or harvests 
and calculated proportions.  Most pelt tag and hunter card survey records 
contained information on hunting methods used. 

 
Regional harvests and resident study populations were compared for 

1993-1997; later years are excluded because hunt regulations and effort 
changed substantially in 1998, potentially confounding any change in the 
relationship of live and harvest sample composition. We looked at age 
composition of females only, because reproductive females are important to 
population trends, and migrant subadult males may confound male age structure 
and sex ratios.  Study area live population proportions were recalculated 
excluding cubs, because cubs do not appear in harvest data.  We examined 
proportions of yearlings of all females, yearlings and subadults of all females, 
and subadults of all females aged ≥2 years. 

 
Years of mast failure were determined from combined oak mast index 

measured on the study areas (see Chapter 5). 
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Age and Sex Composition 
 
Ages of hunter-killed bears were based on cementum annuli analysis of 

collected teeth (see Chapter 12).   Age class proportions were calculated only 
from records with age estimates.  For total numbers by age class, the un-aged 
subset was prorated among age classes using the proportions derived from the 
aged subset for each sex.  Most pelt tag records had associated age estimates.  
Year of birth for hunter-killed bears was calculated from age estimates. Virtually 
all pelt tag records included sex of kill. 

 
Age and sex composition of study area live populations was based on 

population reconstructions (see Chapter 10).  Year of birth for study area bears 
aged ≥1 year was known from den observations or calculated from tooth age 
estimates.  Sex was known for all study area bears. 

 
Relative numbers of bears by year of birth were compared for the study 

area populations and hunter-killed bears from the surrounding regions.  From live 
population data, bears were counted by cohort year.  All study bears observed at 
age ≥1 were included, regardless of age at first observation, date of capture, or 
den observation.  Individual study bears were counted only once, regardless of 
frequency of observation.  For harvest data, bears from a cohort year were 
represented by kills during the 3 hunt years following the birth year of the cohort.  
Proportions of 1, 2, or 3-year-olds of all-aged hunter-killed bears were calculated 
for the appropriate hunt year, to eliminate distortion from annual variation in total 
harvests.  An index of harvest abundance for each cohort was calculated as the 
sum of its representative year class proportions at ages 1-3.  For example, the 
index for bears born in 1991 was the sum of the proportion of 1-year-olds in the 
1992 harvest, 2- year-olds in the 1993 harvest, and 3-year-olds in the 1994 
harvest.   
 
RESULTS 
 
Patterns in Harvest, Effort, and Success 

 
Statewide bear harvest fluctuated (Figure 13-1).  The largest annual 

number of hunter kills for both sexes was reported in 1994, with declining 
numbers in each of the following 4 years.  Year to year variation in statewide 
harvest numbers was similar for the sexes.  Detailed statewide and regional 
information from pelt tag reports and card survey projections is presented in the 
Pelt Tag Notebook (Appendix D) that describes black bear harvest data history 
through 1999.  Fall and spring hunts occurred in New Mexico from 1978-1991.  
Early fall hunts, beginning by 1 September and ending 31 October, occurred from 
1992-1997.  Late fall hunts, beginning 1 or 15 October and ending 15 December, 
occurred from 1998-2000.   
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Figure 13-1. Numbers of black bear hunting licenses sold and pelt tags reported 
in New Mexico for years with both spring and fall hunts (1978-1991), early 
fall hunts only (1992-1997), and late fall hunts only (1998-2000). 
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License sales and statewide harvests increased during the 1990s (Table 

13-1).   Average license sales and average total females harvested for 1990-
2000 were 38% greater than for 1983-1989.  Because of the peak harvest in 
1994, average harvests increased out of proportion to license sales for 1994-
1997 compared to previous 4-year averages, both regional and statewide.  
Average harvests decreased for 1998-2000 because of the shift to late fall hunt 
dates.  

 
 
Table 13-1.  Average license sales and harvest reports for female (F) and male 

(M) black bears in New Mexico for 1978-2000.   
  Harvests reported 

Years  

 
Licenses sold 

statewide  
Statewide  

Sangre de Cristo 
complex  Gila complex 

F M  F M  F M 
1978-1981a not available    87 139  33 57  19 43 
1982-1985 3290b   99 162  31 49  23 41 
1986-1989 3381   98 195  33 63  27 65 
1990-1993 4471 123 185  39 63  26 43 
1994-1997 4782 188 267  51 75  50 71 
1998-2000 4529   70 154   22 56   20 29 
a 4-year averages make long-term changes easier to see;  
b averaged over 1983-1985 
 
 

Bear hunters in New Mexico consistently harvested more males than 
females (Table 13-2).  The female proportion of annual statewide harvest ranged 
from 29 to 46%.  The proportion of females averaged 37% during the years of 
combined spring and fall hunts, 41% during early fall hunts, and 36% for late fall 
hunt years.   
 

Harvest patterns differed by region (Figure 13-2). Harvests in the Gila and 
Sangre de Cristo complexes fluctuated, but Gila numbers were more variable.  
The 1994 female harvest in the Gila complex was 4 times the average from 
previous years, and more than twice the harvest from any other year.  In 
contrast, Sangre de Cristo regional female harvests were elevated for 1993-
1995, at about twice the average from previous years. 
 

From 1983-2000, annual statewide license sales varied more than 2-fold 
(Appendix D, Table 2).   License sales decreased in years with regulation or cost 
changes.  License sales dropped 36% and total black bears harvested dropped 
11% in 1986, when spring season dates were shifted 1 month earlier and the fall 
season was closed during elk firearm hunts.  License sales decreased 59% and 
total harvest decreased 17% in 1992, when spring hunting was discontinued and 
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the fall season was shortened to September and October only.  License sales 
decreased 35% and harvest decreased 25% in 1996, when license cost for 
residents increased from $10 to $30.  License sales decreased 22% and total 
harvest decreased 52% in 1998, when the fall season dates were shifted 6 
weeks later and no licenses were sold after the hunting season began. 
 
 
Table 13-2.  Numbers and mean ages of female (F) and male (M) black bears 

harvested statewide and in 2 regions of New Mexico where study areas were 
located, 1985-1999. 

  Statewide  Sangre de Cristo complex  Gila complex 
  No. kills  Mean age  No. kills  Mean age  No. kills  Mean age 

Year   F M   F M  F M  F M  F M  F M 
1985  94 160  5.2 4.4 21 49 5.4 3.5 27 39 5.0 5.4 
1986  84 145  5.5 4.6 28 72 6.3 4.8 22 26 6.0 4.8 
1987  104 192  5.6 4.6 43 62 5.8 4.8 27 68 5.8 4.8 
1988  101 188  5.0 4.2 39 62 5.6 4.8 24 49 4.8 4.6 
1989  103 254  6.2 5.0 21 57 5.3 5.8 36 115 7.5 5.5 
1990  151 232  5.9 5.3 40 67 5.9 6.3 47 64 6.9 4.9 
1991  99 176  6.4 5.9 26 62 5.3 5.5 23 47 7.7 7.1 
1992  91 137  6.4 4.8 29 55 7.0 4.6 16 30 6.9 5.0 
1993  152 196  6.3 4.0 61 67 6.9 4.1 18 30 5.8 3.7 
1994  259 364  7.0 5.3 60 75 6.3 5.3 103 138 6.8 5.9 
1995  213 313  7.0 5.0 62 114 6.7 5.0 39 49 8.4 6.1 
1996  171 216  6.7 5.7 43 72 6.2 5.5 36 50 8.0 6.1 
1997  110 175  6.3 5.6 38 52 7.0 5.3 22 48 5.9 6.3 
1998  51 97  5.3 4.4 20 50 5.8 4.0 10 12 7.4 7.4 
1999   60 150   6.1 4.5  20 59  5.4 5.8  14 26  7.1 2.4 

 
 

Total hunt effort influenced total harvest.  Correlations between statewide 
annual total legal kills and total licenses sold were 0.68 for 1983-1991 with both 
spring and fall seasons, 0.82 for 1992-1997 with early fall seasons, and 0.90 for 
1998-2000 with late fall seasons. 
 

Success rates for all black bear license buyers were relatively low, ranging 
from 5-9% for years with spring and fall hunts, from 7-10% for early fall hunts 
except for 13% in 1994, and from 4-6% for late fall hunts.   The exceptional 
success rate in 1994 coincided with the largest statewide annual harvest. 
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Figure 13-2. Number of female hunter-killed black bears reported from 
the Gila and Sangre de Cristo complexes  of New Mexico, 1978 – 
2000. 
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Patterns by Hunting Method and Season Timing 
 

Hunters using dogs were about 3 times as successful as hunters not using 
dogs (Table 13-3).  Using dogs doubled success for unguided hunters, and 
increased success 2 to 5 fold for guided hunters.  Using dogs increased success 
more in spring and late fall hunts than in early fall hunts. 
 
 
Table 13-3.  Average annual participation and hunter success by hunting method 

and season timing from card survey data and pelt tag reports from black 
bear hunting in New Mexico, 1990-1999.   

 Hunt season timing 

Comparison by hunting method 
Spring 

1990-1991 

Early fall 
1990-1993 
1995-1997 

Early fall 
1994 

Late fall 
1998-1999 

Percent of hunters using each 
method, from hunter card survey 

 Guides and dogs 17 8  7 
 Guides only 2 4  10 
 Dogs only 19 10  10 
 Neither 
 63 78 73 74 

Percent success by method,  
from hunter card survey     

 Dogs 22 28  21 
 No dogs 3 9  6 
     
Percent of females in harvest by 
method, from pelt tag reports     

 Dogs  23 46 40 35 
 No dogs   22 37 43 30 

 
 

Fall season hunters using dogs took a higher proportion of females than 
hunters not using dogs, except for 1994 when hunters not using dogs took an 
unusually high proportion of females (Table 13-3).  Hunters using dogs took 
about 4 times as many female bears per hunter as hunters not using dogs (Table 
13-4).   

 
Most hunting effort was without dogs (Table 13-3).  In fall hunts, an 

average of 18% of all hunters used dogs; in spring, 36% used dogs.  However, 
hunters using dogs took 45% of the female bears killed during fall hunts and 71% 
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of the few females killed during spring hunts, because of higher success rates 
and higher percentages of females taken with dogs. 
 

The proportion of females in early fall hunter kills was double that in spring 
kills. Overall, 41% of early fall harvests, 32% of late fall harvests, and 21% of 
spring harvests were female.  The same pattern held for all hunting methods 
(Table 13-3). 

 
For all hunting methods, success rates were higher for early fall hunts 

than for late fall or spring hunts (Table 13-3).  Overall success from card survey 
reports was 13% for early fall hunts (except for 1994 with 48% success reported), 
11% for spring hunts, and 9% for late fall hunts. 
 
 
Table 13-4.  Relationships of hunting method and season timing to female black 

bear harvest in New Mexico, 1990-1999. 

 Hunt season timing

Comparison by hunting method 
Spring 

1990-1991 

Early fall 
1990-1993 
1995-1997 

Early fall 
1994 

Late fall 
1998-1999 

Average no.  females killed / 
100 hunters / year 
 Guides and dogs 7.7 21.6  11.2 
 Guides only  7.8  3.1 
 Dogs only 2.1 7.2  4.2 
 Neither 0.8 3.3 17.2 1.8 
       
 Dogs 4.8 12.9  7.4 
 No dogs 
 1.1 3.3  1.8 

Average percent of all F bear kills 
taken by each method 
 Guides and dogs 59 32  28 
 Guides only  6  11 
 Dogs only 18 13  15 
 Neither 23 48  47 
       
 Dogs 71 46  45 
 No dogs 29 54  55 
 
 
Patterns by Mast Availability 
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The NSA did not experience a mast failure during the late fall season hunt 
years 1998-2000, and experienced only a single year of mast failure during the 
early fall hunt season years from 1993-1997.  The SSA experienced mast failure 
in 2 of the 5 early fall hunt season years and in 2 of the 3 late fall hunt season 
years. 
 

In the Gila complex, more bears were killed in years of mast failure during 
early and late fall seasons (Table 13-5).  This pattern was observed with or 
without guides and dogs.  In the Sangre de Cristo complex early fall hunts, the 
proportion of females in the total harvest was higher during the mast failure year. 
In the Gila complex, hunters using dogs or guides killed the same proportion of 
females in mast failure years as other years.  However, on average 78% of the 
hunting effort in the Gila complex was by hunters not using aids, who took a 
higher proportion of females in mast failure years.  Statewide, the largest bear 
harvest in early fall hunts occurred in 1994, and the largest harvest in late fall 
hunts occurred in 2000, both probably years of widespread mast failure. 
 

 
Table 13-5.  Hunter success, sex composition, and total harvest of black bears in 

New Mexico by hunting method for years with and without mast failures, 
1993-1999. 

 Early fall hunts  Late fall hunts 
 Sangre de Cristo

complex 
 Gila complex  Gila complex 

Parameter 
by hunting method 

Oak on NSA  Oak on SSA  Oak on SSA 
Fail Not fail  Fail Not fail   Fail Not fail

Average percent hunter 
success from card survey 

       

 Guides or dogs or both 46 34 24 18  12a 5 
 No aids 

 
13 14 16 10  41 4 

Average percent females in 
harvest from pelt tag reports 
 Guides or dogs or both 54 42 44 44  40 56 
 No aids 
 

44 36 37 33  27 38 

Average annual bear kills from 
pelt tag reports 
 Guides or dogs or both 48 61 57 34  29 9 
 No aids 
 

80 68 106 34  34 13 

Total 
 

128 129 163 68  63 22 

Years included 1993 1994 
1995 
1996 
1997 

 1994 
1996 

1993 
1995 
1997 

  1999 
2000 

1998 
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 aValue for 1999 only; card survey projections for 2000 not yet available 
 
 

For the Gila complex, the contrast in average harvest was exaggerated by 
an exceptionally high harvest in the mast failure year 1994 (with 242 bears 
reported), and an exceptionally low harvest in the non-failure year 1998 (with 22 
pelts reported) when regulations changed significantly and effort and harvest 
decreased statewide.   
 
Live Population and Harvest Age Composition 
 
 More individual bears born in 1991 were captured on both study areas 
than bears born in 1990 or 1992; bears born in 1988-1990 were observed less 
frequently than those born in 1987 or 1991.   A similar pattern occurred in hunter- 
killed bears from the surrounding regions (Figure 13-3).  The 1994 cohort in the 
SSA and Gila region, and the 1995 cohort in the NSA and Sangre de Cristo 
complex, were relatively small in harvests and live captures.  No yearlings were 
observed in dens from the 1992 and 1994 cohorts on the NSA, and only 1 
yearling was observed from the 1993-1995 cohorts on the SSA (Table 13-6). 
 
 
Table 13-6.  Yearlings per adult female (F, aged >5 years) from den observations 

on the Northern Study Area (NSA) and Southern Study Area (SSA) in New 
Mexico, 1993-2000. 

   NSA  SSA 

Year of 
observation 

 Cohort 
year   

No. adult 
F dens 

observed
Yearlings / 

adult F   

No. adult 
F dens 

observed 
Yearlings / 

adult F 
1993 1992  5 0    
1994 1993  8 0.63  6 0 
1995 1994  12 0  9 0.11 
1996 1995  16 0.63  15 0 
1997 1996  23 0.22  15 0.67 
1998 1997  27 0.48  18 0.33 
1999 1998  23 0.59  19 0.58 
2000 1999   21 0.52   16 0.56 

 
 

In both live study populations, adults comprised 54% of resident females 
≥1 year old on average (Table 13-7).  Adults comprised 58% of female harvests 
in the Sangre de Cristo complex and 70% of female harvests in the Gila complex 
on average for 1993-1999 (Table 13-7).  Both live populations averaged 65% 
females of all resident bears, with little annual variation, from 1993-1999.  
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Regional harvests varied from 26 to 48% females in the Sangre de Cristo 
complex, and from 31 to 48% female in the Gila complex. 
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Figure 13-3.  Relative numbers of black bears born in the indicated years and 
subsequently killed by hunters at ages 1-3 in the Sangre de Cristo and 
Gila complexes of New Mexico, 1985-1999, or captured live at any 
age on the New Mexico black bear study areas within the regions, 
1993-1999. 
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year 
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Yearling proportions of females were higher in study area live populations 

than in early fall season harvests from the surrounding regions.  From 1994-1997 
subadults comprised 42% of live population resident females aged ≥2 years on 
the NSA and 44% on the SSA.  In contrast, subadults comprised 38% of reported 
female hunter kills aged ≥2 in the Sangre de Cristo complex, but only 27% in the 
Gila complex, during the same years.  In 1993, the NSA live population had 43% 
subadults, but the Sangre de Cristo harvest had only 24%; both SSA and the 
Gila harvest had 44% subadults. 
 
 
Table 13-7.  Proportions of adults (≥5 years old), subadults (2-4 years old), and 

yearlings (1 year old) in black bear harvests from the Sangre de Cristo 
and Gila complexes of New Mexico, 1993-1999. 

   Year All 
Region Sex Age class 1993 1994 1995 1996 1997 1998 1999 Years 
Sangre F Adult 0.32 0.25 0.18 0.21 0.25 0.14 0.10 0.21 
de  Subadult 0.12 0.16 0.16 0.14 0.12 0.09 0.13 0.13 
Cristo  Yearling 0.04 0.02 0 0.02 0.01 0.05 0.03 0.02 
  Total 

 
0.48 0.43 0.34 0.37 0.39 0.28 0.26 0.36 

 M Adult 0.18 0.32 0.24 0.29 0.32 0.23 0.33 0.27 
  Subadult 0.24 0.20 0.39 0.33 0.23 0.33 0.30 0.29 
  Yearling 0.11 0.05 0.04 0.01 0.07 0.16 0.11 0.08 
  Total 

 
0.52 0.57 0.66 0.63 0.61 0.72 0.74 0.64 

Gila F Adult 0.18 0.28 0.29 0.30 0.21 0.48 0.26 0.28 
  Subadult 0.16 0.12 0.14 0.12 0.06 0 0.06 0.10 
  Yearling 0.02 0.05 0 0.01 0.03 0 0.03 0.02 
  Total 

 
0.36 0.44 0.43 0.44 0.31 0.48 0.35 0.40 

 M Adult 0.18 0.26 0.29 0.34 0.45 0.38 0.10 0.28 
  Subadult 0.36 0.22 0.27 0.21 0.19 0.10 0.26 0.23 
  Yearling 0.11 0.08 0.01 0.01 0.05 0.05 0.29 0.09 
  Total 0.64 0.56 0.57 0.56 0.69 0.52 0.65 0.60 

 
 
DISCUSSION 
 
Harvest Patterns 
 
 In 1994, statewide harvest jumped to a record peak, and then dropped 
steadily during the following 4 years.   Harvests for 1994-1998 differed from the 
fluctuating, but gradually increasing, pattern of harvests from previous years.  
Such a dramatic change should get the attention of managers.  We cannot 
determine from harvest data alone whether the 1994-1998 numbers reflect 
overharvest and subsequent population decline.  Examination of factors 
associated with the pattern can illuminate the information that is embedded in 
harvest data. 
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 Higher harvests in the 1990s than the 1980s were associated with 
increased license sales.  The record harvest in 1994 was not a statewide 
phenomenon, but derived from an anomalous harvest from the Gila complex, 
large enough to affect the statewide total.  Return to a normal harvest size in the 
Gila complex in 1995 accounted for most of the decrease in statewide harvest for 
that year.   License sales were lower in 1996-1997 than in 1994-1995, probably 
accounting for some of the reduction in total harvest.  The decrease in statewide 
harvest in 1998 likely resulted from a change in hunt season from early to late 
fall, and an associated reduction in license sales.  While these observations do 
not rule out a population change as the reason for decreasing bear harvests, 
they do suggest reasonable alternative explanations. 
 
 Harvest data history for the Gila complex implied that the impact of the 
1994 hunt on the black bear population was unusual, but its effect on the 
population trend is not known.  The high number of females removed from the 
population is a significant management consideration.  The harvest data can 
provide useful indicators for managers, even without providing certainty about 
populations. 
 
 Why was the 1994 harvest in the Gila complex so large?  Regional hunter 
numbers were not unusual, but success rates were extraordinary. Cub survival 
on the SSA was very low in 1994, and many adult females may not have been 
accompanied by cubs, thus not protected from hunting.  Oak mast failed in 1994, 
and a dry summer and wildfires may have increased food stress.  Bears moved 
longer distances during years of oak failure (see Chapter 9), and may have been 
more likely to encounter hunters as a result.  Average annual harvest totals, 
hunter success rates, and percent of females harvest by unaided hunters were 
higher in years of oak mast failure in the Gila complex during both early and late 
fall hunt seasons.  The proportion of females in the total harvest was also higher 
during the mast failure year in the Sangre de Cristo early fall hunts.   Hunter 
success, percent of females in the kill, and mean age of females killed were 
inversely related to fall food abundance in Minnesota (Noyce and Garshelis 
1997).  Higher harvest levels also were associated with shortages of natural 
foods in Massachusetts (McDonald et al. 1994).   
 
 Patterns of harvest over time differed by mountain range region for New 
Mexico.  Environmental conditions may not be uniform statewide in any given 
year.  Harvest data should be examined by region, and regional differences in 
management objectives and strategies are appropriate. 
 
 The timing of hunt seasons influenced the size and composition of the 
harvest.   Early fall hunts in New Mexico resulted in higher effort, success, and 
proportion of females in the harvest compared to late fall or spring hunts, and 
produce larger total harvests and female harvests. 
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 Hunters using dogs harvested more bears per hunter, and proportionally 
more female bears, than hunters not using dogs.  Most hunters in New Mexico 
did not use dogs.  In early fall hunts, about 20% of hunters used dogs, but took 
almost 50% of the females harvested.  The influence of hunting method on 
harvest depends on the combination of effort, success, and proportion females 
taken by different hunting methods, and is not simple to predict. 

 
Live Population and Harvest Comparisons 
 

In the study design, we planned to relate the live population sample 
represented by study bears to the killed sample represented by harvests, to 
explore what harvests could indicate about populations.  This proved difficult in 
practice.  Ideally, the size and composition of harvests from the study populations 
would be compared to the size and structure of the study populations over time.  
However, too few study bears were killed by hunters for meaningful comparisons. 
 

As an alternative, harvests from the mountain range regions surrounding 
the study areas were used for the killed samples.  The study area populations 
were used to represent the population structures for the larger regions, a 
problematic assumption.  The unhunted status of the NSA during much of the 
study weakened its comparison with the hunted Sangre de Cristo complex.  
During the record high 1994 harvest in the Gila complex, no SSA hunting 
mortalities were observed, suggesting that hunting on the study area was not 
typical of hunting in the larger surrounding region.  These limitations apply to the 
remaining discussion. 
 
Relative Cohort Sizes 
 
 Examination of year classes of hunter-killed bears over time revealed 
striking and persistent differences in relative numbers by year of birth.  Some 
cohorts were virtually absent from the harvest records.  Bears born in 1988-1990 
were relatively scarce in New Mexico harvest data, reflective of the decrease in 
proportion of subadults in the early 1990s and part of the concerns that prompted 
this study. 
 

Age distributions from harvests (killed samples) and study area captures 
(live samples) showed similar variation in apparent cohort size from year to year 
(Figure 13-3).   Because live captures began in 1993, cohorts born in earlier 
years were represented on the study areas only by older survivors and residents, 
and more recent cohorts were exaggerated in number compared to earlier ones 
in the live samples.  Because harvest age collection began in 1985, pelt tag 
records contained information on cohorts born since 1984. 
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Apparent cohort size variation suggested underlying reproductive 
variation. A pattern of alternating larger and smaller cohorts appeared in the 
harvest data for the 1980s and 1990s, and from the live sample for the 1990s, 
consistent with moderately synchronized reproduction.  In both the NSA and SSA 
samples, the alternating year pattern failed in 1989, with a small cohort where a 
larger one would be expected.  The cohorts from 1988-1990 were smaller than 
the 1987 and 1991 cohorts.  This combination suggested that bear reproduction 
may have been lower than normal during the late 1980s.   

 
Correspondence between apparent relative cohort size and natality can be 

examined for the years of the study.  The 1992 NSA cohort and the 1993 SSA 
cohort were missing in den observations (Table 13-6) but not in study live 
captures or regional harvests.  The discrepancy may be attributable to the very 
small sample sizes for natality observations for the first year on each study area. 
Cohorts on the NSA from 1994 and 1996 appeared small relative to 1993 and 
1995 in den observations, live captures, and harvests.  The same was observed 
for cohorts on the SSA from 1994 and 1995 compared to 1996.  For years with 
higher sample sizes, study natality data were consistent with apparent cohort 
size differences in the harvest. 
 

The relative proportions of bears from different birth years in harvest data 
appeared to reflect the relative proportions of bears from different birth years in 
the study area live populations.   The patterns of variation do not imply the 
causes of variation.  Cohorts may appear relatively large when they are not 
absolutely large if mortality in adjacent cohorts was high.  But absence of a 
cohort in harvest records for several years may indicate low reproductive 
success for that birth year.  A missing cohort is a flag indicating possible poor 
reproduction; other evidence such as associated mast abundance must be 
considered.  Missing cohorts in harvest data records are more useful for 
interpreting historical records than for evaluating current populations, because 
several years of data collection are needed to detect the differences in cohort 
representations in the harvest. 
 
MANAGEMENT IMPLICATIONS 
 
 Harvest patterns and environmental conditions differ among mountain 
range regions in New Mexico.  Analysis of harvest data and related factors on a 
regional basis is appropriate. 
 
 Changes in black bear populations cannot be detected from harvest data 
alone.  However, patterns in harvest data may flag areas of concern to 
managers.  Missing cohorts and associated decreases in proportions of 
subadults in the harvest over several years suggest poor reproduction.  Other 
evidence such as mast availability should be examined, and the possible 
population consequences can be factored into management considerations. 
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Hunting method appears to affect proportion of females in the kill.  During 

1990-1999, hunters using dogs were 3 times more successful and took 4 times 
as many female bears per hunter than those not using dogs.  However, the 
impact of hunting with dogs on the total harvest for a region depends on the 
proportion of hunters using dogs. 
 
 Timing of hunting seasons influences the total black bear harvest and the 
proportion of females in the harvest.  During 1990-1999, later fall seasons were 
associated with lower total harvest and lower proportions of females in the 
harvest, compared to earlier fall seasons and spring seasons. 
 
 Environmental conditions can influence the effect of a hunt on harvest 
magnitude and composition. During 1993-1999, failures in oak production were 
associated with increases in hunter effort, hunter success, and the proportion of 
females in the kill. 
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CHAPTER 14 
 

THE BLACK BEAR POPULATION MODEL 
 
Our objective in this chapter is to develop and describe the bear 

population model as a tool for integrating harvest and biological information, and 
forming interpretations that are consistent with existing knowledge. This 
approach is intended to help managers to interpret harvest data in the context of 
bear population biology, make inferences about bear population size and status 
consistent with available harvest and biological information, and evaluate 
consequences of management options to bear populations. The model is 
designed to simulate population behaviors that are realistic for conditions in New 
Mexico.  

 
CONCEPTUAL BACKGROUND 
 

Information available to managers about black bears in New Mexico has 
traditionally been limited to data from hunter-killed bears.  This study augments 
management information with biological data on New Mexico’s black bear 
populations, improved understanding of the influence of annual variation in mast 
abundance, and estimates of potential bear density in different habitats.  How 
can a manager use this diverse information to make inferences about the status 
of regional black bear populations and the potential consequences of harvest 
regulations?  The population model is the tool for integrating harvest numbers, 
vital rates, and environmental relationships into a coherent whole. 

 
Models of bear populations have been used for estimating population 

parameters, projecting population trends from vital rates, determining upper limits 
on sustainable mortality, and demonstrating various relationships between 
population and harvest composition.   Treatment of biological detail and temporal 
variability has differed, depending on modeling objectives and information 
available. 

 
Taylor et al. (1987) developed the ANURSUS model for estimating natality 

rates for polar bear populations from age specific litter size and family group 
observations.  They emphasized the importance of accounting for the effect of 
whole litter loss on reproductive eligibility and litter intervals for animals with 
multi-year reproductive cycles.   
 

Whether a population is increasing or decreasing, and why, are more 
important to management than population size (Eberhardt and Knight 1996). 
Assessment of population trends for Yellowstone grizzlies has been approached 
though comparison of female survival before and after sexual maturity, age of 
first reproduction, and reproductive rates, rather than through direct population 
size estimation (Eberhardt 1990, Eberhardt et al. 1994).  These models use 
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detailed biological information, and infer trends from average rate estimates.  For 
small populations, perturbations of age and sex structure influence dynamics for 
many years (Knight and Eberhardt 1985).  Such perturbations can affect 
estimates of and projections from vital rates. 
 

A simple model with detailed reproduction (average age of first 
reproduction, litter size, breeding interval) and constant mortality was described 
by Bunnell and Tait (1981).  They related maximum sustainable mortality to 
reproductive characteristics for several documented populations of grizzly, polar, 
and black bears, and aided other insights into bear population dynamics. 
 

Consequences of food related variation in natality, particularly 
synchronized or alternating reproductive schedules, were modeled by 
McLaughlin (1998).  He imposed patterns of variable parturition on an individual 
based, stochastic simulation model with detailed reproductive biology and density 
dependent mortality, and found a substantial impact on sustainable mortality 
rates for females. 
 

Population viability assessment models (e.g., Weigand et al. 1998) and 
other stochastic, individual based models (Knight and Eberhardt 1985) are useful 
for small or endangered populations where chance is a significant contributor to 
population variability and probability of extinction is a management concern.   
 

Abundant, detailed biological information is not available to many bear 
managers, but almost all have harvest data.  However, inferring population trend 
from harvest data alone is nearly impossible (Bunnell and Tait 1980, Garshelis 
1991, Miller 1990).   A stable age and sex composition in both the live population 
and the harvest can occur when the live population is stable, but also when it is 
increasing or declining (Miller 1990).  A predominantly male harvest is possible 
from a predominantly female population (Bunnell and Tait 1980).  The erroneous 
assumption of a constant harvest mortality rate can lead to misinterpretation of 
harvest data (Garshelis 1991).  However, models can be used to demonstrate 
counterintuitive relationships between simulated populations and harvest data, 
warning managers of the possibility of drawing false conclusions from pelt data.   
 

Modeling with constant rates can provide useful insights on the 
boundaries of possible bear population behavior.  However, vital rates are 
variable in real populations, and the particular patterns of variation influence 
population structure for long time periods.  Stochastic modeling provides implicit 
variation in vital rates over time, but the time pattern of the variation is not related 
to observed habitat conditions, cohort size, or harvest numbers.  Selected 
general patterns of cohort variation have been examined.  The consequences of 
hypothetical variation in survival over time to population age structure have been 
used to demonstrate problems in relating harvest data to population status.  
However, bear models have rarely dealt with the implications of specific 
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population histories.  The perils of population assessment from harvest data 
alone are well documented.  Modeling tools for integrating harvest data, 
biological information, and population history are needed. 

 
METHODS 
 

The bear population model was designed to simulate a black bear 
population through time, with biological realism, hunting, and environmental 
influences.  Choices for population structure and for life history events 
accommodated population concerns, hunting patterns, and age of first 
reproduction for New Mexico.  Input requirements were based on information 
anticipated from the field study for vital rates and bear densities, information 
routinely collected by NMDGF from hunters on effort and kills, and readily 
obtained environmental information important to bears.  Outputs were chosen to 
track changes in population numbers and composition, as well as realized 
mortality rates and harvest predictions for comparison with observations.  A set 
of functions with vital rates as arguments was developed to describe annual 
births, deaths, and age shifts.  Additional functions related annual vital rate 
changes to environment (mast index, den entry timing) and hunting (effort and 
season timing).  Functions for migration and population size constraints were 
added last. 
 

Sets of vital rates from the study areas and regional pelt tag (hunter-kill) 
records were developed and stored with the model.  A library of regional history 
simulations and teaching (hypothetical) model scenarios was developed. 
 

Model software was programmed in APL (Array Processing Language, 
APL2000 APL+Win version 3.6) with a user interface in Windows Graphic User 
Interface (GUI) format.  Installation is from CDDOM, programmed with Install 
Shield Express version 2.13.  Automated output graphics are displayed using 
Microsoft Excel (version from Office 97 or later). 

 
The model is implemented in a Windows Graphics User Interface (GUI) 

program, with a user shell to facilitate inputs, outputs, and scenario saves.  
Outputs are in both table and graphic formats.  The model installation program is 
provided on CDROM with this report.  The model CDROM also contains a library 
of scenarios, user manual, and documentation for the core model calculations. 

 
The model user interface provides an assortment of aids to choosing input 

values, including stored characteristic rate sets for geographic regions of New 
Mexico, and hunt season and pelt tag (hunter-kill) report historic data sets. 
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RESULTS 
 
Conceptual Model Structure 
 

Overview.  The bear population model (Appendix E) simulates a hunted 
bear population, tracking changes in numbers and sex-age composition over 
time based on births, deaths, and migrants (Figure 14-1).  The initial population, 
characteristic vital rates, and annual variation in environment and hunting are 
inputs to the model.  The core model equations are a calculation engine to 
change population numbers based on varying rates over time (Appendix F).  
Details of bear reproductive biology are incorporated into the model calculations.  
The model extrapolates population changes based on the conditions described 
by the full set of model inputs.  Outputs are detailed population and harvest 
numbers and realized total mortality rates over time.   
 

Vital rates are age and sex specific, and vary from year to year in 
response to environment and hunting.  Vital rates are not explicit functions of 
density dependence or social structure.  Migration of subadult males is optional 
and depends on threshold population sex proportions.  Optional upper limits on 
total population and total adult females approximate density dependence at high 
population levels. 
 

Population composition.  The model’s population age structure has 
separate age classes for each year from cub through 4 years, and an adult class 
containing ages 5 and above combined.  Each age class also is separated by 
sex.  Adult females are partitioned into groups with cubs, with yearlings, and with 
no offspring. 
 

Scale.  The modeled population should represent a large geographic area 
with a reasonably well-defined bear population, such as a mountain range. The 
model is not suitable for very small areas or small population subsets.  Model 
runs typically simulate a population for 20 years or longer. 
 

Annual variation.  Mast availability index and den entry timing represent 
annual variation in environmental conditions.  Hunting occurs in the fall, with 
annual variation in effort and season start dates.  Fall mast index (poor, fair, or 
good) may be input for each year, or randomized based on input frequencies for 
each index level.  Annual den entry is input as normal or late for each year.  Hunt 
season dates may be loaded from historic data files; annual low, average, or high 
effort must be input for each year.  Although the model is deterministic, it allows 
for unlimited patterns of variation over time. 
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Figure 14-1.  Schematic of sequence of events for a simulated year in the 
bear population model, New Mexico Black Bear Study, 1993-2000. 
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Natality.  Parturition and cub survival rate inputs are step functions of 

poor, fair, and good mast availability and characteristic of the population being 
modeled.  Fall mast each year determines cub survival rate for cubs born the 
previous winter and parturition rates for eligible adult females the following 
winter.  Adult females with yearlings in dens do not give birth.  Parturition rate is 
applied only to eligible adult females, defined as adult females without yearlings 
in dens.  Cohort size variation and synchronized alternate year reproduction can 
be simulated.  Calculated cub numbers are based on number of eligible mothers, 
parturition rate, and litter size frequency.  Whole litter loss prior to hunting and 
prior to the following denning season is based on litter size frequency and cub 
survival.  Whole litter loss in either time period classifies an adult female as 
eligible to give birth the next year, corresponding to the estimation of parturition 
rates for all adult females without yearlings in dens in this study. 

 
Mortality.  Long-term average mortality rate inputs characteristic of the 

population being modeled are age and sex specific, and partitioned into natural, 
hunting, and other human causes.  Rates are additive.  Hunting mortality varies 
as the characteristic rate is modified each year by hunt effort, season timing in 
relation to den entry, and mast conditions.  Annual realized mortality rates, or 
characteristic rates modified by environmental factors, are an explicit output. 

 
Hunting.  The model can be run with hunt mortality rates as inputs, and 

hunter kills or pelt numbers as outputs.  Alternatively it can be run with tagged 
pelt numbers as inputs, and the associated hunt mortality rates as outputs.  The 
choice can be made separately for each year in the simulation.  Forcing harvest 
numbers is useful for simulating unusual events such as the large 1994 harvest.  
Forcing harvest also makes explicit use of the NMDGF’s long-term ongoing 
harvest pelt tag report data collection (see Chapter 13).  Regional harvest data 
history files are stored with the model.  Only fall hunts, the current NMDGF 
practice, have been implemented; a spring hunt could be added to a later version 
of the population model. 
 

Scenarios.  A scenario is the complete set of inputs for a model run.  
Scenarios may be saved and restored.  Data interpretation using the model 
should be based on sets of scenarios, not on single runs.  Sets of scenarios 
bracketing the range of uncertainty for inputs of interest or concern produce a set 
of outputs representing a plausible range of outcomes. 
 
DISCUSSION 
 
Limitations and Advantages of the Model 
 

The New Mexico bear population model is deterministic.  It is not suitable 
for assessing extinction probabilities or for modeling very small populations 
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where chance is a significant influence.  A set of runs with varied inputs is 
necessary to achieve a range of plausible outcomes.  The model is intended for 
simulation of viable, hunted populations, not endangered ones. 
 

The model does not predict vital rates or environmental variation, although 
it allows variation in environment to modify realized rates over time.  The 
influence of habitat quality can be expressed by choice of characteristic vital 
rates.  Inputs are detailed, a disadvantage when biological information is sparse, 
but an advantage for simulating the particular conditions experienced by a real 
population.  Annual mast index is an explicit input, allowing use of observations 
when available.  Mast variation can also be randomized, based on frequencies 
characteristic of the geographic area being modeled. 

 
The influence of bear social structure on population dynamics is not 

modeled explicitly.  Migration of 3-year-old males in or out of the population can 
be included, activated by selected threshold population sex ratios.  However, 
interpretation of the results of simulations allowing subadult male migrants should 
include the plausibility of an external population source for immigrants. An upper 
limit on adult females and on total bears can approximate density dependence 
and habitat carrying capacity.  The model is sensitive to upper limits, so choices 
should be based on habitat types and potential densities where possible. 
 

Reproductive biology is modeled in detail.  Females with cubs and 
probability of whole litter loss are tracked for reproductive eligibility and for 
hunting vulnerability.  There are not separate age classes for adult females and 
parturition rates are average for all adult females, not age specific, because age 
specific reproductive rate data will not be generally available for New Mexico 
populations.  Age at first reproduction is effectively 5 years, the approximate 
average for New Mexico.  However, reduced parturition in mast failure years is 
equivalent to older age of first reproduction under poor environmental conditions.  
Parturition rate is not affected by adult sex ratios, since depressed reproduction 
due to scarce males is not a problem in New Mexico.  However, no cubs are 
produced if there are no adult males in the simulated population. 
 

Hunt season timing or closure and hunting effort are inputs, allowing 
management options to be explicit inputs for simulations.  The current version 
allows hunting only in the fall, the current practice in New Mexico.  The addition 
of a spring hunt option would expand the utility of the model. 
 

The New Mexico bear model is designed to facilitate a synthesis of 
harvest data, population biology, and information on environmental variability.   
Resulting inferences about bear populations are consistent with all available 
information.  The model cannot provide certainty, but it can rule out nonsense. 
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When good information is available on annual mast availability, harvest 
numbers with sex and age, and an upper limit or carrying capacity number of 
adult females for a population, in conjunction with the vital rate estimates from 
this study, model results can be of considerable use to managers.  Scenarios 
with population constraints are more sensitive to the combination of harvest 
numbers, mast failure frequency, and carrying capacity than to rate estimates.  
Mast, harvest, and carrying capacity can indicate potential over harvest; vital 
rates can indicate potential for recovery. 
 
Some Strategic Uses of the Model 
 

Real population status.  Use of the model to assess population status 
requires criteria for recognizing a plausible simulation.  The criteria will combine 
best available information for rates and environmental inputs, and information on 
historic harvests to compare with outputs.  To establish criteria for an acceptable 
simulation, (1) determine reasonable harvest and total mortality rates for the 
region and time period, (2) use measured mast indices, or any other indicators of 
mast availability for each year, or use a reasonable frequency of mast failure and 
randomize mast index over time, (3) note hunt season start dates and identify 
years with unusually low or high hunter effort, (4) from pelt records, calculate the 
average numbers of harvests by sex for the time period, and identify years of 
unusually low or high harvests, and (5) find indications of cohort size variation 
from harvest data records or independent observations. Run the model using the 
most plausible rate, environment, and hunt condition inputs. If necessary, make 
additional runs, varying the initial population numbers until the predicted average 
female harvest agrees with the observed average, to ensure a plausible initial 
population size.  Then evaluate other outputs against criteria for a plausible 
simulation.  Check predicted variations in cohort size and total harvest for 
agreement with observed patterns over time.  If harvest numbers were forced 
(inputs) for some years, check the realized hunting and total mortality rates for 
those years for plausibility.  A simulation with plausible inputs and with outputs 
consistent with observation provides a plausible assessment of population size 
and trend, consistent with available information. 
 

Hypothetical population behavior.  To investigate bear population behavior 
in general, use an arbitrary initial population with a reasonable age and sex 
composition, and vary characteristic rates or environmental conditions while 
leaving the initial population unchanged.  Compare patterns in outputs over time, 
rather than numbers, to see how populations and harvest size and composition 
respond to different conditions.  For example, change mast failure frequency to 
see the impact on population growth and harvest composition.  Increase 
characteristic harvest and total mortality rates to find levels of over-harvest 
associated with population reproductive rates, and observe how harvest number 
and composition predictions change at the same time.  Or simulate different 
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hunting regimes over time for comparison, and include environmental variation 
for realism. 
 

Examples from literature.  The model can also be used to reproduce 
cautionary examples derived from technical literature concerning the problems of 
relating population status to harvest composition.  An example is the 
counterintuitive finding that a predominantly female population is consistent with 
a predominantly male harvest, or that population and harvest age and sex 
composition can remain stable while population size is increasing, stable, or 
decreasing.  The model user can thus be educated about the difficulties of 
interpreting harvest data, and avoid unwarranted deductions. 
 
Reasonable Input Values 
 

Characteristic vital rates.  Estimating vital rates with minimal uncertainty is 
difficult for bear populations.  Allowing rates to vary with environment and hunting 
is more important to model interpretations than getting average rates exactly 
right.  The field study has produced reproductive and mortality rate estimates for 
New Mexico, although measured hunting mortalities are suspected to be low in 
some cases, providing the basis for reasonable input values for the population 
model (Tables 14-1 and 14-2).   

 
 

Table 14-1. Black bear population model inputs for characteristic natality rates 
based on field study observations, New Mexico Black Bear Study 1993-
2000. 

Litter size frequency  Mast index frequency 
 
No. cubs 

 
NSA 

 
SSA 

 Model 
label 

Mast 
classification

 
NSA 

 
SSA 

single 14 13  Poor Fail 1 4 
twins 43 24  Fair Poor 4 2 
triplets 4   1  Good Medium or 

better 
3 2 

        
Mast index  Parturition rate  Cub survival 

Model 
label 

Mast 
classification 

  
NSA 

 
SSA 

  
NSA 

 
SSA 

Poor Fail  0 0.39  0.50 0.43 
Fair Poor  0.71 0.67  0.50 0.85 
Good Medium or 

better 
  0.78 0.77   0.50 0.85 
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Choices for characteristic rate inputs have significant impact on model 
outputs, reflecting realistic uncertainty about bear population dynamics.  Sets of 
simulations with different characteristic rates are needed to assess the impact of 
uncertainty on population inferences, and to bracket a range of plausible 
inferences. 

 
 

Table 14-2.  Observations and reasonable ranges for characteristic mortality rate 
inputs to the population model for female (F) and male (M) black bears on 
the Northern Study Area (NSA) and Southern Study Area (SSA), New 
Mexico Black Bear Study 1993-2000.  

 Hunt mortality rate Total mortality rate 
Population 
category 

 
NSA 

 
SSA 

Reasonable 
range 

 
NSA 

 
SSA 

Reasonable 
range 

       
F Yearling 0 0 0.02 - 0.03 0.25 0.03 0.10 -0 .30 

F Subadult 0.05 0.04 0.04 -0.08 0.06 - 0.14 0.09 - 0.11 0.05 - 0.15 

F Adult 0.04 0.07 0.04 - 0.08 0.07 - 0.08 0.10 0.08 - 0.20 

       
M Yearling 0 0 0.02 - 0.05 0.10 - 0.13 0.24 0.10 - 0.30 

M Subadult 0 0 0.07 - 0.10 0.05 0 - 0.03 0.08 - 0.25 

M Adult 0.02 0.07 0.07 - 0.10  0.08 0.09 - 0.18 0.10 - 0.25 

 
 

Choices for characteristic rates can be used to describe conditions for a 
particular population.  Natality rates can be adjusted to represent habitat quality 
differences.  Mortality rates can be increased for areas with many roads or other 
disturbances. 

 
The model allows for characteristic natality rates associated with 3 levels 

of mast abundance.  Study results indicate that only 2 levels, failure or not, are 
significant (see Chapters 5 and 6).  To reconcile the model structure and the 
study findings, use the model category of poor mast abundance for failure 
conditions, and assign the same rates to the fair and good model categories for 
non-failure conditions, taking care to indicate the correct frequencies for the 
failure and non-failure categories.  Alternatively, assign a 0 frequency to the good 
mast category in the model, and use the poor and fair categories to represent 
failure and non-failure conditions. 
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Initial population numbers.  The model addresses changes in populations 

over time.  Each simulation or model run requires a starting population as an 
input.  When vital rate and environmental inputs are reasonable, but model 
outputs of pelt numbers or realized total mortalities are not consistent with 
observations, then the simulated population is not plausible, and the initial 
population input should be changed.   
 

Where possible, use GIS habitat extent, quality and associated bear home 
range size to estimate total male and female numbers, and use those as inputs.  
Partition the totals by age using default proportions or use extrapolated study 
area population structure as a guide. 
 

If habitat based estimates are not available, consider a manager’s 
informed estimate of total bears in the region as a starting point.  Using the 
model will provide a check on the plausibility of such estimates. 
 

When there is no other basis for selecting an initial population size, the 
model can be used to generate ballpark initial populations from harvest data, with 
the following steps:   (1) Select and load a set of characteristic vital rates based 
on geography from rates stored with the model.  (2) Set mast values to average 
for all years, so that reproductive rates will be steady at average values.  (3) Start 
with an arbitrary total of 1000 bears, and run the model for 20 years.  (4) Use the 
final population from that simulation, which will have age and sex proportions 
consistent with the vital rates, as the initial population for the next run. This step 
eliminates the influence of unstable population age structure on average harvest. 
(5) Run the model again, and compare the average total pelts and female pelts to 
pelt tag observations.  (6) Adjust the initial total numbers up or down until 
predicted average pelts are similar to observed average harvest.  Then use that 
initial population for simulations with variations in environment and hunting.   

 
One use of the model is testing a range of population sizes for plausibility 

in light of past harvest history and mast availability by repeated runs varying only 
initial population totals.  Take care to avoid other input constraints that may 
invalidate the population size interpretation. 
 

Application outside of New Mexico.  The model can be applied to black 
bear populations in other locations by suitable choices of characteristic vital 
rates, litter size frequencies, and mast frequencies and mast step function 
values.  The input details allow considerable opportunity for simulating particular 
conditions.  In this version, simulated hunting is limited to a single fall season. 
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Modeling study population viability 
 

The model was used to investigate the implications of observed natality 
and total mortality rates from both study areas.  Natality rates from Table 14-1 
were used as model inputs.  Calculation of long term averages weighted by 
frequencies shows the NSA had an average parturition rate for eligible adult 
females of 0.65, and average litter size of 1.84.  The SSA had lower average 
reproductive rates, with 0.51 for parturition rate and 1.68 average litter size.  
Observed total mortality rates for the study areas from Table 14-2 were entered 
as characteristic natural mortality, with other human and hunting mortality rates 
set to zero, for correct total realized mortality.  Where the total mortality estimate 
was a range (excluding or including probable deaths), the mid point of the range 
was used for the input value.   
 

Initial population age and sex composition were based on history 
scenarios previously developed for the surrounding mountain ranges, but total 
numbers were rounded to the nearest 1000 for simplicity.  This analysis 
considers proportional population changes rather than absolute numbers, so the 
initial total numbers used do not affect the interpretations. 
 

Some simulations were made with mast set to average for all years, to 
produce constant average natality rates.  Additional runs were made with 
randomized mast values, using the frequencies characteristic of the study areas, 
so that cub production varied.  Cub survival varied with mast, but total mortality 
rates for older bears were constant at input rates.  For each study area, 1 run 
used mast index set to observed levels for 1993-2000.  Since observed 
mortalities on the study areas appear unrealistic for female yearlings on both 
areas and subadult males on the SSA, simulations were also run with total 
mortalities set to the minimum, middle, and maximum of the reasonable ranges 
for each population category.   Changes in adult female numbers from beginning 
to end of the simulations varied from 199% increase to 84% decrease, 
depending on the combination of mast conditions and mortality rates used (Table 
14-3). 

 
The interpretation of simulation results will focus on adult females, 

because their numbers determine the reproductive potential of the populations.  
Our observations of subadult male total mortality are unrealistically low, skewing 
the simulated male numbers and the simulated population sex composition. 
 

These simulations are not realistic, because constant rates over time are 
not realistic, but they reveal the population trends implied by the observed 
average rates.  Both populations have a built in tendency to increase, based on 
observed rates.  The unhunted NSA has lower mortality for subadult and adult 
females, and higher potential reproduction because of its low frequency of mast 
failures, and so has potential to increase faster than the SSA.   
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The potential for increase is overestimated if total mortality for females has 

been underestimated.  For both study areas, the average annual female total 
mortality is 10%.  Model simulations with the same total mortality rate for all 
female age classes and average observed natality rates show that the NSA 
population would begin to decrease with average total female mortality above 
12.5%, and the SSA population would begin to decrease with average total 
female mortality of 11.5%, well within the range of uncertainty for the observed 
rates.   
 
 
Table 14-3.  Percent changes in adult female numbers from bear population 

model runs using study area vital rates and mast observations for the 
Northern Study Area (NSA) and Southern Study Area (SSA), Black Bear 
Study in New Mexico 1993-2000. 
 
 

Time frame 

 
Constant average 
mortality rate 

 
 
Mast 

NSA female 
population 

change 

SSA female 
population 

change 
20 years Study area observations

 
Constant at 
average 

+117% +49% 

20 years Study area observations
 

Randomized +39 -128% +40 - 86% 

1992-2000 Study area observations
 

Study 
observations 

+23% +14% 

20 years Minimum of  
reasonable range 
 

Constant at 
average 

+199% +129% 

20 years Middle of  
reasonable range 
 

Constant at 
average 

-16% -34% 

20 years Maximum of 
reasonable range 

Constant at 
average 

-79% -84% 

 
 

The simulations with observed mast abundance indicate that both study 
populations have increased during the study.  There were no marked bears killed 
from the SSA population during 1994, the year of record harvests for both sexes 
in the surrounding Gila region, but marking began only in 1993.  If unmarked 
females resident on the SSA were killed in 1994, the study population may not 
have increased. 
 

The pattern of mast abundance over time strongly affects simulated 
population trends, with all other inputs left unchanged.  Routine observation of 
mast abundance would greatly enhance utility of the model and assessment of 
population status. 
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Modeling Pelt Tag Data Histories 
 

In workshops held in 1998 and 1999, NMDGF area managers used the 
population model to assess black bear populations in 4 mountain range regions 
comprising most of the state’s bear habitat (Table 14-4).  Simulations used vital 
rates and mast observations from the study areas for the Gila and Sangre de 
Cristo complexes, and similar rates for the San Juan complex and Sacramento 
region with adjustments based on area managers’ knowledge of local conditions. 
Simulations were run for 1981-1998.  Outputs were evaluated for plausibility 
based on comparisons with observed average pelts tagged by sex for 1989-
1998, timing of peak harvests, and proportions of subadults.  Scenarios with 
reasonable matches to observed patterns provide interpretations of bear 
population status that are consistent with both pelt tag observations and field 
study findings.   
 

 
Table 14-4.  Regional black bear population status interpretations based on 

population model simulations and harvest observations in New Mexico, 
1989-1998. 

 
 
 
 
 
Region 

 
 
 

Rough 
population 
estimate 

 
 
 
 
 

Trend 

Observed 
average 
no. bear 

kills 1989-
1998 

Model 
average 
no. bear 

kills 1989-
1998 

 
 
 

Pelt tag 
numbers 

forced 

 
 
 
 

Scenario 
name F M  F M 

Sangre de 
Cristo complex 
  

1500 Slow 
increase 

40 67 41 56 none SANG99D

San Juan 
complex 
 

1000 hunted 
+ 700 

unhunted? 
 

Slow 
increase 

26 44 25 35 none SNJN99C

Gila complex 
 

1000 Stable 35 58 37 43 1989, 
1994 

 

GILA99B

Sacramento 
region 

1000 Increasing 24 33  23 35 1994, 
1995 

SE99B 

 
 

Sangre de Cristo complex.  Scenarios were based on NSA rates, but with 
higher adult hunting and total mortality rates, because most of the region is 
hunted (although the study area was not).  A scenario with constant hunt effort 
and observed mast pattern for the study years produced a slowly increasing 
population with reasonable harvest patterns but low average numbers, and a 
peak in kills for 1994.  Initial population was increased to raise average pelt tag 
numbers, and hunt effort was specified as low for 1992 and high for 1995, 
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consistent with card survey results.  The final scenario showed a gradual 
increase in the live population total.  Scenario average pelt numbers for males 
were lower than observed, suggesting that the hunt component of male mortality 
may have been underestimated. 
 

San Juan complex.  Scenarios were based on NSA rates, but with higher 
adult hunting and total mortality rates, because part of the region is hunted 
(although the study area was not).  . Mast index inputs were based on knowledge 
of local conditions, not northern study area observations.  Runs with slightly 
increasing population and a reasonable match for observed female pelt tag 
reports had lower male pelt tag numbers than observed.  The large areas of this 
region protected from hunting may be a source of some of the males killed by 
hunters. 
 

Gila complex. Southern study area vital rates were used, except that a 
higher subadult female hunt mortality (same as for adult females) was needed to 
match the observed proportions for subadults of females in pelt tag reports.  High 
harvest numbers for 1989 and 1994 were forced because simulations did not 
produce the observed peaks.  For 1994, with the harvest forced to match the 
high observed pelt tag report numbers, realized total mortality for the year was 
22% for females, 35% for adult males, and 42% for subadult males; area 
managers interpreted the high mortality values as reasonable for the unusually 
harsh conditions of 1994.  In a scenario that produced a good match to observed 
pelt tag numbers and proportions for females, the 1994 harvest reduced the pool 
of adult females in the model population, so that the population fluctuated around 
initial 1981 population numbers without much change over time (Figure 14-2).  
Scenarios that matched observed female pelts predicted too few male pelts.  The 
discrepancy could be reduced by assuming substantial immigration of subadult 
males from Arizona, or by shifting all subadult male mortality from other causes 
into hunting, or by a higher total population with much lower female hunting 
mortality. 
 

Sacramento region.   A population scenario with fast turnover, both 
natality and mortality near the high end of reasonable ranges, is consistent with 
the observed high proportions of subadults in pelt tag reports.  With the large 
1994 and 1995 pelt tag observations forced, a scenario with a slowly increasing 
population predicts harvests that agree with both observed numbers and 
proportions.  There is no likely source of immigrant subadult males for this 
population, and the scenario does not need 1 because these mountain ranges 
are isolated from sources of immigrants. 
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Figure 14-2.  Black bear population and harvest numbers simulation 
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Statewide.  The steady decrease in statewide hunter-killed bears from 625 

in 1994 to 148 in 1998 raises concern about over-harvest.  That pattern was 
exaggerated by the large harvest in the Gila complex in 1994; although present, 
the pattern is much less marked in other regions.  Harvests increased again in 
1999 and 2000.  License sales decreased steadily from 1995 through 1998, and 
the 1998 season was 6 weeks later than previous years.  Model population 
simulations with field study rates indicate that the peak harvests likely resulted 
from mast failure combined with an abundance of available subadults born in the 
early 1990s, and subsequent decreases were likely related to decreasing hunter 
numbers rather than to a rapid drop in bear populations. 
 

Pelt tag reports show a higher proportion of males than do simulations 
based on vital rates observed during field study. The difference may result from 
difficulty in documenting male bear mortality rates, or from inclusion of immigrant 
subadult males in harvest reports, or both.  Focusing on the female segment of 
the population for interpreting population changes avoids the problem. 
 
Model Application to Management 
 

Simulations used for the following model application discussions are 
included with the population model software in the scenario library (Table 14-5).  
 

How fast can a population change?   In simulations with all mortality rates 
at the high end of reasonable ranges based or study, model populations 
disappear in 2 or 3 decades.  The persistence of bears is evidence against the 
plausibility of the long-term maximum mortality rate simulations.  Populations with 
average natality like the SSA would decrease by 61 – 79% in 10 years and by 85 
– 96% in 20 years with constant annual mortality rates of 20 – 25% for all 
population categories.  Populations with average natality like the NSA would 
decrease by 56 – 75% in 10 years and by 80 – 94% in 20 years. 
 

Minimum mortality simulations, while not realistic, identify an upper limit on 
bear population growth rates in New Mexico.  Unless limited by habitat capacity, 
southern populations might double in 20 years, and northern populations might 
triple, if mortality were minimal and the pattern of mast availability remained 
normal.  Since most New Mexico populations are hunted, the fastest population 
increase possible with persistent low mortality would be doubling in 20 years.  
With occasional years of greater mortality, population increases are reasonably 
expected to be slower. 

 
Average statewide hunter kills for 1994 and 1995 were double the average 

for 1991-1993.  This increase must be interpreted as increased hunting mortality 
rate, and not as a proportional increase in total population with unchanged 
harvest mortality, because the population could not have doubled during that 
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time frame.  Similarly, the decrease in total pelts tagged from 625 in 1994 to 148 
in 1998 cannot be interpreted as evidence of a 75% reduction in population in 5 
years, because such a rapid drop would be highly unlikely. Instead, other factors 
should be considered along with the possibility of a less rapid population 
decrease. 

 
Table 14-5.  Scenarios used for the black bear population model application 

discussion and stored in the scenario library, Black Bear Study in New 
Mexico, 1993-2000. 

Scenario 
library name 

 
Description of scenario 

 
Interpretation section 

NSAOBS01 
 

Constant mast, NSA characteristic vital rates Study population viability 

SSAOBS01 
 

Constant mast, SSA characteristic vital rates Study population viability 

CUBVAR1 
 

Population varying slightly around a stable total Synchronous reproduction 

OVER0 
 

Baseline stable population with annual 
variations 

Characteristics of over 
harvest 

OVER1x 
 

Persistent mast and reproductive failure Characteristics of over 
harvest 

OVER2x 
 

Increased hunt mortality Characteristics of over 
harvest 

OVER3x 
 

Increased nonhunt mortality Characteristics of over 
harvest 

SANG99D 
 

Sangre de Cristo pelts, NSA rates Pelt tag histories 

SNJN99C 
 

San Juan pelts, modified NSA rates Pelt tag histories 

GILA99B 
 

Gila pelts, SSA rates Pelt tag histories 

SE99B 
 

Southeast pelts, modified SSA rates Pelt tag histories 

 
 

Cohort variation, synchronized reproduction, and pelt age composition.  
The baseline scenario simulates a hypothetical population varying slightly around 
a stable total for 20 years.  Mast index and the associated natality and cub 
survival rates vary annually.  The population age composition changes over time 
as variable size cohorts age. Hunt effort is held constant so that realized total 
mortality rates for yearling, subadult, and adult bears remain constant.  Predicted 
hunter kills or pelt tag numbers vary slightly with population size and composition 
over time.  The proportions of subadults in the pelts vary from 35 to 53%, with 
several large drops over a few years; however, total population size is essentially 
stable (Figure 14-3). This simulation demonstrates that shifting proportions of 
subadults in hunter-killed bears may indicate, and lag, cohort variations, but do 
not necessarily indicate population size change. 
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Figure 14-3.  Simulation of black bear cohort size variation and its influence 
on harvest age composition in a 20 year stable population simulation 
for data applicable to black bears in New Mexico. 
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Synchronized reproduction can be simulated.  Constant rate scenarios 

provide a basis for examining synchrony, by following the impact of a single mast 
failure over time.  One year of mast failure in a simulation with NSA natality rates 
and otherwise all fair mast produces almost no cubs in the year following the 
mast failure, a very large cohort in the second year, and a smaller than normal 
cohort the third year.  Variations continue for several more years, but with 
differences too small to be noticeable.  A similar pattern occurs with SSA natality 
rates, except that the initial mast failure produces 2 cohorts about half average 
size since the mast failure reduces survival for cubs already born as well as 
parturition for the next year’s cohort.  A single mast failure affects cohort size for 
3 or 4 years.  Any single year’s observation of population composition may 
misrepresent the longer time scale pattern.  Averages over 2 to 4 years are 
useful for examining patterns over long time periods. 
 

Characteristics of over-harvest.  The model was used to investigate 
potential indicators of over-harvest and declining populations.   A 20 year 
simulation of a hypothetical population fluctuating around a steady mean, with 
annual variations in mast index and 2 years each of high and low hunt effort, was 
used as a baseline.  Declining populations were simulated by mast and 
reproductive failure, increased non-hunt mortality, and increased hunt mortality.  
For each cause of decline, runs were made with hunt mortality determining pelt 
numbers and with pelt numbers specified resulting in increasing hunt mortalities 
in the second decade. The hypothetical scenarios used for this discussion are 
stored in the model scenario library. 
 

In the baseline simulation, pelt numbers fluctuated from year to year with 
cohort and hunt effort variations, but remained stable on average.  The 
proportion of females varied in the range of 46-51%, and the proportion of 
subadults varied in the range of 34 – 44%, with no trends over time. 
 

In all of the declining population simulations without forced pelt tag 
numbers, simulated harvest numbers fluctuated, but relative peaks decreased 
and averages clearly dropped over time.  In the stable population simulation, 
harvest numbers were steady on average.  In other simulations with increasing 
populations, pelt numbers increased on average.  Trends in harvest numbers 
should indicate population trends if hunting effort remains reasonably constant 
and if harvest numbers are related to bear numbers, that is if hunting mortality 
rate has some reasonable upper limit.  The problem with depending on pelt 
tagging report numbers as a population indicator lies in the assumptions.  In New 
Mexico, changes in hunt season dates and substantial variation in numbers of 
hunters produce variations in hunt effort, so that patterns in pelt numbers must 
be interpreted in conjunction with patterns in hunter numbers and seasons.  A 
persistent decrease in total pelts over 4 years or more without a related decrease 



   

 
Black Bear Study in New Mexico 157 Final Report - 2001 
CHAPTER 14  Bear Population Model 
 

in hunting effort should be investigated as a potential indication of a population 
decline. 

 
Simulations with forced pelt tag numbers can represent cases of harvest 

numbers not related to bear numbers, so that hunt mortality increases until 
hunters take all bears.  If hunters can kill the same numbers of bears at high and 
low bear population levels, then pelt number patterns are not a reliable indicator 
of live population trends.   
 

The age and sex composition of pelts from populations declining due to 
increased mortality rates did not differ noticeably from the baseline stable 
population simulation.  In the simulation with persistent reproductive failure, the 
proportion of subadults in pelts decreased by half in 6 years, and then remained 
low but stable.  In the reproductive failure case, independent information on 
persistent mast failures would alert managers to a probable population decline 
before pelt age changes could become obvious.  Changes in pelt sex and age 
composition are not useful indicators of population size trends.  Age and sex of 
pelts does provide useful information on relative cohort sizes and impacts on the 
pool of reproductive females, however.  
 

In the simulations of populations declining from increased hunt or nonhunt 
mortality rates, the population declines could be stopped or reversed by reducing 
hunt mortality.  In the simulation of population decline from reproductive failure, 
the rate of the decline was slowed with reduced hunt mortality.   
 

Declining populations are hard to recognize from pelt tag data alone.  
Decreased pelt numbers without decreased hunt effort would indicate a declining 
live population, but would take perhaps a decade to become apparent.  The bear 
model provides a context for interpreting pelt numbers; interpretations are 
considerably strengthened by the incorporation of other information such as mast 
observations, hunter numbers, and season timing. 
 

Focus on female harvests.  Initial experiments with the model are likely to 
produce frustration with the difficulty of forming definitive conclusions in the face 
of uncertainty about vital rates.  Further experience with a variety of simulations 
will indicate that the pool of reproductive females is critical to population trends, 
an outcome that is not surprising.  In New Mexico there is good information on 
harvest numbers. Even though female mortality rates are not known with 
certainty, unusually high female harvest numbers (well above averages from 
other years) can be recognized from pelt data, and imply unusually high female 
mortality for the year.  In New Mexico there is a well-documented relationship 
between mast crop success or failure and reproductive success or failure (see 
Chapter 6).  Continuing observations of fall mast will provide a good indication of 
annual variation in reproduction, and the associated variability in cohort size 
should be detectable from pelt ages.  The model provides the capability of 
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simulating the population consequences of the real pattern of female harvest and 
reproduction over several years, key to assessing the potential for over-harvest.  
High female harvest numbers combined with poor reproduction need 
management attention.  
 
MANAGEMENT IMPLICATIONS 

 
The bear population model is a tool for integrating harvest and biological 

information, and forming interpretations that are consistent with existing 
knowledge.  It helps managers to: 

 
o Interpret harvest data in the context of bear population biology, including 

reproductive patterns and the influence of environmental conditions on 
vital rates, such as parturition and survival 

 
o Make inferences about bear population size and status that are plausible 

and consistent with available harvest and biological information 
 
o Evaluate the consequences of management options to bear populations 

 
“Knowledge in, knowledge out” is the philosophy of bear model use.  

Inputs are the characteristics of the particular population to be modeled and the 
year-to-year changes in the conditions that affect that population.  Outputs are 
predicted year-to-year changes in numbers and in age and sex composition of 
the live population and of hunter-killed bears.  Model calculations link the outputs 
to the inputs based on knowledge of bear population dynamics.  Model 
predictions are consistent with the inputs.  Greater confidence in inputs means 
greater confidence that simulated population behavior is realistic. 
 

The model simulates population behaviors that are realistic for conditions 
in New Mexico.  There will always be considerable uncertainty in information 
about black bears.  Because of this uncertainty, managers will not be able to use 
the population model for simple predictions of legal kills or population trends.  
The model will be useful for gaining insight about how bear populations can 
behave, and for discriminating between reasonable and unreasonable 
explanations of observed harvest trends. 

 
The New Mexico bear model can incorporate variation in vital rates over 

time based on real population histories, through annual mast observations for 
natality variation, and annual harvest numbers for mortality variation.  The 
consequent perturbations in live population structure and harvest composition 
can then be simulated and taken into account for population status interpretation. 
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The black bear population model can be a useful tool for understanding 
bear population dynamics, and educating the intuition of managers.  Sufficient 
practice with the model is essential to appropriate interpretation.   

 
Experimentation with the impacts of small changes in different inputs, or 

sensitivity analysis, will provide insight into the relative importance of different 
kinds of input information, allowing effort to focus on the most important 
variables. 

 
When good input information is available, the black bear population model 

can be a useful tool for assessing population status.  Continuing collection of 
hunt effort information though the hunter card survey and information on the 
number, sex, age, and location of hunter-killed bears through mandatory pelt 
tagging reports will be useful.  Routine observation of fall mast abundance will be 
useful.  Attention to habitat suitability, using GIS tools, will be useful. 

 
Black bear population status appears to vary among mountain regions in 

New Mexico.  Hunting regulations that vary among regions make sense from a 
population biology perspective. 

 
Focusing the interpretation on bear population status on the female 

segment is useful, because the pool of adult females is critical to population 
maintenance.  Annual variation in male harvest numbers is harder to interpret 
because subadult males may be migrants. 

 
Be cautious in interpreting bear model predictions for conditions outside 

the range of experience from the bear study, including poorer habitats, different 
hunt regimes, and other climate conditions. 
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CHAPTER 15 
 

MANAGEMENT TOOLS AND APPLICATIONS 
 

It is vital that readers of this report and its appendices recognize that they 
are a tool for future management investigation and decision-making. Using the 
study results, the population and habitat models, and data collected annually by 
NMDGF, managers can explore the results and consequences of many 
management options.  This product does not provide answers to all management 
questions; it provides the means to answer questions when used with reliable 
and up-to-date information. 
 
EXISTING TOOLS 
 
Hunter-Kill Data Records 
 
 Since 1978, the NMDGF has collected annual records of harvested bears 
through a mandatory tagging and reporting program.  Beginning in 1985, utility of 
these data was improved with the requirement of proof of sex and collection of a 
premolar tooth for age determination with the cementum annuli method.  This 
data set, known as the pelt tag records, also includes information on date, 
location, and method of kill.   
 
Hunter Survey 
 

Since 1989, the NMDGF also has conducted mail-in surveys of all buyers 
of bear hunting licenses to obtain data on hunter effort and methods to be used 
in conjunction with harvest records.  These records, known as the card survey 
data, are collected and analyzed by the NMDGF Division of Wildlife. 
 
NEW TOOLS 
 
Bear Population Model  
 

An important product of this study is a black bear population model that 
directly incorporates reproductive and survival rates observed during 8 years of 
field study, along with harvest data routinely collected by the New Mexico 
Department of Game and Fish.  Utility of the model depends on continued input 
of data in the form of (1) annual hunter-kill (pelt tag) records and (2) annual 
observations of regional mast production.  
 
Habitat Model 
 

Another important product of this study is a model of predicted suitable 
habitat for black bears in New Mexico.  This model is a relatively simple 
predictive algorithm that incorporates land cover classes (habitat types), land 
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cover class suitability for bears, mast production potential, and distance of 
isolated habitat tracts from primary habitat types.  The model allows for 
examination of bear habitat with respect to other landscape features such as 
roads, distribution of hunter-killed bears, proximity to human population, and 
other factors that a resource manager may choose to evaluate.  The model is 
designed to incorporate and integrate with new ecological and socioeconomic 
information as it becomes available. 
 
Annual Mast Survey 

 
The mast production survey implemented during this project is a 

procedure conducted by NMDGF personnel using categorical criteria to 
distinguish annual variation in mast production.   Study results indicate that 
documenting annual mast production, particularly occurrence and frequency of 
mast failures, will be an effective tool for predicting future black bear reproductive 
success. In addition, knowledge of mast failure may aid in interpreting harvest 
data, because mast failure appeared to influence amount and composition of 
hunter harvests. 

 
Research Report and Data sets 
 
 The Final Report and associated data sets (on CDs) provide extensive 
archiving of bear project data and interpretation of that information.  Some of this 
information is supplemental to specific uses in the bear population model and 
habitat model.  The report materials in total are a foundation for asking additional 
questions about managing black bears in New Mexico and describe uses of all of 
the tools mentioned here.   
 
UNDERSTANDING THE TOOLS 
 
Hunter-Kill Data 
 

Hunter kill data provide information only from successful hunters.  
Continued collection of pelt tag report data is essential for estimating population 
trends using the bear population model.  Analyses indicate ages of hunter-killed 
bears, estimated using the cementum annuli method, are sufficiently accurate to 
support interpretation of pelt tag data.  Use of the bear population model requires 
age-specific data on bears aged 1-4 years, and distinguishing subadult from 
adult bears killed by hunters.  Our analysis indicated the currently used age 
determination technique is most accurate and consistent for young bears.  
Procedural improvements, such as minimizing breakage and extracting the 
correct tooth, also will increase accuracy. 
 

Analysis of pelt tag records from marked study bears indicated as many 
as 7% of hunter-killed bears reported to NMDGF are missing from finalized pelt 
tag data.  Improvement in the flow of data from field personnel through area 
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offices to the Santa Fe office is necessary to ensure the most accurate data 
possible.  Also, it is essential that UTM coordinates for locations of bear kills 
recorded on the pelt tag record be accurate and consistent with the GMU to 
maximize abilities to plot bear kill data with respect to habitat model output. 
 
Hunter Survey 
 
 The hunter card survey collects information from unsuccessful as well as 
successful hunters, allowing estimation of effort and success rates.  Continued 
collection of mail survey data is essential for knowledge of the geographic 
distribution of hunting effort, not available from statewide license sales or pelt tag 
records.  Archiving raw survey response data will facilitate analysis beyond the 
routinely reported annual projections.     

 
Projections of total hunter effort and harvest from card survey responses 

depend on total statewide license sales numbers.  Because the state fiscal year 
is different from the regulation year, and license sales records are maintained for 
fiscal use, careful attention to appropriate total license numbers is important to 
card survey projections.   

 
Surveys are mailed to all license holders with usable mailing addresses. 

Archiving mailing lists and noting undeliverable returns would improve knowledge 
of response rates, allow comparison of response rates by region, and facilitate 
follow up surveys of nonrespondents to assess bias. 
 
Annual Mast Survey 
 

Results of simplified surveys conducted by NMDGF officers were highly 
correlated with more intensive survey results, indicating quantified subjective 
criteria are adequate to distinguish variation in mast production.  Most officers 
found the criteria were reasonably easy to use and could be completed during 
routine duties.  In the future, an effort to establish general survey routes, revisited 
each year, may reduce unnecessary variability and ensure quality data. 
 
Bear Population Model  
 

The bear population model is a tool for (1) interpreting past or present 
conditions using real time series observations of harvest and mast, and (2) 
investigating demographic outcomes from hypothetical information based on 
realistic biological conditions and management actions.  Model input variables 
are reproductive rates, survival rates; and mast production; outputs are predicted 
population composition and harvest composition.  The inputs appear to be 
simple, but the user must be educated to the influences of factors such as hunt 
timing, methods, and regional differences in productivity and mortality. 
Information in the Final Report and interpretations from GIS habitat modeling are 
important resources for judging inputs for the bear population model. 



   

 
Black Bear Study in New Mexico 163 Final Report - 2001 
CHAPTER 15  Management Tools and Applications 

 
Reliable information is essential for using the bear population model and 

interpreting its output.  Continuing collection of hunt effort information though the 
hunter card survey and information on the number, sex, age, and location of 
hunter-killed bears through mandatory pelt tagging reports will be important for 
future management. Continued mast survey data are also essential inputs for the 
bear population model, because vital rates are deterministic functions of mast 
index in the model. 
 

Information from this study indicated mean age of females at birth of first 
cubs was 5.7 years for study bears, and only 9% of 4-year-old bears produced 
first litters.  Use of the population model assumes the adult segment of the bear 
population in New Mexico is bears ≥5 years old.   

 
Sufficient practice with the model is essential to appropriate interpretation. 

Sensitivity analysis, or experimentation with the impacts of small changes in 
different inputs, will provide insight into the relative importance of different kinds 
of input information, allowing efforts to focus on the most important variables.  
Focusing interpretation of bear population status on the female segment is useful 
because the pool of adult females is critical to population maintenance.  Annual 
variation in male harvest numbers is harder to interpret because subadult males 
may be migrants. 
 

Caution is necessary in interpreting bear model predictions for conditions 
outside the range of experience from the bear study, including poorer habitats, 
different hunt regimes, and other climate conditions. 
 
Habitat Model 
 

At present, restrictions on availability of comprehensive, detailed, 
statewide information layers limit detailed analysis of habitat quality and potential 
effects of humans on bear survival.  However, the model was constructed so that 
future, more resolved information can be easily incorporated to update model 
predictions.  Such new data integration also applies to analytical uses of the 
habitat model to assess proximity to human-populated areas and other evidence 
of prospective human interaction with bears (e.g., traffic, recreation).  The habitat 
model also may be useful in developing or verifying inputs to the bear population 
model, especially upper limits for modeled populations. 
 
APPLYING THE TOOLS 
 
Population Monitoring and Interpreting Hunter-Kill Data 
 

Use of the bear population model, with the inputs described above, will (1) 
allow for interpretation of recent demographic trends in New Mexico bear 
populations, (2) provide a timely indication of potential overharvest, and (3) 
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provide predictive scenarios useful for selecting from several management 
options. 
 

Although status and trends in black bear populations cannot be detected 
from harvest data alone, patterns in harvest data may flag areas of concern to 
managers. For example, missing cohorts and associated reduction in proportions 
of subadults in the harvest over several years may suggest poor reproduction. 

 
Model vital rates are deterministic functions of mast index, which can be 

randomized with realistic frequencies, or matched to observations.  Series of 
scenarios with different mast patterns or characteristic vital rates can be set up 
easily and run in a short time by NMDGF wildlife managers and researchers 
investigating further and future questions about bear population management.  
Outputs of interest must be recorded and organized for comparison; the model 
does not compare results of differing scenarios automatically. 

 
 Among adult and subadult bears, most mortality was human-caused.  In 
addition to hunting, illegal kills and depredation kills were significant sources of 
mortality for these bears.  Illegal kills were documented on both study areas, and 
many of the unexplained losses were probably due to illegal kills followed by 
destruction of the transmitters.  We were unable to verify any of these possible 
mortalities, therefore these possible rates should be viewed as maximum rates.   
 

Interpretation of population trend also will be improved by actual data on 
bear mortalities resulting from depredation and nuisance situations.  Currently, 
NMDGF data are incomplete and do not represent a concerted effort to assess 
the impact of these actions on bear populations. 

 
Because reproductive success and recruitment are determined largely by 

mast production, people primarily alter black bear population growth through 
human-caused mortality of adult and subadult bears.  Use of the bear population 
model with reproductive and survival rates observed during this study indicated 
study populations were stable (SSA) or slightly increasing (NSA) with a likely 
annual population increment of no more than 2-4% growth per year on average.  
If management goals are to maintain bear population levels, strategies that 
emulate demographic rates observed during this project are appropriate.  If 
management goals are to accomplish strategic changes in numbers or 
redistribution of bears (e.g., reduce or increase total population, different regional 
population objectives), then management strategies will call for altering mortality 
rates up or down from those observed during this study. Options related to those 
goals can be explored using capabilities of the bear population model.  

 
If annual mast surveys are continued long-term, in addition to providing 

annual information necessary for model inputs, they also will provide valuable 
information on the relative frequency of mast failures within different regions of 
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New Mexico.  This information will be useful for determining the growth potential 
of distinct bear populations within the different regions of New Mexico.   
 
Population Estimation 
 

Two independently derived population estimates (bear population model 
and habitat extrapolation) put the New Mexico statewide bear population at 
approximately 5200-6000 bears.  These estimates were for the pre-mast season 
(May-early August) and excluded cubs of the year. 
 
 Statewide population estimates derived from this study refute previous 
estimates.  Our estimates indicate a statewide population of approximately twice 
the long-standing estimate of 3,000 bears previously used by the NMDGF.  
However, these estimates do not suggest a doubling of the bear population in the 
past decade.  Rather, these estimates are based on better information including 
demographics, density, and habitat extent.   
 

Population estimates must be used advisedly because each method of 
population estimation has intrinsic limitations and firm numbers can never be 
achieved.  Furthermore, population estimates derived from the field study 
represent density in good habitat, and little is known about the relative density of 
bears found in less suitable habitat.  With this new information NMDGF has 
additionally recognized latitude in bear management, but should proceed with 
caution regarding adjustment of harvest goals near the upper limit of new 
estimates without further testing of the model and predictive scenarios. 
 

Estimates of black bear density and total population provide a reasonable 
estimate of the upper limit of New Mexico bear populations.  As an input into the 
bear population model, this information is intended as a planning figure.  While it 
is not exact, it illustrates that there is an upper limit to the possible statewide bear 
population and ensures a level of reality prohibiting predictions of unlimited 
population growth. 
 
Hunt Management 
 

Annual bear kill by hunters was affected by many factors including season 
timing, hunter effort, hunter method, and mast production, as well as underlying 
population composition.  Hunters aided with dogs had higher success rates and 
harvested 4 times as many female bears per hunter as those not using dogs. 
Harvest was positively associated with hunter effort (higher harvest with greater 
effort), while harvest was negatively associated with mast production (higher 
harvests with lower mast abundance). Knowledge of these relationships may aid 
the NMDGF in selecting among various hunt management options. 
 

During the intensive fall foraging period, study bears commonly increased 
activity patterns and made frequent long-range movements outside of their 
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primary home ranges.  Differences in movement patterns were observed 
between regions and among different sex and age categories.  Movement 
patterns also differed relative to availability of mast, primarily acorns.  Knowledge 
of these movement patterns may allow the NMDGF to set fall seasons at times 
most appropriate to accomplish various harvest objectives. 
 

Bears entered dens as early as September and as late as February. 
Differences in den entry dates were observed between pregnant female and 
other bears and between regions of New Mexico, however much overlap 
occurred between sexes and varied annually.  Knowledge of these differences 
will allow the NMDGF to influence the sex and age composition of the harvest to 
achieve desired management objectives, such as protection of adult females as 
the reproductive segment of the population.  Analysis of pelt tag records 
indicates later timing of fall seasons reduced harvest of female bears. 
 

Bears emerged from dens as early as March and as late as May.  Slight 
differences in den emergence dates were observed between male and female 
bears, indicating careful timing of an early spring season could reduce 
vulnerability of female bears, especially those with new cubs.  Analysis of pelt tag 
records showed spring harvests were dominated by male bears.  However, 
immobility of cubs immediately following den emergence increases the potential 
for separation of cubs from their mothers (preventing identification of females 
with cubs), thus orphaning and inevitable cub mortality.  Considering both 
factors, it appears that any spring hunting season will have the potential for 
reducing cub survival. 

 
Knowledge of black bear denning dates is useful for interpreting sex and 

age composition of the harvest.  The verified differential in den entry and 
emergence dates among sex and age groups has application to setting bear 
hunting seasons to accomplish various objectives.  However, den entry and 
emergence dates are highly variable and generally span a period exceeding 2 
months.  We observed variation relative to mast production; other factors 
undoubtedly play a role influencing the timing from year to year.  No single timing 
scenario is appropriate for every use. 
 
 It is important to recognize that there was no legal hunting on the NSA 
during 1992 through 1997.  Therefore the hunting mortality rates observed may 
not reflect actual mortality of bears from hunting in northern New Mexico.  The 
possibility of total mortality exceeding the rates we observed must be considered 
when interpreting harvest data and output from the bear population model. 

 
Habitat Considerations 
 

Estimated statewide bear habitat encompasses approximately 14.6 million 
acres, of which 75% is primary habitat.  Primary habitat represents about 13.5% 
of the state.  
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Within predicted bear habitat, mast producing land cover types were found 

within 7 km (female mast season activity radius) of primary habitat throughout 
New Mexico except for about 300 km2 in the Sangre de Cristo complex.  This 
indicates that nearly all bears have access to habitat with important mast-
producing species.  However, actual abundance of oak, juniper, and pinyon is 
unknown within bear habitat because current data are not adequate to assess 
detailed distribution of potential mast production. Better information on actual 
mast-species abundance may allow for better interpretation of habitat quality and 
its potential for bear productivity. 

 
 Dens that facilitate security and energy conservation during hibernation 
period are of significant value to black bears, and female bears exhibit a 
tendency to select tree cavity dens when available.  Retention of large diameter 
live trees, large snags, and large fallen logs may be a valuable goal in all forest 
management plans and programs. 
 
Nuisance and Depredation Resolution 
 

Approximately 17% of bear habitat is situated within 5 km of human 
populations.  Availability of garbage and other human-related foods is associated 
with increased nuisance and depredation activity by bears.  Despite the 
significant potential for conflict, analyses indicated only a minority of bears 
engaged in nuisance or depredation activities.  Nonetheless, kills resulting from 
bear-human conflict represent a significant mortality factor within the bear 
population.  Efforts to reduce accessibility of human-related foods will be 
instrumental in reducing the likelihood of bear problems in areas with human 
populations. 
 

Translocation of bears, as a means of solving depredation and nuisance 
problems, has shown variable success.  Observed homing behavior of adult 
bears indicates translocation of adult bears is merely a short-term solution, 
particularly if attractants are not removed from the original site.  However, short- 
and long-term settlement was observed among translocated subadult bears, 
indicating relocation of subadult bears into remote areas, with little potential for 
human conflict, may be an effective management tool.  Nonetheless, 
translocation of problem bears should not be done without associated attempts to 
eliminate or reduce accessibility to human-related attractants (e.g., garbage, pet 
foods, wildlife feeding, bee hives) where such attractants exist.  
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APPENDICES 
 
 

This section contains and references a variety of more lengthy 
context information regarding the black bear investigation in New 
Mexico.  This section also identifies information in various digital 
formats and indicates how that information is delivered in final form.   

 
In some cases, digital information are on CDs that reside 

with New Mexico Department of Game and Fish and U.S. Fish 
and Wildlife Service Division of Federal Aid.  CDs are not 
provided with every copy of the final report that is printed and 
distributed. 
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APPENDIX A: BEAR HANDLING HISTORY, DENNING DATES, AND 
LOCATION DATA 

 
This appendix represents a tabulation of field data regarding capture and 

handling histories of individual study bears (StudyBearHistory), den entry and 
emergence data (DenningDates), and bear locations derived from telemetry 
monitoring (BearLocations).  This appendix is 3 extensive Excel spreadsheets 
with metadata that are included as data files on a CD-ROM deposited with 
NMDGF and USFWS as part of the electronic deliverables.  A brief example of 
the file formats for each of the 3 files follows: 

 
StudyBearHistory file format 

 
Age 

Class 
Age Date Event Transmitter Status Reproductive Status 

SA 4 9/24/1992 Capture New collar 
SA 4 9/26/1992 Shed collar 
SA 3 9/1/1992 Began monitoring Collar OK 
SA 4 1/13/1993 Handled in den New collar No offspring 
AD 5 3/22/1994 Observed in den Collar OK No offspring 
AD 6 3/27/1995 Handled in den New collar 2 cubs (F690, F691) 
AD 7 2/19/1996 Handled in den Collar OK 1 yearling (F691) 
AD 8 3/23/1997 Handled in den New collar 2 cubs (M284, F674) 
AD 9 3/22/1998 Observed in den 

(inaccessible) 
Collar fit unknown 2 yearlings (M284, F674) 

AD 9 8/20/1998 Recapture Collar OK 
AD 10 3/22/1999 Handled in den  New collar 2 cubs (F656, F657) 
AD 11 2/18/2000 Handled in den Removed collar 2 yearlings (F656, F657) 
AD 8 9/1/1992 Began monitoring Collar OK 
AD 9 3/11/1993 Handled in den New collar 2 cubs (F513, F601) 
AD 10 2/7/1994 Handled in den Collar OK 1 yearling (F513) 
AD 10 6/9/1994 Recapture Collar OK 
AD 10 9/17/1994 Mortality (hunter kill) Collar OK 
AD 8 9/1/1992 Began monitoring Collar OK 
AD 9 3/13/1993 Handled in den New collar 1 cub (M201) 
AD 10 2/5/1994 Observed in den Collar OK 1 yearling (M201) 
AD 11 3/17/1995 Handled in den New collar 2 cubs (M296, M297) 
AD 12 2/20/1996 Handled in den Collar OK 1 yearling (M296) 
AD 12 9/2/1996 Mortality (hunter kill) Collar OK 
AD 10 9/1/1992 Began monitoring Collar OK 
AD 11 3/15/1993 Handled in den New collar 3 cubs (M135, M136, F514) 
AD 12 2/9/1994 Handled in den Collar OK 3 yearlings (M135, M136, 

F514) 
AD 13 3/23/1995 Handled in den New collar 3 cubs (M295, F692, F693) 
AD 13 5/12/1995 Mortality (possibly 

killed by bear) 
Collar OK 

SA 3 9/1/1992 Began monitoring Collar OK 
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DenningDates file format 
 

 
BEAR 

 
YEAR 

 
AREA 

 
SEX 

 
MAXACT 

 
MINDEN 

ENTRY 
DATE 

 
DAYS1

 
MAXDEN

 
MINACT 

EMERGE 
DATE 

 
DAYS2

 
TDAYS

F502 1993 NSA F 10/26/1992 11/6/1992 11/1/1992 11 4/12/1993 4/21/1993 4/17/1993 9 166
F502 1994 NSA F 11/4/1993 11/9/1993 11/7/1993 5 3/24/1994 4/7/1994 4/1/1994 14 145
F502 1996 NSA F  4/26/1996 5/5/1996 5/1/1996 9
F502 1997 NSA F 10/31/1996 11/11/1996 11/6/1996 11 4/27/1997 5/10/1997 5/4/1997 13 178
F502 1998 NSA F  4/30/1998 5/9/1998 5/5/1998 9
F502 2000 NSA F 10/14/1999 10/21/1999 10/18/1999 7  
F503 1993 NSA F 10/14/1992 10/26/1992 10/21/1992 12 4/5/1993 4/12/1993 4/9/1993 7 169
F503 1994 NSA F 11/4/1993 11/9/1993 11/7/1993 5 4/18/1994 5/2/1994 4/26/1994 14 170
F504 1993 NSA F 10/14/1992 10/26/1992 10/21/1992 12 4/30/1993 5/14/1993 5/8/1993 14 198
F504 1994 NSA F 10/15/1993 10/22/1993 10/19/1993 7 5/2/1994 5/13/1994 5/8/1994 11 201
F504 1995 NSA F 10/14/1994 10/28/1994 10/22/1994 14  
F504 1996 NSA F  4/26/1996 5/5/1996 5/1/1996 9
F505 1994 NSA F 10/8/1993 10/15/1993 10/12/1993 7 4/7/1994 4/18/1994 4/13/1994 11 183
F506 1993 NSA F  5/24/1993 6/2/1993 5/29/1993 9
F506 1994 NSA F 11/4/1993 11/9/1993 11/7/1993 5 3/24/1994 4/7/1994 4/1/1994 14 145
F506 1995 NSA F 10/14/1994 10/28/1994 10/22/1994 14  
F506 1996 NSA F 11/7/1995 11/14/1995 11/11/1995 7 5/5/1996 5/12/1996 5/9/1996 7 180
F506 1997 NSA F 10/24/1996 11/2/1996 10/29/1996 9  
F506 1998 NSA F  5/9/1998 5/28/1998 5/19/1998 19
F510 1994 NSA F 11/9/1993 11/18/1993 11/14/1993 9 4/18/1994 5/2/1994 4/26/1994 14 163
F510 1995 NSA F 10/14/1994 10/28/1994 10/22/1994 14  
F510 1996 NSA F 11/7/1995 11/14/1995 11/11/1995 7 5/5/1996 5/12/1996 5/9/1996 7 180
F510 1997 NSA F 10/10/1996 10/24/1996 10/18/1996 14 5/28/1997 6/12/1997 6/5/1997 15 229
F510 1998 NSA F  4/30/1998 5/9/1998 5/5/1998 9
F511 1994 NSA F  4/18/1994 5/2/1994 4/26/1994 14
F512 1994 NSA F 10/15/1993 10/22/1993 10/19/1993 7 5/13/1994 5/31/1994 5/23/1994 18 216
F512 1995 NSA F 10/14/1994 10/28/1994 10/22/1994 14 5/4/1995 5/20/1995 5/13/1995 16 203
F512 1996 NSA F 11/7/1995 11/19/1995 11/14/1995 12 5/5/1996 5/12/1996 5/9/1996 7 177
F512 1997 NSA F  4/27/1997 5/10/1997 5/4/1997 13
F516 1995 NSA F 11/4/1994 11/10/1994 11/8/1994 6  
F516 1996 NSA F  4/26/1996 5/5/1996 5/1/1996 9
F516 1998 NSA F  5/9/1998 5/28/1998 5/19/1998 19
F516 1999 NSA F  5/6/1999 5/22/1999 5/15/1999 16
F516 2000 NSA F 10/14/1999 10/21/1999 10/18/1999 7  
F517 1995 NSA F  5/4/1995 5/20/1995 5/13/1995 16
F517 1996 NSA F 11/7/1995 11/14/1995 11/11/1995 7 4/26/1996 5/5/1996 5/1/1996 9 172
F517 1997 NSA F  5/10/1997 5/28/1997 5/20/1997 18
F517 1998 NSA F 11/17/1997 11/30/1997 11/24/1997 13 4/30/1998 5/9/1998 5/5/1998 9 162
F517 1999 NSA F  5/13/1999 5/22/1999 5/18/1999 9
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BearLocations file format 
 

AREA BEAR SEX DATE YEAR AGE AGECL LANDMARK EAST NORTH LOCSTAT

NSA F502 F 10/2/1992 1992 3 SA Atmore Ranch 488000 4048200 I 
NSA F502 F 10/26/1992 1992 3 SA Colin Neblett 486400 4047400 A 
NSA F502 F 1/1/1993 1993 4 SA 488200 4049900 DV1 
NSA F502 F 2/1/1993 1993 4 SA Maxwell Camp 486300 4050600 D2 
NSA F502 F 4/21/1993 1993 4 SA Colin Neblett 486300 4047500 A 
NSA F502 F 4/30/1993 1993 4 SA Maxwell Camp 486200 4051100 A 
NSA F502 F 5/14/1993 1993 4 SA Maxwell Camp 486200 4051100 A 
NSA F502 F 5/24/1993 1993 4 SA California Creek 486600 4049400 A 
NSA F502 F 6/2/1993 1993 4 SA W Atmore Ranch 486700 4049300 A 
NSA F502 F 6/8/1993 1993 4 SA Maxwell Camp 485700 4050200 A 
NSA F502 F 6/15/1993 1993 4 SA Maxwell Camp 486000 4050700 A 
NSA F502 F 6/23/1993 1993 4 SA California Creek 487200 4047800 A 
NSA F502 F 6/30/1993 1993 4 SA W Atmore HQ 487400 4048900 A 
NSA F502 F 7/9/1993 1993 4 SA Atmore HQ 489100 4049200 A 
NSA F502 F 7/19/1993 1993 4 SA Atmore HQ 486100 4049000 A 
NSA F502 F 7/29/1993 1993 4 SA Maxwell Camp 485100 4049800 A 
NSA F502 F 8/5/1993 1993 4 SA W of Atmore 485600 4049100 A 
NSA F502 F 8/24/1993 1993 4 SA Maxwell Camp 486500 4050200 A 
NSA F502 F 9/1/1993 1993 4 SA N Dean Canyon 504200 4045800 A 
NSA F502 F 9/16/1993 1993 4 SA S Horseshoe Canyon 504200 4048700 A 
NSA F502 F 9/21/1993 1993 4 SA Chase Canyon 505500 4048400 A 
NSA F502 F 10/1/1993 1993 4 SA W Atmore HQ 487400 4049200 I 
NSA F502 F 10/8/1993 1993 4 SA Chase Canyon 504900 4048500 A 
NSA F502 F 10/15/1993 1993 4 SA W Johns Pond 487900 4047400 A 
NSA F502 F 10/22/1993 1993 4 SA E Ute Creek Ranch 492100 4047700 A 
NSA F502 F 11/4/1993 1993 4 SA E Ute Creek Ranch 491100 4049600 A 
NSA F502 F 1/1/1994 1994 5 AD 491900 4048300 DV 
NSA F502 F 4/7/1994 1994 5 AD NE Ute Creek Ranch 491300 4048700 A 
NSA F502 F 4/18/1994 1994 5 AD W Santa Claus Camp 491100 4049800 A 
NSA F502 F 5/2/1994 1994 5 AD W Johns Pond 488100 4047900 A 
NSA F502 F 5/13/1994 1994 5 AD E Ute Creek 487100 4051100 A 
NSA F502 F 5/25/1994 1994 5 AD W Atmore HQ 486600 4048800 A 
NSA F502 F 5/31/1994 1994 5 AD Ute Creek 487300 4049600 A 
NSA F502 F 6/17/1994 1994 5 AD California Creek 487700 4047600 A 
NSA F502 F 6/30/1994 1994 5 AD S California Creek 485500 4046300 A 
NSA F502 F 7/11/1994 1994 5 AD N California Creek 487100 4047900 A 
NSA F502 F 7/29/1994 1994 5 AD TMN Mountain 485400 4049200 A 
NSA F502 F 8/18/1994 1994 5 AD N California Creek 488500 4047800 A 
NSA F502 F 8/26/1994 1994 5 AD Johns Pond 488700 4047800 A 
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APPENDIX B.  GIS AND DATA FILE LISTING AND METADATA 
 

This is an index to the GIS coverages and data files that have been 
compiled for use in the bear project.  The metadata for these files consists of the 
listing in this appendix and metadata records included with the GIS coverages or 
individual files identified.  Metadata for GIS coverages are designed to meet 
Federal Geographic Data Committee standards and format.  The data and 
metadata are available on a CD-ROM on file with NMDGF and USFWS as part of 
final electronic deliverables. The following table describes the directory and file 
structure for accessing coverages and data files. 

 
Folder Description Files File Description FGDC Metadata Record 

ArcView ArcView 
projects and 
files 

   

  Model2.apr Programming for habitat 
model 

 

  bearfigs.apr Arc/View programming for 
Chapter 11 figures 

 

  studysites.apr Arc/View programming for 
study site figures 

 

  fig11-x.wmf Chapter 121 figures  
     
Residents Census data    
  blk00.dbf 2000 Census block 

Boundaries 
..\Residents\blk00.htm 

  grp00.mdb 2000 Census Block-Group 
boundaries 

..\Residents\grp00.htm 

  tract00.dbf 2000 Census Tract 
Boundaries 

..\Residents\tract00.htm 

  PlaceNames.shp Names and locations of 
physical and cultural 
geographic features 
located within New 
Mexico. 

..\Residents\PlaceNames.htm 

  distopop Distance (m) to nearest 
human population center 

..\Residents\distopop.htm 

  Census2000 Tables associated with 
2000 census and 
population projections by 
county 

 

     
HabitatModel Files 

associated 
with bear 
habitat 
model. 

   

  statemodel2 Predicted habitat suitability 
for Black bear. 

..\HabitatModel\statemodel2.ht
m 

  Range2 Predicted extent (range) of 
black bear occurrence 

..\HabitatModel\Range2 
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  vegattr.dbf Habitat and Mast scores 
by Land cover 
classification 

 

  popcodes.dbf Description of black bear 
range assignments 

 

     

HuntingFishing Files 
associated 
with hunter 
and 
fisherman 
use statistics 
and areas of 
use. 

   

  HuntingAnglingEff
ort.mdb 

Access files containing 
hunter use data by game 
management unit, or 
antelope management 
unit, angler survey data, 
and New Mexico fishing 
waters data.  Also contains 
a file with metadata. 

 

  amu.shp Shapefile showing 
boundaries of New Mexico 
Game and Fish  antelope 
management units for use 
with antelope harvest 
survey data. 

..\HuntingFishing\amu.htm 

  fishingwaters.shp Shapefile coverage of 
waters in New Mexico 
used by fishermen, for use 
with angler survey data. 

..\HuntingFishing\fishingwaters

.htm 

  gmu98.shp Shapefile showing 
boundaries of New Mexico 
Game and Fish game 
management units, for use 
with harvest survey data. 

..\HuntingFishing\gmu98.htm 

  beartag Pont locations of bear kills 
in New Mexico 

..\HuntingFishing\beartag.htm 

     
Landcover Land cover 

coverage 
   

  gaplandcover GAP landcover file. ..\landcover\gaplandcover.htm 
     
Metadata Metadata for 

bear project 
   

  BearPrjMetadata.
xls 

This file, excel file 
containing bear project 
index and metadata. 

 

  citation.dbf Citations used in 
metadata. 

 

  contact.dbf Table of contacts used in  
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metadata. 
     
Ownership Stewardship 

of New 
Mexico 
lands 

   

  PLSS Shape file depicting 
stewardship of lands in 
New Mexico 

..\landownership\PLSS.htm 

     
Roads Files with 

road 
locations 

   

  AllRoads.shp Shapefile roads coverage 
containing major and 
minor New Mexico roads. 

..\Roads\AllRoads.htm 

  cfccodes.xls Excel file explaining codes 
used in allroads coverage. 

 

  nmroads.shp Shapefile containing major 
roads in New Mexico 

..\Roads\nmroads.htm 

  distord Distance to nearest 
secondary road 

..\Roads\distord.htm 

  rddens7k Total Length of road within 
7k radius (female activity 
radius) 

..\Roads\rddens7k.htm 

  rddens12k Total length of road within 
12k radius (male fall 
activity radius) 

..\Roads\rddens12k.htm 

     
StudyData Files specific 

to bear 
project 

   

  nsabounds.shp Shapefile showing 
boundary of northern study 
area. 

..\StudyData\nsabounds.htm 

  nsabuff.shp Shapefile showing buffer 
around northern study 
area. 

..\StudyData\nsabuff.htm 

  nsadem Digital elevation model for 
northern study area. 

..\StudyData\nsadem.htm 

  nsahillshade Hillshade file for use with 
northern study area digital 
elevation model. 

..\StudyData\nsahillshade.htm 

  ssabounds.shp Shapefile showing 
boundaries of southern 
study area. 

..\StudyData\ssabounds.htm 

  ssabuff.shp Shapefile showing buffer 
around southern study 
area. 

..\StudyData\ssabuff.htm 

  ssadem Digital elevation model for 
southern study area. 

..\StudyData\ssadem.htm 

  ssahillshade Hillshade file for use with 
southern study area digital 

..\StudyData\ssahillshade.htm 
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elevation model. 

  DenningDates Den Entry and Emergence 
Information 

 

  BearLocations Geographic coordinates of 
bear locations by date 

 

  StudyBearHistory Identity and status of bears 
captured and handled 
during project. 
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APPENDIX C.  HABITAT MODEL AND ASSOCIATED COVERAGES 
 
 

This appendix contains GIS coverages and data files associated with the 
habitat model generated for black bears in New Mexico and related analyses in 
context with human interests and population on the landscape.   

 
The files are located on a CD-ROM and are also identified in 

Appendix B for file reference and metadata access. 
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APPENDIX D.  PELT TAG NOTEBOOK 
 
 

This appendix contains a year by year summary of pelt tag and hunter 
card survey data as they pertain to demographic modeling and simulation.  This 
information was compiled by Katherine Green-Hammond.  The appendix is 
included as digital files on a CD-ROM on file with NMDGF and USFWS as a final 
electronic deliverable. 

 
See the following pages for an example of the Notebook format 

 
 
CHANGES BEGINNING IN THE 1998 VERSION 
 
The Central mountain range region was split into the Zuni region (units 9 and 10) 
and the Manzano region (units 8 and 14).  Unit 18 was dropped since it is closed 
to bear hunting. 
 
Ages defining adults and subadults have been changed for all data 
summaries.  Age 4 bears have been reclassified from adults to subadults 
consistent with the bear study finding that age 5 is the earliest age at which 
females give birth in New Mexico populations.  Consequently, subadults are 
defined as bears ages 1 to 4, and adults are defined as bears ages 5 and above, 
for both sexes. 
 
Most of the interpretive comments have been removed from this notebook.  
Interpretations will be revised in a future revision of the notebook.  
 
CHANGES IN THIS VERSION  
 
Card survey results from the 1997 season, and pelt tags from the 1998 season 
have been added; ages are not yet available for the 1998 season pelts. 
 
1998 AND 1999 SEASON DIFFERENCES 
 
Prior to 1998, fall hunting began September 1 or earlier.  Both 1998 and 1999 fall 
hunts were late, beginning and ending later than in previous years. 
 
For the 1998 hunting season, major regulation changes were made.  The season 
dates were October 15 - December 15, a change from the previously standard 
September 1 - October 31.  Also, for 1998 only, hunters could not buy bear 
licenses after the bear hunting season began.  The total bear pelt tags reported 
for 1998 were 148, the lowest statewide total since pelt tag record keeping began 
in 1978.  The numbers of 1998 hunt season licenses sold, 2969, was lower than 
all years since 1983 except for 1986 (when bear hunting was closed during elk 
hunting) and 1992 (when license fees doubled for nonresidents).  
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In 1999, hunting season dates were October 1 - December 15, and licenses 
could be purchased during the hunt season.  Total pelts increased to 213.  
 
WHAT PELT DATA SUGGEST ABOUT NM BEAR POPULATIONS 
 
Bear populations have gradually increased statewide in the last 30 years.  Very 
high harvests in 1994 and 1995, especially of females, probably interrupted the 
increasing trend. 
 
The total harvest and, presumably, the hunting mortality rate on bears, were 
unusually high during 1989 - 1990 and 1993 -1996, possibly because dry 
environmental conditions  increased vulnerability to hunting. 
 
Total statewide harvest peaked in 1994, dropped steadily through 1998, and 
increased again in 1999.   The very low harvest in 1998 can be attributed to the 
change to a late fall season and very low license sales. 
 
The high numbers and proportions of adult females harvested in recent years 
may represent the beginning of a period of excessive harvesting, and should be 
watched. 
 
IMPORTANCE OF HARVEST DATA 
 
Information on bears is very hard to get.  Harvest data provide the only 
information on bears statewide and over time. 
 
Complete pelt tag data (mandatory reporting) substantially reduces the 
uncertainty about bear harvests, for a reasonable cost. 
 
Tooth age data (one tooth from each pelt) is essential for identifying subadults.  
Identifying subadults allows pelt data to provide information on good and bad 
reproductive years, and allows more useful interpretation of changes in total pelt 
tag numbers. 
 
The bear hunter card survey provides the only information on the geographic 
distribution of hunting effort and success. 
 
CAUTIONS ABOUT CARD SURVEY DATA 
 
Statewide bear card survey returns number in the hundreds, but there are very 
few responses reporting hunting or killing a bear in many of the individual game 
management units.  Consequently projections by unit, which are summed for the 
regional numbers included in this notebook, may be based on unacceptably 
small sample sizes.  The card survey provides the only available information on 
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geographic distribution of hunting effort, so the unit analysis results have been 
used in spite of the sample size problem.   
 
The projected total statewide bear kills from the card surveys are usually higher 
than reported pelt tags, sometimes substantially higher.  This may be a 
consequence of higher return rates from successful than from unsuccessful 
hunters (we are in the process of testing this hypothesis).  Because pelt tag 
reports are mandatory, the pelt tag numbers are considered to be a more reliable 
estimate of bear kills than the survey projections.  Consequently, survey results 
are used only for estimates of number of hunters (hunting effort) in this notebook.  
Number of kills, either reported directly or used in calculations of success rate, 
are based on pelt tag reports. 
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TABLE 1.  Bear pelt tag numbers over time, ranked by total pelts 
recorded from 1978 through 1997. 

 
 

Unit 
 

Total Pelts 
1978 - 1997 

Annual Average # Pelts 
1978 - 1992 

Annual Average # Pelts 
1993 - 1997 

 
16 
6 
55 

 
662 
598 
575 

28 
25 
32 

48 
45 
20 

 
34 
45 
36 

 
558 
349 
308 

23 
14 
13 

43 
27 
23 

 
15 
48 
4 

 
274 
229 
228 

13 
10 
9 

15 
16 
18 

 
54 
51 
57 

 
203 
192 
186 

8 
7 
6 

15 
17 
18 

 
14 
49 
21 

 
184 
178 
177 

7 
7 
10 

15 
13 
7 

 
22 
23 
37 

 
146 
120 
117 

6 
4 
6 

10 
11 
5 

 
24 
53 
17 

 
115 
113 
112 

5 
5 
6 

8 
6 
6 

 
5 
44 
10 

 
107 
105 
97 

4 
4 
3 

8 
8 
11 

 
 
REGION 
 

 
 Total Pelts 

1978 - 1997 
Annual Average # Pelts 

1978 - 1992 

 
Annual Average # Pelts 

1993 - 1997 
 
Sangre de Cristos 

 
1996 90 

 
129 

 
Gila 

 
1631 73 

 
107 

 
San Juan 

 
1188 48 

 
92 

 
Southeast 

 
989 42 

 
72 

 
Zuni + Manzanos 

 
340 12 

 
 31 

 
Statewide 

 
6195 268 

 
435 
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 APPENDIX E.  CD-ROM WITH BEAR POPULATION MODEL SOFTWARE, 
SCENARIO LIBRARY, AND USER MANUAL 

 
 

This appendix consists of model software and other tools associated with 
preparation and use of the Bear Population Model as compiled by Katherine A. 
Green Hammond.  The information in final form is a set of electronic files on CD-
ROM on file with NMDGF Santa Fe state office and USFWS Division of Federal 
Aid in Albuquerque.  

 
See the following pages for an example of the format of the User Manual. 
 
This information also is on a CD-ROM distributed with selected 

copies of the completion report 
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APPENDIX F.  BEAR POPULATION MODEL CORE EQUATIONS 
DOCUMENTATION 

 
 

This appendix contains the mathematical background for the Bear 
Population Model.  The appendix was compiled by Katherine Green-Hammond 
and is contained on a CD-ROM provided as a final electronic deliverable. 

 
An example of the text of this documentation is presented on the following 

pages.  It is presented in Times New Roman font to preserve the format as 
prepared in original form. The version on the CD must be accessed for full 
understanding and use. 



ii 
 

About the Cooperator Science Series: 

 
The Cooperator Science Series was initiated in 2013.  Its purpose is to facilitate the archiving and 

retrieval of research project reports resulting primarily from investigations supported by the U.S. Fish 
and Wildlife Service (FWS), particularly the Wildlife and Sport Fish Restoration Program.  The online 

format was selected to provide immediate access to science reports for FWS, state and tribal 

management agencies, the conservation community, and the public at large.  
 

All reports in this series have been subjected to a peer review process consistent with the agencies 
and entities conducting the research.  For U.S. Geological Survey authors, the peer review process 

(http://www.usgs.gov/usgs-manual/500/502-3.html) also includes review by a bureau approving 
official prior to dissemination.  Authors and/or agencies/institutions providing these reports are solely 

responsible for their content.  The FWS does not provide editorial or technical review of these reports.  

Comments and other correspondence on reports in this series should be directed to the report authors 
or agencies/institutions.  In most cases, reports published in this series are preliminary to publication, 

in the current or revised format, in peer reviewed scientific litera ture.  Results and interpretation of 
data contained within reports may be revised following further peer review or availability of additional 

data and/or analyses prior to publication in the scientific literature.  

 
The Cooperator Science Series is supported and maintained by the FWS, National Conservation 

Training Center at Shepherdstown, WV. The series is sequentially numbered with the publication year 
appended for reference and started with Report No. 101-2013.  Various other numbering systems 

have been used by the FWS for similar, but now discontinued report series.  Starting with No. 101 for 
the current series is intended to avoid any confusion with earlier report numbers.   

 

The use of contracted research agencies and institutions, trade, product, industry or firm names or 
products or software or models, whether commercially available or not, is for informative purposes 

only and does not constitute an endorsement by the U.S. Government.  

 
Contractual References: 
 
This document was developed in conjunction with the New Mexico Cooperative Fish and Wildlife 
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Figure 1. Aerial imagery of black bear habitat in New Mexico highlighting the study areas 
located within the Sangre de Cristo Mountains, Sandia Mountains, and Sacramento Mountains.  
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Figure 2. Black bear habitat identified by Costello et al. (2001) overlaid with hair traps and bear 
rubs set for the northern Sangre de Cristo Mountains, NM in 2012 and 2013.   
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Figure 3. Black bear habitat identified by Costello et al. (2001) overlaid with hair traps 
and bear rubs set for the Sandia Mountains, NM in 2014.   
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Figure 4. Black bear habitat identified by Costello et al. (2001) overlaid with hair traps and bear 
rubs set for the Sacramento Mountains, NM in 2014.  
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Figure 5. Number of unique individuals detected by hair traps and bear rubs combined for each 
sampling occasion in the Northern (NSC) and Southern (SSC) Sangre de Cristo, Sandia, 
and Northern (NSacs) and Southern (SSacs) Sacramento Mountains, NM. 
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Figure 6. Map of hair traps not deployed due to the Jaroso and Tres Lagunas fires in the 
southern Sangre de Cristo Mountains, NM in 2013. 
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Figure 7. Mean montly ultraviolet index (UVI) generated by the National Oceanic and Atmospheric Administration showing 
estimated noontime intensity of ulatraviolet radiation coupled with the World Health Organization human health hazard UVI 
classification for Albuquerque, NM, Atlanta, GA, Boise, ID, Buffalo, NY, Charleston, SC, Cheyenne, WY, Denver, CO, 
Memphis, TN, and Phoenix, AZ, USA in 2012. 
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Table 1. Field sampling summary statistics allocated by number of detector types set (hair traps 
= HR & bear rub = BR), for the Northern (NSC) and Southern (SSC) Sangre de Cristo, Sandia, 
and Northern (NSacs) and Southern (SSacs) Sacramento Mountains, NM. 

a Number of sampling detectors set. 
b Number of sampling detectors cumulatively summed across all sampling occasions.   
c Number of traps which collected ≥1 hair sample over the all sampling occasions. 
d Sampling effort represented by the number of days a sampling detector (hair trap & bear rub) 
was set summed across all detectors and all sampling occasions.   
 

 

Table 2. The total number of hair samples collected across sampling occasions (1-6) and 
detector type (hair trap:bear rub) , and the overall total for the Northern (NSC) and Southern 

(SSC) Sangre de Cristo, Sandia, and Northern (NSacs) and Southern (SSacs) Sacramento 
Mountains, NM.  

 

Study Area HTa HT Sitesb HT Hitc  HT Effortd BRa BR Effortd 

NSC 256 1018 0.36 28,183 46 3,730 
SSC 141 537 0.29 15,768 25 1,816 
Sandias 12 69 0.42 979 7 293 
NSacs 37 217 0.41 2,990 1 56 
SSacs 111 656 0.29 9,090 33 1,112 
Total 557 2497 0.33 57,010 112 7,007 

Study Area 1 2 3 4 5 6 Total 

NSC 312 
(299:13) 

634 
(582:52) 

597 
(571:26) 

374 
(339:35) - - 1917  

(1791:126) 

SSC 145 
(141:4) 

125 
(124:1) 

184 
(183:1) 

273 
(246:27) - - 727  

(694:33) 

Sandias 8 
(8:0) 

30 
(30:0) 

23 
(19:4) 

28 
(19:9) 

51 
(35:16) 

37 
(31:6) 

177  
(142:35) 

NSacs 49 
(49:0) 

58 
(58:0) 

77 
(73:4) 

75 
(73:2) 

123 
(118:5) 

82 
(79:3) 

464  
(450:14) 

SSacs 93 
(93:0) 

143 
(143:0) 

183 
(179:4) 

135 
(118:17) 

129 
(118:11) 

115 
(97:18) 

798  
(748:50) 

Total 607 
(590:17) 

990 
(937:53) 

1064 
(1025:39) 

885 
(795:90) 

303 
(271:32) 

234 
(207:27) 

4083  
(3825:258) 
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Table 3. Number of alleles, expected heterozygosity (HE), and observed heterozygosity (HO) for eight microsatellite markers used for 
individual identification of American black bears in the Sangre de Cristo Mountains, Sandia Mountains, and Sacramento Mountains, 
NM. 

 No. Alleles HE HO 
Marker Sangres Sandias Sacramentos Sangres Sandias Sacramentos Sangres Sandias Sacramentos 
G10L 8.00 6.00 6.00 0.80 0.81 0.74 0.80 0.78 0.73 
G1D 7.00 4.00 5.00 0.76 0.76 0.61 0.76 0.56 0.60 
G10H 12.00 6.00 8.00 0.76 0.77 0.63 0.76 0.61 0.60 
G10M 6.00 4.00 6.00 0.72 0.73 0.71 0.70 0.72 0.72 
G10B 7.00 4.00 4.00 0.72 0.72 0.68 0.72 0.83 0.65 
G10J 9.00 6.00 7.00 0.71 0.78 0.73 0.72 0.67 0.72 
MU59 10.00 4.00 5.00 0.70 0.49 0.50 0.71 0.50 0.50 
G10U 9.00 6.00 6.00 0.65 0.78 0.69 0.66 0.78 0.70 
Mean 8.50 5.00 5.88 0.73 0.73 0.66 0.73 0.68 0.65 
 

 

Table 4. Number of samples collected, number of samples that contained enough genetic material for analysis (samples analyzed), the 
proportion of samples that produced a successful genotype (Sample Success) and the number of unique individuals identified by each 
detector type (hair trap only = HT; bear rub only = BR; hair trap and bear rub = HTBR) for the Northern (NSC) and Southern (SSC) 
Sangre de Cristo, Sandia, and Northern (NSacs) and Southern (SSacs) Sacramento Mountains, NM. 

    Unique Individuals 

Study Area Samples 
Collected 

Samples  
Analyzed 

Sample 
Success 

M  
(HT:BR:HTBR) 

F  
(HT:BR:HTBR) 

Total  
(HT:BR:HTBR) 

NSC 1917 1416 0.49 190 (171:18:1) 189 (179:10:0) 379 (350:28:1) 
SSC 727 517 0.48 67 (63:2:2) 64 (61:2:1) 131 (124:4:3) 
Sandias 177 115 0.53 9 (5:1:3) 9 (8:1:0) 18 (13:2:3) 
NSacs 464 360 0.61 49 (46:0:3) 39 (38:0:1) 88 (54:0:4) 
SSacs 798 542 0.44 53 (50:2:1) 57 (53:3:1) 110 (103:5:2) 
Total 4083 2950 0.50 368 (335:23:10) 358 (339:16:3) 726 (674:39:13) 
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Table 5. A summary of the capture history data for both male and female black bears identified by samples collected across the 
Northern (NSC) and Southern (SSC) Sangre de Cristo, Sandias, and Northern (NSacs) and Southern (SSacs) Sacramento Mountains, 

NM. 
a Number of animals detected. 
b Total number of detections across all sampling occasions. 
c Average number of detections per individual detected across all sampling occasions.  
d Standard deviation for the average number of detections.  
e Maximum number of detections of a single individual across all sampling occasions. 
f Number of recaptured individuals across all sampling occasions. 
g Mean maximum recapture distance.  
h Maximum distance moved by an individual.
  

  Males   Females  

 Na Detb Avgc SDd Maxe Rf MMR 
(km)g 

MaxD 
(km)h Na Detb Avgc SDd Maxe Rf MMR  

(km)g 
MaxD 
(km)h 

NSC 190 239 1.26 0.43 3 33 7.57 52.03 189 216 1.14 0.35 3 23 3.98 47.41 
SSC 67 80 1.19 0.38 3 8 12.46 29.33 64 77 1.20 0.39 2 12 2.53 20.33 
Sandias 9 15 1.67 0.46 2 3 8.27 9.84 9 14 1.56 0.73 3 4 0.38 0.69 
Nsacs 49 74 1.51 0.74 5 14 9.22 36.18 39 58 1.49 0.72 3 12 2.47 7.05 
Ssacs 53 69 1.30 0.41 3 10 4.23 8.02 57 73 1.28 0.54 3 11 4.59 14.88 
Total 368 477 1.39 0.48 5 68 8.35 27.08 358 438 1.33 0.55 3 62 2.79 18.07 



 
 

35 
 

Table 6. The final set of a priori spatially explicit capture-recapture models for the Northern Sangre de Cristo Mountains, NM in 
2012.   

a Model parameters a function of: sex; t = time variation; type = detector type, veg = land cover type; + = additive effect; constant = no 
variation. 
b Number of model parameters. 
c Akaike’s Information Criterion adjusted for small sample size. 
d The difference between the top ranked model and the ith ranked model.   
e Model weight. 
f Model deviance = -2(log-likelihood).  

Da g0a σa Kb AICc
c ΔAICc

d wi
e
 Devf 

constant t + veg t + veg 17 3149.15 0.00 1.00 3113.46 
constant t t 9 3201.03 51.88 0.00 3182.54 
constant veg veg 11 3216.43 67.28 0.00 3193.71 
constant t veg 10 3221.75 72.59 0.00 3201.15 
constant veg t 10 3236.73 87.58 0.00 3216.14 
constant type type 5 3251.32 102.17 0.00 3241.16 
constant sex sex 5 3271.17 122.02 0.00 3261.01 
constant constant constant 3 3271.37 122.22 0.00 3265.31 
sex constant constant 4 3273.42 124.26 0.00 3265.31 
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Table 7. The final set of a priori spatially explicit capture-recapture models for the Southern Sangre de Cristo Mountains, NM in 
2013. 

a Model parameters a function of: elev = elevation; sex; t = time variation; type = detector type; veg = land cover type; + = additive 
effect; constant = no variation. 
b Number of model parameters. 
c Akaike’s Information Criterion adjusted for small sample size. 
d The difference between the top ranked model and the ith ranked model.   
e Model weight. 
f Model deviance = -2(log-likelihood).  

Da g0 σ Kb AICc
c ΔAICc

d wi
e
 Devf 

constant t + elev t + elev 11 1169.98 0.00 0.87 1145.76 
constant t + veg t + veg 17 1173.85 3.87 0.13 1134.44 
constant veg t 10 1195.99 26.01 0.00 1174.16 
constant elev t 7 1197.67 27.69 0.00 1182.76 
constant t veg 10 1199.07 29.09 0.00 1177.24 
constant t elev 7 1199.91 29.93 0.00 1185.00 
constant veg veg 11 1205.12 35.14 0.00 1180.90 
constant t t 9 1210.10 40.12 0.00 1190.61 
constant elev elev 5 1210.48 40.50 0.00 1200.00 
constant sex sex 5 1214.90 44.92 0.00 1204.42 
constant type type 5 1216.35 46.37 0.00 1205.87 
constant constant constant 3 1223.86 53.88 0.00 1217.67 
sex constant constant 4 1225.92 55.94 0.00 1217.60 
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Table 8. The final set of a priori spatially explicit capture-recapture models for the Sandia Mountains, NM in 2014. 

a Model parameters a function of: elev = elevation; sex; t = time variation; type = detector type; veg = land cover type; + = additive 
effect; constant = no variation. 
b Number of model parameters. 
c Akaike’s Information Criterion adjusted for small sample size. 
d The difference between the top ranked model and the ith ranked model.   
e Model weight. 
f Model deviance = -2(log likelihood).  

Da g0a σa Kb AICc
c ΔAICc

d wi
e
 Devf 

constant sex sex 5 209.23 0.00 0.96 194.23 
constant constant constant 3 216.23 6.99 0.03 208.51 
constant elev elev 5 219.20 9.97 0.01 204.20 
sex constant constant 4 219.59 10.36 0.00 208.51 
constant type type 5 219.84 10.60 0.00 204.84 
constant veg veg 5 219.97 10.74 0.00 204.97 
constant t elev 9 235.19 25.96 0.00 194.69 
constant t veg 9 238.34 29.11 0.00 197.84 
constant elev t 9 243.24 34.00 0.00 202.74 
constant veg t 9 243.52 34.29 0.00 203.02 
constant t t 13 311.75 102.52 0.00 194.75 
constant t + elev t + elev 15 451.94 242.71 0.00 189.35 
constant t + veg t + veg 15 461.61 252.38 0.00 191.61 
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Table 9. The final set of a priori spatially explicit capture-recapture models for the Northern Sacramento Mountains, NM in 2014. 

a Model parameters a function of: elev = elevation; sex; t = time variation; veg = land cover type; + = additive effect; constant = no 
variation. 
b Number of model parameters. 
c Akaike’s Information Criterion adjusted for small sample size. 
d The difference between the top ranked model and the ith ranked model.   
e Model weight. 
f Model deviance = -2(log-likelihood).  

Da g0a σa Kb AICc
c ΔAICc

d wi
e
 Devf 

constant t + veg t + veg 17 868.31 0.00 0.96 825.57 
constant veg t 10 874.86 6.55 0.04 852.01 
constant t veg 10 880.74 12.44 0.00 857.89 
constant veg veg 7 883.07 14.76 0.00 867.67 
constant t + elev t + elev 15 910.39 42.08 0.00 873.72 
constant sex sex 5 910.45 42.14 0.00 899.71 
constant t t 13 922.95 54.65 0.00 892.04 
constant elev elev 5 923.70 55.39 0.00 912.97 
constant t elev 9 925.73 57.42 0.00 905.42 
constant elev t 9 928.60 60.30 0.00 908.30 
constant constant constant 3 951.19 82.88 0.00 944.91 
sex constant constant 4 952.25 83.94 0.00 943.77 
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Table 10. The final set of a priori spatially explicit capture-recapture models for the Southern Sacramento Mountains, NM in 2014. 

a Model parameters a function of: elev = elevation; sex; t = time variation; type = detector type; veg = land cover type; + = additive 
effect; constant = no variation. 
b Number of model parameters. 
c Akaike’s Information Criterion adjusted for small sample size. 
d The difference between the top ranked model and the ith ranked model.   
e Model weight. 
f Model deviance = -2(log-likelihood). 

  

Da g0a σa Kb AICc
c ΔAICc

d wi
e Devf

 

constant veg veg 7 1168.68 0.00 0.50 1153.58 
constant t + veg t + veg 17 1169.62 0.94 0.31 1128.97 
constant t + elev t+ elev 15 1170.58 1.90 0.19 1135.47 
constant veg t 10 1180.23 11.54 0.00 1158.00 
constant type type 5 1182.05 13.37 0.00 1171.48 
constant elev elev 5 1182.51 13.83 0.00 1171.93 
constant elev t 9 1184.24 15.56 0.00 1164.44 
constant t t 13 1186.59 17.91 0.00 1156.80 
constant t elev 9 1191.22 22.54 0.00 1171.42 
constant t veg 10 1193.33 24.65 0.00 1171.10 
constant constant constant 3 1196.53 27.85 0.00 1190.31 
constant sex sex 5 1198.08 29.40 0.00 1187.50 
sex constant constant 4 1198.54 29.86 0.00 1190.16 
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Table 11. Density and model parameter estimates, coefficient of variation of the density estimate (CV), detection probability at the 
activity center (g0), spatial scale over which detection probability declines (σ; km), and their 95% confidence intervals for the 
Northern (NSC) and Southern (SSC) Sangre de Cristo, Sandia, and Northern (NSacs) and Southern (SSacs) Sacramento Mountains, 
NM. Competing models for the SSC and SSacs were model averaged. We performed all analyses within a spatially explicit capture-
recapture framework. 

a Final model structure for the secr parameter, density (D).  
b Final model structure for the secr parameter, detection probability (g0). 
c Final model structure for the secr parameter, σ, the spatial scale over which detection probability declines. 
d Black bear density estimate (bears/100 km2) with the 95% confidence intervals in parentheses. 
e Detection probability (g0) parameter estimate with the 95% confidence intervals in parentheses. 
f  σ (km) parameter estimate with the 95% confidence intervals in parentheses.  
g Parameter estimate for female black bears. 
h Parameter estimate for male black bears. 

Study Area Da g0b σc 
𝑫̂d CV(𝑫̂) 𝐠𝟎̂e 𝝈̂f 

NSC constant t + veg t + veg 21.86 
(17.83 – 26.80) 0.10 0.00060 

(0.000233 - 0.001528) 
3.31 

(2.09 – 5.25) 
        

SSC constant t + elev t + elev 19.74 
(13.77 – 28.30) 0.18 0.00001 

(0.000006 – 0.000052) 
18.35 

(12.73 – 26.46) constant t + veg t + veg 
        

Sandias constant sex sex 25.75 
(13.22 – 50.14) 0.35 

0.02941g 
(0.010779 – 0.077689) 

0.76g 

(0.49 – 1.15) 
0.00163h 

(0.000480 – 0.005488) 
4.99h 

(2.46 – 10.09) 
        

NSacs constant t + veg t + veg 20.17 
(15.35 – 26.52) 0.14 0.00266 

(0.000580 – 0.012125) 
5.42 

(2.03 – 14.44) 
        

SSacs 
constant veg veg 

16.55 
(11.64 – 23.53) 0.18 0.00318 

(0.001087 - 0.009279) 
2.67 

(1.69 – 4.21) constant t + veg t + veg 
constant t + elev t + elev 



 
 

41 
 

Table 12. Mean density estimates for black bears (bears/100 km2) and 95% CIs in parentheses for noninvasive genetic sampling 
studies conducted in the United States that also used a spatially explicit capture-recapture framework. 

a Black bear population sympatric with grizzly bears (Ursus arctos). 

State 𝑫̂ Reference 
Ozark Highlands, Missouri 1.7 (1.1 – 2.4) Wilton et al. 2014 
Carver Bay, South Carolina 4.6 (2.4 – 6.7) Drewry et al. 2013 
Southern Black Bear Range, New York 9.1 (7.6 – 11.3) Sun et al. 2014 
Picture Rocks National Lakeshore, Michigan 10.5 (8.5 – 12.7) Sollmann et al. 2012 
Glacier National Park, Montanaa 12.0 (10.0 – 14.4) Stetz et al. 2014a 
Southern Sacramento Mountains, New Mexico 16.5 (11.6 – 23.5) This Study 
Southern Sangre de Cristo Mountains, New Mexico 19.7 (13.8 – 28.3) This Study 
Fort Drum Military Installation, New York 20.0 (15.0 – 26.0) Gardner et al. 2010 
Northern Sacramento Mountains, New Mexico 20.1 (15.3 – 26.5) This Study 
Northern Sangre de Cristo Mountains, New Mexico 21.8 (17.8 – 26.8) This Study 
Sandia Mountains, New Mexico 25.7 (13.2 – 50.1) This Study 
Spanish Peaks, Colorado 44.0 (32.1 – 55.8) Apker et al. 2009 
Lewis Ocean Bay, South Carolina 33.9 (22.9 – 44.8) Drewry et al. 2013 
Alligator River National Wildlife Refuge, North Carolina 2004 37.0 (30.7 – 43.2) Tredick et al. 2009 
Great Dismal Swamp National Wildlife Refuge,  North Carolina  and Virginia 46.0 (34.6 – 57.3) Tredick et al. 2009 
Alligator River National Wildlife Refuge, North Carolina 2003 57.0 (47.9 – 66.0) Tredick et al. 2009 
Pocosin Lakes National Wildlife Refuge, North Carolina 2002 58.0 (49.1 – 66.8) Tredick et al. 2009 
Pocosin Lakes National Wildlife Refuge, North Carolina 2003 77.0 (65.4 – 88.5) Tredick et al. 2009 
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Update to Bear Habitat Model for the 2016-2020 Rule  
 
Introduction 
Black bears are cryptic, mainly solitary animals that prefer areas with dense cover, and therefore 
cannot be directly counted through aerial or ground surveys. Density estimates are derived 
through collecting field data on individually marked animals and applying population 
reconstruction or mark-recapture analyses to the data.  Habitat models estimate quantity and 
location of bear habitat around the state, and bear density estimates generated for mountain 
ranges or specific habitat types can be extrapolated to similar areas to derive a statewide 
population estimate.  In this paper, we describe the process used to update the original habitat 
model using the most current technology available.   
 
The original habitat model for black bear population estimation in New Mexico was generated as 
part of the 9 year Black Bear Ecology Study (hereafter 2001 study, Costello et al. 2001) 
conducted 1992–2000 (Fig. 1).  This habitat model utilized the New Mexico Gap Analysis 
Program (NM GAP) land cover classification which was designed to predict species distribution 
based on habitat type.  The NM GAP model was used, in conjunction with information gathered 
from 316 radio-collared bears across 2 study areas and mast production potential by habitat type, 
to predict primary, secondary, and edge habitat classifications across New Mexico.  NM GAP 
had several data limitations (Costello et al. 2001, p. 109), and the habitat model was intended to 
be updated as new information became available (Costello et al. 2001, p. 111).  Advances in 
technology such as more detailed and accurate land cover classifications (the Landscape Fire and 
Resource Management Planning Tools (LANDFIRE) land cover classification), ability to 
identify individual animals through genetic techniques (Boerson et al. 2003, Lukacs and 
Burnham 2005), improved spatial data, and more accurate statistical methods provide an 
opportunity to develop more accurate population estimates.   
 
Improved land cover classification and models are available through the Southwest Regional 
GAP and the more recently developed LANDFIRE datasets, which improve upon the 
shortcomings of the NM GAP.  The habitat model from the 2001 study depended on the NM 
GAP dataset because it was the only comprehensive, statewide dataset available at the time.  It 
posed substantial limitations (Costello et al. 2001, p. 109) due to poor classification accuracy 
(especially for habitat types important to bears) and inability to separate habitat type from cover 
density.  As an example, the NM GAP model accurately predicted Rocky Mountain/Great Basin 
Open and Closed Conifer habitat types on average 28% and 15%, respectively (Thompson et al. 
1996).  In comparison, LANDFIRE separated these into multiple vegetation classifications, each 
with 10 canopy closure classifications, and the resulting model accurately predicted the 
analogous habitat types approximately 88% and 79% of the time, respectively (Stehman 2012). 
 
Substantial improvements in habitat classification accuracy and the ability to separate habitat 
type from cover density were important developments in the new LANDFIRE datasets.  The 
number of habitat classifications increased from 42 in NM GAP (Appendix A) to more than 150 
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in LANDFIRE allowing for fine-scale classification in areas where there were previously few 
classification options.  This allows for greater discrimination across similar habitat types and 
improved classification accuracies.  As an example, the single Rocky Mountain Upper Montane 
Conifer habitat type from the NM GAP can be compared to 9 habitat types within the 
LANDFIRE dataset including 6 mixed conifer classifications, 2 riparian classifications, and 1 
aspen classification.  Cover type classifications have become more standardized, allowing for 
consistent and repeatable land cover classifications, and a greater depth of information for 
comparison across years.  The updated habitat model (Fig. 2) is based on LANDFIRE data for 
2008, 2010, and 2012, which improved the robustness of the final model as it does not depend on 
a single year of data. 
 
Separating canopy closure from vegetation classification data is another improvement in the 
LANDFIRE database.  For example, NM GAP separates the Rocky Mountain/Great Basin Open 
and Closed Conifer Woodland classifications based on vegetation type and canopy density 
within a single dataset.  By comparison, LANDFIRE separates vegetation classification and 
canopy closure into 2 datasets which provides improved discrimination in vegetation 
classification while maintaining the ability to differentiate by canopy closure.  The 
aforementioned NM GAP classifications are separated in LANDFIRE into at least 4 vegetation 
classifications and canopy closure classifications in 10% increments.   
 
Advances in genetic laboratory techniques have resulted in more sophisticated bear density 
estimation methods.  The 2001 study captured as many animals as possible and used population 
reconstruction methods to estimate densities.  It was assumed not all resident bears were 
captured; therefore, population estimates were considered minimum, not average, population 
sizes (Costello et al. 2001, p. 88).  In contrast, hair-snare studies can employ spatial capture-
recapture statistics which produce average population estimates and associated confidence 
intervals, as opposed to the point estimate produced by population reconstruction.  Recent 
developments in statistical models have alleviated some of the uncertainties in classic capture-
recapture population models and should provide more accurate estimates (Gardiner et al. 2010).  
Genetic hair snare studies are currently being employed around New Mexico to estimate bear 
densities across several mountain ranges, and the results are being used in conjunction with the 
updated habitat model to provide more accurate bear population estimates.   
 
The advent and increased use of GPS radio-collars has provided insight into movement rates and 
capabilities of bears.  Bears travel longer distances than previously believed, increasing the 
maximum distance between viable population centers (Liley and Walker 2015).  Increased 
movement capacity, especially by breeding males, also provides more flexibility in the patch size 
and distance-based metrics of model assumptions because a population can remain sustainable 
with fewer individuals as long as sufficient breeding is maintained.  In addition, larger patches 
separated by a long distance are often connected through linear patches of habitat (e.g., mesa 
edges and riparian canyons) that are not typically considered primary bear habitat.  These linear 
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patches act as stepping stones for longer distance movements and subsequently improve 
connectivity across the landscape.  
 
Methods 
As a means of incorporating up-to-date and comprehensive landcover data, we employed 
LANDFIRE datasets to update the bear habitat model.  These data result from the partnership 
between the U.S. Forest Service and Department of the Interior to provide consistent nationwide 
landcover mapping for fire management and general resource use, and are the most accurate and 
updated datasets available.  These data are based on 30-m Landsat satellite imagery and have a 
reported accuracy of 0–100% depending on landcover type with forest and woodland landcover 
types having a user accuracy of 87.8% in the Southwest super zone (Bobbe et al. 2006).  Datasets 
are updated every 2 years, and we acquired the 3 most recent vegetation type datasets (i.e., 2008, 
2010, and 2012) from the LANDFIRE website (http://www.landfire.gov/) for this analysis.     
 
We determined suitability of available cover types based on food availability and their use by 
bears.  Cover types and their corresponding values as bear habitat were modified from the 2008 
to the 2010 model because cover types were further refined (Appendix B and C).  We omitted 
cover types with <10 cells throughout the original LANDFIRE image if they were of 
questionable importance to bears.  Cover types were classified either as bear habitat or non-bear 
habitat, and did not specify primary and secondary classifications as in Costello et al. (2001); 
instead we depended on the selection criteria to determine the primary, secondary, and edge 
designations.  We used the Extract by Attributes tool within the Spatial Analyst extension of 
ArcGIS to subset the LANDFIRE datasets based on the appropriate cover type value (Appendix 
B and C).  Extracted values were reclassified into a single value and the 3 datasets were added 
together, keeping only the areas where all 3 datasets agreed.   
 

We used the Aggregate tool in Spatial Analyst to sum across the final dataset by a factor of 7 to 
generate an output in 210-m-sided (0.0441 km2) blocks.  We selected 7 as the best aggregate 
factor from a test run across aggregate factors 2–10 based on knowledge of bear use across the 
state while balancing the smoothing effects of the aggregation.  This also accommodated errors 
within the LANDFIRE dataset by eliminating small areas.  We visually inspected the distribution 
of aggregated values and assigned a cutoff of 25% as an acceptable breakpoint between “edge” 
and “primary” designations.  Areas that fell below the break point were considered edge habitat 
and were not included in the final model areal calculations.  To allow for areal calculations and 
patch size selection, we converted the model raster to a polygon feature class without 
simplification.   
 
We created a filter from LANDFIRE 2012 existing vegetation cover data by creating a raster 
with human-dominated cover types, barren areas, and cover classes <20%.  We only used the 
2012 dataset as there are concerns about the validity of canopy cover data in earlier LANDFIRE 
datasets (Scott 2008).  We reclassified the appropriate cover classes to the same value (Appendix 
D), aggregated them to a 210-m cell, and kept the top 75% of cells (to match the habitat 

http://www.landfire.gov/
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classification aggregation).  We converted this to a polygon and filtered the model.  We 
converted multipart features to single-part features prior to the selection process, and updated the 
area calculation.  The same filter was used to further discriminate bear habitat in GMU’s 10, 12, 
and 13 except we included cover classes <30%.  The GMU 10, 12, and 13 areas were replaced 
with the 30% model outputs in the final model area calculations.   
 
The Select Layer by Location and Select Layer by Attributes tools were used to set distance-
based search criteria and patch size requirements, as follows: 
 All features >200 km2 were selected from the initial data set as main patches based on 

minimum habitat size needed to support a minimum viable population of 45–50 individuals.  
Use of a patch size smaller than the 300 km2 used by Costello et al. (2001) is based on more 
accurate bear density estimates produced by the current bear density study, and 
documentation of larger distances moved as provided by GPS radio-collars.  Inclusion of 
parcels 200–300 km2 defined the Dry Cimarron area in GMU 58 and the Los Pinos 
Mountains in GMU 18 as bear habitat, both of which are known to sustain sizable bear 
populations.  The Peloncillo Mountains, known to support a bear population, fell just below 
the 200 km2 minimum, but were included due to proximity of large patches of bear habitat in 
Arizona. 

 We varied both distance to and minimum patch size within biologically reasonable values, 
with minimal impact on the resulting habitat model.  We selected all features within 30 km of 
main patches that were >25 km2 because they included key areas with known populations of 
bears including the Oscura Mountains in GMU 19, Sierra Grande in GMU 56, and the 
complex around Mesa Rica in GMU 42.  These values are greater than those used in Costello 
et al. (2001; all features within 15 km of main patches that were >20 km2) because data 
showing that bears move larger distances means that they can move between patches spaced 
more widely apart, and higher  bear densities on the landscape mean that smaller patches can 
support the 1-2 bears necessary to be considered bear habitat. 

 All selected parcels included a 2 km buffer because black bears consistently use areas within 
2 km of primary bear habitat. 

 All holes smaller than 2 km2 were closed with the Eliminate Polygon Part tool as a means of 
matching the 2 km “buffer” in the previous step and following a methodology similar to 
Costello et al. (2001). 

 
We used the Intersect tool to combine the final selection output with the Game Management Unit 
shapefile.  Total area (km2) for each GMU was generated using the Summary Statistics tool. 
Areas that did not meet the selection criteria as secondary habitat and areas that fell below the 
25% aggregation were classified as edge habitat.  We did not include secondary or edge habitats 
in area calculations, but have included them in the map as areas of potential use by bears (Fig. 1, 
Table 1).  The Python code for the classification and selection process is included in Appendix E. 
 
We verified bear mortality locations from 1994–2014 through spatial location and agreement 
with the reported GMU.  There were 9,852 mortalities in the database, of which 197 (2.0%) had 
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the UTM zone interpolated from the GMU and Easting, 91 (0.9%) were removed for falling 
outside the geographic bounds of NM, 1,039 (10.8%) were removed due to a disparity between 
the GMU and the UTM coordinate, and 643 (6.7%) were removed due to lacking or incorrect 
spatial information.  We overlaid the 7,809 spatially-verified mortalities on the new habitat 
model as a check of model validity (Table 2).  Hunter harvest locations (n = 6,863) occurred in 
primary habitat more often than depredation (n = 676), road kill (n = 239), and other (n = 31) 
locations.  The new model contained 83% of sport-harvest mortalities within primary bear 
habitat.   
 
We could not directly compare our model validity results with those of the 2001 study (p. 100) 
due to differences in methodologies.  Specifically, our verified sport-harvest location data set 
was from 1994-2014, as opposed to the 1990-1999 data set used in the 2001 study.  Next, 
although both studies verified mortality locations using some of the same standards, there was 
not enough detail in the 2001 study report to know if the standards were identical.  Differences in 
standards for which records to include and how modifications were made could lead to very 
different results.  Finally, Costello et al. (2001) did not verify the accuracy of the habitat model.  
Rather, she created a generalized distribution map identifying major regions of bear habitat (p. 
95; e.g. Sangre de Cristo Complex in Fig. 1) which comprise larger land areas than primary 
habitat predicted by the habitat model.  When we overlaid the 1994-2014 verified dataset on the 
major regions of bear habitat as defined in the 2001 study, 81% of harvest locations fell within 
those regions, compared with 95% reported for the 1990-1999 dataset.  When we overlaid our 
verified sport-harvest locations on primary habitat produced by the 2015 habitat model, 83% of 
sport-harvest mortalities were within primary bear habitat, compared with the 2001 model that 
contained 71% of sport-harvest mortalities.  We do not know why there is a discrepancy in the 
sport-harvest locations found in major regions of bear habitat between the 2 data sets, and 
reiterate our concern that they were not created using the same standards and therefore none of 
the model validity results should be compared. 
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Figure 1. Predicted black bear habitat in New Mexico from Costello et al. (2001). 
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Figure 2. Predicted black bear habitat in New Mexico 2015. 
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Table 1. Total primary bear habitat as predicted by the model by bear management zone and 
game management unit.   

Zone GMU 
Primary 
Habitat 

 
Zone GMU 

Primary 
Habitat 

Tribal 1 1,505 
 

7 56 192 

  3 1,645 
 

  57 779 

  11 706 
 

  58 674 

  35 1,649 
 

    1,645 

    5,505 
 

      

      
 

8 8 719 

1 4 1,212 
 

      

  5 895 
 

9 9 1,255 

  6 4,408 
 

  10 1,438 

  7 15 
 

    2,693 

  51 2,043 
 

      

  52 723 
 

10 12 61 

    9,296 
 

  13 520 

      
 

  15 2,549 

2 2 880 
 

  16 5,334 

      
 

  17 1,504 

 3 49 1,029 
 

  18 763 

  50 533 
 

  21 1,606 

  53 1,081 
 

  22 484 

    2,642 
 

  23 1,114 

      24 1,310 

 4 48 388 
 

  26 60 

 
45 3,497 

 
  27 182 

  46 1,893 
 

    15,488 

    5,778 
 

      

      
 

11 37 1,113 

5 54 653 
 

  38 698 

      1,811 

  55 3,620 
 

   

    4,273 
 

12 34 2,428 

    
      

6  39  151   13 36 1,184 

 
42 1,901 

 
      

  43 1,954 
 

14 14 1,267 

       

  47 674 
 

Total   60,298 

   59 10 
    

  
4689 
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Table 2.  Spatially-verified bear mortality location agreement by type of mortality event and habitat type for our updated 2015 model and the 
2001 study (Costello et al.). 

Walker et al. 
Model 

Habitat Type Model Test by Habitat Type 

Primary Secondary Edge None Total Primary Secondary Edge None 

Sport Harvest 5,675 501 382 305 6,863 83% 7% 6% 4% 

Road Kill 100 33 47 59 239 42% 14% 20% 25% 

Depredation 352 117 94 113 676 52% 17% 14% 17% 

Other 19 3 1 8 31 3% 0% 0% 1% 

Total 6,146 654 524 485 7,809 79% 8% 7% 6% 

  

Costello et al. 
Model 

Habitat Type Model Test by Habitat Type 

Primary Secondary Edge None Total Primary Secondary Edge None 

Sport Harvest 4,848 410 574 1,031 6,863 71% 6% 8% 15% 

Road Kill 94 20 20 105 239 39% 8% 8% 44% 

Depredation 327 20 77 252 676 48% 3% 11% 37% 

Other 17 0 3 11 31 3% 0% 0% 2% 

Total 5,286 450 674 1,399 7,809 68% 6% 9% 18% 
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Appendix B 
 

Value and Classnames from 2008 LANDFIRE dataset defined as black bear habitat. 
VALUE CLASSNAME 

2011 Rocky Mountain Aspen Forest and Woodland 

2012 Rocky Mountain Bigtooth Maple Ravine Woodland 

2016 Colorado Plateau Pinyon-Juniper Woodland 

2019 Great Basin Pinyon-Juniper Woodland 

2023 Madrean Encinal 

2024 Madrean Lower Montane Pine-Oak Forest and Woodland 

2025 Madrean Pinyon-Juniper Woodland 

2026 Madrean Upper Montane Conifer-Oak Forest and Woodland 

2049 Rocky Mountain Foothill Limber Pine-Juniper Woodland 

2050 Rocky Mountain Lodgepole Pine Forest 

2051 Southern Rocky Mountain Dry-Mesic Montane Mixed Conifer Forest and Woodland 

2052 Southern Rocky Mountain Mesic Montane Mixed Conifer Forest and Woodland 

2054 Southern Rocky Mountain Ponderosa Pine Woodland 

2055 Rocky Mountain Subalpine Dry-Mesic Spruce-Fir Forest and Woodland 

2056 Rocky Mountain Subalpine Mesic-Wet Spruce-Fir Forest and Woodland 

2057 Rocky Mountain Subalpine-Montane Limber-Bristlecone Pine Woodland 

2059 Southern Rocky Mountain Pinyon-Juniper Woodland 

2061 Inter-Mountain Basins Aspen-Mixed Conifer Forest and Woodland 

2070 Rocky Mountain Alpine Dwarf-Shrubland 

2107 Rocky Mountain Gambel Oak-Mixed Montane Shrubland 

2117 Southern Rocky Mountain Ponderosa Pine Savanna 

2119 Southern Rocky Mountain Juniper Woodland and Savanna 

2155 North American Warm Desert Riparian Forest and Woodland 

2159 Rocky Mountain Montane Riparian Forest and Woodland 

2160 Rocky Mountain Subalpine/Upper Montane Riparian Forest and Woodland 

2208 Abies concolor Forest Alliance 

2215 Quercus turbinella Shrubland Alliance 

2217 Quercus gambelii Shrubland Alliance 
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Appendix C 
 

Value and Classnames from 2010 and 2012 LANDFIRE datasets defined as black bear habitat. 
VALUE CLASSNAME 

3011 Rocky Mountain Aspen Forest and Woodland 

3012 Rocky Mountain Bigtooth Maple Ravine Woodland 

3016 Colorado Plateau Pinyon-Juniper Woodland 

3019 Great Basin Pinyon-Juniper Woodland 

3023 Madrean Encinal 

3024 Madrean Lower Montane Pine-Oak Forest and Woodland 

3025 Madrean Pinyon-Juniper Woodland 

3026 Madrean Upper Montane Conifer-Oak Forest and Woodland 

3049 Rocky Mountain Foothill Limber Pine-Juniper Woodland 

3050 Rocky Mountain Lodgepole Pine Forest 

3051 Southern Rocky Mountain Dry-Mesic Montane Mixed Conifer Forest and Woodland 

3052 Southern Rocky Mountain Mesic Montane Mixed Conifer Forest and Woodland 

3054 Southern Rocky Mountain Ponderosa Pine Woodland 

3055 Rocky Mountain Subalpine Dry-Mesic Spruce-Fir Forest and Woodland 

3056 Rocky Mountain Subalpine Mesic-Wet Spruce-Fir Forest and Woodland 

3057 Rocky Mountain Subalpine-Montane Limber-Bristlecone Pine Woodland 

3059 Southern Rocky Mountain Pinyon-Juniper Woodland 

3061 Inter-Mountain Basins Aspen-Mixed Conifer Forest and Woodland 

3070 Rocky Mountain Alpine Dwarf-Shrubland 

3107 Rocky Mountain Gambel Oak-Mixed Montane Shrubland 

3117 Southern Rocky Mountain Ponderosa Pine Savanna 

3119 Southern Rocky Mountain Juniper Woodland and Savanna 

3155 North American Warm Desert Riparian Forest and Woodland 

3159 Rocky Mountain Montane Riparian Forest and Woodland 

3160 Rocky Mountain Subalpine/Upper Montane Riparian Forest and Woodland 

3208 Abies concolor Forest Alliance 

3215 Quercus turbinella Shrubland Alliance 

3217 Quercus gambelii Shrubland Alliance 
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Appendix D 
 

Value and Classnames for cover classes used to create a filter for the habitat model.  The >=20 and < 30% 
classes were only included in GMU 12 and 13.   
VALUE CLASSNAMES 

11 Open Water 

12 Snow/Ice 

13 Developed-Upland Deciduous Forest 

14 Developed-Upland Evergreen Forest 

15 Developed-Upland Mixed Forest 

16 Developed-Upland Herbaceous 

17 Developed-Upland Shrubland 

22 Developed - Low Intensity 

23 Developed - Medium Intensity 

24 Developed - High Intensity 

25 Developed-Roads 

31 Barren 

32 Quarries-Strip Mines-Gravel Pits 

61 NASS-Vineyard 

63 NASS-Row Crop-Close Grown Crop 

64 NASS-Row Crop 

65 NASS-Close Grown Crop 

68 NASS-Wheat 

100 Sparse Vegetation Canopy 

101 Tree Cover >= 10 and < 20% 

102 Tree Cover >= 20 and < 30% 

111 Shrub Cover >= 10 and < 20% 

112 Shrub Cover >= 20 and < 30% 

121 Herb Cover >= 10 and < 20% 

122 Herb Cover >= 20 and < 30% 
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Appendix E 

 
Python script run to process multiple aggregate factors and select parcels as indicated.   
 
# Author:   Ryan Walker, CWB 
#           Regional Wildlife Biologist 
#           New Mexico Department of Game and Fish 
# Date: 30 January 2015 
# Tool Description: This tool uses the LANDFIRE datasets to build a black bear (Ursus 
americanus) habitat model. 

# 
 
import arcpy 
 
# Specify input raster paths. 
raster2012 = arcpy.Raster("Landfire_NM/US_130EVT/us_130evt") 
raster2010 = arcpy.Raster("Landfire_NM/US_120EVT/US_120_EVT/us_120evt") 
raster2008 = arcpy.Raster("Landfire_NM/US_110EVT/us_110evt") 
 
# LANDFIRE landcover values for the 2010 and 2012 datasets. 
newvaluelist = (3011, 3012, 3016, 3019, 3023, 3024, 3025, 3026, 3049, 3050, 3051, 3052, 3054, 
3055, 3056, 3057, 3059, 3061, 3070, 3107, 3117, 3119, 3155, 3159, 3160, 3208, 3215, 3217) 

 
# LANDFIRE landcover values for the 2008 datasets. 
oldvaluelist = (2011, 2012, 2016, 2019, 2023, 2024, 2025, 2026, 2049, 2050, 2051, 2052, 2054, 
2055, 2056, 2057, 2059, 2061, 2070, 2107, 2117, 2119, 2155, 2159, 2160, 2208, 2215, 2217) 

 
# Check out the Spatial Analyst Extension. 
arcpy.CheckOutExtension("Spatial") 
 
# Extract attributes from the value lists. 
bear2012 = arcpy.sa.ExtractByAttributes(raster2012, "VALUE IN(newvaluelist)") 
bear2010 = arcpy.sa.ExtractByAttributes(raster2010, "VALUE IN(newvaluelist)") 
bear2008 = arcpy.sa.ExtractByAttributes(raster2008, "VALUE IN(oldvaluelist)") 
 
# Specify the range of values to be reclassified within the raster ouputs. 
newReclassRange = arcpy.sa.RemapRange([[3011, 3217, 1]]) 
oldReclassRange = arcpy.sa.RemapRange([[2011, 2217, 1]]) 
 
# Reclassify all values to 1.  
reclass2012 = arcpy.sa.Reclassify(bear2012, "VALUE", newReclassRange) 
reclass2010 = arcpy.sa.Reclassify(bear2010, "VALUE", newReclassRange) 
reclass2008 = arcpy.sa.Reclassify(bear2008, "VALUE", oldReclassRange) 
 
# Total the reclassified rasters together and save the output. 
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reclassSum = (reclass2012 + reclass2010 + reclass2008) 
 
stateMask = "NMState_NAD83.shp" 
raster = arcpy.sa.ExtractByMask(reclassSum, stateMask) # Clips the resulting raster to the NM 
State boundary. 

 
# Set the initial aggregate factor to 2.  An aggregate factor of 1 is simply the summation raster, 
and thus not needed. 

aggregate_factor = 3 
 
# Loop through and save aggregate factors 1 to 10 and reclassify the aggregates for all values > 
0.25 of the maximum value. 

while aggregate_factor <= 10: 
    outAgg = arcpy.sa.Aggregate(reclassSum, aggregate_factor, "SUM") 
    maxvalueResult = arcpy.GetRasterProperties_management(outAgg, "MAXIMUM") # 
Retrieve the output result object for the maximum value within a raster. 

    maxvalue = maxvalueResult.getOutput(0)  # Retrieve the maximum value from the result 
object. 

    reclassmax = (int(maxvalue) / 4)    # Convert the maximum value to an integer and divide by 
4.  

    reclassMaxRange = arcpy.sa.RemapRange([[0, reclassmax, "NoData"], [reclassmax, 
maxvalue, 1]])  # Set RemapRange based on 25% breakpoint. 

    reclass = arcpy.sa.Reclassify(outAgg, "VALUE", reclassMaxRange) # Reclassify raster with 
all values > 25% of the maximum value being considered "primary". 

    outputname = "Reclass_polygon_aggregate_" + str(aggregate_factor) 
    arcpy.RasterToPolygon_conversion(reclass, outputname, "NO_SIMPLIFY")    # Convert 
raster to polygon. 

    print "Raster conversion for " + str(aggregate_factor) + " completed." 
 
    # Add a new column and populate it with the area in square kilometers. 
    arcpy.AddField_management(outputname, "Area", "FLOAT", "", "", 20) 
    arcpy.CalculateField_management(outputname, "Area", 
"float(!SHAPE.AREA@SQUAREKILOMETERS!)", "PYTHON") 

     
    # Turn polygon feature into layer to facilitate selection process. 
    layername = "layer" + str(aggregate_factor) 
    arcpy.MakeFeatureLayer_management(outputname, layername) 
 
    # Selection process. 
    # First selection of all parcels > 200 sq. km. 
    arcpy.SelectLayerByAttribute_management(layername, "NEW_SELECTION", '"Area" >= 
200') 

    layer200 = arcpy.CopyFeatures_management(layername, "Primary_bear_" + 
str(aggregate_factor) + "_area_over_200") 

 
    # Second selection of all parcels within 2 km. of 200 sq. km. parcels. 
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    firstDist = "2 KILOMETERS" 
    secondDist = "10 KILOMETERS" 
    arcpy.SelectLayerByLocation_management(layername, "WITHIN_A_DISTANCE", layer200, 
firstDist, "NEW_SELECTION") 

    layer2km = arcpy.CopyFeatures_management(layername, "Primary_bear_" + 
str(aggregate_factor) + "_area_within_2_km") 

 
    # Third selection of all parcels > 25 sq. km. within 30 km. of 200 sq. km. parcels. 
    arcpy.SelectLayerByLocation_management(layername, "WITHIN_A_DISTANCE", layer200, 
secondDist, "NEW_SELECTION") 

    arcpy.SelectLayerByAttribute_management(layername, "SUBSET_SELECTION", '"Area" >= 
25') 

    layer25 = arcpy.CopyFeatures_management(layername, "Primary_bear_" + 
str(aggregate_factor) + "_area_over_25_within_30_km") 

 
    arcpy.Merge_management([layer200, layer2km, layer25], "Primary_bear_" + 
str(aggregate_factor) + "_selection_final") 

 
    print "Aggreate Factor " + str(aggregate_factor) + " processing completed." 
    aggregate_factor += 1 
 
# Check in the Spatial Analyst Extension. 
arcpy.CheckInExtension("Spatial") 
 
 
Python script run to accommodate changing the selection process and altering the cover filter input 
(inputs were variable) 
 
import arcpy 
 
agnum = "7" 
arearestriction = "25" 
dist = "30" 
covernumber = "20" 
agFactor = "Reclass_polygon_aggregate_" + agnum 
af_200 = "Primary_bear_" + agnum + "_area_over_200_test" 
GMU = "E:/GIS/Boundaries/NM_GMU_no_subunits.shp" 
output = "Final_selection_cover_filter_" + covernumber 
intersectOut = output + "_GMU_Intersect" 
statOut = "Final_selection_cover_filter_" + covernumber + "_summary" 
filter = "Cover_filter_less_than_" + covernumber 
 
arcpy.Erase_analysis(agFactor, filter, "Model_cover_filter_" + covernumber) 
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arcpy.MultipartToSinglepart_management("Model_cover_filter_" + covernumber, "Model_cover_filter_" 
+ covernumber + "_single") 
arcpy.CalculateField_management("Model_cover_filter_" + covernumber + "_single", "Area", 
"float(!SHAPE.area@SQUAREKILOMETERS!)", "PYTHON") 
 
arcpy.MakeFeatureLayer_management("Model_cover_filter_" + covernumber + "_single", "layer") 
 
arcpy.SelectLayerByLocation_management("layer", "WITHIN_A_DISTANCE", af_200, dist + " 
KILOMETERS", "NEW_SELECTION") 
arcpy.SelectLayerByAttribute_management("layer", "REMOVE_FROM_SELECTION", '"Area" < ' + 
arearestriction) 
arcpy.SelectLayerByLocation_management("layer", "WITHIN_A_DISTANCE", "", "2 KILOMETERS", 
"ADD_TO_SELECTION") 
arcpy.EliminatePolygonPart_management("layer", output, "AREA", "2 SQUAREKILOMETERS") 
 
arcpy.Intersect_analysis([output, GMU], intersectOut) 
 
arcpy.CalculateField_management(intersectOut, "Area", 
"float(!SHAPE.area@SQUAREKILOMETERS!)", "PYTHON") 
arcpy.Statistics_analysis(intersectOut, statOut, [["Area", "SUM"]], "GMU") 
 
Python script run to create “sparse cover” filter 
 
import arcpy 
 
arcpy.CheckOutExtension("Spatial") 
 
boundary = "E:/Z_drive/boundaries/NMState_NAD83.shp" 
 
cover = arcpy.sa.Raster("Landfire_NM/US_130EVC/us_130evc") 
 
cover = arcpy.sa.ExtractByMask(cover, boundary) 
 
cover = arcpy.sa.Reclassify(cover, "VALUE", arcpy.sa.RemapRange([[0, 0, "NoData"], [11, 101, 1], 
[102, 109, "NoData"], [111, 111, 1], [112, 119, "NoData"], [121, 121, 1], [122, 129, "NoData"]])) 
 
cover = arcpy.sa.Aggregate(cover, 7, "SUM") 
 
cover = arcpy.sa.Reclassify(cover, "Value", arcpy.sa.RemapRange([[0, 12, "NoData"], [13, 49, 1]])) 
 
arcpy.CheckInExtension("Spatial") 
 
polygon = arcpy.RasterToPolygon_conversion(cover, "Cover_filter_less_than_20", "NO_SIMPLIFY") 
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Python script used to create “edge” habitat 
 
reclassSum = arcpy.Raster(“summation”) 
 
aggregate_factor = 7 
 
outAgg = arcpy.sa.Aggregate(reclassSum, aggregate_factor, “SUM”) 
maxvalueResult = arcpy.GetRasterProperties_management(outAgg, “MAXIMUM”) 
maxvlue = maxvalueResult.getOutput(0) 
reclassmax = (int(maxvalue) / 4) 
reclassMaxRange = arcpy.sa.RemapRange([[0, reclassmax, 1], [reclassmax, maxvalue, “NoDate”]]) 
reclass = arcpy.sa.Reclassify(outAgg, “VALUE”, reclassMaxRange) 
outputname = “Edge_bear_habitat” 
arcpy.RasterToPolygon_conversion(reclass, outputname, “NO_SIMPLIFY”) 



ABSTRACT 
 
 We produced three, statewide, inductive habitat suitability models and population estimates for 
mountain lions for New Mexico.   The first two models used a binary logistic regression to produce the 
linear combination of habitat variables that best predicted the distinction between either (1) mountain 
lion harvest locations and random points; or, (2) gps collared mountain lion locations and random 
points.  The third model was produced by combining the mapped results of the first two models by 
adding the “excellent” and “good” habitat from the collar model to the harvest model.    The models 
produced by binary logistic regression were entered into Raster Calculator in ArcGIS to produce maps of 
habitat suitability state wide.   Habitat suitability was simplified to 5 categories (quintiles) using Spatial 
Analysis, Reclassify, in ArcGIS.  Finally, the area of each habitat suitability class for each mountain lion 
management zone was multiplied by plausible mountain lion densities (derived from the literature) to 
produce an estimated range of mountain lion population sizes.   The harvest, collar, and combined 
models predicted 8%, 16%, and 60% greater statewide mountain lion population estimates, respectively, 
than the current New Mexico Department of Game and Fish population estimates based on a deductive 
model.  (Note:  The higher population estimate produced by our harvest model is not uniform across 
mountain lion management zones.  Approximately, half of the management zones were predicted to 
have smaller populations than previously predicted.)   Our harvest model is the most conservative of the 
three and is in close agreement, at the state level, with the deductive model.  We suggest that the 
harvest model be the primary source for guiding an adaptive management approach to mountain lion 
conservation in New Mexico.    
 
 

INTRODUCTION 
 

Information on the abundance and distribution of any species is essential for its 
responsible management.   According to the New Mexico Department of Game and Fish 
Strategic Plan for 2008 through 2012, the mission of the agency is:   
 
“To provide and maintain an adequate supply of wildlife and fish within the state of New 
Mexico by utilizing a flexible management system that provides for their protection, 
propagation, regulation, conservation, and for their use as public recreation and food supply.”   

Meeting these objectives for mountain lions poses significant challenges as these 
animals are secretive and occur at relatively low densities, making it difficult to conduct 
population counts.  Even the result of such a census may be primarily local in application.    
However, the density estimates obtained from local studies is a critical starting point in 
understanding mountain lion population sizes and distribution. 
 

To address these needs in mountain lion management alternative approaches to direct 
population counts are used.   One increasingly useful approach is the use of habitat or niche 
modeling with GIS technology (Hirzel et al. 2006). The Cougar Management Guidelines Working 
Group (2005) suggests this technique as a primary means of planning statewide mountain lion 
management programs.  This approach has been used to predict mountain lion habitat 
dispersal corridors and habitat patches in the Midwest (LaRue and Nielson 2005) as well as 
mountain lion population distribution and dispersal routes in Riverside County California, and to 

1

rwinslow
Sticky Note
Title: 2010 Perry, T. W. Mountain lion habitat model and population estimate for New Mexico 2010. Study 
conducted for New Mexico Department of Game and Fish. 20Pp.




inform mountain lion management in  New Mexico (Negri and Quigley 2010).  These models 
have employed a deductive approach using expert opinion regarding mountain lion habitat 
preferences.  Actual location data may be used to produce more objective, and possibly more 
accurate models.  Location data may come from hunter harvest records or from VHF or GPS 
collars worn by free roaming mountain lions.  The resulting models are inductive, generalizing 
habitat preferences from a subset of the mountain lion population across a broad geographic 
area.  It should be noted that models built from harvest data may also be biased by hunter 
distribution and success.  Data from collared mountain lions can address some of these biases.  
Perhaps the greatest utility of these models is that they represent testable hypotheses about 
the distribution and density of mountain lions that can inform an adaptive management 
approach.   

 
Our primary goal in this project is to provide a scientifically robust estimate of mountain 

lion status across the state, based on actual mountain lion locations derived from harvest data 
and GPS collared mountain lions.   Our objectives were to: (1) Identify and map habitat quality, 
defined by probability of mountain lion occurrence, in five quality categories, excellent, good, 
moderate, fair, and poor; (2) quantify the total area of each category of habitat quality in 
square kilometers by game management unit and mountain lion management zone; (3) map 
the statewide distribution of each habitat type; and, (4) project a statewide mountain lion 
population estimate, broken down by hunt unit and mountain lion management zone, based on 
the area and extent of habitat categories and reasonable mountain lion densities derived from 
the scientific literature. 

METHODS 
Statistical Approach 
 

We used an inductive model building approach, using mountain lion locations, and their 
associated habitat characteristics to make generalizations about mountain lion habitat 
preference and suitability.   Specifically, we used a binary logistic regression to produce the 
linear combination of habitat variables that best distinguished between random locations and 
mountain lion locations across the state of New Mexico.  We made this approach more rigorous 
by building the model with a subset of locations and then testing the accuracy of the model at 
identifying the remaining points as either random or mountain lion based on associated habitat 
characteristics.  This linear combination of variables (the model) was then entered into ArcGIS  
Raster Calculator to produce habitat suitability maps.  We actually constructed three models: 
we used a binary logistic regression to distinguish between harvest locations and random 
locations to produce one model.  We used the same approach to distinguish between random 
locations and collared mountain Lion locations to produce a separate model.  Finally, we 
combined these models by adding the ‘excellent’ and ‘good’ habitats from the collar model to 
the harvest model.   
 
Data 
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In initial model building, we used two sources of mountain location data, (1) harvest and 
(2) GPS collar, and data on several habitat variables:  (3) vegetation type, (4) topographic 
ruggedness, (5) slope, (6) elevation, (7) snow depth, (8) distance to paved roads, (9) distance to 
dirt roads, (10) elk distribution, and (11) mule deer distribution. 

 
(1)  New Mexico mountain lion harvest data was provided by the New Mexico Department of 
Game and Fish.  Approximately, 1,684 total records from 2001 to 2009 were provided.  We 
georeferenced 1,397 of these records for the model.  There are inherent, but unavoidable, 
biases to harvest data in the construction of harvest data.  For example, proximity to roads may 
seem to be an important quality for suitable mountain lion habitat.  When, in fact, it is hunter 
access that drives the importance of this variable.  A second potential source of error is the 
accuracy of the georeferencing. Caution is warranted in the use and interpretation of models 
based on harvest data.   

  
(2) We obtained GPS collar data from 10 free roaming mountain lions between 2005  
and 2010.  GPS locations were taken at night and reflect active habitat use.   We used 
approximately, 13,000 GPS locations for model building.  A bias inherent to the use of these 
data is their restricted geographic application.  As all of these mountain lions were in the 
southcentral portion of New Mexico, below 7,000 ft, the resulting model would not predict that 
habitat types outside of this region would be suitable mountain lion habitat. (eg mixed 
coniferous forest).  The advantage of these data is that they show mountain lion habitat use 
outside of areas frequented by hunters. 

 
(3)  We simplified vegetation classifications provided by the Southwest Regional GAP Analysis, 
as described in “Landcover descriptions for the Southwestern Regional GAP Analysis project” 
compiled by NatureServe, 2004.   The relationship between the vegetation categories used for 
the model and the original SWReGAP categories can be found in Appendix I.    For use in the 
raster calculator, we created a separate raster for each vegetation type, giving pixels a value of 
either zero (not the specified vegetation type) or one. 

 
(4)  We created an index of topographic ruggedness by using the USGS 30 meter National 
Elevation Dataset for New Mexico available from the RGIS website. 
(http://rgis.unm.edu/intro.cfm).  The following equation was applied: TPI = 
SQR(FOCALSTD([DEM], CIRCLE, X, where X is the number of pixels in the radius of the circle.  In this 
way we created four rasters of topographic ruggedness at four scales:  120, 240, 480, and 960 
meters, respectively.   
 
(5)   Slope was derived from the USGS 30m DEM as percentage slope using ArcGIS Spatial 
Analyst.   
 
(6)  Elevation was taken from the USGS 30m DEM  
 
(7)  Snow depth was obtained from the National Climatic Data Center which is within the 
National Oceanic and Atomospheric Administration (NOAA) 
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(http://hurricane.ncdc.noaa.gov/cgi-bin/climaps/climaps.pl).  National data representing 
average annual snowfall were used for this input.  
 
(8)  Distance to Paved Roads was calculated from the TIGER 2008 roads dataset.  Roads were 
obtained from the U.S. Census 2008 TIGER shapefiles website (http://www2.census.gov/cgi-
bin/shapefiles/national-files).  Paved roads were extracted and distance to roads was calculated 
using the Euclidean Distance function in Spatial Analyst at a 30 m resolution. 
 
(9) Distance to Dirt Roads was calculated from the TIGER 2008 roads dataset.  Dirt roads were 
extracted and distance to roads was calculated using the Euclidean Distance function in Spatial 
Analyst at a 30 m resolution. 
 
(10) We calculated a rough index of elk availability by dividing the total allowable harvest of elk 
for the 2010-2011 season by the area of each hunt unit.   

 
(11)  We calculated a rough index of mule deer availability by dividing the total allowable 
harvest of mule deer for the 2010-2011 season by the area of each hunt unit. 
 
We entered the resulting binary logistic models (one for harvest data and one for collar data) 
into the ArcGIS Spatial Analyst, Raster Calculator to produce a raster in which each pixel was 
given a value that corresponded to the inverse odds of mountain lion occurrence.   The range of 
pixel values in each of the resulting rasters was then simplified to 255 values using the Spatial 
Analysist Reclassify tool.  These 255 values were then further simplified to 5 values by grouping 
the 255 values by quintiles and reclassifying a second time.   The result, for each model, was a 
raster showing 5 categories of mountain lion habitat suitability (probability of mountain lion 
occurrence).    

 
Next, we used Hawth’s Tools, Raster Tools, Thematic Raster Summary by Polygon to calculate 
the area of each habitat class for each Game Management Unit (GMU).   Then we multiplied 
each habitat type area for each GMU by a range of possible mountain lion densities, supplied by 
the New Mexico Department of Game and Fish (Table 1). 
 

 Excellent Good Moderate Fair 
Density Range (per 
100sqKm) 

2-3 0.89-1.2 0.4-0.6 0.2-0.3 

Table 1.  Mountain lion density ranges by habitat category, provided by the New Mexico 
Department of Game and Fish used in the calculation of mountain lion populations. 
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RESULTS 
 

In both the harvest and collar models the variables with the most significant predictive 
value were topographic ruggedness, at the scale of 480m, and vegetation type.   The addition of 
other predictor variables did not significantly improve the models.    In the models that follow, 
the lower the coefficient, the more this variable contributes to suitable mountain lion habitat.  
The binary logistic regression models were:   

 
(1) for harvest data:   
Puma = -.0001[TRI480] + 21.844 * [acmesq1] + 21.04 * [acpsdg2] + 21.127 * [agric3] 
+ 22.019 * [badland4] + 21.616 * [barren5] + 22.54 * [ccreosote7] + 42.332 * 
[cscrub8] + 21.352 * [canyon9] +22.277 * [canmesa10] + 42.322 * [ccdunesd11] + 
20.547 * [chaparral12] + 19.583 * [cliffrock13] + 0.065 * [cpshrub14] + 42.399 * 
[dgrasslnd15] + 22.219 * [dunes17] +21.857 * [gpmesq18] + 
42.322 * [gpsndshb19] + 19.088 * [gpfpgrass20] + 42.322 * [gypgrass21] +21.907 * 
[imgrass22] + 21.9 * [imbshrub23] + 21.539 * [junpgrass25] + 42.332 * [lava26] + 
19.9 * [madoak29] + 20.419 * [mixconifer30] + 20.261 * [mongrass32] + 19.962 * 
[montshrub33] + 42.337 * [water35] +19.681 * [pine36] + 20.529 * [pj37] + 20.27 * 
[playa38] + 19.486 * [ripwood42] + 20.381 * [sage44] + 22.459 * [sgprairie45] + 
21.051 * [urban49] 
 

Certain adjustments to coefficients were made:  0.065 coefficient for cpshrub (Colorado 
Plateau Shrubland) was unrealistic and resulted from small sample size.  Also, the coefficients 
for [barren5], [playa38], and [urban49] were changed to 43 (meaning low probability of 
mountain lion occurrence), as breeding populations of mountain lions cannot reasonably be 
expected to occur in these areas. 

 
This model correctly predicted 85% of test mountain lion harvest locations (Appendix II). 

 
(2) for collar data:   
Puma  = -0.0001 * [TRI_480.img] + 19.708 * [acmesq1] + 18.739 * [acpsdg2] + 20.998 
* [agric3] + 43.049 * [badland4] + 43.654 * [barren5] + 20.002 * [ccreosote7] + 
19.724 * [cscrub8] + 46.082 * [canyon9] + 22.311 * [ccdunesd11] + 18.515 * 
[chaparral12] + 17.559 * [cliffrock13] + 19.886 * [dgrasslnd15] + 20.735 * [dunes17] 
+ 42.769 * [gpmesq18] + 42.412 * [gpsndshb19] + 42.409 * [gypgrass21] + 20.603 * 
[imgrass22] + 22.279 * [imbshrub23] + 46.184 * [jungrass25] + 42.46 * [lava26] + 
21.677 * [madoak29] + 25.507 * [mixconifer30] + 43.691 * [mongrass32] + 44.049 * 
[montshrub33] + 42.489 * [water35] + 21.742 * [pine36] + 19.870 * [pj37] + 19.231 * 
[playa38] + 1.215 * [ripherb39] + 15.223 * [ripwood42] + 44.265 * [sage44] + 42.479 
* [sgprairie45] + 42.496 * [urban49] 
 

This model correctly predicted 99% of test collared mountain lion locations.  (Appendix 
III) 
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The three resulting models, from harvest data, collar data, and the combination of the 
two, predict successively larger statewide mountain lion populations respectively.   The 
harvest data model is the most conservative, predicting a statewide population of mountain 
lions between 2,099 and 3,122 (Table 2, Figure 1).   The collar model predicts a statewide 
population between 2,253 and 3,122 (Table 2, Figure 2).  The combined models, in which 
excellent  and good mountain lion habitat predicted by the collar model was added to the 
harvest model, predicts a statewide population between 3,197 and 4,732 (Table 2, Figure 
3).   The real number of mountain lions statewide likely lies between the harvest model and 
harvest + collar population estimates.   As the harvest model is the most conservative, we 
suggest that it be used for management decisions. 
 

 
Cougar Zone harvest lo harvest hi collar lo collar hi harvcol lo harvcol hi 
A 139 207 117 167 169 249 
B 96 142 38 56 98 146 
C 193 289 58 84 195 291 
D 52 76 21 31 56 82 
E 168 251 120 171 187 275 
F 104 156 45 65 108 161 
G 166 247 155 223 209 308 
H 54 78 216 318 206 302 
I 123 183 146 215 198 295 
J 298 445 294 429 436 646 
K 151 225 177 262 232 347 
L 43 64 137 203 145 216 
M 98 146 362 537 376 557 
N 51 76 8 12 52 78 
O 70 103 51 71 75 109 
P 33 49 13 19 33 49 
Q 115 170 236 347 268 396 
R 87 131 22 33 88 132 
S 57 85 37 52 65 95 
T 
Total 2099 3122 2253 3294 3197 4732 

Table 2.  This table compares mountain lion population estimates by mountain lion 
management unit across the three models, harvest, collar, and harvest and collar (Harvcol) 
combined.    Note that mountain lion population estimates for the “T” (Tribal) areas of the state 
are not included in the estimate. 
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For detailed calculations of mountain lion population size by GMU across all three 
models see Appendix IV. 
 

DISCUSSION 
 

The harvest data model, the most conservative of the three models, predicts a 
statewide mountain lion population approximately 8% larger than the current NMDGF 
mountain lion population estimates.   It is perhaps most notable, that the two estimates are so 
similar.    The harvest model’s higher statewide estimate is not the result of uniformly higher 
estimates across GMU’s.  Approximately, half of the units were predicted to have fewer 
mountain lions by the model than previously predicted by NMDGF.  The fact that tribal areas 
were not included in the statewide population estimate makes the harvest model more 
conservative. 

 
The accuracy of any model is only as good as the data used to construct the model.   

There are at least three points of potential issue with the data used for these models.   
 
First, there are inherent biases in both harvest data and GPS collar data.  Harvest data 

may be biased by hunter access (roads) or environmental factors that increase hunter success 
(snow).  The result of this bias is that the model may underestimate the mountain lion 
population in areas where there are few roads or where there is infrequent, or no, snow fall.   
Likewise, favored hunting areas with high success may over-estimate mountain lion 
populations.  The GPS collar data is biased in two ways.  First, because there was not a 
statewide distribution of collared mountain lions, the habitat selection of collared lions was 
limited.  For example, because all collared mountain lions were in southcentral New Mexico, 
below 7,000 ft, obviously suitable habitat types, such as mixed conifer, are not predicted to be 
suitable mountain lion habitat by this model.  This also, would lead to a significant 
underestimate of statewide populations.  Second, collared mountain lions may pass through 
unsuitable habitat, regularly, to access favored habitats.  As a result, unfavorable habitat types, 
such as creosote flats, may be shown by the model to be moderately suitable to mountain lion 
populations, causing an overestimation of mountain lion numbers.   A solution to the second 
bias may be addressed by using only prey cache sites from collared mountain lions.    Evidence 
of mountain lions feeding in particular habitats is stronger evidence of habitat suitability than 
mere location data. 

 
A second source of concern is the accuracy of georeferenced harvest data.  Whereas 

collar data may be accurate to the scale of meters, harvest data may only be accurate to the 
scale of 100’s of meters or even kilometers.   The result may be that truly unfavored habitat 
types appear to be favored.  The best remedy for these inaccuracies is sample size.  With 1,400 
georeferenced records, we can be relatively confident that this is not a significant source of 
error in these models. 

 
A final area of potential inaccuracy, in calculating population size, is the choice of 

density ranges.   The density of mountain lions has been accurately measured in a number of 
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intensive field studies.  However, it is difficult to compare density estimates across studies due 
to differences in approach.   Recently, Quigley and Hornocker (2010) provided a summary of 
density estimates across several studies, ranging from 0.32 to 7.3 per 100 sqKm.  The density 
estimates used in these models are conservative, ranging from 0.2 to 3 per 100sqKm.   
Mountain lion densities in New Mexico might exceed this top range in productive habitats.  
Recently, four resident adult females and two resident adult males were observed frequenting 
a 100 sqKm camera study area in the eastern piedmont of the Black Range.   
 

The primary utility of population estimate models is to serve as hypotheses to guide 
adaptive management practices.   There are at least two methods for testing the accuracy of 
these model predictions:  (1) remote camera mark-resight population estimates in select 
habitats and (2) monitoring the sex and age distribution of harvested lions as per the findings of 
Anderson and Lindzey (2005).  
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APPENDIX I 
 
SWReGAP Original Vegetation Types Our Model 

Vegetation Types 
Apacherian-Chihuahuan Mesquite Upland Scrub AC Mesquite 
Apacherian-Chihuahuan Piedmont Semi-Desert Grassland 
and Steppe 

ACPSD Grassland 

Agriculture Agriculture 
Inter-Mountain Basins Shale Badland Badland 
North American Warm Desert Badland Badland 
Inter-Mountain Basins Playa Barren 
Barren Lands, Non-specific Barren 
Recently Burned Barren 
Inter-Mountain Basins Subalpine Limber-Bristlecone Pine 
Woodland 

Bristle Cone 

North American Warm Desert Pavement C Creosote 
Chihuahuan Creosotebush, Mixed Desert and Thorn Scrub C Creosote 
Chihuahuan Succulent Desert Scrub C scrub 
Chihuahuan Mixed Salt Desert Scrub C scrub 
Rocky Mountain Cliff and Canyon Canyon 
Sierra Nevada Cliff and Canyon Canyon 
Inter-Mountain Basins Cliff and Canyon Canyon   
Colorado Plateau Mixed Bedrock Canyon and Tableland Canyon and Mesa 
Chihuahuan Stabilized Coppice Dune and Sand Flat Scrub CC Dune Sand 
Great Basin Semi-Desert Chaparral Chaparral 
Mogollon Chaparral Chaparral 
Coahuilan Chaparral Chaparral 
Rocky Mountain Alpine Bedrock and Scree Cliff and Rock 
Mediterranean California Alpine Bedrock and Scree Cliff and Rock 
Western Great Plains Cliff and Outcrop Cliff and Rock 
North American Warm Desert Bedrock Cliff and Outcrop Cliff and Rock 
Recently Mined or Quarried Cliff and Rock 
Colorado Plateau Blackbrush-Mormon-tea Shrubland CP Shrub 
Southern Colorado Plateau Sand Shrubland CP Shrub 
Chihuahuan-Sonoran Desert Bottomland and Swale 
Grassland 

D Grassland 

Chihuahuan Sandy Plains Semi-Desert Grassland D Grassland 
Disturbed, Non-specific Disburbed 
Inter-Mountain Basins Active and Stabilized Dune Dunes 
North American Warm Desert Active and Stabilized Dune Dunes 
Western Great Plains Mesquite Woodland and Shrubland GP Mesquite 
Western Great Plains Sandhill Shrubland GP sand Shrub 
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SWReGAP Original Vegetation Types Our Model 
Vegetation Types 

Western Great Plains Foothill and Piedmont Grassland GPFP Grassland 
Chihuahuan Gypsophilous Grassland and Steppe Gyp Grassland 
Inter-Mountain Basins Semi-Desert Grassland IM Grassland 
Inter-Mountain Basins Mat Saltbush Shrubland IMB Shrub 
Inter-Mountain Basins Mixed Salt Desert Scrub IMB Shrub 
Inter-Mountain Basins Semi-Desert Shrub Steppe IMB Shrub 
Inter-Mountain Basins Greasewood Flat IMB Shrub 
Inter-Mountain Basins Wash IMB Wash 
Southern Rocky Mountain Juniper Woodland and Savanna Juniper Grassland 
Inter-Mountain Basins Juniper Savanna Juniper Grassland 
Madrean Juniper Savanna Juniper Grassland 
Inter-Mountain Basins Volcanic Rock and Cinder Land Lava 
North American Warm Desert Volcanic Rockland Lava 
 Layer border 
Recently Logged Areas Logged 
Madrean Pine-Oak Forest and Woodland Madrean Oak 
Madrean Encinal Madrean Oak 
Madrean Upper Montane Conifer-Oak Forest and Woodland Madrean Oak 
Rocky Mountain Aspen Forest and Woodland Mixed Conifer 
Rocky Mountain Subalpine-Montane Limber-Bristlecone 
Pine Woodland 

Mixed Conifer 

Rocky Mountain Subalpine Dry-Mesic Spruce-Fir Forest and 
Woodland 

Mixed Conifer 

Northern Pacific Mesic Subalpine Woodland Mixed Conifer 
Rocky Mountain Subalpine Mesic Spruce-Fir Forest and 
Woodland 

Mixed Conifer 

Rocky Mountain Montane Dry-Mesic Mixed Conifer Forest 
and Woodland 

Mixed Conifer 

Mediterranean California Dry-Mesic Mixed Conifer Forest 
and Woodland 

Mixed Conifer 

Rocky Mountain Montane Mesic Mixed Conifer Forest and 
Woodland 

Mixed Conifer 

Inter-Mountain West Aspen-Mixed Conifer Forest and 
Woodland Complex 

Mixed Conifer 

Mediterranean California Red Fir Forest and Woodland Mixed Conifer 
Mojave Mid-Elevation Mixed Desert Scrub Mojave Scrub 
Rocky Mountain Alpine Fell-Field Montane Grass 
Rocky Mountain Subalpine Mesic Meadow Montane Grass 
Southern Rocky Mountain Montane-Subalpine Grassland Montane Grass 
Rocky Mountain Alpine-Montane Wet Meadow Montane Grass 
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SWReGAP Original Vegetation Types Our Model 
Vegetation Types 

Temperate Pacific Montane Wet Meadow Montane Grass 
Mediterranean California Subalpine-Montane Fen Montane Grass 
North Pacific Montane Grassland Montane Grass 
Rocky Mountain Bigtooth Maple Ravine Woodland Mountain Shrub 
Rocky Mountain Alpine Dwarf-Shrubland Mountain Shrub 
Rocky Mountain Gambel Oak-Mixed Montane Shrubland Mountain Shrub 
Rocky Mountain Lower Montane-Foothill Shrubland Mountain Shrub 
Inter-Mountain Basins Mountain Mahogany Woodland and 
Shrubland 

Mountain Shrub 

Central Mixedgrass Prairie Odd grass 
Invasive Perennial Grassland Odd grass 
Invasive Perennial Forbland Odd grass 
Invasive Annual Grassland Odd grass 
Invasive Annual and Biennial Forbland Odd grass 
Open Water Open Water 
Rocky Mountain Lodgepole Pine Forest Pine forest 
Rocky Mountain Ponderosa Pine Woodland Pine forest 
Sierra Nevada Subalpine Lodgepole Pine Forest and 
Woodland 

Pine forest 

Mediterranean California Ponderosa-Jeffrey Pine Forest and 
Woodland 

Pine forest 

Rocky Mountain Foothill Limber Pine-Juniper Woodland Pine forest 
Southern Rocky Mountain Pinyon-Juniper Woodland Pinyon Juniper 
Colorado Plateau Pinyon-Juniper Woodland Pinyon Juniper 
Great Basin Pinyon-Juniper Woodland Pinyon Juniper 
Colorado Plateau Pinyon-Juniper Shrubland Pinyon Juniper 
Madrean Pinyon-Juniper Woodland Pinyon Juniper 
Recently Chained Pinyon-Juniper Areas Pinyon Juniper 
North American Warm Desert Playa Playa 
North American Arid West Emergent Marsh Riparian Herb 
Western Great Plains Floodplain Herbaceous Wetland Riparian Herb 
Western Great Plains Saline Depression Wetland Riparian salt 
Rocky Mountain Subalpine-Montane Riparian Shrubland Riparian Shrub 
Rocky Mountain Subalpine-Montane Riparian Woodland Riparian 

Woodland 
Rocky Mountain Lower Montane Riparian Woodland and 
Shrubland 

Riparian 
Woodland 

North American Warm Desert Lower Montane Riparian 
Woodland and Shrubland 

Riparian 
Woodland 

Western Great Plains Riparian Woodland and Shrubland Riparian 
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Woodland 
SWReGAP Original Vegetation Types Our Model 

Vegetation Types 
North American Warm Desert Riparian Woodland and 
Shrubland 

Riparian 
Woodland 

North American Warm Desert Riparian Mesquite Bosque Riparian 
Woodland 

Great Basin Foothill and Lower Montane Riparian Woodland 
and Shrubland 

Riparian 
Woodland 

Invasive Southwest Riparian Woodland and Shrubland Riparian 
Woodland 

Sonoran Paloverde-Mixed Cacti Desert Scrub S Shrub 
Sonora-Mojave Creosotebush-White Bursage Desert Scrub S Shrub 
Sonora-Mojave Mixed Salt Desert Scrub S Shrub 
Sonora-Mojave-Baja Semi-Desert Chaparral S Shrub 
Sonoran Mid-Elevation Desert Scrub S Shrub 
Inter-Mountain Basins Big Sagebrush Shrubland Sagebrush 
Great Basin Xeric Mixed Sagebrush Shrubland Sagebrush 
Colorado Plateau Mixed Low Sagebrush Shrubland Sagebrush 
Inter-Mountain Basins Montane Sagebrush Steppe Sagebrush 
Inter-Mountain Basins Big Sagebrush Steppe Sagebrush 
Wyoming Basins Low Sagebrush Shrubland Sagebrush 
Western Great Plains Shortgrass Prairie SG Prarie 
Western Great Plains Sandhill Prairie SH Prarie 
Western Great Plains Tallgrass Prairie Tallgrass 
North American Alpine Ice Field Tundra 
Rocky Mountain Dry Tundra Tundra 
Developed, Open Space - Low Intensity Urban 
Developed, Medium - High Intensity Urban 
North American Warm Desert Wash WD Wash 
 
 

16



APPENDIX II 
 
SPSS Harvest Model Binary Logistic Regression Output 
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LOGISTIC REGRESSION VARIABLES Class

  /SELECT=validate EQ 1

  /METHOD=FSTEP(LR) TRI480 GAP_4

  /CONTRAST (GAP_4)=Indicator

  /SAVE=PRED COOK SRESID

  /PRINT=GOODFIT

  /CRITERIA=PIN(0.05) POUT(0.10) ITERATE(20) CUT(0.5).

Logistic Regression

Output Created
Comments
Data

Active Dataset
Filter

Weight
Split File
N of Rows in Working 
Data File
Definition of Missing

Syntax

Processor Time
Elapsed Time
PRE_1
COO_1
SRE_1

Input

Missing Value Handling

Resources

Variables Created or 
Modified

Standard residual
Analog of Cook's influence statistics
Predicted probability
0:00:00.517
0:00:00.515

LOGISTIC REGRESSION 
VARIABLES Class
  /SELECT=validate EQ 1
  /METHOD=FSTEP(LR) TRI480 
GAP_4
  /CONTRAST (GAP_4)=Indicator
  /SAVE=PRED COOK SRESID
  /PRINT=GOODFIT
  /CRITERIA=PIN(0.05) POUT(0.10) 
ITERATE(20) CUT(0.5).

User-defined missing values are 
treated as missing

2397
<none>
<none>

Model_ID > 4000 & Class ne 'PC' 
(FILTER)

DataSet1

C:\Documents and 
Settings\tperry\My Documents\My 
Dropbox\Cougar\NMDGFhabitatmod
el\Data2010\modeldata2b.sav

02-Jun-2010 17:49:27

Notes

[DataSet1] C:\Documents and Settings\tperry\My Documents\My Dropbox\Cougar\NM

DGFhabitatmodel\Data2010\modeldata2b.sav
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PercentN
Included in Analysis
Missing Cases
Total
Unselected Cases
Total

Selected Cases

100.02397
29.7713
70.31684

.00
70.31684

Unweighted Cases aUnweighted Cases a

Case Processing Summary

a. If weight is in effect, see classification table for the total 
number of cases.

Internal Value
PH
R 1

0
Original ValueOriginal Value

Dependent Variable Encoding

Frequency (6)(5)(4)(3)(2)(1)
Parameter coding

1
2
3
4
5
7
8
9
10
11
12
13
14
15
17
18
19
20
21
22
23
25
26
29
30
32

GAP_4

.000.000.000.000.000.00024

.000.000.000.000.000.000105

.000.000.000.000.000.00053

.000.000.000.000.000.0002

.000.000.000.000.000.00057

.000.000.000.000.000.00072

.000.000.000.000.000.00052

.000.000.000.000.000.0002

.000.000.000.000.000.00010

.000.000.000.000.000.00013

.000.000.000.000.000.0009

.000.000.000.000.000.0004

.000.000.000.000.000.0002

.000.000.000.000.000.0001

.000.000.000.000.000.0007

.000.000.000.000.000.00016

.000.000.000.000.000.00012

.000.000.000.000.000.0004

.000.000.000.000.000.0004

.000.000.000.000.000.0004
1.000.000.000.000.000.00079

.0001.000.000.000.000.0009

.000.0001.000.000.000.0003

.000.000.0001.000.000.00026

.000.000.000.0001.000.000175

.000.000.000.000.0001.00051

Categorical Variables Codings
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(13)(12)(11)(10)(9)(8)(7)
Parameter coding

1
2
3
4
5
7
8
9
10
11
12
13
14
15
17
18
19
20
21
22
23
25
26
29
30
32

GAP_4

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000
1.000.000.000.000.000.000.000

.0001.000.000.000.000.000.000

.000.0001.000.000.000.000.000

.000.000.0001.000.000.000.000

.000.000.000.0001.000.000.000

.000.000.000.000.0001.000.000

.000.000.000.000.000.0001.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

Categorical Variables Codings
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(20)(19)(18)(17)(16)(15)(14)
Parameter coding

1
2
3
4
5
7
8
9
10
11
12
13
14
15
17
18
19
20
21
22
23
25
26
29
30
32

GAP_4

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000
1.000.000.000.000.000.000.000

.0001.000.000.000.000.000.000

.000.0001.000.000.000.000.000

.000.000.0001.000.000.000.000

.000.000.000.0001.000.000.000

.000.000.000.000.0001.000.000

.000.000.000.000.000.0001.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

Categorical Variables Codings
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(27)(26)(25)(24)(23)(22)(21)
Parameter coding

1
2
3
4
5
7
8
9
10
11
12
13
14
15
17
18
19
20
21
22
23
25
26
29
30
32

GAP_4

.0001.000.000.000.000.000.000

.000.0001.000.000.000.000.000

.000.000.0001.000.000.000.000

.000.000.000.0001.000.000.000

.000.000.000.000.0001.000.000

.000.000.000.000.000.0001.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

Categorical Variables Codings
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(33)(32)(31)(30)(29)(28)
Parameter coding

1
2
3
4
5
7
8
9
10
11
12
13
14
15
17
18
19
20
21
22
23
25
26
29
30
32

GAP_4

.000.000.000.000.000.000

.000.000.000.000.000.000

.000.000.000.000.000.000

.000.000.000.000.000.000

.000.000.000.000.000.000

.000.000.000.000.000.000

.000.000.000.000.000.000

.000.000.000.000.000.000

.000.000.000.000.000.000

.000.000.000.000.000.000

.000.000.000.000.000.000

.000.000.000.000.000.000

.000.000.000.000.000.000

.000.000.000.000.000.000

.000.000.000.000.000.000

.000.000.000.000.000.000

.000.000.000.000.000.000

.000.000.000.000.000.000

.000.000.000.000.000.000

.000.000.000.000.000.000

.000.000.000.000.000.000

.000.000.000.000.000.000

.000.000.000.000.000.000

.000.000.000.000.000.000

.000.000.000.000.000.000

.000.000.000.000.000.000

Categorical Variables Codings
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(35)(34)
Parameter coding

1
2
3
4
5
7
8
9
10
11
12
13
14
15
17
18
19
20
21
22
23
25
26
29
30
32

GAP_4

.000.000

.000.000

.000.000

.000.000

.000.000

.000.000

.000.000

.000.000

.000.000

.000.000

.000.000

.000.000

.000.000

.000.000

.000.000

.000.000

.000.000

.000.000

.000.000

.000.000

.000.000

.000.000

.000.000

.000.000

.000.000

.000.000

Categorical Variables Codings

Frequency (6)(5)(4)(3)(2)(1)
Parameter coding

33
35
36
37
38
42
44
45
49
50

GAP_4

.000.000.000.000.000.0002

.000.000.000.000.000.00011

.000.000.000.000.000.000176

.000.000.000.000.000.00026

.000.000.000.000.000.00021

.000.000.000.000.000.0004

.000.000.000.000.000.000344

.000.000.000.000.000.000266

.000.000.000.000.000.0003

.000.000.000.000.000.00035

Categorical Variables Codings
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(13)(12)(11)(10)(9)(8)(7)
Parameter coding

33
35
36
37
38
42
44
45
49
50

GAP_4

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

Categorical Variables Codings

(20)(19)(18)(17)(16)(15)(14)
Parameter coding

33
35
36
37
38
42
44
45
49
50

GAP_4

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

Categorical Variables Codings

(27)(26)(25)(24)(23)(22)(21)
Parameter coding

33
35
36
37
38
42
44
45
49
50

GAP_4

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000
1.000.000.000.000.000.000.000

Categorical Variables Codings
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(33)(32)(31)(30)(29)(28)
Parameter coding

33
35
36
37
38
42
44
45
49
50

GAP_4

.000.000.000.000.000.000

.000.000.000.000.000.000

.000.000.000.000.000.000
1.000.000.000.000.000.000

.0001.000.000.000.000.000

.000.0001.000.000.000.000

.000.000.0001.000.000.000

.000.000.000.0001.000.000

.000.000.000.000.0001.000

.000.000.000.000.000.000

Categorical Variables Codings

(35)(34)
Parameter coding

33
35
36
37
38
42
44
45
49
50

GAP_4

.000.000
1.000.000

.0001.000

.000.000

.000.000

.000.000

.000.000

.000.000

.000.000

.000.000

Categorical Variables Codings

Block 0: Beginning Block

RPH
Percentage

Correct

Class

PH

Class

Unselected
Cases b,,cSelected Cases a

Predicted

PHClassStep 0 420100.00977
ObservedObserved

Classification Tabled,e

a. Selected cases validate EQ 1

b. Unselected cases validate NE 1

c. Some of the unselected cases are not classified due to either missing values in the independent 
variables or categorical variables with values out of the range of the selected cases.

d. Constant is included in the model.

e. The cut value is .500
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R
Percentage

Correct

Class
Unselected Cases b,,c

Predicted

PHClassStep 0 100.00
ObservedObserved

Classification Tabled,e

a. Selected cases validate EQ 1

b. Unselected cases validate NE 1

c. Some of the unselected cases are not classified due to either missing values in the independent 
variables or categorical variables with values out of the range of the selected cases.

d. Constant is included in the model.

e. The cut value is .500

RPH
Percentage

Correct

Class

PH

Class

Unselected
Cases b,,cSelected Cases a

Predicted

R
Overall Percentage

ClassStep 0
58.0

292.00707
ObservedObserved

Classification Tabled,e

a. Selected cases validate EQ 1

b. Unselected cases validate NE 1

c. Some of the unselected cases are not classified due to either missing values in the independent 
variables or categorical variables with values out of the range of the selected cases.

d. Constant is included in the model.

e. The cut value is .500

R
Percentage

Correct

Class
Unselected Cases b,,c

Predicted

R
Overall Percentage

ClassStep 0
59.0

.00
ObservedObserved

Classification Tabled,e

a. Selected cases validate EQ 1

b. Unselected cases validate NE 1

c. Some of the unselected cases are not classified due to either missing values in the independent 
variables or categorical variables with values out of the range of the selected cases.

d. Constant is included in the model.

e. The cut value is .500
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Exp(B)Sig.dfWaldS.E.B
ConstantStep 0 .724.000142.914.049-.323

Variables in the Equation

Sig.dfScore
TRI480
GAP_4
GAP_4(1)
GAP_4(2)
GAP_4(3)
GAP_4(4)
GAP_4(5)
GAP_4(6)
GAP_4(7)
GAP_4(8)
GAP_4(9)
GAP_4(10)
GAP_4(11)
GAP_4(12)
GAP_4(13)
GAP_4(14)
GAP_4(15)
GAP_4(16)
GAP_4(17)
GAP_4(18)
GAP_4(19)
GAP_4(20)
GAP_4(21)
GAP_4(22)
GAP_4(23)
GAP_4(24)
GAP_4(25)
GAP_4(26)
GAP_4(27)
GAP_4(28)
GAP_4(29)
GAP_4(30)
GAP_4(31)
GAP_4(32)
GAP_4(33)

VariablesStep 0

.24311.363

.01016.698

.4911.475

.000125.735

.000199.496

.04214.153

.00817.092

.09012.883

.000118.535

.000114.044

.09612.767

.02814.854

.000120.991

.000114.128

.09612.767

.04014.225

.000118.104

.13212.263

.18011.794

.09612.767

.3951.724

.13712.214

.16711.913

.000116.702

.18011.794

.7451.106

.01915.541

.000148.530

.4081.684

.3861.752

.4041.697

.9321.007

.000113.155

.00035420.926

.0001128.563

Variables not in the Equationa

a. Residual Chi-Squares are not computed because of 
redundancies.
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Sig.dfScore
GAP_4(34)
GAP_4(35)

VariablesStep 0
.8151.055
.0001110.429

Variables not in the Equationa

a. Residual Chi-Squares are not computed because of 
redundancies.

Block 1: Method = Forward Stepwise (Likelihood Ratio)

Sig.dfChi-square
Step
Block
Model
Step
Block
Model

Step 1

Step 2

.00036482.799

.00036482.799

.000126.096

.00035456.703

.00035456.703

.00035456.703

Omnibus Tests of Model Coefficients

Nagelkerke R 
Square

Cox & Snell R 
Square

-2 Log 
likelihood

1
2 .335.2491808.244 a

.320.2381834.339 a
StepStep

Model Summary

a. Estimation terminated at iteration number 20 
because maximum iterations has been reached. 
Final solution cannot be found.

Sig.dfChi-square
1
2 .010819.988

1.0007.000
StepStep

Hosmer and Lemeshow Test

ExpectedObserved ExpectedObserved Total
Class = RClass = PH

1
2
3
4
5
6
7
8
9

Step 1

117101.00010116.00016
176139.00013937.00037
13290.0009042.00042
17099.0009971.00071
20182.00082119.000119
344103.000103241.000241

4411.0001133.00033
19339.00039154.000154
30743.00043264.000264

Contingency Table for Hosmer and Lemeshow Test

Page 12

29



ExpectedObserved ExpectedObserved Total
Class = RClass = PH

1
2
3
4
5
6
7
8
9
10

Step 2

169142.56315026.43719
168128.26612739.73441
168111.52710656.47362
16884.45410083.54668
17265.71060106.290112
16854.95452113.046116
16844.04433123.956135
16832.34927135.651141
16726.73427140.266140
16816.40125151.599143

Contingency Table for Hosmer and Lemeshow Test

RPH
Percentage

Correct

Class

PH

Class

Unselected
Cases b,,cSelected Cases a

Predicted

PH
R
Overall Percentage

Class

PH
R
Overall Percentage

Class

Step 1

Step 2

74.2
12059.3419288
35885.0147830

73.7
11960.0424283
35083.6160817

ObservedObserved

Classification Tabled

a. Selected cases validate EQ 1

b. Unselected cases validate NE 1

c. Some of the unselected cases are not classified due to either missing values in the independent 
variables or categorical variables with values out of the range of the selected cases.

d. The cut value is .500
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R
Percentage

Correct

Class
Unselected Cases b,,c

Predicted

PH
R
Overall Percentage

Class

PH
R
Overall Percentage

Class

Step 1

Step 2

74.4
58.9172
85.262
73.5
59.2173
83.370

ObservedObserved

Classification Tabled

a. Selected cases validate EQ 1

b. Unselected cases validate NE 1

c. Some of the unselected cases are not classified due to either missing values in the independent 
variables or categorical variables with values out of the range of the selected cases.

d. The cut value is .500

Exp(B)Sig.dfWaldS.E.B
GAP_4
GAP_4(1)
GAP_4(2)
GAP_4(3)
GAP_4(4)
GAP_4(5)
GAP_4(6)
GAP_4(7)
GAP_4(8)
GAP_4(9)
GAP_4(10)
GAP_4(11)
GAP_4(12)
GAP_4(13)
GAP_4(14)
GAP_4(15)
GAP_4(16)
GAP_4(17)
GAP_4(18)
GAP_4(19)
GAP_4(20)

Step 1a

3.335E9.9991.00028533.05221.928
2.617E18.9991.00040272.47842.409

1.800E8.9991.00028533.05219.008
2.617E18.9991.00030633.35342.409

3.240E9.9991.00028533.05221.899
4.860E9.9991.00028533.05222.304

2.617E18.9991.00040272.47842.409
1.0031.0001.00049291.073.003

2.700E8.9991.00028533.05219.414
5.400E8.9991.00028533.05220.107

2.617E18.9991.00030801.91542.409
4.860E9.9991.00028533.05222.304
1.620E9.9991.00028533.05221.206

2.617E18.9991.00034899.91042.409
6.379E9.9991.00028533.05222.576
2.025E9.9991.00028533.05221.429
3.240E9.9991.00028533.05221.899
1.620E9.9991.00028533.05221.206
1.187E9.9991.00028533.05220.895
3.240E9.9991.00028533.05221.899

.00035311.527

Variables in the Equation

a. Variable(s) entered on step 1: GAP_4.
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Exp(B)Sig.dfWaldS.E.B
GAP_4(21)
GAP_4(22)
GAP_4(23)
GAP_4(24)
GAP_4(25)
GAP_4(26)
GAP_4(27)
GAP_4(28)
GAP_4(29)
GAP_4(30)
GAP_4(31)
GAP_4(32)
GAP_4(33)
GAP_4(34)
GAP_4(35)
Constant

Step 1a

.000.9991.00028533.052-21.206
1.350E9.9991.00028533.05221.023
6.086E9.9991.00028533.05222.529
7.200E8.9991.00028533.05220.395
2.700E8.9991.00028533.05219.414
5.400E8.9991.00028533.05220.107
6.924E8.9991.00028533.05220.356
2.700E8.9991.00028533.05219.414

2.617E18.9991.00036778.07342.409
4.050E8.9991.00028533.05219.819
5.400E8.9991.00028533.05220.107
4.544E8.9991.00028533.05219.934
3.314E8.9991.00028533.05219.619

2.617E18.9991.00040272.47842.409
2.074E9.9991.00028533.05221.453
3.451E9.9991.00028533.05221.962

Variables in the Equation

a. Variable(s) entered on step 1: GAP_4.
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Exp(B)Sig.dfWaldS.E.B
TRI480
GAP_4
GAP_4(1)
GAP_4(2)
GAP_4(3)
GAP_4(4)
GAP_4(5)
GAP_4(6)
GAP_4(7)
GAP_4(8)
GAP_4(9)
GAP_4(10)
GAP_4(11)
GAP_4(12)
GAP_4(13)
GAP_4(14)
GAP_4(15)
GAP_4(16)
GAP_4(17)
GAP_4(18)
GAP_4(19)
GAP_4(20)
GAP_4(21)
GAP_4(22)
GAP_4(23)
GAP_4(24)
GAP_4(25)
GAP_4(26)
GAP_4(27)
GAP_4(28)
GAP_4(29)
GAP_4(30)
GAP_4(31)
GAP_4(32)
GAP_4(33)
GAP_4(34)
GAP_4(35)
Constant

Step 2b

.000.9991.00028402.674-21.118
1.387E9.9991.00028402.67421.051
5.675E9.9991.00028402.67422.459
7.102E8.9991.00028402.67420.381
2.902E8.9991.00028402.67419.486
6.354E8.9991.00028402.67420.270
8.230E8.9991.00028402.67420.529
3.528E8.9991.00028402.67419.681

2.435E18.9991.00036676.62842.337
4.670E8.9991.00028402.67419.962
6.301E8.9991.00028402.67420.261
7.373E8.9991.00028402.67420.419
4.389E8.9991.00028402.67419.900

2.423E18.9991.00040180.17542.332
2.260E9.9991.00028402.67421.539
3.245E9.9991.00028402.67421.900
3.267E9.9991.00028402.67421.907

2.399E18.9991.00040180.21042.322
1.948E8.9991.00028402.67419.088

2.400E18.9991.00030511.95142.322
3.107E9.9991.00028402.67421.857
4.461E9.9991.00028402.67422.219

2.593E18.9991.00040171.97442.399
1.0681.0001.00049215.716.065

3.197E8.9991.00028402.67419.583
8.383E8.9991.00028402.67420.547

2.400E18.9991.00030681.18042.322
4.730E9.9991.00028402.67422.277
1.875E9.9991.00028402.67421.352

2.424E18.9991.00034793.13542.332
6.154E9.9991.00028402.67422.540
2.441E9.9991.00028402.67421.616
3.653E9.9991.00028402.67422.019
1.498E9.9991.00028402.67421.127
1.373E9.9991.00028402.67421.040
3.067E9.9991.00028402.67421.844

.00035213.860
1.000.000120.419.000.000

Variables in the Equation

a. Variable(s) entered on step 1: GAP_4.

b. Variable(s) entered on step 2: TRI480.
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Sig. of the 
Changedf

Change in -2 
Log

Likelihood
Model Log 
Likelihood

GAP_4
TRI480
GAP_4

Step 1
Step 2

.00035303.081-1055.662

.000126.096-917.170

.00035456.703-1145.521
VariableVariable

Model if Term Removed

Sig.dfScore
TRI480
Overall Statistics

VariablesStep 1
.000121.763
.000121.763

Variables not in the Equation

COMPUTE chgdev=SRE_1 ** 2.

EXECUTE.

* Chart Builder.

GGRAPH

  /GRAPHDATASET NAME="graphdataset" VARIABLES=PRE_1 chgdev MISSING=LISTWISE R

EPORTMISSING=NO

  /GRAPHSPEC SOURCE=INLINE.

BEGIN GPL

  SOURCE: s=userSource(id("graphdataset"))

  DATA: PRE_1=col(source(s), name("PRE_1"))

  DATA: chgdev=col(source(s), name("chgdev"))

  GUIDE: axis(dim(1), label("Predicted probability"))

  GUIDE: axis(dim(2), label("chgdev"))

  ELEMENT: point(position(PRE_1*chgdev))

END GPL.

GGraph

Output Created
Comments
Data

Active Dataset
Filter

Weight
Split File
N of Rows in Working 
Data File

Input

2397
<none>
<none>

Model_ID > 4000 & Class ne 'PC' 
(FILTER)

DataSet1

C:\Documents and 
Settings\tperry\My Documents\My 
Dropbox\Cougar\NMDGFhabitatmod
el\Data2010\modeldata2b.sav

02-Jun-2010 17:52:24

Notes

Page 17

34



Syntax

Processor Time
Elapsed Time

Resources
0:00:00.281
0:00:00.266

GGRAPH
  /GRAPHDATASET NAME="
graphdataset" VARIABLES=PRE_1 
chgdev MISSING=LISTWISE 
REPORTMISSING=NO
  /GRAPHSPEC SOURCE=INLINE.
BEGIN GPL
  SOURCE: s=userSource(id
("graphdataset"))
  DATA: PRE_1=col(source(s), 
name("PRE_1"))
  DATA: chgdev=col(source(s), 
name("chgdev"))
  GUIDE: axis(dim(1), label
("Predicted probability"))
  GUIDE: axis(dim(2), label
("chgdev"))
  ELEMENT: point(position
(PRE_1*chgdev))
END GPL.

Notes

[DataSet1] C:\Documents and Settings\tperry\My Documents\My Dropbox\Cougar\NM

DGFhabitatmodel\Data2010\modeldata2b.sav
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Predicted probability
1.00000.80000.60000.40000.20000.00000

ch
gd

ev

6.00

4.00

2.00

.00

* Chart Builder.

GGRAPH

  /GRAPHDATASET NAME="graphdataset" VARIABLES=PRE_1 COO_1 Class MISSING=LISTW

ISE REPORTMISSING=NO

  /GRAPHSPEC SOURCE=INLINE.

BEGIN GPL

  SOURCE: s=userSource(id("graphdataset"))

  DATA: PRE_1=col(source(s), name("PRE_1"))

  DATA: COO_1=col(source(s), name("COO_1"))

  DATA: Class=col(source(s), name("Class"), unit.category())

  GUIDE: axis(dim(1), label("Predicted probability"))

  GUIDE: axis(dim(2), label("Analog of Cook's influence statistics"))

  GUIDE: legend(aesthetic(aesthetic.color.exterior), label("Class"))

  ELEMENT: point(position(PRE_1*COO_1), color.exterior(Class))

END GPL.
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GGraph

Output Created
Comments
Data

Active Dataset
Filter

Weight
Split File
N of Rows in Working 
Data File
Syntax

Processor Time
Elapsed Time

Input

Resources
0:00:00.296
0:00:00.312

GGRAPH
  /GRAPHDATASET NAME="
graphdataset" VARIABLES=PRE_1 
COO_1 Class MISSING=LISTWISE 
REPORTMISSING=NO
  /GRAPHSPEC SOURCE=INLINE.
BEGIN GPL
  SOURCE: s=userSource(id
("graphdataset"))
  DATA: PRE_1=col(source(s), 
name("PRE_1"))
  DATA: COO_1=col(source(s), 
name("COO_1"))
  DATA: Class=col(source(s), name
("Class"), unit.category())
  GUIDE: axis(dim(1), label
("Predicted probability"))
  GUIDE: axis(dim(2), label("Analog 
of Cook's influence statistics"))
  GUIDE: legend(aesthetic
(aesthetic.color.exterior), label
("Class"))
  ELEMENT: point(position
(PRE_1*COO_1), color.exterior
(Class))
END GPL.

2397
<none>
<none>

Model_ID > 4000 & Class ne 'PC' 
(FILTER)

DataSet1

C:\Documents and 
Settings\tperry\My Documents\My 
Dropbox\Cougar\NMDGFhabitatmod
el\Data2010\modeldata2b.sav

02-Jun-2010 17:54:44

Notes

[DataSet1] C:\Documents and Settings\tperry\My Documents\My Dropbox\Cougar\NM

DGFhabitatmodel\Data2010\modeldata2b.sav
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Predicted probability
1.00000.80000.60000.40000.20000.00000

A
na

lo
g 

of
 C

oo
k'

s 
in

flu
en

ce
 s

ta
tis

tic
s

2000000000.00000

1500000000.00000

1000000000.00000

500000000.00000

.00000

R
PH

Class

SORT CASES BY COO_1 (D).

USE ALL.

COMPUTE filter_$=(Model_ID > 4000 & Class ne 'PC' & COO_1 < 2.0).

VARIABLE LABEL filter_$ "Model_ID > 4000 & Class ne 'PC' & COO_1 < 2.0 (FILTE

R)".

VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'.

FORMAT filter_$ (f1.0).

FILTER BY filter_$.

EXECUTE.

LOGISTIC REGRESSION VARIABLES Class

  /SELECT=validate EQ 1

  /METHOD=FSTEP(LR) TRI480 GAP_4

  /CONTRAST (GAP_4)=Indicator

  /SAVE=PRED COOK SRESID

  /PRINT=GOODFIT

  /CRITERIA=PIN(0.05) POUT(0.10) ITERATE(20) CUT(0.5).
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Logistic Regression

Output Created
Comments
Data

Active Dataset
Filter

Weight
Split File
N of Rows in Working 
Data File
Definition of Missing

Syntax

Processor Time
Elapsed Time
PRE_2
COO_2
SRE_2

Input

Missing Value Handling

Resources

Variables Created or 
Modified

Standard residual
Analog of Cook's influence statistics
Predicted probability
0:00:00.452
0:00:00.453

LOGISTIC REGRESSION 
VARIABLES Class
  /SELECT=validate EQ 1
  /METHOD=FSTEP(LR) TRI480 
GAP_4
  /CONTRAST (GAP_4)=Indicator
  /SAVE=PRED COOK SRESID
  /PRINT=GOODFIT
  /CRITERIA=PIN(0.05) POUT(0.10) 
ITERATE(20) CUT(0.5).

User-defined missing values are 
treated as missing

2394
<none>
<none>

Model_ID > 4000 & Class ne 'PC' & 
COO_1 < 2.0 (FILTER)

DataSet1

C:\Documents and 
Settings\tperry\My Documents\My 
Dropbox\Cougar\NMDGFhabitatmod
el\Data2010\modeldata2b.sav

02-Jun-2010 17:57:31

Notes

[DataSet1] C:\Documents and Settings\tperry\My Documents\My Dropbox\Cougar\NM

DGFhabitatmodel\Data2010\modeldata2b.sav

PercentN
Included in Analysis
Missing Cases
Total
Unselected Cases
Total

Selected Cases

100.02394
29.7711
70.31683

.00
70.31683

Unweighted Cases aUnweighted Cases a

Case Processing Summary

a. If weight is in effect, see classification table for the total 
number of cases.
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Internal Value
PH
R 1

0
Original ValueOriginal Value

Dependent Variable Encoding

Frequency (6)(5)(4)(3)(2)(1)
Parameter coding

1
2
3
4
5
7
8
9
10
11
12
13
15
17
18
19
20
21
22
23
25
26
29
30
32
33
35
36
37
38
42
44
45
49
50

GAP_4

.000.000.000.000.000.0002

.000.000.000.000.000.00011

.000.000.000.000.000.000176

.000.000.000.000.000.00026

.000.000.000.000.000.00021

.000.000.000.000.000.0004

.000.000.000.000.000.000344

.000.000.000.000.000.000266

.000.000.000.000.000.0003

.000.000.000.000.000.00035

.000.000.000.000.000.00024

.000.000.000.000.000.000105

.000.000.000.000.000.00053

.000.000.000.000.000.0002

.000.000.000.000.000.00057

.000.000.000.000.000.00072

.000.000.000.000.000.00052

.000.000.000.000.000.0002

.000.000.000.000.000.00010

.000.000.000.000.000.00013

.000.000.000.000.000.0009

.000.000.000.000.000.0004

.000.000.000.000.000.0002

.000.000.000.000.000.0007

.000.000.000.000.000.00016

.000.000.000.000.000.00012

.000.000.000.000.000.0004

.000.000.000.000.000.0004

.000.000.000.000.000.0004
1.000.000.000.000.000.00079

.0001.000.000.000.000.0009

.000.0001.000.000.000.0003

.000.000.0001.000.000.00026

.000.000.000.0001.000.000175

.000.000.000.000.0001.00051

Categorical Variables Codings
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(13)(12)(11)(10)(9)(8)(7)
Parameter coding

1
2
3
4
5
7
8
9
10
11
12
13
15
17
18
19
20
21
22
23
25
26
29
30
32
33
35
36
37
38
42
44
45
49
50

GAP_4

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000
1.000.000.000.000.000.000.000

.0001.000.000.000.000.000.000

.000.0001.000.000.000.000.000

.000.000.0001.000.000.000.000

.000.000.000.0001.000.000.000

.000.000.000.000.0001.000.000

.000.000.000.000.000.0001.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

Categorical Variables Codings
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(20)(19)(18)(17)(16)(15)(14)
Parameter coding

1
2
3
4
5
7
8
9
10
11
12
13
15
17
18
19
20
21
22
23
25
26
29
30
32
33
35
36
37
38
42
44
45
49
50

GAP_4

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000
1.000.000.000.000.000.000.000

.0001.000.000.000.000.000.000

.000.0001.000.000.000.000.000

.000.000.0001.000.000.000.000

.000.000.000.0001.000.000.000

.000.000.000.000.0001.000.000

.000.000.000.000.000.0001.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

Categorical Variables Codings
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(27)(26)(25)(24)(23)(22)(21)
Parameter coding

1
2
3
4
5
7
8
9
10
11
12
13
15
17
18
19
20
21
22
23
25
26
29
30
32
33
35
36
37
38
42
44
45
49
50

GAP_4

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000
1.000.000.000.000.000.000.000

.0001.000.000.000.000.000.000

.000.0001.000.000.000.000.000

.000.000.0001.000.000.000.000

.000.000.000.0001.000.000.000

.000.000.000.000.0001.000.000

.000.000.000.000.000.0001.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

Categorical Variables Codings
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(34)(33)(32)(31)(30)(29)(28)
Parameter coding

1
2
3
4
5
7
8
9
10
11
12
13
15
17
18
19
20
21
22
23
25
26
29
30
32
33
35
36
37
38
42
44
45
49
50

GAP_4

.000.000.000.000.000.000.000
1.000.000.000.000.000.000.000

.0001.000.000.000.000.000.000

.000.0001.000.000.000.000.000

.000.000.0001.000.000.000.000

.000.000.000.0001.000.000.000

.000.000.000.000.0001.000.000

.000.000.000.000.000.0001.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

Categorical Variables Codings

Block 0: Beginning Block
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RPH
Percentage

Correct

Class

PH

Class

Unselected
Cases bSelected Cases a

Predicted

PH
R
Overall Percentage

ClassStep 0

58.0
292.00707
419100.00976

ObservedObserved

Classification Tablec,d

a. Selected cases validate EQ 1

b. Unselected cases validate NE 1

c. Constant is included in the model.

d. The cut value is .500

R
Percentage

Correct

Class
Unselected Cases b

Predicted

PH
R
Overall Percentage

ClassStep 0

58.9
.00

100.00
ObservedObserved

Classification Tablec,d

a. Selected cases validate EQ 1

b. Unselected cases validate NE 1

c. Constant is included in the model.

d. The cut value is .500

Exp(B)Sig.dfWaldS.E.B
ConstantStep 0 .724.000142.625.049-.322

Variables in the Equation

Sig.dfScore
TRI480
GAP_4
GAP_4(1)
GAP_4(2)
GAP_4(3)
GAP_4(4)
GAP_4(5)

VariablesStep 0

.4091.682

.3861.750

.4051.692

.9371.006

.000113.127

.00034420.133

.0001128.660

Variables not in the Equationa

a. Residual Chi-Squares are not computed because of 
redundancies.
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Sig.dfScore
GAP_4(6)
GAP_4(7)
GAP_4(8)
GAP_4(9)
GAP_4(10)
GAP_4(11)
GAP_4(12)
GAP_4(13)
GAP_4(14)
GAP_4(15)
GAP_4(16)
GAP_4(17)
GAP_4(18)
GAP_4(19)
GAP_4(20)
GAP_4(21)
GAP_4(22)
GAP_4(23)
GAP_4(24)
GAP_4(25)
GAP_4(26)
GAP_4(27)
GAP_4(28)
GAP_4(29)
GAP_4(30)
GAP_4(31)
GAP_4(32)
GAP_4(33)
GAP_4(34)

VariablesStep 0

.8161.054

.0001110.270

.24211.369

.01016.709

.4901.476

.000125.842

.000199.670

.04214.149

.00817.107

.08912.891

.000118.579

.000114.070

.09612.764

.02814.837

.000120.948

.000114.098

.09612.764

.04014.231

.000118.086

.13312.258

.18111.791

.09612.764

.13612.218

.16611.918

.000116.685

.18111.791

.7461.105

.01915.535

.000148.459

Variables not in the Equationa

a. Residual Chi-Squares are not computed because of 
redundancies.

Block 1: Method = Forward Stepwise (Likelihood Ratio)

Sig.dfChi-square
Step
Block

Step 1
.00034455.614
.00034455.614

Omnibus Tests of Model Coefficients
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Sig.dfChi-square
Model
Step
Block
Model

Step 1
Step 2

.00035481.710

.00035481.710

.000126.096

.00034455.614

Omnibus Tests of Model Coefficients

Nagelkerke R 
Square

Cox & Snell R 
Square

-2 Log 
likelihood

1
2 .335.2491808.244 a

.319.2371834.339 a
StepStep

Model Summary

a. Estimation terminated at iteration number 20 
because maximum iterations has been reached. 
Final solution cannot be found.

Sig.dfChi-square
1
2 .007820.939

1.0008.000
StepStep

Hosmer and Lemeshow Test

ExpectedObserved ExpectedObserved Total
Class = RClass = PH

1
2
3
4
5
6
7
8
9
10
1
2
3
4
5
6
7
8
9
10

Step 1

Step 2

169142.56315026.43719
168128.26612739.73441
168111.52710656.47362
16884.45410083.54668
16864.32957103.671111
16855.11753112.883115
16844.36831123.632137
16832.54131135.459137
17027.29127142.709143
16816.54325151.457143
117101.00010116.00016
176139.00013937.00037
13290.0009042.00042
17099.0009971.00071
20182.00082119.000119
344103.000103241.000241

4411.0001133.00033
19339.00039154.000154
26638.00038228.000228

405.000535.00035

Contingency Table for Hosmer and Lemeshow Test
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RPH
Percentage

Correct

Class

PH

Class

Unselected
Cases bSelected Cases a

Predicted

PH
R
Overall Percentage

Class

PH
R
Overall Percentage

Class

Step 1

Step 2

74.2
12059.3419288
35884.9147829

73.7
11960.0424283
35083.6160816

ObservedObserved

Classification Tablec

a. Selected cases validate EQ 1

b. Unselected cases validate NE 1

c. The cut value is .500

R
Percentage

Correct

Class
Unselected Cases b

Predicted

PH
R
Overall Percentage

Class

PH
R
Overall Percentage

Class

Step 1

Step 2

74.5
58.9172
85.461
73.6
59.2173
83.569

ObservedObserved

Classification Tablec

a. Selected cases validate EQ 1

b. Unselected cases validate NE 1

c. The cut value is .500

Exp(B)Sig.dfWaldS.E.B
GAP_4
GAP_4(1)
GAP_4(2)
GAP_4(3)
GAP_4(4)
GAP_4(5)

Step 1a

2.026E9.9991.00028538.76821.429
3.241E9.9991.00028538.76821.899
1.620E9.9991.00028538.76821.206
1.187E9.9991.00028538.76820.895
3.241E9.9991.00028538.76821.899

.00034311.527

Variables in the Equation

a. Variable(s) entered on step 1: GAP_4.
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Exp(B)Sig.dfWaldS.E.B
GAP_4(6)
GAP_4(7)
GAP_4(8)
GAP_4(9)
GAP_4(10)
GAP_4(11)
GAP_4(12)
GAP_4(13)
GAP_4(14)
GAP_4(15)
GAP_4(16)
GAP_4(17)
GAP_4(18)
GAP_4(19)
GAP_4(20)
GAP_4(21)
GAP_4(22)
GAP_4(23)
GAP_4(24)
GAP_4(25)
GAP_4(26)
GAP_4(27)
GAP_4(28)
GAP_4(29)
GAP_4(30)
GAP_4(31)
GAP_4(32)
GAP_4(33)
GAP_4(34)
Constant

Step 1a

.000.9991.00028538.768-21.206
1.350E9.9991.00028538.76821.024
6.088E9.9991.00028538.76822.530
7.202E8.9991.00028538.76820.395
2.701E8.9991.00028538.76819.414
5.402E8.9991.00028538.76820.107
6.926E8.9991.00028538.76820.356
2.701E8.9991.00028538.76819.414

2.618E18.9991.00036782.50842.409
4.051E8.9991.00028538.76819.820
5.402E8.9991.00028538.76820.107
4.545E8.9991.00028538.76819.935
3.315E8.9991.00028538.76819.619

2.618E18.9991.00040276.52842.409
2.074E9.9991.00028538.76821.453
3.452E9.9991.00028538.76821.962
3.336E9.9991.00028538.76821.928

2.618E18.9991.00040276.52842.409
1.801E8.9991.00028538.76819.009

2.618E18.9991.00030638.67842.409
3.241E9.9991.00028538.76821.899
4.861E9.9991.00028538.76822.305

2.618E18.9991.00040276.52842.409
2.701E8.9991.00028538.76819.414
5.402E8.9991.00028538.76820.107

2.618E18.9991.00030807.21042.409
4.861E9.9991.00028538.76822.305
1.620E9.9991.00028538.76821.206

2.618E18.9991.00034904.58542.409
6.381E9.9991.00028538.76822.577

Variables in the Equation

a. Variable(s) entered on step 1: GAP_4.
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Exp(B)Sig.dfWaldS.E.B
TRI480
GAP_4
GAP_4(1)
GAP_4(2)
GAP_4(3)
GAP_4(4)
GAP_4(5)
GAP_4(6)
GAP_4(7)
GAP_4(8)
GAP_4(9)
GAP_4(10)
GAP_4(11)
GAP_4(12)
GAP_4(13)
GAP_4(14)
GAP_4(15)
GAP_4(16)
GAP_4(17)
GAP_4(18)
GAP_4(19)
GAP_4(20)
GAP_4(21)
GAP_4(22)
GAP_4(23)
GAP_4(24)
GAP_4(25)
GAP_4(26)
GAP_4(27)
GAP_4(28)
GAP_4(29)
GAP_4(30)
GAP_4(31)
GAP_4(32)
GAP_4(33)
GAP_4(34)
Constant

Step 2b

.000.9991.00028397.882-21.118
1.387E9.9991.00028397.88221.050
5.674E9.9991.00028397.88222.459
7.101E8.9991.00028397.88220.381
2.902E8.9991.00028397.88219.486
6.353E8.9991.00028397.88220.270
8.229E8.9991.00028397.88220.528
3.528E8.9991.00028397.88219.681

2.435E18.9991.00036672.91842.336
4.669E8.9991.00028397.88219.962
6.300E8.9991.00028397.88220.261
7.372E8.9991.00028397.88220.418
4.388E8.9991.00028397.88219.900

2.423E18.9991.00040176.78842.331
2.260E9.9991.00028397.88221.538
3.245E9.9991.00028397.88221.900
3.267E9.9991.00028397.88221.907

2.399E18.9991.00040176.82342.321
1.948E8.9991.00028397.88219.088

2.400E18.9991.00030507.49142.322
3.107E9.9991.00028397.88221.857
4.460E9.9991.00028397.88222.218

2.592E18.9991.00040168.58742.399
3.196E8.9991.00028397.88219.583
8.381E8.9991.00028397.88220.547

2.400E18.9991.00030676.74442.322
4.729E9.9991.00028397.88222.277
1.875E9.9991.00028397.88221.352

2.423E18.9991.00034789.22442.332
6.153E9.9991.00028397.88222.540
2.441E9.9991.00028397.88221.616
3.653E9.9991.00028397.88222.019
1.497E9.9991.00028397.88221.127
1.373E9.9991.00028397.88221.040
3.066E9.9991.00028397.88221.844

.00034213.861
1.000.000120.419.000.000

Variables in the Equation

a. Variable(s) entered on step 1: GAP_4.

b. Variable(s) entered on step 2: TRI480.
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Sig. of the 
Changedf

Change in -2 
Log

Likelihood
Model Log 
Likelihood

GAP_4
TRI480
GAP_4

Step 1
Step 2

.00034301.897-1055.070

.000126.096-917.170

.00034455.614-1144.977
VariableVariable

Model if Term Removed

Sig.dfScore
TRI480
Overall Statistics

VariablesStep 1
.000121.763
.000121.763

Variables not in the Equation
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APPENDIX III 
 
SPSS Collar Model Binary Logistic Regression Output 
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LOGISTIC REGRESSION VARIABLES Class

  /SELECT=validate EQ 1

  /METHOD=FSTEP(LR) TRI480 GAP_4

  /CONTRAST (GAP_4)=Indicator

  /SAVE=PRED COOK SRESID

  /PRINT=GOODFIT

  /CRITERIA=PIN(0.05) POUT(0.10) ITERATE(20) CUT(0.5).

Logistic Regression

Output Created
Comments
Data

Active Dataset
Filter

Weight
Split File
N of Rows in Working 
Data File
Definition of Missing

Syntax

Processor Time
Elapsed Time
PRE_1
COO_1
SRE_1

Input

Missing Value Handling

Resources

Variables Created or 
Modified

Standard residual
Analog of Cook's influence statistics
Predicted probability
0:00:01.578
0:00:01.578

LOGISTIC REGRESSION 
VARIABLES Class
  /SELECT=validate EQ 1
  /METHOD=FSTEP(LR) TRI480 
GAP_4
  /CONTRAST (GAP_4)=Indicator
  /SAVE=PRED COOK SRESID
  /PRINT=GOODFIT
  /CRITERIA=PIN(0.05) POUT(0.10) 
ITERATE(20) CUT(0.5).

User-defined missing values are 
treated as missing

11076
<none>
<none>

Model_ID > 4000 & Class ne 'PH'  & 
COO_1  <  2.0 (FILTER)

DataSet1

C:\Documents and 
Settings\tperry\My Documents\My 
Dropbox\Cougar\NMDGFhabitatmod
el\Data2010\modeldata2b.sav

02-Jun-2010 17:32:46

Notes

[DataSet1] C:\Documents and Settings\tperry\My Documents\My Dropbox\Cougar\NM

DGFhabitatmodel\Data2010\modeldata2b.sav
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PercentN
Included in Analysis
Missing Cases
Total
Unselected Cases
Total

Selected Cases

100.011076
30.63392
69.47684

.00
69.47684

Unweighted Cases aUnweighted Cases a

Case Processing Summary

a. If weight is in effect, see classification table for the total 
number of cases.

Internal Value
PC
R 1

0
Original ValueOriginal Value

Dependent Variable Encoding

Frequency (6)(5)(4)(3)(2)(1)
Parameter coding

1
2
3
4
5
7
8
9
10
11
12
13
15
17
18
19
21
22
23
25
26
29
30
32
33
35

GAP_4

.000.000.000.000.000.0003

.000.000.000.000.000.0006

.000.000.000.000.000.0005

.000.000.000.000.000.00039

.000.000.000.000.000.00067

.000.000.000.000.000.0002

.000.000.000.000.000.00031

.000.000.000.000.000.00075

.000.000.000.000.000.000191

.000.000.000.000.000.0002

.000.000.000.000.000.00013

.000.000.000.000.000.0006

.000.000.000.000.000.0008

.000.000.000.000.000.00011

.000.000.000.000.000.000206

.000.000.000.000.000.000315

.000.000.000.000.000.00016

.000.000.000.000.000.0003

.000.000.000.000.000.0002

.000.000.000.000.000.00023
1.000.000.000.000.000.000308

.0001.000.000.000.000.0005

.000.0001.000.000.000.0002

.000.000.0001.000.000.00029

.000.000.000.0001.000.0002476

.000.000.000.000.0001.000274

Categorical Variables Codings
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(13)(12)(11)(10)(9)(8)(7)
Parameter coding

1
2
3
4
5
7
8
9
10
11
12
13
15
17
18
19
21
22
23
25
26
29
30
32
33
35

GAP_4

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000
1.000.000.000.000.000.000.000

.0001.000.000.000.000.000.000

.000.0001.000.000.000.000.000

.000.000.0001.000.000.000.000

.000.000.000.0001.000.000.000

.000.000.000.000.0001.000.000

.000.000.000.000.000.0001.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

Categorical Variables Codings
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(20)(19)(18)(17)(16)(15)(14)
Parameter coding

1
2
3
4
5
7
8
9
10
11
12
13
15
17
18
19
21
22
23
25
26
29
30
32
33
35

GAP_4

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000
1.000.000.000.000.000.000.000

.0001.000.000.000.000.000.000

.000.0001.000.000.000.000.000

.000.000.0001.000.000.000.000

.000.000.000.0001.000.000.000

.000.000.000.000.0001.000.000

.000.000.000.000.000.0001.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

Categorical Variables Codings
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(27)(26)(25)(24)(23)(22)(21)
Parameter coding

1
2
3
4
5
7
8
9
10
11
12
13
15
17
18
19
21
22
23
25
26
29
30
32
33
35

GAP_4

.0001.000.000.000.000.000.000

.000.0001.000.000.000.000.000

.000.000.0001.000.000.000.000

.000.000.000.0001.000.000.000

.000.000.000.000.0001.000.000

.000.000.000.000.000.0001.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

Categorical Variables Codings
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(34)(33)(32)(31)(30)(29)(28)
Parameter coding

1
2
3
4
5
7
8
9
10
11
12
13
15
17
18
19
21
22
23
25
26
29
30
32
33
35

GAP_4

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

Categorical Variables Codings

Frequency (6)(5)(4)(3)(2)(1)
Parameter coding

36
37
38
39
42
44
45
49
50

GAP_4

.000.000.000.000.000.00010

.000.000.000.000.000.0005

.000.000.000.000.000.000139

.000.000.000.000.000.0008

.000.000.000.000.000.0001591

.000.000.000.000.000.00011

.000.000.000.000.000.0009

.000.000.000.000.000.0001562

.000.000.000.000.000.000231

Categorical Variables Codings
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(13)(12)(11)(10)(9)(8)(7)
Parameter coding

36
37
38
39
42
44
45
49
50

GAP_4

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

Categorical Variables Codings

(20)(19)(18)(17)(16)(15)(14)
Parameter coding

36
37
38
39
42
44
45
49
50

GAP_4

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

Categorical Variables Codings

(27)(26)(25)(24)(23)(22)(21)
Parameter coding

36
37
38
39
42
44
45
49
50

GAP_4

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000
1.000.000.000.000.000.000.000

Categorical Variables Codings
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(34)(33)(32)(31)(30)(29)(28)
Parameter coding

36
37
38
39
42
44
45
49
50

GAP_4

.000.000.000.000.000.000.000
1.000.000.000.000.000.000.000

.0001.000.000.000.000.000.000

.000.0001.000.000.000.000.000

.000.000.0001.000.000.000.000

.000.000.000.0001.000.000.000

.000.000.000.000.0001.000.000

.000.000.000.000.000.0001.000

.000.000.000.000.000.000.000

Categorical Variables Codings

Block 0: Beginning Block

RPC
Percentage

Correct

Class

PC

Class

Unselected
Cases b,,cSelected Cases a

Predicted

PC
R
Overall Percentage

ClassStep 0

90.9
286.00701

3105100.006983
ObservedObserved

Classification Tabled,e

a. Selected cases validate EQ 1

b. Unselected cases validate NE 1

c. Some of the unselected cases are not classified due to either missing values in the independent 
variables or categorical variables with values out of the range of the selected cases.

d. Constant is included in the model.

e. The cut value is .500
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R
Percentage

Correct

Class
Unselected Cases b,,c

Predicted

PC
R
Overall Percentage

ClassStep 0

91.6
.00

100.00
ObservedObserved

Classification Tabled,e

a. Selected cases validate EQ 1

b. Unselected cases validate NE 1

c. Some of the unselected cases are not classified due to either missing values in the independent 
variables or categorical variables with values out of the range of the selected cases.

d. Constant is included in the model.

e. The cut value is .500

Exp(B)Sig.dfWaldS.E.B
ConstantStep 0 .100.00013366.256.040-2.299

Variables in the Equation

Sig.dfScore
TRI480
GAP_4
GAP_4(1)
GAP_4(2)
GAP_4(3)
GAP_4(4)
GAP_4(5)
GAP_4(6)
GAP_4(7)
GAP_4(8)
GAP_4(9)
GAP_4(10)
GAP_4(11)
GAP_4(12)
GAP_4(13)
GAP_4(14)
GAP_4(15)
GAP_4(16)
GAP_4(17)
GAP_4(18)

VariablesStep 0

.000120.004

.000119.928

.0001129.719

.000159.816

.00517.778

.29611.090

.000119.048

.000124.433

.000183.928

.000129.896

.000119.928

.16811.902

.000149.696

.000149.840

.000119.928

.000144.762

.0001165.803

.05413.700

.000343249.293

.0001193.467

Variables not in the Equationa

a. Residual Chi-Squares are not computed because of 
redundancies.
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Sig.dfScore
GAP_4(19)
GAP_4(20)
GAP_4(21)
GAP_4(22)
GAP_4(23)
GAP_4(24)
GAP_4(25)
GAP_4(26)
GAP_4(27)
GAP_4(28)
GAP_4(29)
GAP_4(30)
GAP_4(31)
GAP_4(32)
GAP_4(33)
GAP_4(34)

VariablesStep 0

.000149.840

.00011410.155

.000179.775

.0001193.180

.29311.106

.8361.043

.000115.122

.000115.423

.000129.896

.000159.816

.000149.840

.0001105.726

.4211.647

.000119.928

.0001310.057

.0001288.649

Variables not in the Equationa

a. Residual Chi-Squares are not computed because of 
redundancies.

Block 1: Method = Forward Stepwise (Likelihood Ratio)

Sig.dfChi-square
Step
Block
Model
Step
Block
Model

Step 1

Step 2

.000352206.003

.000352206.003

.0001248.424

.000341957.578

.000341957.578

.000341957.578

Omnibus Tests of Model Coefficients

Nagelkerke R 
Square

Cox & Snell R 
Square

-2 Log 
likelihood

1
2 .546.2502486.939 a

.492.2252735.363 a
StepStep

Model Summary

a. Estimation terminated at iteration number 20 
because maximum iterations has been reached. 
Final solution cannot be found.

Sig.dfChi-square
1
2 .0008412.175

1.0005.000
StepStep

Hosmer and Lemeshow Test
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Nagelkerke Rg
Square

.546

.000



ExpectedObserved ExpectedObserved Total
Class = RClass = PC

1
2
3
4
5
6
7
1
2
3
4
5
6
7
8
9
10

Step 1

Step 2

772431.681440340.319332
768121.899131646.101637
76961.26974707.731695
76838.52815729.472753
76725.4188741.582759
76713.3657753.635760
7685.17712762.823756
7681.9622766.038766
7691.4923767.508766
768.2119767.789759
707394.000394313.000313
806122.000122684.000684

1562103.0001031459.0001459
247674.000742402.0002402

5215.0005516.000516
15913.00031588.0001588

21.000021.00021

Contingency Table for Hosmer and Lemeshow Test

RPC
Percentage

Correct

Class

PC

Class

Unselected
Cases b,,cSelected Cases a

Predicted

PC
R
Overall Percentage

Class

PC
R
Overall Percentage

Class

Step 1

Step 2

94.7
16745.9322379

309899.6266957
94.4

17144.9315386
309199.3476936

ObservedObserved

Classification Tabled

a. Selected cases validate EQ 1

b. Unselected cases validate NE 1

c. Some of the unselected cases are not classified due to either missing values in the independent 
variables or categorical variables with values out of the range of the selected cases.

d. The cut value is .500
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R
Percentage

Correct

Class
Unselected Cases b,,c

Predicted

PC
R
Overall Percentage

Class

PC
R
Overall Percentage

Class

Step 1

Step 2

94.9
41.6119
99.87
94.5
40.2115
99.514

ObservedObserved

Classification Tabled

a. Selected cases validate EQ 1

b. Unselected cases validate NE 1

c. Some of the unselected cases are not classified due to either missing values in the independent 
variables or categorical variables with values out of the range of the selected cases.

d. The cut value is .500

Exp(B)Sig.dfWaldS.E.B
GAP_4
GAP_4(1)
GAP_4(2)
GAP_4(3)
GAP_4(4)
GAP_4(5)
GAP_4(6)
GAP_4(7)
GAP_4(8)
GAP_4(9)
GAP_4(10)
GAP_4(11)
GAP_4(12)
GAP_4(13)
GAP_4(14)
GAP_4(15)
GAP_4(16)
GAP_4(17)
GAP_4(18)
GAP_4(19)
GAP_4(20)

Step 1a

2.611E18.9981.00014622.69442.406
3.046E9.9991.00012716.56821.837
3.627E8.9991.00012716.56819.709

2.611E18.9991.00031135.96842.406
2.611E18.9981.00016910.89642.406
2.611E18.9981.00020759.50242.406

9.699E8.9991.00012716.56820.693
3.592E8.9991.00012716.56819.699

7885299.240.9991.00012716.56815.881
2.079E7.9991.00012716.56816.850
4.849E9.9991.00012716.56822.302

2.611E18.9991.00026461.34442.406
2.611E18.9991.00031135.96842.406

3.403E8.9991.00012716.56819.645
4.157E8.9991.00012716.56819.845

2.611E18.9981.00022018.31242.406
2.611E18.9991.00031135.96842.406

1.313E9.9991.00012716.56820.996
4.980E7.9991.00012716.56817.724
2.290E8.9991.00012716.56819.249

.00034537.205

Variables in the Equation

a. Variable(s) entered on step 1: GAP_4.
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Exp(B)Sig.dfWaldS.E.B
GAP_4(21)
GAP_4(22)
GAP_4(23)
GAP_4(24)
GAP_4(25)
GAP_4(26)
GAP_4(27)
GAP_4(28)
GAP_4(29)
GAP_4(30)
GAP_4(31)
GAP_4(32)
GAP_4(33)
GAP_4(34)
Constant

Step 1a

.000.9991.00012716.568-21.204
2.611E18.9981.00022018.31242.406
2.611E18.9971.00013165.60742.406
2.611E18.9981.00019069.49042.406

3053815.512.9991.00012716.56814.932
1.0011.0001.00017566.230.001

2.021E8.9991.00012716.56819.124
1.141E8.9991.00012716.56818.553
3.183E8.9991.00012716.56819.578

2.611E18.9991.00026461.34442.406
2.611E18.9981.00020759.50242.406
2.611E18.9981.00022018.31242.406

2.092E9.9991.00012716.56821.461
2.192E8.9991.00012716.56819.205

2.611E18.9991.00031135.96842.406

Variables in the Equation

a. Variable(s) entered on step 1: GAP_4.
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Exp(B)Sig.dfWaldS.E.B
TRI480
GAP_4
GAP_4(1)
GAP_4(2)
GAP_4(3)
GAP_4(4)
GAP_4(5)
GAP_4(6)
GAP_4(7)
GAP_4(8)
GAP_4(9)
GAP_4(10)
GAP_4(11)
GAP_4(12)
GAP_4(13)
GAP_4(14)
GAP_4(15)
GAP_4(16)
GAP_4(17)
GAP_4(18)
GAP_4(19)
GAP_4(20)
GAP_4(21)
GAP_4(22)
GAP_4(23)
GAP_4(24)
GAP_4(25)
GAP_4(26)
GAP_4(27)
GAP_4(28)
GAP_4(29)
GAP_4(30)
GAP_4(31)
GAP_4(32)
GAP_4(33)
GAP_4(34)
Constant

Step 2b

.000.9991.00012711.790-21.202
2.856E18.9981.00021998.76542.496
2.807E18.9971.00013159.20342.479
1.675E19.9981.00017393.54444.265

4084781.105.9991.00012711.79015.223
3.3691.0001.00016833.7751.215

2.248E8.9991.00012711.79019.231
4.262E8.9991.00012711.79019.870
2.770E9.9991.00012711.79021.742

2.836E18.9991.00026448.59642.489
1.349E19.9981.00020211.89244.049
9.436E18.9981.00020829.78743.691
1.195E11.9981.00012711.79025.507

2.596E9.9991.00012711.79021.677
2.756E18.9991.00031133.15442.460
1.142E20.9971.00013732.24746.184

4.741E9.9991.00012711.79022.279
8.868E8.9991.00012711.79020.603

2.618E18.9991.00031134.00342.409
2.625E18.9981.00016907.28042.412
3.754E18.9981.00020689.73142.769

1.011E9.9991.00012711.79020.735
4.327E8.9991.00012711.79019.886
4.223E7.9991.00012711.79017.559
1.099E8.9991.00012711.79018.515
4.894E9.9991.00012711.79022.311

3.883E18.9991.00026413.17642.803
1.030E20.9991.00028382.91646.082

3.681E8.9991.00012711.79019.724
4.859E8.9991.00012711.79020.002

9.094E18.9981.00021297.51243.654
4.964E18.9991.00030959.49643.049

1.317E9.9991.00012711.79020.998
1.375E8.9991.00012711.79018.739
3.622E8.9991.00012711.79019.708

.00034497.452
.999.0001132.154.000-.001

Variables in the Equation

a. Variable(s) entered on step 1: GAP_4.

b. Variable(s) entered on step 2: TRI480.
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df Sig. Exp(B)
bbStep 2b TRI480 -.001 .000 132.154 1 .000 .999

GAP_4 497.452 34 .000
GAP_4(1) 19.708 12711.790 .000 1 .999 3.622E8
GAP_4(2) 18.739 12711.790 .000 1 .999 1.375E8
GAP_4(3) 20.998 12711.790 .000 1 .999 1.317E9
GAP_4(4) 43.049 30959.496 .000 1 .999 4.964E18
GAP_4(5) 43.654 21297.512 .000 1 .998 9.094E18
GAP_4(6) 20.002 12711.790 .000 1 .999 4.859E8
GAP_4(7) 19.724 12711.790 .000 1 .999 3.681E8
GAP_4(8) 46.082 28382.916 .000 1 .999 1.030E20
GAP_4(9) 42.803 26413.176 .000 1 .999 3.883E18
GAP_4(10) 22.311 12711.790 .000 1 .999 4.894E9
GAP_4(11) 18.515 12711.790 .000 1 .999 1.099E8
GAP_4(12) 17.559 12711.790 .000 1 .999 4.223E7
GAP_4(13) 19.886 12711.790 .000 1 .999 4.327E8
GAP_4(14) 20.735 12711.790 .000 1 .999 1.011E9
GAP_4(15) 42.769 20689.731 .000 1 .998 3.754E18
GAP_4(16) 42.412 16907.280 .000 1 .998 2.625E18
GAP_4(17) 42.409 31134.003 .000 1 .999 2.618E18
GAP_4(18) 20.603 12711.790 .000 1 .999 8.868E8
GAP_4(19) 22.279 12711.790 .000 1 .999 4.741E9
GAP_4(20) 46.184 13732.247 .000 1 .997 1.142E20
GAP_4(21) 42.460 31133.154 .000 1 .999 2.756E18
GAP_4(22) 21.677 12711.790 .000 1 .999 2.596E9
GAP_4(23) 25.507 12711.790 .000 1 .998 1.195E11
GAP_4(24) 43.691 20829.787 .000 1 .998 9.436E18
GAP_4(25) 44.049 20211.892 .000 1 .998 1.349E19
GAP_4(26) 42.489 26448.596 .000 1 .999 2.836E18
GAP_4(27) 21.742 12711.790 .000 1 .999 2.770E9
GAP_4(28) 19.870 12711.790 .000 1 .999 4.262E8
GAP_4(29) 19.231 12711.790 .000 1 .999 2.248E8
GAP_4(30) 1.215 16833.775 .000 1 1.000 3.369
GAP_4(31) 15.223 12711.790 .000 1 .999 4084781.105
GAP_4(32) 44.265 17393.544 .000 1 .998 1.675E19
GAP_4(33) 42.479 13159.203 .000 1 .997 2.807E18
GAP_4(34) 42.496 21998.765 .000 1 .998 2.856E18
Constant -21.202 12711.790 .000 1 .999 .000

Variables in the Equation



Sig. of the 
Changedf

Change in -2 
Log

Likelihood
Model Log 
Likelihood

GAP_4
TRI480
GAP_4

Step 1
Step 2

.000341872.256-2179.597

.0001248.424-1367.682

.000341957.578-2346.471
VariableVariable

Model if Term Removed

Sig.dfScore
TRI480
Overall Statistics

VariablesStep 1
.0001133.652
.0001133.652

Variables not in the Equation

COMPUTE chgdev=SRE_1 ** 2.

EXECUTE.

* Chart Builder.

GGRAPH

  /GRAPHDATASET NAME="graphdataset" VARIABLES=PRE_1 chgdev MISSING=LISTWISE R

EPORTMISSING=NO

  /GRAPHSPEC SOURCE=INLINE.

BEGIN GPL

  SOURCE: s=userSource(id("graphdataset"))

  DATA: PRE_1=col(source(s), name("PRE_1"))

  DATA: chgdev=col(source(s), name("chgdev"))

  GUIDE: axis(dim(1), label("Predicted probability"))

  GUIDE: axis(dim(2), label("chgdev"))

  ELEMENT: point(position(PRE_1*chgdev))

END GPL.

GGraph

Output Created
Comments
Data

Active Dataset
Filter

Weight
Split File
N of Rows in Working 
Data File

Input

11076
<none>
<none>

Model_ID > 4000 & Class ne 'PH'  & 
COO_1  <  2.0 (FILTER)

DataSet1

C:\Documents and 
Settings\tperry\My Documents\My 
Dropbox\Cougar\NMDGFhabitatmod
el\Data2010\modeldata2b.sav

02-Jun-2010 17:35:29

Notes
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Syntax

Processor Time
Elapsed Time

Resources
0:00:00.296
0:00:00.281

GGRAPH
  /GRAPHDATASET NAME="
graphdataset" VARIABLES=PRE_1 
chgdev MISSING=LISTWISE 
REPORTMISSING=NO
  /GRAPHSPEC SOURCE=INLINE.
BEGIN GPL
  SOURCE: s=userSource(id
("graphdataset"))
  DATA: PRE_1=col(source(s), 
name("PRE_1"))
  DATA: chgdev=col(source(s), 
name("chgdev"))
  GUIDE: axis(dim(1), label
("Predicted probability"))
  GUIDE: axis(dim(2), label
("chgdev"))
  ELEMENT: point(position
(PRE_1*chgdev))
END GPL.

Notes

[DataSet1] C:\Documents and Settings\tperry\My Documents\My Dropbox\Cougar\NM

DGFhabitatmodel\Data2010\modeldata2b.sav
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Predicted probability
1.00000.80000.60000.40000.20000.00000

ch
gd

ev
30.00

20.00

10.00

.00

* Chart Builder.

GGRAPH

  /GRAPHDATASET NAME="graphdataset" VARIABLES=PRE_1 COO_1 Class MISSING=LISTW

ISE REPORTMISSING=NO

  /GRAPHSPEC SOURCE=INLINE.

BEGIN GPL

  SOURCE: s=userSource(id("graphdataset"))

  DATA: PRE_1=col(source(s), name("PRE_1"))

  DATA: COO_1=col(source(s), name("COO_1"))

  DATA: Class=col(source(s), name("Class"), unit.category())

  GUIDE: axis(dim(1), label("Predicted probability"))

  GUIDE: axis(dim(2), label("Analog of Cook's influence statistics"))

  GUIDE: legend(aesthetic(aesthetic.color.exterior), label("Class"))

  ELEMENT: point(position(PRE_1*COO_1), color.exterior(Class))

END GPL.
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GGraph

Output Created
Comments
Data

Active Dataset
Filter

Weight
Split File
N of Rows in Working 
Data File
Syntax

Processor Time
Elapsed Time

Input

Resources
0:00:00.390
0:00:00.375

GGRAPH
  /GRAPHDATASET NAME="
graphdataset" VARIABLES=PRE_1 
COO_1 Class MISSING=LISTWISE 
REPORTMISSING=NO
  /GRAPHSPEC SOURCE=INLINE.
BEGIN GPL
  SOURCE: s=userSource(id
("graphdataset"))
  DATA: PRE_1=col(source(s), 
name("PRE_1"))
  DATA: COO_1=col(source(s), 
name("COO_1"))
  DATA: Class=col(source(s), name
("Class"), unit.category())
  GUIDE: axis(dim(1), label
("Predicted probability"))
  GUIDE: axis(dim(2), label("Analog 
of Cook's influence statistics"))
  GUIDE: legend(aesthetic
(aesthetic.color.exterior), label
("Class"))
  ELEMENT: point(position
(PRE_1*COO_1), color.exterior
(Class))
END GPL.

11076
<none>
<none>

Model_ID > 4000 & Class ne 'PH'  & 
COO_1  <  2.0 (FILTER)

DataSet1

C:\Documents and 
Settings\tperry\My Documents\My 
Dropbox\Cougar\NMDGFhabitatmod
el\Data2010\modeldata2b.sav

02-Jun-2010 17:36:13

Notes

[DataSet1] C:\Documents and Settings\tperry\My Documents\My Dropbox\Cougar\NM

DGFhabitatmodel\Data2010\modeldata2b.sav
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Predicted probability
1.00000.80000.60000.40000.20000.00000

A
na

lo
g 

of
 C

oo
k'

s 
in

flu
en

ce
 s

ta
tis

tic
s

1.20000

1.00000

.80000

.60000

.40000

.20000

.00000

R
PC

Class

USE ALL.

COMPUTE filter_$=(Model_ID > 4000 & Class ne 'PH'  & COO_1  <  2.0).

VARIABLE LABEL filter_$ "Model_ID > 4000 & Class ne 'PH'  & COO_1  <  2.0 (FI

LTER)".

VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'.

FORMAT filter_$ (f1.0).

FILTER BY filter_$.

EXECUTE.

LOGISTIC REGRESSION VARIABLES Class

  /SELECT=validate EQ 1

  /METHOD=FSTEP(LR) TRI480 GAP_4

  /CONTRAST (GAP_4)=Indicator

  /SAVE=PRED COOK SRESID

  /PRINT=GOODFIT

  /CRITERIA=PIN(0.05) POUT(0.10) ITERATE(20) CUT(0.5).
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Logistic Regression

Output Created
Comments
Data

Active Dataset
Filter

Weight
Split File
N of Rows in Working 
Data File
Definition of Missing

Syntax

Processor Time
Elapsed Time
PRE_2
COO_2
SRE_2

Input

Missing Value Handling

Resources

Variables Created or 
Modified

Standard residual
Analog of Cook's influence statistics
Predicted probability
0:00:01.548
0:00:01.547

LOGISTIC REGRESSION 
VARIABLES Class
  /SELECT=validate EQ 1
  /METHOD=FSTEP(LR) TRI480 
GAP_4
  /CONTRAST (GAP_4)=Indicator
  /SAVE=PRED COOK SRESID
  /PRINT=GOODFIT
  /CRITERIA=PIN(0.05) POUT(0.10) 
ITERATE(20) CUT(0.5).

User-defined missing values are 
treated as missing

11075
<none>
<none>

Model_ID > 4000 & Class ne 'PH'  & 
COO_1  <  2.0 (FILTER)

DataSet1

C:\Documents and 
Settings\tperry\My Documents\My 
Dropbox\Cougar\NMDGFhabitatmod
el\Data2010\modeldata2b.sav

02-Jun-2010 17:37:37

Notes

[DataSet1] C:\Documents and Settings\tperry\My Documents\My Dropbox\Cougar\NM

DGFhabitatmodel\Data2010\modeldata2b.sav

PercentN
Included in Analysis
Missing Cases
Total
Unselected Cases
Total

Selected Cases

100.011075
30.63391
69.47684

.00
69.47684

Unweighted Cases aUnweighted Cases a

Case Processing Summary

a. If weight is in effect, see classification table for the total 
number of cases.
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Internal Value
PC
R 1

0
Original ValueOriginal Value

Dependent Variable Encoding

Frequency (6)(5)(4)(3)(2)(1)
Parameter coding

1
2
3
4
5
7
8
9
10
11
12
13
15
17
18
19
21
22
23
25
26
29
30
32
33
35
36
37
38
39
42
44
45
49
50

GAP_4

.000.000.000.000.000.00010

.000.000.000.000.000.0005

.000.000.000.000.000.000139

.000.000.000.000.000.0008

.000.000.000.000.000.0001591

.000.000.000.000.000.00011

.000.000.000.000.000.0009

.000.000.000.000.000.0001562

.000.000.000.000.000.000231

.000.000.000.000.000.0003

.000.000.000.000.000.0006

.000.000.000.000.000.0005

.000.000.000.000.000.00039

.000.000.000.000.000.00067

.000.000.000.000.000.0002

.000.000.000.000.000.00031

.000.000.000.000.000.00075

.000.000.000.000.000.000191

.000.000.000.000.000.0002

.000.000.000.000.000.00013

.000.000.000.000.000.0006

.000.000.000.000.000.0008

.000.000.000.000.000.00011

.000.000.000.000.000.000206

.000.000.000.000.000.000315

.000.000.000.000.000.00016

.000.000.000.000.000.0003

.000.000.000.000.000.0002

.000.000.000.000.000.00023
1.000.000.000.000.000.000308

.0001.000.000.000.000.0005

.000.0001.000.000.000.0002

.000.000.0001.000.000.00029

.000.000.000.0001.000.0002476

.000.000.000.000.0001.000274

Categorical Variables Codings
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(13)(12)(11)(10)(9)(8)(7)
Parameter coding

1
2
3
4
5
7
8
9
10
11
12
13
15
17
18
19
21
22
23
25
26
29
30
32
33
35
36
37
38
39
42
44
45
49
50

GAP_4

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000
1.000.000.000.000.000.000.000

.0001.000.000.000.000.000.000

.000.0001.000.000.000.000.000

.000.000.0001.000.000.000.000

.000.000.000.0001.000.000.000

.000.000.000.000.0001.000.000

.000.000.000.000.000.0001.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

Categorical Variables Codings
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(20)(19)(18)(17)(16)(15)(14)
Parameter coding

1
2
3
4
5
7
8
9
10
11
12
13
15
17
18
19
21
22
23
25
26
29
30
32
33
35
36
37
38
39
42
44
45
49
50

GAP_4

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000
1.000.000.000.000.000.000.000

.0001.000.000.000.000.000.000

.000.0001.000.000.000.000.000

.000.000.0001.000.000.000.000

.000.000.000.0001.000.000.000

.000.000.000.000.0001.000.000

.000.000.000.000.000.0001.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

Categorical Variables Codings
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(27)(26)(25)(24)(23)(22)(21)
Parameter coding

1
2
3
4
5
7
8
9
10
11
12
13
15
17
18
19
21
22
23
25
26
29
30
32
33
35
36
37
38
39
42
44
45
49
50

GAP_4

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000
1.000.000.000.000.000.000.000

.0001.000.000.000.000.000.000

.000.0001.000.000.000.000.000

.000.000.0001.000.000.000.000

.000.000.000.0001.000.000.000

.000.000.000.000.0001.000.000

.000.000.000.000.000.0001.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

Categorical Variables Codings
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(34)(33)(32)(31)(30)(29)(28)
Parameter coding

1
2
3
4
5
7
8
9
10
11
12
13
15
17
18
19
21
22
23
25
26
29
30
32
33
35
36
37
38
39
42
44
45
49
50

GAP_4

.000.000.000.000.000.000.000
1.000.000.000.000.000.000.000

.0001.000.000.000.000.000.000

.000.0001.000.000.000.000.000

.000.000.0001.000.000.000.000

.000.000.000.0001.000.000.000

.000.000.000.000.0001.000.000

.000.000.000.000.000.0001.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

.000.000.000.000.000.000.000

Categorical Variables Codings

Block 0: Beginning Block
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RPC
Percentage

Correct

Class

PC

Class

Unselected
Cases bSelected Cases a

Predicted

PC
R
Overall Percentage

ClassStep 0

90.9
286.00701

3105100.006983
ObservedObserved

Classification Tablec,d

a. Selected cases validate EQ 1

b. Unselected cases validate NE 1

c. Constant is included in the model.

d. The cut value is .500

R
Percentage

Correct

Class
Unselected Cases b

Predicted

PC
R
Overall Percentage

ClassStep 0

91.6
.00

100.00
ObservedObserved

Classification Tablec,d

a. Selected cases validate EQ 1

b. Unselected cases validate NE 1

c. Constant is included in the model.

d. The cut value is .500

Exp(B)Sig.dfWaldS.E.B
ConstantStep 0 .100.00013366.256.040-2.299

Variables in the Equation

Sig.dfScore
TRI480
GAP_4
GAP_4(1)
GAP_4(2)
GAP_4(3)
GAP_4(4)
GAP_4(5)

VariablesStep 0

.000149.840

.000119.928

.000144.762

.0001165.803

.05413.700

.000343249.293

.0001193.467

Variables not in the Equationa

a. Residual Chi-Squares are not computed because of 
redundancies.
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Sig.dfScore
GAP_4(6)
GAP_4(7)
GAP_4(8)
GAP_4(9)
GAP_4(10)
GAP_4(11)
GAP_4(12)
GAP_4(13)
GAP_4(14)
GAP_4(15)
GAP_4(16)
GAP_4(17)
GAP_4(18)
GAP_4(19)
GAP_4(20)
GAP_4(21)
GAP_4(22)
GAP_4(23)
GAP_4(24)
GAP_4(25)
GAP_4(26)
GAP_4(27)
GAP_4(28)
GAP_4(29)
GAP_4(30)
GAP_4(31)
GAP_4(32)
GAP_4(33)
GAP_4(34)

VariablesStep 0

.000149.840

.00011410.155

.000179.775

.0001193.180

.29311.106

.8361.043

.000115.122

.000115.423

.000129.896

.000159.816

.000149.840

.0001105.726

.4211.647

.000119.928

.0001310.057

.0001288.649

.000120.004

.000119.928

.0001129.719

.000159.816

.00517.778

.29611.090

.000119.048

.000124.433

.000183.928

.000129.896

.000119.928

.16811.902

.000149.696

Variables not in the Equationa

a. Residual Chi-Squares are not computed because of 
redundancies.

Block 1: Method = Forward Stepwise (Likelihood Ratio)

Sig.dfChi-square
Step
Block

Step 1
.000341957.578
.000341957.578

Omnibus Tests of Model Coefficients
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Sig.dfChi-square
Model
Step
Block
Model

Step 1
Step 2

.000352206.003

.000352206.003

.0001248.424

.000341957.578

Omnibus Tests of Model Coefficients

Nagelkerke R 
Square

Cox & Snell R 
Square

-2 Log 
likelihood

1
2 .546.2502486.939 a

.492.2252735.363 a
StepStep

Model Summary

a. Estimation terminated at iteration number 20 
because maximum iterations has been reached. 
Final solution cannot be found.

Sig.dfChi-square
1
2 .0008412.175

1.0005.000
StepStep

Hosmer and Lemeshow Test

ExpectedObserved ExpectedObserved Total
Class = RClass = PC

1
2
3
4
5
6
7
1
2
3
4
5
6
7
8
9
10

Step 1

Step 2

772431.681440340.319332
768121.899131646.101637
76961.26974707.731695
76838.52815729.472753
76725.4188741.582759
76713.3657753.635760
7685.17712762.823756
7681.9622766.038766
7691.4923767.508766
768.2119767.789759
707394.000394313.000313
806122.000122684.000684

1562103.0001031459.0001459
247674.000742402.0002402

5215.0005516.000516
15913.00031588.0001588

21.000021.00021

Contingency Table for Hosmer and Lemeshow Test
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RPC
Percentage

Correct

Class

PC

Class

Unselected
Cases bSelected Cases a

Predicted

PC
R
Overall Percentage

Class

PC
R
Overall Percentage

Class

Step 1

Step 2

94.7
16745.9322379

309899.6266957
94.4

17144.9315386
309199.3476936

ObservedObserved

Classification Tablec

a. Selected cases validate EQ 1

b. Unselected cases validate NE 1

c. The cut value is .500

R
Percentage

Correct

Class
Unselected Cases b

Predicted

PC
R
Overall Percentage

Class

PC
R
Overall Percentage

Class

Step 1

Step 2

94.9
41.6119
99.87
94.5
40.2115
99.514

ObservedObserved

Classification Tablec

a. Selected cases validate EQ 1

b. Unselected cases validate NE 1

c. The cut value is .500

Exp(B)Sig.dfWaldS.E.B
GAP_4
GAP_4(1)
GAP_4(2)
GAP_4(3)
GAP_4(4)
GAP_4(5)

Step 1a

2.611E18.9981.00022018.31242.406
2.611E18.9991.00031135.96842.406

1.313E9.9991.00012716.56820.996
4.980E7.9991.00012716.56817.724
2.290E8.9991.00012716.56819.249

.00034537.205

Variables in the Equation

a. Variable(s) entered on step 1: GAP_4.
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Exp(B)Sig.dfWaldS.E.B
GAP_4(6)
GAP_4(7)
GAP_4(8)
GAP_4(9)
GAP_4(10)
GAP_4(11)
GAP_4(12)
GAP_4(13)
GAP_4(14)
GAP_4(15)
GAP_4(16)
GAP_4(17)
GAP_4(18)
GAP_4(19)
GAP_4(20)
GAP_4(21)
GAP_4(22)
GAP_4(23)
GAP_4(24)
GAP_4(25)
GAP_4(26)
GAP_4(27)
GAP_4(28)
GAP_4(29)
GAP_4(30)
GAP_4(31)
GAP_4(32)
GAP_4(33)
GAP_4(34)
Constant

Step 1a

.000.9991.00012716.568-21.204
2.611E18.9981.00022018.31242.406
2.611E18.9971.00013165.60742.406
2.611E18.9981.00019069.49042.406

3053815.512.9991.00012716.56814.932
1.0011.0001.00017566.230.001

2.021E8.9991.00012716.56819.124
1.141E8.9991.00012716.56818.553
3.183E8.9991.00012716.56819.578

2.611E18.9991.00026461.34442.406
2.611E18.9981.00020759.50242.406
2.611E18.9981.00022018.31242.406

2.092E9.9991.00012716.56821.461
2.192E8.9991.00012716.56819.205

2.611E18.9991.00031135.96842.406
2.611E18.9981.00014622.69442.406

3.046E9.9991.00012716.56821.837
3.627E8.9991.00012716.56819.709

2.611E18.9991.00031135.96842.406
2.611E18.9981.00016910.89642.406
2.611E18.9981.00020759.50242.406

9.699E8.9991.00012716.56820.693
3.592E8.9991.00012716.56819.699

7885299.240.9991.00012716.56815.881
2.079E7.9991.00012716.56816.850
4.849E9.9991.00012716.56822.302

2.611E18.9991.00026461.34442.406
2.611E18.9991.00031135.96842.406

3.403E8.9991.00012716.56819.645
4.157E8.9991.00012716.56819.845

Variables in the Equation

a. Variable(s) entered on step 1: GAP_4.
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Exp(B)Sig.dfWaldS.E.B
TRI480
GAP_4
GAP_4(1)
GAP_4(2)
GAP_4(3)
GAP_4(4)
GAP_4(5)
GAP_4(6)
GAP_4(7)
GAP_4(8)
GAP_4(9)
GAP_4(10)
GAP_4(11)
GAP_4(12)
GAP_4(13)
GAP_4(14)
GAP_4(15)
GAP_4(16)
GAP_4(17)
GAP_4(18)
GAP_4(19)
GAP_4(20)
GAP_4(21)
GAP_4(22)
GAP_4(23)
GAP_4(24)
GAP_4(25)
GAP_4(26)
GAP_4(27)
GAP_4(28)
GAP_4(29)
GAP_4(30)
GAP_4(31)
GAP_4(32)
GAP_4(33)
GAP_4(34)
Constant

Step 2b

.000.9991.00012711.790-21.202
2.856E18.9981.00021998.76542.496
2.807E18.9971.00013159.20342.479
1.675E19.9981.00017393.54444.265

4084781.105.9991.00012711.79015.223
3.3691.0001.00016833.7751.215

2.248E8.9991.00012711.79019.231
4.262E8.9991.00012711.79019.870
2.770E9.9991.00012711.79021.742

2.836E18.9991.00026448.59642.489
1.349E19.9981.00020211.89244.049
9.436E18.9981.00020829.78743.691
1.195E11.9981.00012711.79025.507

2.596E9.9991.00012711.79021.677
2.756E18.9991.00031133.15442.460
1.142E20.9971.00013732.24746.184

4.741E9.9991.00012711.79022.279
8.868E8.9991.00012711.79020.603

2.618E18.9991.00031134.00342.409
2.625E18.9981.00016907.28042.412
3.754E18.9981.00020689.73142.769

1.011E9.9991.00012711.79020.735
4.327E8.9991.00012711.79019.886
4.223E7.9991.00012711.79017.559
1.099E8.9991.00012711.79018.515
4.894E9.9991.00012711.79022.311

3.883E18.9991.00026413.17642.803
1.030E20.9991.00028382.91646.082

3.681E8.9991.00012711.79019.724
4.859E8.9991.00012711.79020.002

9.094E18.9981.00021297.51243.654
4.964E18.9991.00030959.49643.049

1.317E9.9991.00012711.79020.998
1.375E8.9991.00012711.79018.739
3.622E8.9991.00012711.79019.708

.00034497.452
.999.0001132.154.000-.001

Variables in the Equation

a. Variable(s) entered on step 1: GAP_4.

b. Variable(s) entered on step 2: TRI480.
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Sig. of the 
Changedf

Change in -2 
Log

Likelihood
Model Log 
Likelihood

GAP_4
TRI480
GAP_4

Step 1
Step 2

.000341872.256-2179.597

.0001248.424-1367.682

.000341957.578-2346.471
VariableVariable

Model if Term Removed

Sig.dfScore
TRI480
Overall Statistics

VariablesStep 1
.0001133.652
.0001133.652

Variables not in the Equation
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APPENDIX IV 
Detailed calculations of mountain lion population size by GMU.  H, C, and HC are 
abbreviations for harvest model, collar model, and harvest and collar models combined, 
respectively.  Numbers in columns with “Excellent”, “Good”, “Moderate”, “Fair”, and 
“Poor” represent units of 100 sq Km area of that habitat quality category predicted by 
each model.  These are then arranged by row for each GMU.  For example, the harvest 
model predicts 960 sq Km of excellent mountain lion habitat in GMU 2C.  The numbers 
in the columns with “hi” and “lo” represent the total of hi and lo density estimates for 
each habitat quality category multiplied by the area of that habitat quality category for 
each GMU.  For example, the harvest model predicts between 24 and 36 resident adult 
mountain lions in GMU 2C.   
 

GMU Cougar_Zone Havest lo Harvest hi Collar lo Collar hi Harvcol lo Harvcol hi H Excellent H Good H Moderate H Fair H Poor C Excellent C Good C Moderate C Fair C Poor HC Excellent HC Good HC Moderate HC Fair HC Poor
2C A 24 36 20 29 28 41 9.607 2.106 6.770 0.952 1.476 5.671 7.019 6.623 0.012 1.587 11.366 3.286 5.590 0.335 0.334

7 A 56 83 58 83 75 109 11.874 7.915 62.350 0.946 5.436 5.431 35.608 39.720 0.014 7.747 15.859 31.554 38.711 0.309 2.088
2B A 34 52 18 26 35 52 16.661 0.823 0.994 0.209 0.649 5.503 6.579 3.426 0.124 3.705 16.889 0.896 0.921 0.076 0.554
2A A 25 37 20 28 31 46 11.101 1.237 3.531 0.204 4.240 5.013 9.339 3.086 0.014 2.860 14.076 1.931 2.837 0.021 1.447
5A B 8 12 4 5 8 12 3.315 0.829 1.528 0.042 0.203 0.290 2.691 2.029 0.001 0.905 3.468 0.973 1.384 0.020 0.071

50 B 24 35 11 15 25 36 6.660 8.540 8.407 0.014 0.257 1.897 4.779 6.159 0.031 11.011 6.685 10.286 6.670 0.004 0.233
51 B 45 68 17 24 46 69 21.388 1.929 1.989 0.152 0.229 3.691 5.679 8.845 3.137 4.333 21.648 2.516 1.400 0.036 0.087

5B B 18 27 7 11 19 28 8.675 0.488 1.101 0.207 0.237 1.762 1.847 5.542 0.579 0.979 8.867 0.947 0.633 0.063 0.198
48 C 8 12 2 3 8 12 3.845 0.187 0.149 0.193 5.421 0.417 0.151 2.321 0.664 6.240 3.847 0.200 0.136 0.193 5.419
49 C 21 32 4 7 21 32 10.516 0.259 0.113 0.005 0.073 0.840 0.423 3.303 5.300 1.099 10.544 0.262 0.110 0.003 0.047
53 C 29 42 6 8 29 43 12.337 3.748 1.441 0.000 0.191 1.031 1.224 3.464 6.072 5.928 12.423 3.780 1.409 0.000 0.105
43 C 30 44 16 22 31 45 10.961 4.299 9.395 0.268 24.340 2.539 10.612 2.462 0.075 33.575 11.023 6.158 7.543 0.245 24.295
46 C 36 54 11 17 36 54 17.714 0.443 1.003 0.268 13.309 2.531 2.024 10.408 2.045 15.729 17.717 0.465 0.982 0.268 13.306
45 C 70 104 19 27 70 105 33.792 1.017 2.805 0.058 1.741 3.546 5.569 8.899 15.020 6.379 33.851 2.017 1.805 0.050 1.690
42 D 33 48 13 18 36 53 8.167 10.252 17.804 3.117 71.809 3.532 4.432 3.739 0.995 98.451 8.531 12.884 17.748 2.748 69.237
47 D 9 14 3 4 9 14 2.190 3.861 3.689 0.558 20.919 0.940 0.465 1.089 0.336 28.387 2.201 3.873 3.689 0.547 20.907
41 D 4 6 4 6 6 8 0.538 0.124 7.189 0.035 39.591 0.550 1.460 4.017 0.005 41.444 0.622 1.566 7.189 0.031 38.068
59 D 5 7 2 3 5 8 0.831 2.113 3.746 0.468 41.564 0.390 0.354 1.718 0.106 46.155 0.845 2.156 3.746 0.455 41.521

9 E 80 119 69 99 96 139 27.819 6.890 45.505 0.271 5.773 12.808 38.553 22.983 0.817 11.096 29.629 32.448 19.315 0.024 4.842
10 E 88 131 50 72 91 136 39.478 4.999 11.485 0.290 1.528 9.136 27.463 18.802 0.601 1.777 40.699 6.582 9.900 0.008 0.590

6B F 7 10 1 1 7 10 3.395 0.196 0.001 0.000 0.001 0.011 0.005 0.625 1.932 1.020 3.395 0.198 0.000 0.000 0.000
6A F 47 70 22 31 50 74 20.854 1.989 8.910 0.127 0.619 4.982 7.359 10.153 4.930 5.074 21.447 5.239 5.367 0.056 0.390
6C F 50 75 23 33 51 76 22.680 2.991 5.429 0.016 2.061 5.871 8.936 5.303 5.272 7.795 22.728 5.308 3.086 0.003 2.052

17 G 53 79 51 74 72 106 22.408 4.174 11.604 0.097 4.304 16.919 14.497 9.144 1.126 0.902 31.733 7.815 2.901 0.001 0.136
13 G 113 168 105 149 138 201 39.644 15.380 50.615 0.301 9.371 20.995 58.600 26.599 0.117 9.000 47.152 39.061 21.757 0.021 7.322
19 H 36 52 131 193 122 180 8.340 12.938 19.225 1.101 68.492 48.979 24.760 26.608 0.068 9.680 50.581 23.461 0.195 0.001 35.858
20 H 18 26 86 126 84 122 1.996 4.018 25.111 0.401 34.723 31.097 23.612 6.471 0.013 5.056 31.326 23.416 0.394 0.007 11.106
36 I 35 52 32 47 47 71 14.927 3.297 5.120 0.200 3.478 11.326 8.205 4.432 0.257 2.802 21.933 3.730 0.527 0.106 0.727
37 I 32 48 36 53 50 75 12.497 2.284 12.173 0.154 15.498 14.131 6.725 3.373 0.409 17.968 23.598 2.040 2.074 0.111 14.783
18 I 42 62 68 99 81 120 13.251 4.668 27.657 0.073 17.658 24.350 19.866 3.939 0.052 15.100 34.370 10.869 6.089 0.005 11.975
38 I 14 21 11 16 20 30 3.249 1.859 15.464 0.152 63.537 4.005 2.261 2.418 0.106 75.470 6.617 1.952 12.249 0.152 63.292
25 J 17 26 96 141 90 131 1.293 1.384 33.431 0.552 45.329 32.876 22.950 23.975 0.003 2.186 33.746 23.133 4.083 0.000 21.026

16B J 48 72 17 25 48 72 23.816 0.272 0.126 0.133 0.085 4.228 2.051 14.512 3.313 0.328 23.985 0.354 0.009 0.000 0.084
21A J 24 36 10 15 24 36 11.968 0.118 0.039 0.023 0.005 3.278 1.002 6.311 1.478 0.083 12.013 0.128 0.012 0.000 0.000
16C J 22 33 8 12 22 33 10.463 0.417 1.438 0.001 0.113 1.029 3.943 7.097 0.201 0.162 10.483 1.381 0.470 0.000 0.098
16A J 31 46 12 18 32 47 15.105 0.280 1.185 0.038 0.110 2.858 2.496 9.631 1.487 0.245 15.340 1.176 0.102 0.000 0.099
21B J 42 62 93 137 101 148 12.532 7.517 24.864 0.875 20.286 34.422 25.354 5.143 0.011 1.142 40.239 21.652 2.409 0.008 1.766
16D J 22 33 9 13 23 34 10.711 0.354 1.042 0.010 0.089 1.798 2.745 6.790 0.708 0.164 10.768 1.025 0.348 0.000 0.064
16E J 25 37 20 28 28 41 8.690 1.568 14.571 0.003 0.045 2.583 12.014 9.928 0.118 0.233 8.736 8.402 7.737 0.000 0.001

15 J 67 100 28 41 68 102 30.413 3.169 8.741 0.005 0.063 3.560 13.351 22.879 0.807 1.794 30.507 5.494 6.353 0.000 0.037
24 K 56 84 50 74 74 110 25.699 1.265 8.549 0.234 3.432 18.949 9.429 9.490 0.891 0.421 35.324 3.214 0.161 0.000 0.481
22 K 17 26 12 17 20 30 7.955 0.667 1.449 0.072 0.049 4.117 2.651 1.887 1.299 0.239 9.730 0.427 0.015 0.000 0.021
23 K 78 116 115 171 139 208 30.343 4.817 31.500 0.441 8.817 48.887 14.008 11.830 0.249 0.944 66.770 5.877 0.278 0.000 2.994
26 L 29 42 93 138 98 146 5.579 4.642 32.698 0.763 16.059 39.670 12.307 7.175 0.012 0.577 43.637 12.255 0.336 0.000 3.514
27 L 15 22 44 65 47 70 3.165 2.897 14.289 0.530 6.019 19.128 4.742 2.723 0.046 0.261 21.385 4.612 0.179 0.000 0.725
33 M 11 17 57 85 57 85 0.188 0.034 26.963 0.064 31.527 26.727 3.397 1.575 0.000 27.076 26.745 3.402 1.299 0.057 27.273
31 M 35 53 163 241 164 242 0.625 0.030 85.266 0.000 130.064 65.378 27.178 20.060 0.000 103.369 65.400 27.207 21.819 0.000 101.559
32 M 31 46 126 186 129 191 2.785 2.627 56.787 0.164 94.919 53.761 17.500 6.401 0.020 79.600 55.516 17.186 7.047 0.130 77.404
39 M 8 12 7 11 11 17 1.229 1.547 9.900 0.297 55.290 2.274 1.233 3.965 0.041 60.750 3.228 1.708 8.209 0.273 54.845
40 M 13 19 9 14 15 22 1.195 1.757 21.569 0.917 72.265 1.106 0.912 16.025 0.320 79.338 1.897 2.510 21.001 0.826 71.468
52 N 19 28 2 4 19 28 8.759 0.679 1.377 0.000 0.080 0.218 0.185 2.972 3.077 4.444 8.838 0.735 1.321 0.000 0.001

4 N 32 48 6 8 33 49 15.685 0.824 0.660 0.022 0.771 0.958 1.684 3.119 4.889 7.313 15.965 1.162 0.322 0.015 0.498
12 O 70 103 51 71 75 109 21.888 17.099 27.574 0.072 0.573 3.606 41.735 16.589 0.033 5.244 22.465 24.140 20.533 0.000 0.069
56 P 8 12 5 7 8 12 3.524 0.568 1.267 0.609 40.100 1.449 1.686 0.966 0.159 41.809 3.526 0.571 1.267 0.609 40.095
57 P 13 19 4 6 13 19 6.059 0.570 0.482 0.408 3.468 1.658 0.682 0.830 0.174 7.644 6.060 0.570 0.481 0.408 3.467
58 P 12 17 4 5 12 17 2.645 4.746 5.218 0.900 26.116 1.118 1.022 0.977 0.244 36.264 2.708 4.861 5.218 0.794 26.044
29 Q 11 15 45 66 46 67 1.396 2.563 13.380 0.666 12.599 16.938 12.576 0.429 0.007 0.654 17.255 12.461 0.443 0.000 0.445
28 Q 8 12 37 54 34 51 0.674 2.600 10.864 0.163 13.449 13.960 6.878 6.783 0.000 0.130 14.214 6.699 0.058 0.003 6.778
30 Q 41 60 110 161 116 172 10.228 9.557 29.652 1.673 24.911 44.585 22.318 1.486 0.069 7.563 49.318 18.985 1.448 0.029 6.242
34 Q 55 83 44 65 71 106 24.861 4.362 4.485 0.399 9.035 15.100 9.667 13.221 0.776 4.378 33.324 5.003 0.524 0.085 4.205

55B R 1 1 1 1 1 1 0.091 0.042 1.040 0.004 8.517 0.050 0.065 0.968 0.000 8.612 0.093 0.042 1.040 0.004 8.515
55A R 74 111 19 28 75 112 36.608 0.545 0.287 0.147 2.968 4.155 1.694 18.081 7.645 8.980 37.036 0.552 0.280 0.139 2.546

54 R 13 19 3 5 13 19 6.363 0.157 0.126 0.160 2.093 0.712 0.194 2.386 2.507 3.100 6.364 0.161 0.122 0.160 2.092
8 S 22 33 12 17 23 34 8.861 1.208 7.501 0.011 6.286 2.142 6.816 3.093 0.878 10.937 8.888 4.025 4.662 0.010 6.281

14 S 35 53 25 36 41 61 14.219 1.619 13.184 0.003 13.857 4.392 13.089 10.557 1.062 13.784 15.676 9.327 4.363 0.002 13.515
35 T 34 51 13 19 35 52 16.503 0.720 0.361 0.011 0.160 3.353 2.589 8.850 0.303 2.661 17.190 0.361 0.047 0.002 0.156
11 T 23 35 15 21 24 35 9.457 3.564 3.525 0.007 0.105 2.472 10.088 2.085 0.000 2.014 9.517 3.650 3.437 0.000 0.054

1 T 78 116 89 128 116 170 25.311 3.463 58.335 2.528 11.884 19.826 36.313 41.011 0.939 3.433 38.349 29.025 32.766 0.108 1.273
3 T 54 80 20 29 55 82 24.253 2.669 6.476 0.168 0.614 2.137 11.930 13.708 0.341 6.064 24.618 3.840 5.300 0.108 0.314

* Habitat areas are given in 100sqKm increments
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