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 ANALYSIS OF ERROR FROM CEMENTUM-ANNULI AGE ESTIMATES

 OF KNOWN-AGE PENNSYLVANIA BLACK BEARS

 WENDI A. HARSHYNE,' Pennsylvania Game Commission, Bureau of Wildlife Management, 2001 Elmerton Avenue, Harrisburg,
 PA 17110, USA

 DUANE R. DIEFENBACH,23 Pennsylvania Game Commission, Bureau of Wildlife Management, 2001 Elmerton Avenue,
 Harrisburg, PA 17110, USA

 GARY L. ALT, Pennsylvania Game Commission, Bureau of Wildlife Management, 2001 Elmerton Avenue, Harrisburg, PA 17110,
 USA

 GARY M. MATSON, Matson's Laboratory, P.O. Box 308, Milltown, MT 59851, USA

 Abstract: Cementum-annuli counts are considered the most accurate indicators of age for black bears (Ursus
 americanus), but tests of the technique have lacked large sample sizes of known-age teeth, and sources of error
 are not well documented. We estimated ages from cementum-annuli counts of 671 teeth from 521 Pennsylvania
 black bears and compared the estimated ages to their known age. We evaluated teeth aged during 1983-91
 with aging criteria different from the criteria used during 1992-96, but we found no differences (M: P =
 0.125; F: P = 0.748). Overall, 8.1% of the known-age teeth were aged incorrectly, and we found no differences
 in error distributions between sexes (P = 0.126). For both sexes, percent error increased as age class increased

 (Ps -: 0.010). The number of incorrectly aged teeth was greater than expected (Ps : 0.104) in black bears
 captured during September-November (M = 11%, n = 198; F = 13%, n = 181) than during March-May (M
 = 3%, n = 76; F = 4%, n = 49) and June-August (M = 3%, n = 120; F = 2%, n = 45). Of 51 incorrectly
 aged teeth we reevaluated, 19 (37%) were aged incorrectly because of irregular tooth characteristics to which
 standardized aging criteria could not be applied accurately. Thirteen (25%) probably would have been aged
 correctly via aging criteria revised in 1992, 13 (25%) had no discernible reason for being incorrectly aged and
 may have been mislabeled, 5 (10%) were broken during extraction, and 1 (2%) was aged incorrectly by the
 tooth reader even though the annuli were normal and distinct. We concluded that counting cementum annuli
 is a valid technique for aging Pennsylvania black bears.

 JOURNAL OF WILDLIFE MANAGEMENT 62(4):1281-1291

 Key words: age, black bear, cementum annuli, Pennsylvania, premolar, Ursus americanus.

 Information on the age structure of wildlife
 populations is important to wildlife manage-
 ment and conservation efforts because survival

 and reproductive rates likely vary according to
 age, and age-structure information can provide
 insight into the growth of a population (Krebs
 1978). Moreover, studies of life-history strate-
 gies, evolution, and population dynamics re-
 quire information on age-related parameters
 (Gaillard et al. 1994, Newton and Rothery
 1997).

 Since the mid-1900s, various techniques have
 been used to age black bears (Coy and Gar-
 shelis 1992). Stickley (1957) correlated known
 black bear age with elements such as morpho-
 logical development of the skull, tooth replace-
 ment and wear, and skull suture closures. Er-
 ickson et al. (1964) reported the shape and size

 of the skull and baculum were reliable criteria

 for aging male black bears. He also reported
 that testicle and ovary mass (when considered
 by season and reproductive status) were effec-
 tive age indicators. In addition, Erickson et al.
 (1964) examined body mass, but it was not ac-
 curate for estimating age.

 Biologists have analyzed cementum layers in
 both the canine and premolar teeth of all 3
 North American bear species: black bear
 (Marks and Erickson 1966, Sauer et al. 1966,
 Stoneberg and Jonkel 1966, Willey 1974),
 brown bear (Ursus arctos; Mundy and Fuller
 1964, Rausch 1969, Craighead et al. 1970, Pear-
 son 1975), and polar bear (Ursus maritimus;
 Hensel and Sorenson 1980). Marks and Erick-
 son (1966) concluded that counts of canine ce-
 mentum annuli provided the best estimates of
 black bear ages, but Willey (1974) reported
 both the first premolar and canine teeth of
 black bears were equally reliable as age indi-
 cators. Coy and Garshelis (1992) summarized
 the history and development of using cemen-
 tum annuli to age black bears.

 APresent address: 5450 Wissahickon Avenue,
 Apartment 901A, Philadelphia, PA 19144, USA.

 2 Address for reprint requests.
 3 E-mail: drdiefenba@pgc.state.pa.us
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 Each year, 2 types of cementum are pro-
 duced. The very thin cementum "annulus" is
 formed during winter and is an acellular, darkly
 staining layer with a linear appearance. Darkly
 staining cementum resembling the annulus may
 be produced during other seasons, forming an
 "accessory line" that can potentially be misin-
 terpreted as a cementum annulus. The abun-
 dant "light cementum" layer is produced during
 the growth seasons of spring, summer, and fall
 and is a lightly staining layer with a spongy ap-
 pearance caused by its cellularity. Recently, Coy
 and Garshelis (1992) examined the relation be-
 tween premolar cementum-annuli patterns and
 known reproductive histories of female black
 bears. The findings of Coy and Garshelis (1992)
 reaffirmed those reported by L. L. Rogers (An-
 nual Meeting of the American Society of Mam-
 malogists, Missoula, Montana, USA, 1975) that
 light cementum deposition is reduced during
 the year of cub rearing. Cementum annuli of
 female black bears reflect their reproductive
 histories (Rogers 1978, Coy and Garshelis 1992,
 Carrel 1994). Light cementum deposition is re-
 duced during the year of cub rearing. The re-
 duced amount of light cementum results in the
 annuli of the cubrearing year and the year after
 being closer together, thus "pairing" the 2 an-
 nuli. Because cubs are normally reared every
 other year, the alternating paired annuli are po-
 tentially distinctive indicators of the female's re-
 productive history. Although explanation of the
 physiological mechanisms underlying the for-
 mation of these patterns remains conjectural,
 causes of reduced cementum deposition may be
 related to lactation, nutrition, or behavior. Coy
 and Garshelis (1992) reported that the appear-
 ance of paired annuli in females signified suc-
 cessful cub rearing, but annuli pairing caused
 by cub rearing was more difficult to identify in
 females living in habitats with variable food re-
 sources.

 Paired annuli in males are manifested by an
 additional dark accessory line usually deposited
 during summer. The accessory line is often dis-
 continuous in teeth from young males but be-
 comes more prominent with increasing age, un-
 til it has the same characteristics as the cemen-

 tum annulus (Coy and Garshelis 1992). Older
 (?8 yr) male black bears killed in late summer
 or fall have an accessory line at the periphery
 of the cementum that is so prominent it could
 be confused with the annual cementum annu-

 lus. To correctly identify the accessory line, the

 reader must know the date of tooth extraction,
 or it could be counted incorrectly as an addi-
 tional year of age. If the sex of the black bear
 is known, recognition of sex-specific character-
 istics of cementum deposition can reduce aging
 error. If the black bear is male, careful obser-
 vation may reveal the presence of a recurring,
 less prominent accessory line in prior years and
 enable identification of the apparent paired an-
 nuli as deposited in a single year. If the black
 bear is female, paired annuli may be identified
 as indicators of cubs being reared and correctly
 counted as 2 years. Accessory lines are some-
 times found in females and may be identified
 via the same criteria as for males.

 To reduce subjectivity of cementum age anal-
 ysis, interpretive criteria must not only be stan-
 dardized in written and illustrated laboratory
 references, but it also must continually be test-
 ed for accuracy and precision. Evaluations that
 estimate accuracy and precision of the method
 enable users of cementum age estimates to ap-
 ply them statistically with a specified level of
 confidence. However, there have been few at-
 tempts to analyze the degree of error in the
 ages estimated by cementum-annuli counts.
 The accuracy of cementum age estimates can
 only be tested using teeth of known-age black
 bears, but the paucity of these data continues
 to handicap testing efforts.

 Our study of known-age Pennsylvania black
 bear teeth used a large sample from the same
 population to test aging accuracy and precision.
 From 1983 to 1996, the Pennsylvania Game
 Commission (PGC) collected first premolars
 from live-captured and dead Pennsylvania black
 bears. Our objective was to analyze error in age
 estimation from teeth collected from known-

 age black bears and processed at Matson's Lab-
 oratory (Milltown, Montana, USA). Since 1992,
 however, the sex-specific cementum character-
 istics reported by Coy and Garshelis (1992)
 have been used at Matson's Laboratory to esti-
 mate ages of black bears. Hence, the revised
 aging criteria in current use for black bears at-
 tempts to account for sex differences in cemen-
 tum-annuli deposition. A comparison between
 teeth aged prior to 1992 and those aged after
 1992 is critical to test accuracy of the different
 criteria used for age estimation during the 2 pe-
 riods. We compared the differences in error be-
 fore and after 1992, when cub-rearing years in
 females and prominent accessory line and an-
 nulus pairing in males were first described.
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 Also, we analyzed error by age, sex, and season,
 and we reevaluated incorrectly aged teeth to
 determine possible sources of error.

 METHODS

 Free-ranging or denning black bears were
 captured with Aldrich foot snares, culvert traps,
 or jabsticks and dart guns (Alt 1989). Black
 bears were immobilized with a mixture of 4.4

 mg of ketamine hydrochloride and 2.2 mg of
 xylazine per kilogram of estimated black bear
 mass (Alt 1989). Recaptured black bears were
 identified by a numbered metal tag attached to
 each ear, or the inside upper lip may have been
 tattooed with a unique number.

 Known-age black bears included those first
 captured as cubs (<1 yr old) or yearlings still
 traveling with their mother (before 1 Jul).
 When 51.5 years old, black bears can be as-
 signed a known age by means of morphological
 (mass, dentition) or behavioral (traveling with
 mother) traits. Offspring >12 months old and
 traveling with the sow are yearlings because no
 radiocollared adult female black bear in Penn-

 sylvania has ever remained with offspring for
 >1.5 years (Alt 1989). A premolar sometimes
 was removed from known-age black bears upon
 recapture (>l yr of age), and from most black
 bears killed by vehicles, legally shot during
 hunting season, illegally killed, or killed for oth-
 er reasons (e.g., crop damage or nuisance).

 We prepared tooth slides and aged all teeth
 at Matson's Laboratory. Teeth were cleaned, de-
 calcified in acid, embedded in paraffin, and sec-
 tioned longitudinally at 14 microns via a rotary
 microtome (Humason 1972). Sections were
 mounted on microscope slides and stained with
 Giemsa stain (Stone et al. 1975). We interpret-
 ed cementum annuli of sectioned teeth via stan-

 dardized cementum aging criteria under a Leitz
 compound microscope set for Koehler illumi-
 nation (60x and 160x magnifications) (G. M.
 Matson. 1981. Workbook for cementum analy-
 sis, unpublished. Matson's Laboratory, Mill-
 town, Montana, USA). After error analysis, we
 reevaluated tooth sections that had been incor-

 rectly aged. C. M. Matson conducted all the
 initial aging, as well as all reevaluations of in-
 correctly aged teeth.

 To estimate aging error via cementum annuli,
 the actual known-age for each capture or har-
 vest in which a tooth was pulled was calculated
 as follows:

 Known age = tooth collection year
 - initial capture year
 + initial capture age.

 We grouped ages into the following age cate-
 gories so that we obtained reasonable sample
 sizes of known-age black bears for each cate-
 gory: 1 year, 2 years, 3 and 4 years, and >5
 years. We calculated error as the estimated age
 - known age, and termed this direct error. We
 distinguished direct error from a type of error
 we termed categorical error. Direct error was
 the result of calculating error before age cate-
 gorization, and categorical error was the result
 of calculating error after age-class categoriza-
 tion. For example, a black bear with an esti-
 mated age of 7 years and a corresponding
 known-age of 6 years had a direct error of 1
 year. However, that black bear had zero cate-
 gorical error because both its known age and
 estimated age fell within the correct ?5 cate-
 gory. We evaluated both types of errors because
 analysis of age-structure data for Pennsylvania
 black bears would likely group black bears ac-
 cording to these age categories. For males,
 <15% of the harvest is composed of 3- and 4-
 year-old black bears, and <7% is composed of
 -5-year-old black bears. For females, <30% of
 the harvest is composed of 3- and 4-year-old
 black bears, and 20% is composed of >5-year-
 old black bears (PGC, unpublished data).

 Aging criteria from 1992 to 1996 differed
 from 1983 to 1991 because of information pub-
 lished by Coy and Garshelis (1992), who noted
 that reproductive status could affect the depo-
 sition pattern of cementum annuli in females,
 and they identified new aging criteria for older
 males. Because Alt (1989) found most female
 black bears in Pennsylvania produced their first
 litter at age 3, we used teeth from females ?4
 years old to test if aging error differed between
 the 2 time periods. Similarly, only teeth from
 males in the >5-year-old age class were ana-
 lyzed because only the oldest black bears would
 have been affected by the change in aging cri-
 teria between the pre- and post-1992 periods.
 To test for differences in aging error resulting
 from changes in the aging criteria, we conduct-
 ed a chi-square test of homogeneity of the dis-
 tribution of errors between the pre- and post-
 1992 periods.

 If we found no differences between the error

 distributions of age estimates for the pre- and
 post-1992 aging criteria, we pooled data to test
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 Table 1. The distribution of error by known age class (yr) in the estimated ages of 671 male and female black bear teeth
 processed by Matson's Laboratory (Milltown, Montana, USA) using cementum-annuli layer counts from known-age black bears
 captured in Pennsylvania, 1983-96.a

 1983-91 time period 1992-96 time period

 Errorb 1 yr 2 yr 3-4 yr -5 yr Total 1 yr 2 yr 3-4 yr -5 yr Total
 Males
 4 1 1 2

 3 1 1

 2 1 1 2 1 2 3

 1 5 3 5 13 2 1 3
 0 156 31 22 4 213 113 25 6 11 155
 -1 1 1 1 1 3

 Females
 3 1 1
 2 1 1 1 1 2
 1 3 1 4 1 2 3
 0 86 33 34 27 180 41 6 8 14 69
 -1 1 2 5 8 1 1 2
 -2 3 2 5
 -3 1 1

 a Before 1992, paired cementum annuli in cub-rearing females were counted as complex annuli of a single year, and prominent accessory lines
 found in older-aged males were counted as years of age. Since 1992, the aging criteria has included the following sex-specific criteria: paired annuli
 in cub-rearing females have been identified as 2 separate years, and prominent accessory lines have been ignored in older-aged males.
 1 Estimated age - known age.

 for differences among age and sex classes of
 black bears. For each sex, we used a chi-square
 test of homogeneity to test for differences in
 distributions of direct error among the 4 cate-
 gories of age classes. We used the same test to
 test for differences in errors among age classes.
 To test if errors varied depending upon the
 date of tooth collection, we grouped the date of
 tooth collection into the following 3-month pe-
 riods: March-May, June-August, and Septem-
 ber-November. We excluded teeth collected

 from December to February because we col-
 lected few teeth during the hibernation period.
 We conducted a chi-square test to examine di-
 rect error distributions among the 4 age cate-
 gories during these time periods.

 RESULTS

 We collected and aged 671 teeth from 521
 known-age black bears. The number of first
 premolars removed from each black bear varied
 from 1 to 4: 384 (74%) had 1 tooth removed,
 127 (24%) had 2 removed, 7 (1%) had 3 re-
 moved, and 3 (<1%) had all 4 first premolars
 removed.

 We found no difference in the error distri-
 butions for males or females between the 2 time

 periods when we used different aging criteria
 (M: 22 = 4.2, P = 0.125; F: X22 = 1.1, P =
 0.586); thus, we pooled data from these 2 time
 periods for additional analyses. (Table 1). For

 females -4 years old, 12% (n = 51) were aged incorrectly during 1983-91, and 9% (n = 22)
 were aged incorrectly during 1992-96. All of
 the 9 incorrectly aged teeth were underesti-
 mated during 1983-91, as were both of the in-
 correctly aged teeth during 1992-96. For males

 -5 years old, 2 of 6 teeth were aged incorrectly during 1983-91; no teeth (n = 11) were aged
 incorrectly during 1992-96. Of the 2 incorrectly
 aged teeth during 1983-91, 1 was underesti-
 mated and 1 was overestimated.

 Fifty-four (8.1%) of the 671 teeth were aged
 incorrectly, and 35 (65%) were overestimates
 (Table 1). Twenty-seven (9.8%) of 276 known-
 aged female teeth were incorrectly aged. The
 median error for females was 0 years, with the
 error ranging from -3 to 3 years. Twenty-seven
 (6.8%) of 395 known-age male teeth were in-
 correctly aged, and the median error for males
 was 0 years, with the error ranging from -1 to
 4 years (Table 1). We found no differences in
 the distribution of errors among age-sex classes

 (X3 = 5.7, P = 0.126).
 As age increased, the percentage of teeth in-

 correctly aged also increased (M: fa = 29.7, P
 = 0.001; F: A23 = 11.5, P = 0.010). However,
 even within the oldest age class, the overall me-
 dian error was 0 years for all age-sex classes.
 Direct error percentages for the male age
 groups were 3% for the 1-year-old group, 10%
 for the 2-year-old group, 26% for the 3-4-year-
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 old group, and 12% for the >5-year-old group.
 Direct error percentages for the female age
 groups were 4% for the 1-year-old group, 11%
 for the 2-year-old group, 18% for the 3-4-year-
 old group, and 16% for the >5-year-old group.
 For both sexes combined, direct error percent-
 ages were 3% for the 1-year-old group, 10% for
 the 2-year-old group, 21% for the 3-4-year-old
 group, and 15% for the >5-year-old group. Cat-
 egorical error percentages corresponding to the
 1, 2, 3-4, and >5-year-old groups were 3%,
 10%, 5%, and 0% for males, and 4%, 11%, 4%,
 and 4% for females. For both sexes combined,
 categorical error percentages were 3% for the
 1-year-old group, 10% for the 2-year-old group,
 5% for the 3-4-year-old group, and 3% for the
 >5-year-old group.

 In addition, we found seasonal differences in
 aging error rates among our selected 3-month
 periods (M: A24 = 12.1, P = 0.017; F: 24 = 7.7,
 P = 0.104). The number of incorrectly aged
 teeth was greater than expected in black bears
 captured during September-November (M =
 11%, n = 198; F = 13%, n = 181). Fewer teeth
 were aged incorrectly than expected for teeth
 collected during March-May (M = 3%, n = 76;
 F = 4%, n = 49) and June-August (M = 3%,
 n = 120; F = 4%, n = 45).

 We reevaluated 51 of 54 incorrectly aged
 tooth sections (3 slides were lost). Nineteen
 (37%) could not be aged via standardized aging
 criteria, because of irregular cementum char-
 acteristics (e.g., nonannual annuli, indistinct an-
 nuli); 13 (25%) were aged incorrectly, probably
 because they were aged before the Coy and
 Garshelis (1992) modifications to the aging cri-
 teria; 13 (25%) had no explainable errors and
 may have been misclassified (e.g., teeth or slides
 were physically switched or recorded data were
 incorrect); 5 (10%) were broken during extrac-
 tion; and 1 (2%) was incorrectly aged, even
 though the annuli were normal and distinct.

 DISCUSSION

 McLaughlin et al. (1990) evaluated accuracy
 and precision of age estimates of black bears in
 Maine by counting cementum annuli. They
 tested concordance of ages estimated by expe-
 rienced and inexperienced readers with 100
 tooth sections selected from a black bear har-

 vest collection, and they tested precision of age
 estimates with pairs of multiple teeth removed
 from 185 black bears. Experienced readers as-
 signed identical age estimates to 59% of teeth

 in all trials, and inexperienced readers assigned
 identical age estimates to 31% of teeth. In ad-
 dition, they found cementum age and known
 age agreed for 49 (88%) of 56 black bears, and
 that teeth from older black bears were more

 likely to be aged incorrectly. An additional 7
 teeth (10%) were aged within ? 1 year of the
 true ages.

 The McLaughlin et al. (1990) methods dif-
 fered in 2 ways from those in our study. First,
 the sex-specific differences in cementum annuli
 described by Coy and Garshelis (1992) were not
 known to McLaughlin et al. (1990). Second, the
 cementum analysis method they used had not
 been described in a standardized, illustrated
 text: the method was taught verbally by expe-
 rienced technicians. Our study used the stan-
 dardized cementum aging criteria developed
 and tested for the first premolar of Alaska
 brown bears (G. M. Matson et al. 1993. A lab-
 oratory manual for cementum age determina-
 tion of Alaska brown bear first premolar teeth,
 unpublished. Matson's Laboratory, Milltown,
 Montana, USA). The findings of Coy and Gar-
 shelis (1992) were incorporated into these cri-
 teria and were expected to improve accuracy of
 cementum aging.

 Matson's Laboratory (G. M. Matson and J. K.
 Matson. 1995. Progress. Report 14, unpub-
 lished. Matson's Laboratory, Milltown, Mon-
 tana, USA) reported the relative agreement of
 known-age and cementum-age estimates for 61
 black bear teeth aged in their laboratory during
 1982-90 and 1994-95. During 1982-90, 10
 (37%) of 27 teeth were incorrectly aged. Six of
 the errors were ? 1 year, and 4 of the errors
 were >1 year (i = 5 yr). In 1994, all 4 teeth
 were aged accurately (z = 1 yr); in 1995, 7
 (23%) of 30 teeth were aged incorrectly, and all
 7 errors were ? 1 year (? = 5 yr). To date, 94%
 of known-age black bear teeth processed and
 analyzed at Matson's Laboratory either have
 been aged correctly (62%) or within 1 year of
 the known age (32%). We found that 97% of
 our black bear teeth aged by Matson's Labora-
 tory either had been aged correctly (92%) or
 within 1 year of the known age (5%). These
 results were the same as those of McLaughlin
 et al. (1990), who aged 98% of 56 teeth within
 1 year of the known age, and indicate our at-
 tempt to reduce errors by using detailed, stan-
 dardized criteria in a written and illustrated for-

 mat may have had little benefit. However, al-
 though extensive experience may minimize ag-
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 ing errors, a written and illustrated manual is
 still useful as a training and educational tool.

 In our study, the percentage of incorrect ce-
 mentum age estimates increased with increas-
 ing age in both male and female black bears.
 Error ranged from 3 to 26% in males and 4 to
 18% in females. The cementum annuli formed

 beyond the age of 5 years in both males and
 females may appear to be "double." For males,
 1 member of the pair is an accessory line; how-
 ever, in females, the second line is an additional

 year of age, with the paired appearance caused
 by an intervening year in which ?1 cub was
 reared. Because paired annuli have different or-
 igins in the 2 sexes, simply counting the most
 prominent annuli to estimate age is more likely
 to produce error in older males than in older
 females. Although the percent error was large
 in some age classes, the median error for all
 age-sex classes was 0 years, and the mean errors
 ranged from -0.20 to 0.37 years among all age-
 sex classes. There was no bias in the mean error

 for females (f = -0.03 yr, SE = 0.03), but there
 was a small positive bias in the mean error for
 males (J = 0.09 yr, SE = 0.02), and both sexes
 combined (i = 0.04 yr, SE = 0.02).

 The problem of biased estimates for males
 could be reduced by use of age categories rath-
 er than exact ages: categorical error ranged
 from 3 to 11%, and direct error ranged from 3
 to 26%. Because male ages are more likely to
 be overestimated, especially in older age class-
 es, categorical error is much lower than direct
 error. Similarly, categorical error was lower than
 direct error for females. Sauer et al. (1966) not-
 ed that annuli decrease in thickness with in-

 creasing age, which causes annuli of some older
 teeth to condense such that they are not indi-
 vidually discernable. Thus, cementum annuli
 become more difficult to interpret with increas-
 ing age. Our results indicated a similar difficul-
 ty, as Willey (1974) reported for Vermont black
 bears and McLaughlin et al. (1990) reported for
 Maine black bears: error rates were greatest in
 the older age categories. However, significant
 difficulty in estimation of age does not usually
 occur until Pennsylvania black bears are 8-10
 years old (G. M. Matson, personal observation).
 Unfortunately, inadequate sample sizes did not
 allow us to analyze error rates of specific age
 classes of black bears ?5 years old.

 When the aging criteria from Coy and Gar-
 shelis (1992) were used, the percentage of fe-
 males ?4 years old (i.e., females likely to have

 reared cubs) that were underestimated before
 1992 could have been much larger than those
 aged since 1992 because the closely spaced
 paired annuli were potentially incorrectly iden-
 tified as repeated, complex annuli of a single
 year. Our results indicated that, before 1992, 13
 of 18 incorrectly aged females were underesti-
 mated. Similarly, when applied to males 25
 years old, male-specific annulus characteristics
 could have resulted in a higher percentage of
 overestimates before 1992 because increasingly
 prominent accessory lines found in older-aged
 males were potentially incorrectly counted as
 annuli. Although our results seemed to support
 revising the aging criteria as reported by Coy
 and Garshelis (1992), the chi-square test was
 not significant. However, we note that sample
 sizes were small, especially for -5-year-old
 males; thus, we likely had low statistical power
 to detect differences in error distributions.

 An annulus is formed during winter in black
 bears (Sauer et al. 1966, Coy and Garshelis
 1992) and polar bears (Stirling et al. 1977). This
 most recently formed annulus first becomes ap-
 parent in histological sections of teeth extracted
 from black bears in late spring. The annulus be-
 comes clearly visible after deposition of lightly
 staining cellular cementum resumes during ear-
 ly spring and creates an outer, visually contrast-
 ing layer. Without the visual contrast of a pe-
 ripheral cementum layer, the most recently
 formed annulus may not be visible in early
 spring (Craighead et al. 1970, Pearson 1975).
 Therefore, black bears captured during the
 months of March, April, and May may have de-
 posited annuli that were not yet apparent to the
 tooth-section reader. Error would have oc-

 curred in cases where the spring date of extrac-
 tion was not provided at the time of age anal-
 ysis, because the reader would have seen no vis-
 ible evidence in the tooth section that the as-

 sumed 15 January annual birthdate had passed.
 We evaluated aging errors in teeth collected
 from March to May and found no evidence of
 lower accuracy.

 In contrast, teeth aged from black bears cap-
 tured during September-November had more
 errors than expected. A potential source of ag-
 ing error in teeth from black bears killed in the
 fall is prominent accessory lines formed during
 summer (Coy and Garshelis 1992). Further in-
 vestigation is needed to determine if this time
 period, associated primarily with the hunting
 season, corresponds to factors (e.g., environ-
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 Dentine Cementum
 Fig. 1. This tooth was extracted from a 9-year-old, known-age female black bear who was aged incorrectly as 7 years old.
 Nine annuli might have been visible if the tooth had not been broken. In addition, the crown of the tooth was removed below
 the gum line, which may have created further difficulty in age estimation. Tooth breakage during extraction and poor tooth
 preparation are important sources of error when aging teeth.

 mental or physiological changes) that affect ce-
 mentum deposition. However, we note that
 many of the teeth used in our analysis were col-
 lected during the hunting season. Because hun-
 dreds of teeth are collected in a short period of
 time, handling errors may be greater and may
 partly explain the higher error rates.

 Following our reevaluation of incorrectly
 aged teeth, we identified potential sources of
 aging errors. One source of error occurred
 when teeth were broken during extraction, and
 the resulting loss of cementum was believed to
 be a cause of underestimation error (Fig. 1). A
 second source of error involved irregular ce-
 mentum characteristics to which standardized

 aging criteria could not be applied accurately
 (Fig. 2). Consequently, these first 2 sources of
 error were beyond the control of the tooth
 readers. Some environmental conditions, such
 as particularly abundant or scarce food re-
 sources, may cause the formation of irregular
 annuli, which could result in incorrect age es-
 timates (Coy and Garshelis 1992). Also, some
 black bear populations have unusually promi-

 nent accessory lines that serve as important
 sources of error in younger black bears. Acces-
 sory lines are identified by their absence from
 some parts of the section where cementum an-
 nuli remain clearly and continually visible (G.
 M. Matson, personal observation). In younger
 black bears, however, they are not repeated of-
 ten enough for the reader to recognize the
 paired annual pattern, which does not uniform-
 ly occur in all individuals. Another irregularly
 occurring cementum characteristic that poten-
 tially caused aging error was the presence of
 indistinct annuli. A third source of error was sex

 differences in cementum-annuli patterns that
 Matson's Laboratory aging criteria did not in-
 clude until after they were described by Coy
 and Garshelis (1992; Fig. 3). Twelve of 13 teeth
 characterized with this type of error were aged
 during 1983-91, but these teeth probably would
 have been aged correctly with the revised aging
 criteria. A fourth source of error was presumed
 to be a result of tooth misidentification because

 the aging criteria for the sections were so well
 satisfied that the chance of error for these teeth
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 Fig. 2. This tooth was extracted from a male black bear with a known age of 6 years but was aged incorrectly as 5 years old.
 The indistinct 1-year annulus is atypical and exemplifies errors caused by unusual and unpredictable cementum variations.

 was considered remote (Fig. 4). Misidentified
 teeth could be the result of physical switching
 of teeth by field or lab personnel or data-re-
 cording errors; however, we had no evidence
 that could confirm this type of error.
 In addition to these sources of errors, tooth

 sections prepared at Matson's Laboratory prior
 to 1990 did not include the tooth's crown. As a

 result, valuable gum-line cementum was re-
 moved from an area of the tooth where annuli

 are most distinct (Fig. 1). Age estimation is
 most accurate when a complete tooth section is
 obtained, because a reader can better differ-
 entiate accessory lines from annuli. Therefore,
 although identification of this type of error in
 tooth sections is difficult, removal of crowns
 should be considered as a potential source of
 aging error.

 Of the 51 incorrectly aged teeth that we re-
 evaluated, 37 (73%) had aging errors attributed
 to specific characteristics of individual black
 bears, teeth being broken, or presumed mis-
 identification of teeth. These sources cannot be

 controlled by readers and could potentially ac-
 count for an overall error rate of 6% (37 of 671)
 of the teeth aged in this study. We determined

 that an error rate of 2% (13 of 671) could po-
 tentially have been caused by sex-specific ce-
 mentum-annuli characteristics being incorrectly
 interpreted before 1992.

 Accuracy of cementum aging is limited by
 physical and histological factors. The physical
 factors (e.g., broken or misidentified teeth) can
 be minimized by careful handling and sample
 preparation. However, histological characteris-
 tics of cementum will vary not only among dif-
 ferent black bear populations, but also among
 individuals within the same populations. In
 Pennsylvania black bears, the spacing and
 prominence of the accessory line is an impor-
 tant potential error source, but is less so in oth-
 er black bear populations. Precision and accu-
 racy should be assessed for each black bear
 population to account for population-specific
 histological characteristics that produce error.

 MANAGEMENT IMPLICATIONS

 Age-specific estimates of population param-
 eters (e.g., survival and birth rates) are lacking
 for many long-lived species of mammals (Jor-
 genson et al. 1997). One reason for this lack of
 data is because knowledge of the age of adults
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 Fig. 3. This tooth was extracted in 1984 from a male black bear with a known age of 2 years and was incorrectly aged as 1
 year old. The 1-year annulus is clearly separated from the dentine-cementum junction in the illustrated portion of the tooth.
 Nearer the tip, however, the annulus is indistinguishable from the junction. Aging criteria used since 1992 for aging black bears
 probably would have prevented this aging error.

 is available only for individuals first captured at
 an age that can be assigned unambiguously
 (e.g., cubs). Consequently, large samples of in-
 dividuals marked at a known age are needed so
 that adequate numbers of older, known-aged in-
 dividuals remain alive for study (Nichols et al.
 1997). However, if captured black bears can be
 assigned an age accurately as an adult, then
 smaller sample sizes would be required when
 modern capture-recapture models are used to
 estimate age-specific population parameters
 (Buckland 1980, Laake 1992, Lebreton et al.
 1992).

 Our results indicated little or no bias for es-

 timates of age for various age and sex classes of
 black bears when we used counts of tooth ce-
 mentum annuli. Our overall error of 8.1% could
 have been reduced to about 6% if the revised

 aging criteria implemented in 1992 had been
 available for teeth aged before that year, and if
 the 13 teeth aged incorrectly for unexplained
 reasons were physically mishandled (e.g., teeth
 or tooth slides were switched). However, human
 error while labeling and physically handling

 teeth is unavoidable, and some teeth have ir-
 regular cementum characteristics that cannot
 be aged correctly. Despite these sources of er-
 ror, however, we believe that counting tooth ce-
 mentum annuli is an accurate technique for ag-
 ing Pennsylvania black bears because the per-
 centage of teeth aged incorrectly was small, and
 the mean aging error indicated little or no bias.

 To obtain the accurate age estimates, cemen-
 tum aging error for any population of black
 bears can be minimized by the following: (1)
 avoid breaking teeth or damaging the cemen-
 tum layer; (2) do not boil skulls or mandibles to
 facilitate extraction, because boiling lessens dif-
 ferential staining of annuli; (3) do not clean
 teeth with corrosive chemicals (e.g., bleach),
 because corrosive chemicals destroy cementum;
 (4) keep careful records of sex and date of tooth
 extraction and verify physical transfer of teeth;
 (5) require that tooth readers use a written and
 illustrated method for cementum aging that in-
 cludes criteria for interpretation and identifies
 potential error sources; (6) for cementum aging,
 use readers who are experienced with a stan-

This content downloaded from 
�������������172.221.78.63 on Fri, 13 Aug 2021 19:09:33 UTC������������� 

All use subject to https://about.jstor.org/terms



 1290 AGING BLACK BEAR TEETH * Harshyne et al. J. Wildl. Manage. 62(4):1998

 2 Year

 Periodontal
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 Fig. 4. This tooth was extracted from a female black bear with a known age of 4 years and was incorrectly aged as 2 years
 old. The 2 distinct annuli, and intact cementum layer as evidenced by the presence of the periodontal membrane, suggests this
 aging error is the result of tooth misidentification.

 dardized aging method and who have been test-
 ed for accuracy and precision; (7) continually
 test tooth readers via teeth from known-age
 black bears or 2 teeth from the same black bear

 in which pair identification is withheld from the
 reader.
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