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ABSTRACT: Although coyotes are a natural component of southern California ecosystems, they are sometimes considered a nuisance 
because their opportunistic habits and tolerance for urban and suburban environments bring them into conflict with people. Recent 
attacks on people and pets have increasingly led to lethal control of nuisance animals, yet it is unclear whether the demographic 
distribution of nuisance individuals is representative of the coyote population as a whole. We used two methods, cementum annuli 
analysis and tooth wear, to estimate the age of coyotes collected as nuisance or road-killed animals in southern California. Age 
estimates based on tooth wear, a non-lethal method, were broadly similar to those from cementum annuli analysis, although tooth-
wear estimates were highly variable and tended to overestimate age, especially for younger individuals. The demographic structure 
of coyotes collected as nuisance animals was biased toward young adults and males, which suggests that this demographic class may 
be more likely to killed by control efforts, possibly because their behavior creates greater opportunities for conflict with people.  
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INTRODUCTION 

Coyotes (Canis latrans) are opportunistic predators 
that can live in a variety of habitats, including urban and 
suburban environments (Bekoff 1977, Bateman and 
Flemming 2012). Habitat fragmentation caused by the 
expanding urban environment has altered coyote move-
ments and foraging activity to allow them to use the urban 
landscape (Tigas et al. 2002, Poessel et al. 2017). Coyotes 
also tend to display bold behaviors, which may explain the 
frequency of human conflict in developed areas (Breck et 
al. 2019). Adult coyotes can become habituated to human 
disturbance from continuous exposure, especially when 
reinforced by intentional feeding, and pass on these risky, 
less fearful behaviors to their offspring (Schell et al. 2018). 
In addition, the abundance of anthropogenic foods (e.g., 
pets, pet food, unattended garbage, fallen fruit) are highly 
attractive to these dietary generalists and create opportuni-
ties for conflict between coyotes and people, including the 
killing of pets and even attacks on humans (Green et al. 
1994, Baker and Timm 1998, Timm et al. 2004, Murray et 
al. 2015). As a result, many communities in southern 
California have resorted to using private and government 
agency trappers to remove nuisance coyotes, a practice that 
may not be sustainable over the long-term (Bateman and 
Flemming 2012).  

Because the behavior and home range of coyotes varies 
among demographic classes (Bekoff 1977, Gese et al. 
1988, 1989), it is reasonable to expect that age and sex 
could affect the likelihood that a coyote will interact with 
people. Coyote populations tend to have an older age 
structure in areas where populations are not exploited, and 

older, territorial coyotes are more likely to be a nuisance 
and therefore be controlled in agricultural settings (Dumond 
and Villard 2000, Houben and Mason 2004). On the other 
hand, younger, subordinate individuals may wander more 
or be forced into poorer quality habitat and be more 
desperate for food and shelter associated with the urban 
environment, making them bolder (Gese et al. 1988). Little 
information exists on the demographic structure of urban 
coyote populations in California, or how age affects the 
potential for conflict with humans (Way and Strauss 2004). 
Knowledge of the age distribution of urban and suburban 
coyotes will allow a better understanding of how urbaniza-
tion affects coyote populations in southern California, and 
may help identify coyotes that are more likely to encounter 
people, which, in turn, might minimize conflict and reduce 
the need for lethal control.  

Cementum annuli analysis (CAA), the most common 
method used to age mammals, involves extracting and 
sectioning a canine tooth to count the cementum layers 
(annuli) that form approximately each year of life. Among 
canids, CAA has been used to estimate the age of coyotes, 
gray wolves (C. lupus), and red foxes (Vulpes macrotis) 
(Allen 1974, Landon et al. 1998, Scrivner et al. 2014). 
Although the CAA method is considered accurate, it can 
only be humanely used on dead animals because it is 
unethical to remove a canine tooth from a live individual. 
In addition to the immediate pain caused, coyotes and other 
carnivores depend upon their canine teeth for feeding and 
social interactions, so their removal would likely reduce 
survival. Visual inspection of tooth wear (TW) is another 
method to estimate age, although it is not considered as 
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precise or consistent as CAA (Bowen 1982). Gipson et al. 
(2000) used TW to age gray wolves of known age and 
suggested changes that could improve the reliability of this 
technique. However, the effectiveness of TW for aging 
coyotes, which tend to eat a more variable diet, has not 
been established.  

We used CAA and TW methods to estimate the age of 
100 coyotes killed in southern California as a result of 
nuisance control efforts or as roadkills and compared the 
two methods to determine if TW could be used to age 
coyotes non-lethally. We then estimated the age distribu-
tion of an expanded dataset of 173 coyotes to determine if 
particular age classes or sexes are overrepresented among 
those killed as nuisance animals compared to roadkills. 

 
METHODS 

Mandibles used for the comparison of CAA and TW 
age methods were initially collected from March 2016-
January 2017 during gross necropsy of 100 coyotes. 
Additional samples were collected until August 2019 and 
used to complete a demographic analysis of euthanized 
and road-killed coyotes (n = 173). Coyotes were humanely 
taken under license using a variety of euthanasia methods, 
including Belilse Foot Snares, Collarum® Live Capture 
canine devices, snares, and shooting, by private trappers 
and animal control agents (n = 125), or killed by vehicles 
(n = 48) in urban areas throughout southern California. 
Most samples came from Orange County (n = 88) and Los 
Angeles County (n = 72), although a few (n = 13) 
originated from other urban areas in San Bernardino, 
Fresno, Riverside, and San Diego counties. Necropsies 
were conducted at the South Coast Research and Extension 
Center in Irvine, CA, during which mandibles were 
removed and stored at -20°C. Based on behavioral patterns 
and previous demographic studies (Bekoff 1977, Gese et 
al. 1988, 1989, Harrison et al. 1991, Dumond and Villard 
2000), we defined four age classes: coyotes less than 1 year 
old (juveniles); ages 1-2 years old (young adults); ages 3-
5 years old (adults);  and age 6 years or older (older adults). 

To extract the canine tooth, we removed a mandible 
from the freezer, and any remaining tissue was removed 
manually. We then inserted the mandible into a mesh bag 
(to prevent any teeth from being lost) and placed it in an 
85°C water bath for approximately 6-8 hours to loosen the 
teeth. One lower canine was extracted using pliers, and 
excess marrow was cleaned from the tooth root using 
nylon net fabric to minimize damage to the cementum 
layers. To be consistent, only left canines were collected 
unless they were too damaged to be analyzed. Extracted 
teeth were air dried for at least 10 minutes. We sent tooth 
samples to Matson’s Laboratory (Manhattan, MT) for 
processing and CAA age determination. If a mandible 
clearly contained milk teeth and underdeveloped carnas-
sials, the mandible was assigned an age of 0-6 months 
(Linhart and Knowlton 1967, Nellis et al. 1978) and the 
tooth was not sent for analysis. The age determined by 
CAA was considered to be the most accurate estimate of 
true age. 

After the canine was removed, we cleaned the entire 
mandible to the bone using a toothbrush and nylon net 
fabric. Using a Sony Canon Cyber Shot 20.1-megapixel 
camera, we took frontal and lateral images of each 

mandible. The camera was placed at the same level as the 
sample, zoomed in so that the mandible filled the screen, 
and shot with an exposure value (E.V.) of -2.0 with flash 
to maximize the contrast and make tooth wear easier to 
examine. The top of the flashbulb was covered to minimize 
reflection and to ensure a dark background. 

Age was estimated visually by inspecting the condition 
of the incisors, canines, and carnassial teeth, using Gipson 
et al. (2000) as a guide for tooth wear (TW) inspection. We 
estimated age for each type of tooth and took the average 
of these estimates as the TW age estimate for that 
individual. If estimates from the different tooth types 
varied greatly, we gave more weight to the condition of the 
incisors, which tend to have a more consistent rate of wear 
and tear (Gipson et al. 2000). TW age was assessed prior 
to obtaining results from CAA to avoid any bias. Examples 
of tooth wear were created for each age class, and 
representative mandibles were chosen based on CAA and 
consistency of tooth wear (Figure 1). 

Eighteen individuals of the 100 samples used for the 
age method comparison were determined to be less than 
six months old and were not subject to CAA. The teeth for 
the remaining 82 individuals were examined using CAA 
and TW analysis and consistency between methods was 
determined using Pearson correlation. Demographic 
analysis was based on CAA ages only. Differences 
between euthanized and road-killed coyotes were analyzed 
using chi-square contingency and Kolmogorov-Smirnov 
tests. 
 

 
A) 
 
 

 
B) 
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Figure 1. Variations in coyote tooth wear patterns as a 

function of age class (A and B = <1 yr, C and D = 1-2 yr, E 
and F = 3-5 yr, G and H = 6-9 yr).  

 
RESULTS 

Results from TW and CAA were positively correlated 
(r = 0.78, p < 0.001), although TW tended to overestimate 
coyote age, especially for younger animals (<2 years old; 
Figure 2). Only three individuals in this group were 
accurately aged. Compared to CAA estimates, TW age 
estimates ranged from a difference of 1-4 years for 
juveniles and 1-6 years for young adults, primarily due to 
evidence missing, damaged, or heavily worn teeth. Age 
was more accurate for adults, especially older adults, 
where TW age was within 1-2 years of that estimated by 
CAA. 

Younger individuals made up the majority of both 
euthanized and road-killed populations (Figure 3; X2 = 
7.33, df = 1, p = 0.06). Most euthanized coyotes were 
young adults (44%) and juveniles (30%). Older adults 
(8%) made up the smallest percentage of the sample 
population, followed by adults (18%). The age distribution 
was similar for coyotes collected as roadkill. Most were 
juveniles (50%) or young adults (31%), with coyotes aged 
3 years or older making up the last 19%.  

Males were overrepresented in the sample population 
with an overall sex ratio of 60:40 (M:F = 103:70), but sex 
ratios were not significantly different between euthanized 
and road-killed coyotes (Figure 4; X2 = 1.53, df = 1, p = 
0.22). Sex ratios were also compared within age classes of 
euthanized and road-killed coyotes, and the adult and older 
adult age classes were pooled due to low numbers in the  
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Figure 2. Comparison of estimated age of coyote teeth 

using tooth wear (TW) to those from cementum annuli 

analysis (CAA, n = 82). Mandibles of 18 individuals with 

milk teeth were assigned an age of 0-6 months and were 

not analyzed using the CAA method. The dashed line 

represents a 1:1 ratio. 

 
 
 

Figure 3. Age distribution between euthanized (EUTH) and 
roadkill (RDK) coyotes in southern California between 
March, 2016-August, 2019. Age was based on CAA. 

 
 
 
 

Figure 4. Sex ratios of euthanized (EUTH) and road-killed 
(RDK) coyotes in southern California (n = 125). 

road-killed sample (Figure 5A-B). Sex ratios were not 
significantly related to age class in euthanized animals and 
were male-biased regardless of age (Figure 5A; X2 = 2.98, 
df = 1, p = 0.39). Significant sex ratio differences were 
observed between age classes of road-killed coyotes 
(Figure 5B; X2 = 6.14, df = 1, p = 0.046). Males were 
significantly over-represented among coyotes aged three 
years or older (89%) compared to females (11%), but the 
small number of animals in this age class (n = 9) may have 
skewed the result.   

A large number of coyotes were collected during July, 
which was attributed to the large number of euthanized 
coyotes (35%) collected during this month (Figure 6). As 
a result, the distributions of monthly collection dates of 
euthanized and road-killed coyotes were significantly dif-
ferent (Figure 6; K-S test, D = 0.245, p = 0.02). Although 
more coyotes were collected during July compared to other 
months, the age distributions and sex ratios of coyotes 
collected during the two time periods were broadly similar 
for both euthanized and road-killed animals. 

 
 

5A) 

5B) 
 
Figure 5. Sex ratios within each age class for (A) euthanized 

coyotes (n = 125) and (B) road-killed coyotes (n = 48) in 
southern California. Age was based on CAA. 
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Figure 6. Temporal distribution for euthanized (EUTH;  
   n = 123) and roadkill (RDK; n = 42) coyotes in southern 

California based on month of collection. Collection dates 
were not available for two EUTH coyotes. 

 
DISCUSSION 

The two methods of age estimation, CAA and TW, 
gave roughly similar results, although the non-lethal TW 
method tended to overestimate coyote age, especially for 
young individuals (Figure 2). Nearly all juveniles and 
young adults were estimated by TW to be two or more 
years older than their estimated CAA age. The high 
variability in the tooth wear for younger coyotes may 
reflect the opportunistic diet of urban coyotes, where 
access to ample anthropogenic food may contribute to 
unusual and idiosyncratic patterns of tooth wear. The TW 
method was able to distinguish among the ages of older 
coyotes and could be used to complement other gross 
measures of coyote age, e.g., size, weight. Overall, TW 
may not be a consistently reliable method to estimate age 
structure of most urban coyote populations.  

Based on CAA, the age distribution of the complete 
sample of 173 was dominated by younger age classes 
(Figure 3). Approximately 76% of coyotes were two years 
old or younger, a pattern that was broadly similar between 
euthanized and road-killed samples. This pattern seems to 
be typical of exploited populations (Knowlton 1972); for 
example, Nelson and Lloyd (2005) reported that 70% of 
the coyote population in Illinois was less than two years 
old. The relatively large number of young adults seen in 
urban environments might reflect the effects of human 
activity on coyote populations. Habitat fragmentation 
forces coyotes to expand their territories and travel among 
multiple fragments, but they tend to avoid areas of high 
human activity during the day and venture into the urban 
environment at night (Tigas et al. 2002). Travel among 
fragments may facilitate intraspecific contact and, possi-
bly, lead to more breeding. Female coyotes may also 
reproduce during their first year in times, or in locations, 
of high food availability (Gier 1968).  

The disproportionately large number of young adults in 
the euthanized sample suggests that young coyotes may be 
more likely to behave in ways that make them a nuisance 
to people (Figure 3), although the inexperience of young 
coyotes could also make them more vulnerable to the types 

of control activities used (Windberg and Knowlton 1990, 
Sacks et al. 1999). Juveniles were found to be more sus-
ceptible to vehicle collisions, and control efforts were 
similarly biased towards younger individuals (Windberg 
and Knowlton 1990, Sacks et al. 1999). Despite the similar 
bias, we observed different age class distributions between 
euthanized and road-killed samples. The relatively large 
number of young animals euthanized suggests that these 
young animals may behave in ways to put them at greater 
risk. Younger individuals are more likely to be transient 
and susceptible to exclusion by territory-holding adults 
(Gese et al. 1989). In Rhode Island, transient coyotes 
forage and travel in natural areas in an urban-rural 
landscape, but their tendency to avoid territory holders 
may encourage transients to utilize urbanized areas more 
(Mitchell et al. 2015). It is not known if this behavior 
occurs among the more habituated coyotes of southern 
California, but young, transient individuals may be 
excluded by territory-holders and forced to seek out less 
favorable resources within urban areas. Anthropogenic 
resources are easily accessible but may be of poor quality, 
and their selection puts coyotes in closer proximity to 
people (Murray et al. 2016). This problem, however, 
merits further study.  

A balanced sex ratio is expected in coyote populations 
found in lightly exploited, rural environments (Dumond 
and Villard 2000). In contrast, populations in urban and 
exploited environments are often female-biased because 
males, which are wide-ranging and have larger territories, 
may be more vulnerable to control efforts (Knowlton 1972, 
Gese et al. 1988, Nelson and Lloyd 2005). There were no 
significant differences in sex ratios between euthanized 
and road-killed coyotes in our study, which suggests that 
sex alone may not be a good indicator of nuisance behavior 
(Figure 4). While adult coyote sex ratios were similar 
between euthanized and road-killed animals, the opposite 
pattern appeared among younger coyotes (Figure 5a-b). 
The heavily male-biased ratios of euthanized animals in 
particular suggest that young, male coyotes may behave in 
ways that are perceived by people to be a nuisance. The 
higher proportion of young males could be due to higher 
population numbers and susceptibility to control method; 
however, younger individuals are similarly susceptible to 
vehicle collisions. Despite similar susceptibility among 
juveniles for both methods, male-biased ratios are not 
observed among road-killed samples. This tentative 
conclusion requires a larger sample of road-killed animals 
to confirm the presence or lack of sex differences among 
age classes. 

It is also worth noting that the significant differences in 
sex ratios among road-killed age classes suggests male 
coyotes aged older than 2 years might be more susceptible 
to human impacts through lethal vehicle collisions (Figure 
5b). Detailed studies of the movements and spacing 
behavior of coyotes in southern California, along with a 
larger roadkill sample size, are needed to determine if the 
behavior and home range of adult males makes them more 
likely to travel across roads and be hit by vehicles.  

Most coyotes in our sample were collected in July 
(Figure 5). Significant differences between July and other 
months did not appear to be influenced by age or sex, but 
instead reflected the large number of individuals killed as 
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nuisance animals during mid-summer. Pups born in April 
and May emerge from natal dens at about this time and 
transition to more solid foods (Bekoff 1977, Harrison et al. 
1991, Green et al. 1994), and breeding coyotes may take 
more risks to provide for their young (Sacks et al. 1999). 
Increasing hunting activity by breeders and their pups may 
result in entire family units removed by control efforts at 
this time. In urban areas, coyotes are targeted for removal 
when their aggressive behaviors pose a serious hazard to 
local communities (Timm et al. 2007). The large number 
of nuisance coyotes taken could indicate target removal is 
inefficient at removing problem individuals, but the 
disproportionate number during the summer months could 
be better attributed to the general outdoor activity. People 
may be outdoors more during long days of summer, which 
might bring them and their pets into contact with coyotes 
more, leading to more nuisance complaints.  

Our study is part of a larger project to study the diet and 
ecology of coyotes in southern California that takes advan-
tage of a large number of coyotes killed each month in the 
region. To date, carcasses of nearly 700 coyotes euthanized 
or collected as roadkills have been delivered to our lab 
since 2015. There may be alternative methods to reduce 
conflict between coyotes and people without such high 
mortality. Culling coyote populations can reduce intraspe-
cific competition between females, which may increase 
litter size and, ultimately, population densities (Bateman 
and Flemming 2012, Kilgo et al. 2017). One possible solu-
tion is to consider ways to manage natural habitats, includ-
ing construction of wildlife corridors (Tigas et al. 2002). 
Safe pathways would allow coyotes to move between frag-
ments with minimal human contact and may reduce the 
likelihood of conflict associated with maneuvering the 
urban landscape. Non-lethal methods of control, such as 
sterilization, might reduce coyote numbers slowly, and 
change the behavior of individuals (Seidler et al. 2014). 
Lastly, more public education, especially during summer 
months, is needed to help the public understand that the 
best way to avoid conflict is to avoid attracting and 
habituating coyotes to humans by removing anthropogenic 
foods, reducing shelter, securing trash, and keeping pets 
indoors.  
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