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Mammalogy Lab 7 - Population Biology 
 I. The Goal 

 The goal of this lab is to acquaint you with some of the techniques that are used in collecting 
population data for mammalian species. Such data are basic requirements for understanding 
many ecological and life history phenomena and for managing most species of wildlife. A 
population of mammals may be defined as a group of interbreeding individuals that occupy an 
area in a given time period. Inferences about the growth of populations, rates of increase, and 
life history strategies requires information on the birth rate, death rate, sex ratio, and age 
structure of populations. In addition, accurate estimates of spatial distribution and movements 
are important for interpreting many ecological processes. 

 
II. Age Determination 
  Age is one of the most important parameters in studies of mammals. Knowledge of the age 

structure of populations is necessary for the proper management of populations and for 
understanding life history strategies. 

 
A. Aging Criteria 
 

1. Known Age - specimens for which the date of birth was observed and the individual 
uniquely marked. 

 
2. Absolute Age - determined by counting incremental growth lines in various structures 

of wild-caught individuals. 
 
3. Relative Age - assignment made based on comparisons of other individuals in the same 

samples 
 

a. Adult - the larger and potentially breeding members of a population 
 
b. Subadult - typically smaller than adult, may or may not be in breeding condition 
 
c. Juvenile - typically smaller than subadult, and often has a pelage coloration that 

differs from the adults and subadults. 
 

d. Nestlings - recently born individuals that are still confined to a nest. 
 
B. Relative Growth of Skull, Skeleton, and Body 
 

1. Dimensions and Weight. In early life, growth in mammals is continuous; this provides 
a means for separating the youngest individuals from the rest of the population. 
Increases in linear dimensions and weight may be useful indicators of age during the 
earliest portion of a mammal’s life, but these indicators rapidly lose their utility once 
adult dimensions are reached. These measurements are frequently utilized in live-
trapping studies because of their simplicity and because there are few suitable 
alternatives for live animals. 
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2. Degree of Fusion of Epiphyseal Cartilage. The degree of fusion of the distal epiphyseal 
cartilage of the limb bones has been used to determine relative age. The technique, 
however, is less accurate than other methods, but may be used in cases where sample 
preservation is variable. 

 
3. Baculum. For male mammals, the weight, length, and volume of the baculum may 

provide a means for separating juveniles from the population. More precise age 
determinations are not possible using this technique. 

 
C. Relative Growth and Morphology of Teeth 
 

1. Tooth Wear. Examination of wear on teeth has been widely utilized to separate 
mammals into age groups. The accuracy of this technique also depends on the age of 
the animal and the type of tooth examined, and young animals tend to be classified as 
older than their true age. The incisors tend to be useful in canids, whereas the molars 
are more useful in aging cervids. Generally, tooth wear is a less accurate technique than 
methods based on discrete data (tooth eruption, annulations in tooth or cementum, etc.) 

 
2. Tooth Eruption. In many rodents, the pattern of tooth eruption is a useful indicator of 

age during the first few months of life. In terrestrial cetartiodactyls, tooth eruption 
sequences are often used to group individuals into year (or seasonal) classes for the 
first few years of life. 

 
D. Relative Growth of Eye Lens 
 

In many small mammals, neither tooth wear nor pattern of tooth eruption is particularly 
useful in the estimation of age. Other methods have been developed for many of these taxa 

  
1. Weight of Eye Lens. The weight of the eye lens increases with age and thus many 

studies of age structures of populations have relied on weighing the lenses that have 
been removed from specimens and dried. 

 
A growth-rate curve is constructed from conspecific individuals of known age, and the 
age of experimental animals can be estimated by measuring the weight of their lens and 
extrapolating from the growth curve (see exercise 1). This technique appears to be most 
useful for medium-sized mammals, during the period of rapid growth prior to the 
attainment of adult size. 

 
2. Measurement of Lens Protein. Lens weight is difficult to use for small mammals 

because of the relatively large measurement errors. The technique for measuring the 
amount of lens protein was developed by Dapson and Irland (1972). The amount of 
soluble tyrosine increases linearly with age in young animals, but the relationship ceases 
in older animals. However, the amount of insoluble tyrosine increases curvilinearly with 
age for up to 750 days. 
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Again, a growth-rate curve is constructed from individuals of known age, and the age 
of individuals from a population of interest can be estimated by measuring the amount 
of soluble and/or insoluble tyrosine and extrapolating from these curves. 

 
E. Absolute Growth Lines: 

The growth of teeth and bones in mammals is not uniform throughout the year. Narrow 
and wide layers of dentine, cementum, and bone may be laid down in different seasons of 
the year or in annual increments. These growth lines provide an absolute age for an 
individual since the units are discrete and not subject to continuous variation inherent in 
the criteria for relative growth. 

1. Teeth: Dentine and Cementum. Growth lines in teeth have been used successfully to age 
marine mammals and other long-lived species. It’s been suggested that cementum may 
provide more reliable age estimates than dentine. 

 
2. Periosteal Lines in Bones. Sections of mandibles have been used to age both pikas and 

mink. Sections are prepared by decalcification of formalin fixed material. Periosteal 
lines are generally thicker than lines in cementum and may be easier to interpret. 

 
3. Growth Lines in Horns. Seasonal changes in forage quality causes the deposition of the 

keratinized epithelial layers in horns to be unequal. These growth lines have been used 
to estimate year classes of bovids. 

 
III. Home Range. 
 

The home range of an animal is the area that it occupies during the course of its life, exclusive 
of migration, emigration, or unusual erratic wanderings. The size of the home range is related 
to the energy demands of a species, with herbivorous forms generally having smaller home 
ranges than predators. In addition, home range often involves a third dimension, up into trees 
or down into burrows.  

 
The area of a home range can be estimated using a variety of techniques including trapping 
grids, radioisotopes, radio telemetry, and individual observation. All these techniques involve 
repeated captures or observation of marked or otherwise identifiable individuals plotted on a 
map of the trapping grid or study area.  

 
One continuing problem with estimates of home range is that no study has been able to assess 
the accuracy of any method of estimation (Conroy, 1996). The reason for this is that there is no 
individual for which the actual home range is known, and no known method for conducting 
computer simulations.All methods of estimating home range size, as well as estimates of 
abundance (next section) require animals to be captured and marked in some manner. 

 
A. Marking Methods - An excellent review of marking methods for mammals is given by 

Rudran (1996). 
 

1. Tagging. Tagging usually involves the attachment of a numbered metal or plastic tag to 
an animal. 
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a. Small rodents are frequently marked with fingerling tags (designed for fish) 

attached to the ear. 
 
b. Bats are often tagged (banded) with bird-type bands secured loosely around the 

distal portion of the forearm. 
 
c. Collar tags or large ear tags marked with reflective tape are often used with larger 

mammals so that they can be identified at a distance. 
 
d. With increasing frequency, population biologists are injecting micro-transmitters 

into animals that are essentially passive until they receive a signal from the 
investigator. These can be set to a unique frequency for each individual 
captured in a given study. 

 
2. Toe Clipping and Ear Punching. As long as adequate precautions are taken during the 

marking process (e.g., treatment of the marked area with antibiotics), these methods are 
well-suited to study of small mammals (mouse- to rat-sized). One disadvantage is that 
the marks produced can be confused with natural injuries sustained during the course of 
the animal’s life. 

 
Toe clipping was used for decades, and a variety of marking schemes have been devised 
that to allow for unique identification of several hundred animals. These methods are 
currently not used very much. 

 
3. Coloring and Freeze Marking. Dyes can be used to mark mammals; these can be 

semipermanent, or rather ephemeral (fluorescent powder). In addition, a pressurized 
refrigerant, dichlorodifluoromethane, may be used to alter the natural pigment patterns. 
Freeze branding can also be accomplished by use of an iron brand that has been super-
cooled in liquid nitrogen. 

 
4. Tattooing. Tattoos have been used to mark a number of mammal species (i.e., White-

tailed deer, snowshoe hares), however this method is only useful for species with rather 
pale skin. 

 
5. Radiotelemetry. Collars with radio transmitters and battery packs (or solar cells) can be 

attached to the backs or necks of animals to provide a variety of data types, including 
movements, activity patterns, and physiological states (biomitters that emit pulses at 
different rates depending on body temperature can be surgically implanted and used to 
determine patterns of torpor, for example). Telemetry studies have a very high initial 
cost, but this is often offset by the fact that very many locality coordinates can be 
collected at a relatively low cost per datum. 

 
III. Estimation of Relative Abundance and Density. 

Accurate estimates of population densities are important for answering many empirical and 
management questions in ecology and population biology. An excellent review of the methods 
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used to estimate these values is given in Chapter 10 (different sections by different authors) of 
Wilson et al. (1996), Measuring and Monitoring Biodiversity: Standard Methods for Mammals. 
 
A. Overview: There are a number of methods for estimating population sizes. The most 

appropriate method for a particular study will depend on the size of the species of interest, 
the habitat in which the species occurs and various aspects of the behavior of the species. 
The table below is taken from Wilson et al. (1996) and is meant to provide general guidance 
in choosing a method. 

 
ABUNDANCE ESTIMATORS 
_____________________________________________________________________________ 
 
I. Animals readily observable and countable. 
 

A. Animals easily counted without error: large or conspicuous species, diurnal, in open 
habitats, visible from air, groups of moderate size 

Method: Complete counts (often conducted from aircraft). 
 
B. Some individuals likely to be missed in counting, so some underestimation likely: 

animals large and diurnal, but obscured by habitat features or very large groups. 
 

1. Every individual in a small subunit or the sampling area can be counted. That is, 
labor intensive ground counts can yield exact counts for a small area. 

Method: Double sampling to estimate observability. 
 
2. Not every individual in a small subunit can be counted, but a marked subsample of 

animals easily obtained. 
Method: Marked subsample (an adaptation of the Lincoln-Petersen method) 

 
II. Animals not readily observable, but readily catchable, marked, released, and later recaptured. 
 

A. Study short term: trapping, marking, and recapture (or re-sighting) over a short period, 
during which population can be assumed to be closed (i.e. mortality, recruitment, 
immigration, and emigration negligible); usually appropriate for abundant, easily 
captured mammals. 

Methods: Lincoln-Peterson estimates; multiple capture (CAPTURE software); trap-web 
estimates 

 
B. Study long term: trapping, marking, and recapture (or re-sighting) over a long period 

(e.g., months or years), during which population cannot be assumed to be closed (i.e. 
appreciable mortality and/or recruitment) 

Methods: Jolly-Seber and related open-population models (POPAN, JOLLY). 
_____________________________________________________________________________ 
 

B. Indices of Abundance. Indices of abundance can be used if there is a measurable correlate 
of abundance. These may be either direct indices, in which the animals themselves are 
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counted, or indirect indices, where some other aspect that reveals the presence of an animal 
is counted. The index must exhibit a monotonic relationship with abundance to be useful. 

 
1. Direct Indices: 
 

a. Flush census: Count of animals flushed along a transect 
 
b. Point-area count: Count of the number of animals that pass a single point. 
 
c. Roadside count: Number of animals counted by a roadside. 

 
2. Indirect Indices: 
 

a. Track counts: Useful for species that are difficult to capture but leave readily seen  
 tracks. 

 
b. Scat counts: The occurrence of fecal material is counted and used to index 

 abundance. This has been used for cervids and leporids. 
 
C. Estimates of Abundance. There are two broad types of abundance estimators: closed 

population methods and open population methods. Closed populations methods assume that 
there is neither recruitment into the population (through birth or immigration), nor loss of 
individuals (through death or emigration) during the course of the study. Open population 
methods account for these phenomena and try to quantify them. 

 
  
1. Closed population methods. 

 
a. Double Sampling. This method is used if a complete count is not possible for the 

entire area of interest but is possible for a fraction of that area. The probability of 
observation (b) is estimated for the method (i.e. aerial survey) to be used in the broad 
scale incomplete count by using that method to count the animals in the smaller area 
(y) and dividing it by the total count for that area (x): 

 
y 

b =    --- 
x 

  
  
An incomplete count is then taken of the entire area by the same methodology (n1), and 

the estimate of the population size is given by: 
 
       n1 

N =   --- 
b 
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b. Lincoln-Peterson methods. This is one of the oldest and simplest methods for 
estimating population abundance. The population size, N, is estimated by capturing 
and marking (and releasing) a sample of animals (n1) on one occasion, and then 
capturing a second sample (n2) and determining how many of those are marked (i.e. 
recaptured; m). 

 
(n1 + 1)(n2 + 1) 

N = --------------------------- - 1 
m + 1 

 
 Thus, if we captured, marked, and released 50 Montane voles (Microtus montanus) in 

an initial trapping effort, and a week later, captured 125 at the same site, 25 of which 
were recaptures, the estimate of the population size at that site would be: 

 
(51)(126) 

N = --------------------------- - 1 = 247 
26 

 
 The variance of the estimate is given by: 

 
(n1 + 1)(n2 + 1)(n1 - m)(n2 - m) 

 var (N) =     ------------------------------------------- 
(m + 1)2(m + 2) 

 
c. Repeated Samplings. This type of method requires several sampling efforts, and 

removal or at least marking, of individuals during each session. Perhaps the simplest 
of these is the Zippen method. This is a catch-per-effort (C/E) method, and the estimate 
of population size is: 

n1
2 

N = ----------- 
(n1 - n2) 

 
 

 A better C/E method involves removing animals from the population over several 
different occasions, and plotting the number of individuals removed over time. The 
data are plotted with C/E on the y-axis and number of animals removed (cumulative) 
on the x-axis. A line is fit to the data and the x-intercept indicates the estimate of the 
population size. This method is illustrated in the figure below: 
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Although this is a removal method, animals can be marked and treated as if they have 

been removed. 
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IV. Exercises 
 
Exercise 1. Use the table below to construct a growth-rate curve. These data are taken from 

known-age Black-tailed jackrabbits (Lepus californicus), originally published by Tiemeier 
and Plenert (1964). 

 
       Age in Days          Lens Weight (mg) 
 

0 26 
5 30 
10 36 
20 42 
33 52 
49 76 
60 91 
70 96 
81 120 
100 133 
112 146 
120 158 
133 163 
157 180 
168 189 
202 193 
224 205 
235 210 
267 220 
308 240 
485 277 
570 285 
650 300 

 
 
 

Exercise 2. Estimate the age of the five jackrabbits with the following lens weights: 
 

Animal 1 - 230 mg 
Animal 2 - 170 mg 
Animal 3 - 112 mg 
Animal 4 - 264 mg 
Animal 5 -   72 mg 
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Exercise 3. Construct growth-rate curves for both soluble and insoluble tyrosine for the 
following known-age Old-field mice (Peromyscus polionotus). 

 
   Age in Days     Mg Soluble Tyrosine    Mg Insoluble Tyrosine 
 

50 910 287 
75 1120 350 
100 1170 404 
125 1225 450 
150 1320 493 
175 1360 531 
200 1405 567 
225 1480 601 
250 1545 633 
275 1575 663 
300 1630 692 
350 1520 747 
400 1400 797 
450 1508 845 
500 1525 890 
550 1485 933 
600 1512 973 
650 1590 1010 
700 1290 1049 
750 1480 1086 

 
 
Exercise 4. Estimate the age of the following Old-field mice based on the tyrosine content of 

both soluble and insoluble fraction of the lens:  
 
         Animal   Mg Soluble Tyrosine   Mg Insoluble Tyrosine 
 
1 1562 653 
2 1486 980 
3 1251 460 
4 1500 1000 
5 1512 720 

 
  
Which fraction (soluble or insoluble) provides a better aging technique? Why? 
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Exercise 5. Short and Hone (1988) used the Double Sampling method to estimate the size of 
a population of Red kangaroos (Macropus rufus) in Australia. They flew over a small 
portion (12 km2) of the study area and counted 67 kangaroos. The kangaroos in this area 
were subsequently counted, and there were actually 176 in the area. Estimate the 
observability of this species in this habitat. What would the estimate of the population size 
be if they overflew the entire area and spotted 1125 kangaroos? 

 
Exercise 6. Bartmenn et al. (1987) examined the accuracy of the Lincoln-Petersen estimate 

in a 1 km2 enclosure that contained 13 Mule deer (Odocoileus hemionus). They marked 8 
deer with radio-transmitters and on an aerial survey, they sighted 9 deer, 5 of which were 
marked. Use the formula above to estimate the population size and its variance. Since we 
know there were 13 deer in the area, how well does the method work in this instance? 

 
Exercise 7. Skalski et al. (1983) estimated the population size of Mountain cottontails 

(Sylvilagus natalli) in a central Oregon locality. Eighty-seven rabbits were live trapped, 
marked and released during August. On 5 September, these authors conducted a drive 
and counted 14 rabbits, 7 of which were marked. Calculate the estimate of the population 
size and its variance. Compare this variance to that calculated in Exercise 6. What do you 
think accounts for the difference in the magnitude of these values? 

 
Exercise 8. Use the multiple capture data below to estimate the population size using the 

graphical (regression) method discussed on page 8.  
 

Marking Period # Captured # Captured for First 
Time (C/E) 

Cumulative # of previous 
recaptures (removal) 

1 12 12 0 
2 10 4 12 
3 14 5 16 
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