TOPIC 1. POPULATION.ESTIMATES

One of the most difficult tasks facing the wildlife biologist is that
of making accurate estimates of populations. The problems encountered when
trying to count free-ranging and elusive animals, even large ruminants, are
many, and populations are very easily underestimated because of the
difficulties in seeing each individual in its natural habitat.

Two kinds of estimates—-direct and indirect--may be made. Direct es-—
timates involve the counting of individuals observed in their habitat.
Indirect estimates involve the observation of evidence of their presence,
with interpretations of that evidence used to estimate abundance. The
former 1s called a census, and is intended to indicate absolute numbers.
The latter results 1n an index, and 1is intended to indicate relative
numbers. Direct estimates are discussed in UNITS 1.1 and 1.2, and indirect
estimates in UNIT 1.3.

Population dynamics may be interpreted from elther direct or indirect
estimates. Changes from year to year may be inferred from changes in either
absolute or relative numbers. Since there are errors inherent in both kinds
of estimates, errors will occur in estimations of change. These errors can
be substantial, and were large enough in the analyses of the population
dynamics of the Seneca Army Depot herd in New York State to make it neces-
sary to revise the estimates annually rather than at three-year intervals
(Moen and Sauer 1977).

Observed population predictions are discussed in UNIT 1.4. This unit
includes references in the SERIALS list that describe population estimates
determined by direct or indirect means. The large number of references will
provide a data base for units in both TOPIC 1 and TOPIC 2.

LITERATURE CITED
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UNIT 1.1. DIRECT ESTIMATES; AERTAL COUNTS

Direct estimates of populations involve the counting of individual an-
imals from the air or from the ground. Aerial counts of wild ruminants have

been conducted for over 40 years. Many flights have been made for the
purpose of gathering state and local information, and the results have been
used in management decisions. Many of these results are not published in

the readily-available professional literature.

Aerial counts may be quite successfully made in open terrain when the
animals may be distinguished from -the ground surface in the background.
Counts of caribou on the tundra and bison on the prairie, for example, are
readily made directly from either helicopters or fixed-wing aircraft.
Either entire herds may be counted, or transects flown and total numbers
estimated by extrapolation.

Aerial counts of animals living in forested or shrubby habitats are
much less accurate than those in open terrain. Small scattered shrubs cause
difficulties by giving the ground a mottled appearance into which the
animals may blend very well. An overstory conceals animals bedded under the
tree canopies, often resulting in large underestimations of the actual
population. Aerial counts of forested areas are best made when leaves have
fallen and there is a uniform snow background.

Direct aerial counts have been supplemented by tests of remote sensing
techniques. Photography may be used successfully when lighting conditions
provide the necessary contrast. The pictures provide a permanent record of
the areas viewed. A rather recent technique that has been evaluated is the
use of thermal or infrared imagery. This technique is based on the contrast
in heat emitted from an animal and from its background.

Instrumentation is available that detects differences in heat emitted
from surfaces with temperatures less than 1°C apart. Thus a white—-tailed
deer, with a surface temperature of about 10°C in still air when air
temperature is 0°C and about 5°C in a 10 mph wind at 0°C ailr temperature,
does provide sufficient contrast for thermal detection. The infrared energy
emitted, however, is absorbed and diffused by any overhead cover present.
Thus an animal bedded wunder a canopy would not provide the contrast
.necessary to identify the thermal image as an animal. This 1is illustrated
below.
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There are other sources of thermal energy- that provide contrast too.
Rocks, water puddles, tufts of vegetation, . . . just about anything
different from the desired uniform background, such as snow, provides
thermal contrasts on the imagery. The problem then is. in identifying the
sources of thermal contrast, distinguishing animals of the target species
from objects 1in the habitat.

There 1s yet another problem with the use of thermal imagery.
Different species present similar thermal images. The radiant surface
temperatures of white-tailed deer, mule deer, red fox, cottontail, and
snowshoe hare all overlapped in part of the .air temperature - wind velocity
combinations tested (Moen 1974). These results, along with the problems
considered in preceding paragraphs, lead me to conclude that thermal sensing
introduces many new problems but few new advantages over good contrast

photography. The best conditions for infrared imagery —-- large animals
against a snow background -- are also the best for black and white or color
photography. Standard photography equipment 1is much less expensive than

thermal detection equipment, and the photography equipment is readily
available.

Aerial counts may provide considerable information in addition to just
numbers of animals. Information on sex and age ratios may be obtained for
some species while they are being counted from the air. Muskox, ideally
sulited for direct counts, may also be aged by body size and horn 1length
while being counted (Taber 1969). Bison calves are smaller and lighter in
color than adults, but yearlings may be difficult to distinguish from
adults. The horns of sheep indicate both .sex and age, but hormns of goats
are not different enough to be distinguished. Such information, gathered
while counting numbers, 1is very useful when representing population
structures.

Direct aerial counts are often supplemented by ground counts.
Comparisons between the two are useful, and usually made to evaluate less-
costly ground methods in relation to more costly aerial methods. Direct
estimates by ground counts are discussed in UNIT 1.2.

LITERATURE CITED
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UNIT 1.2: DIRECT ESTIMATES; GROUND COUNTS

When the overhead canopy 1s dense enough to preclude aerial counts,
on-the-ground drives may be used to count animals on small areas of land.
Such drives require large numbers of persons to drive the animals and a line
of watchers to count the animals driven through an open area or across a
road whére they may be easily seen. Sampling problems contribute to errors,
and the results are dependent on the amount of past experience and alertness
of the observers.

How many observers are needed to drive and count animals? The number
is very dependent on the species being counted and on the habitat. A drive
over 500 acres 1in east central Minnesota showed that two radio-tracked
white-tailed deer ran back between drivers four times (Tester and Heezen
1965). One was not seen one of those times, even though 58 people
participated in the drive and the drivers, were, presumably within sight of
each other at all times. The use of 58 people on a drive covering 500 acres
indicates the necessity for large numbers when making such direct estimates
from the ground. Costs are very high, probably prohibitive, if persons
involved must be paid for their services.

Some direct counts are made as other work is being completed.
Roadside counts, for example, may be conducted by biologists and laypersons
that travel the same routes repeatedly. The direct counting of animals seen

is not an estimate of the actual number In the area, of course. Some
conditions enhance opportunities to count larger fractions of the actual
numbers. Late winter concentrations of deer in the Northeast, mule deer
winter concentrations, elk congregating in winter feeding areas . . . these

all provide opportunities to observe and count larger percentages of the
total number in the area. '

Behavior patterns must also be considered when counting animals.
More are observed grazing in early morning and late evening than 1in
mid-morning and mid-afternoon. Cervids are, 1in general, active around
sunrise and sunset, with other activity periods around noon and during the
night. If counts are dependent on the animals' normal activity patterns,
‘then daily activity patterns discussed in CHAPTER 4 need to be given serious
consideration. Drives may appear to be less dependent on the daily activity
pattern, but it is my belief that a deer drive conducted just after the
morning feeding period has ended will result in fewer whitetails being
observed than if the drive were conducted just before the late afternoon
feeding period was to begin. Some of these subtle effects may be hard to
detect and prove; I suggest that they be considered and plans made
accordingly as circumstances permit.

Ground counts are not always designed to be complete counts. The
number seen may be used to estimate the number present by multiplication.
Techniques for counting some of the population and estimating the total
population have been devised for other species .and applied to wild
ruminants. The Petersen or Lincoln Index 1is one, the Leslie index 1is
another.
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The Petersen or Lincoln Index is relatively simple in theory, but more
comlpex in its use. 1t is a method involving the marking and releasing of
individuals, after which the ratio of marked animals to umnmarked animals
seen 1s the basis for estimating the population. For simplicity, suppose 10
animals were marked and released. Later 5 marked and 5 unmarked were seen
regularly. One might conclude that the fraction of animals seen that were
marked (5/10 = 0.5) is a good estimater of the total in the population by:
10 marked/0.5 = 20 total. 1In proportion form:

number marked observed , total number marked
total number observed ° total population

Thus:

Sl
=

so 5N = 100 and N = 20.

There are a number of assumptions underlying this estimate, including
such things as proportional mortality in both the marked and unmarked
groups, no lost marks, marked animals are no more conspicuous, etc. More
detailed treatments of the assumptions and calculations may be found in
Overton and Davis (1969 433).

The Leslie Method (Overton and Davis 1969:450) 1is similar to the
Lincoln Index in the sense that repeated observations are made, but with the
Leslie Method they are recaptures. The frequency of recaptures becomes the
basis for estimating N. There are assumptions to be met and conditions to
be heeded when using any method for estimating N. Additional methods and
further discussions are found in Overton and Davis (1969).
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UNIT 1.3: INDIRECT ESTIMATES

Indirect estimates of populations are often the only reasonable ways
to come up with working numbers for decision-making. There are several ways
~to make such estimates. Fecal and pellet groups may be counted and
population estimates or animal-days of use derived by dividing the total
count by the defecation rate per day. This was proposed by Bennett et al.
(1940), and has been used by investigators in many states in the last 40
years. The technique is based on a number of assumptions. These are
discussed by Eberhardt and Van Etten (1956) for white-tailed deer in
evaluating two enclosed areas in Michigan. The biological assumptions are:

(1) that all groups are found and correctly identified,

(2) all pellet groups deposited since leaf-fall will be available and
counted, and

(3) that a known number of pellet groups are defecated per day.

All of these assumptions are subject to error, of course. If the errors are
committed at a constant rate from year to year, their effects are less
serious than 1f the error rate fluctuates from year to year.

The formula for estimating the number of deer present per square mile
from pellet counts, with 640 acres per square mile, 1/50 acre circular
sample plots, and 13 pellet groups defecated per day is:

DPSM = [(APGP)(50)(640)]/(DYLF)(13)

where DPSM = deer per square mile,
APGP average number. of pellet groups per plot, and
DYLF = days since leaf fall.

]

Eberhardt and Van Etten (1956) made pellet—count estimates (PECO) of
known populations (KNPL) of DPSM for three years in each of two areas in
Michigan. The data and the ratios of the two estimates (RTIO = ratio of
PECO/KNPL) are:

Cusino George Reserve
PECO KNPL RTIO PECO KNPL RTIO

1953 40.8 28.8 1.42 30.7 32.7 0.94
1954 25.5 25.0 1.02 28.4 36.1 0.79
1955 22.2 28.1 0.79 17.3 37.2 0.47

The pellet counts varied from 0.47 to 1.42 times larger than the known
population. The "known" populations are thought to have been estimated
accurately for these intensively-studied enclosed populations; variations in
the ratios are then due almost entirely to the pellet counts. The amounts
of the differences in the two values of DPSM suggest that other wmethods
should be used to supplement these results. '
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Track and trail counts on transects may be made in snow or in ground
vegetation to provide an index to the population. Roads may be used as the
transects. If they are dragged at the same time twice each day, daily use
can be measured. Trail counts provide an index to deer abundance with a
minimal investment of man-days, and the results are useful for recognizing
population changes from year to year and to relate to the results of other
methods of estimation.

The use of late fall and early spring trail counts as indices to deer
abundance in Wisconsin is described by McCaffery (1976). The results were
positively related to other indices of deer abundance. Such trail counts
also provide an index to habitat use when the numbers of trails encountered
on transect lines are evaluated in relation to habitat types present along
the lines.

Indirect population estimates are usually not good indicators of
absolute population levels, and results of indirect estimates usually do not
become meaningful until several years of data are obtained. Then, relative
changes in indirect evidence may be used to draw conclusions on probable
changes in the actual population. Sex and age ratios, reproductive data,
and mortality data all become useful in making calculations of the 1likely
numbers of animals, which in time may be rather reliable estimates.

LITERATURE CITED
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UNIT 1.4. OBSERVED POPULATION DYNAMICS

Descriptions of population dynamics are necessary for good long-range
management decisions. Some species, such as white-tailed deer, are very
abundant in some areas and population dynamics need to be understood in
order to set up adequate harvests and prevent range deterioration. Other
species are absent or rare. in potentially good habitat, and restocking
efforts and subsequent protection are necessary to establish populatioms.

Some population changes are dramatic. The rise and fall of caribou on
St. Matthew Island (Klein 1968) illustrates how a primary consumer relates
to range resources in a rather simplified system over a period of several
years. Population changes in more heterogenous habitats may not be as
. dramatic, but the same principles apply. Certain components of natural
population dynamics have been eliminated in post-settlement times. Natural
predators such as wolves, bears, mountain lions, bobcats, and others have
much more restricted distributions than in pre-settlement times. Changes in
the vegetation are also dramatic as farming and forestry practices result in
plant communities quite unlike those in which wild ruminants spent the last
several thousand years. ' '

The reproductive potential of white-tailed deer is well known. A herd
in New York State grew from less than 40 animals in 1949 to over 2500 in
1957 after 8 years of protection within the Seneca Army Depot fence. The
increase 1in numbers was accompanied by decreases in body weight and

reproductive rates. The population was reconstructed by aging the deer
harvested, beginning in the late 1950's, and numbers and reproductive rates
used to calculate mortality. The analyses by Moen and Sauer (1977)

demonstrated the importance of accurately aging the deer.

There are many papers containing descriptions of the population
dynamics of different species of wild ruminants. These papers contain
estimates of N in different sex and age classes, and data on natality and
mortality rates, useful in relation to discussions in UNITS 1.1, 1.2, and
1.3 and to the next TOPIC. References to population growth after restocking
may be found in the list of SERIALS at the end of this UNIT, and in CHAPTER
22. Some of the references listed contain brief descriptions of observed
numbers, and some contain .extensive descriptions of population dynamics.
The references will be useful when using natality and mortality rates for
population predictions in CHAPTER 19. First, however, sex, age, and weight
structures are discussed in TOPIC 2. '
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BPURD 1---- 155 161 rata status, wild reindee, ussr semenov-tian-shan 1975
BPURD 1---- 162 169 rata pop grow, movt pat, nelchi hemming, je 1975
BPURD 1---- 170 180 rata popu status, nelchina herd bos,gn . 1975
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