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Hymenoptera, Formicidae,
Cataglyphis albicans

Coleoptera, Tenebrionidae
Erodius hebraicus

Coleoptera, Carabidae,
Discoptera arabiaca

Hymenoptera, Formicidae,
Temnothorax sp.

Coleoptera, Tenebrionidae
Arthrodeis rotundatus

Coleoptera, Tenebrionidae,
Pimelia angulata sinaitica

Coleoptera, Tenebrionidae
Adesmia dilatata

Coleoptera, Elateridae,
Cardiophorus sp.

Coleoptera, Tenebrionidae
Mesostena angustata

Coleoptera, Scarabaeidae,
Subrinus sp.

Coleoptera, Tenebrionidae
Pimelia mittrei

Coleoptera, Carabidae,
Scarites striatus

Coleoptera, Tenebrionidae
Zophosis pharaonis

Coleoptera, Tenebrionidae
Zophosis punctata
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habitat that is utilized by the species. The concept of
ecological density is a more meaningful estimate especially
in heterogeneous areas where the species may occupy only
a certain habitat type (Rudran & Foster 1996).

Many diversity indices have been developed to describe
biodiversity and community structure. Indices are calculated
by using the information about the relative abundance of the
species and the species evenness. The value of the index
generally increases with increased species richness and
evenness. (Nichols & Conroy 1996).

The first step in preparing for the survey is to review the
scientific literature for mammalian research conducted
within the study or nearby area. The information obtained
is used to create a preliminary list of species that one may
encounter in the study area. Such lists are important, but
can’t be considered complete (Nichols & Conroy 1996).

If such studies haven’t been carried out in the area before, a
preliminary survey at the study site should be conducted in
order to develop a species list. In order to develop a species
list of the animals, a wide variety of methods for detecting
animals should be used (e.g. a combination of observations
of animals and associated sign, captures in traps and nests,
interview of people living or working in the area, camera
traps) (Nichols & Conroy 1996). Also the past experience
and general information about the area should be used

to direct search efforts to specific locations where the
largest number of species can be recorded. The use of this
kind of methods not always yield count statistics that are
useful in estimating species richness, but are nevertheless

appropriate in assessment of mammalian diversity in order
to produce a checklist of species for the actual monitoring
program (Nichols & Conroy 1996).

The next phase is to decide which species should be
included in the survey. If the resources are unlimited, all

the species in the species list can be included, but in more
realistic conditions the investigator is compelled to select
the target species. A number of criteria can be used, e.g.
the expected occurrence of the species or species with high
detectability. (Nichols & Conroy 1996). If the investigator has
already obtained information about the animal community in
the area, target species can be selected in relation to their
abundance, or in relation to their abundance within different
mammalian orders or life-style categories (e.g. the most
common herbivore and carnivore, nocturnal species etc.).
Species may also be included in the survey on the basis on
their size, vocalizations, signs left in a habitat or any other
characteristics that make them easily detected.

Other special interest in a species can also be used as a
criterion for selection (e.g. interest of conservation of a
species). The last step is to choose the appropriate field
techniques for investigating species richness. (Rudran &
Foster 1996).

Attempts to enumerate all the mammalian species inhabiting
some area of interest will necessarily involve many of the
field methods. Even if the best efforts are applied it is likely,
that some species will be missed and the number of species
counted will be less than the true number of species in the
area (Nichols and Conroy 1996).




The purpose of this review is to introduce the basic
concepts, methods and field techniques for monitoring non-
volant and volant mammals, which generally refers to bats.

The content of is divided into 4 main chapters. In the first
chapter, the basic concepts are defined. In the second one
the methods for estimating species richness and abundance
are introduced. The third chapter serves as a review for
the many field techniques that have been developed

for surveying different species of mammals. The third
chapter is further divided into observational techniques,
capture methods and methods based on animal signs (e.g.
nests, tracks or scats). The important difference between
these techniques are that the observational and capture
techniques estimate the number of animals inhabiting the
area in time frame, during which the survey takes place.
On the other hand, techniques based on animal sign
estimate the average usage of an area during longer time
(e.g. the time that takes the scat or nest to disappear or
the time, when a track plate is placed in the field). Because
of this, although being a visual method, camera trapping

is not considered to be an observational technique but it

is introduced in a chapter describing techniques based

on animal sign. The capture techniques are invasive, i.e.
they can cause stress and disturbance to animals or are
designed to remove animals from the population by killing
them (snap trapping). For this reason they are separated
from the other methods and introduced in a separate
chapter.

By definition, biodiversity is the biological diversity that
occurs in all the levels of biological organization (e.g. Noss
1990). Typically the levels of biodiversity are defined as
within species level (genetic level), population/species level
(species richness) and community/ecosystem level and
regional/landscape level (Noss 1990). In many studies the
species richness is used as a surrogate for the other two
levels; compared to the other levels, it is also fairly simple to
measure (Nichols & Conroy 1996).

The concept of species diversity contains two conceptually
distinct components, species richness (total number of the
species in a community or area) and the species evenness.
The species evenness refers to the degree to which relative
abundances of individuals among the different species is
similar. (Nichols & Conroy 1996)

Surveillance is the act of surveying i.e. recording of features
at the specific location in one time frame (e.g. determining

the density of the animals in certain habitat). Assessment is
the synonym of surveillance. On the other hand, monitoring
involves repeated observations on a time line such that
changes can be detected (e.g. detect seasonal or year-to-
year changes in population density over time) (Bunce et al.
2008). The use of same methods in different habitats can
also provide the spatial information of the biodiversity. This
information is essential for the development of species
conservation and the management strategies of the forest
ecosystems (Nichols & Conroy 1996). For some well-
defined, small areas it may be possible to survey the entire
area, but in most cases surveying the whole population in
certain ecosystem is simply impossible. Even in the case
of unlimited resources, ecologists must rely on estimates
based on samples rather than on exact parameter values of
population (Bunce et al. 2008, Nichols & Conroy 1996).

The basic parameters to be measured in a community

are the abundance (numbers of animals) by species and
habitat and the total number of species. Other parameters
are often required (e.g. density of population or evenness
of the species) and can be easily calculated from these
figures (Nichols & Conroy 1996). For many purposes, the
relative abundance of species is also sufficient. Relative
abundance of the species can be expressed as a ratio of the
population size to the total population size of the species
living in the same area (sympatric species) in the group of
interest (Rudran & Foster 1996). The relative abundance
reflects the comparative size of different populations with
respect of the entire mammalian fauna of a study site. The
relative abundance estimates reflect the temporal changes
in population with respect to the populations of sympatric
species. If surveys are conducted at the same time with the
same method, these estimates can provide comparisons of
spatial differences in the relative sizes of populations that
are common to the different sites (Rudran & Foster 1996).

On the other hand, Wilson & Delahay (2001) define relative
abundance as a measure of the number of animals present
on one sampling occasion in relation to others, which

can be separated in time or space. Relative abundance is
usually expressed as an index value calculated from the
frequency of signs or observations per standardized unit of
sampling effort, e.g. an index of abundance of carnivores
can be calculated based on counts of tracks detected per
unit of sampling effort.

Population density can be calculated in two ways: crude
density is the number of individuals of a species per unit
area of the entire study site. Ecological density is the

number of individuals of the species per unit area of the




also as a search method for obtaining presence/absence
data of different species. In the line-transect technique an
observer travels along a straight line recording either the
perpendicular distance from each sighted animal or the
radial distance from the observer to the animal and the
sighting angle between the line of sight and the transect.
With this information the perpendicular distance can be
calculated. The survey can be conducted on foot or also
from a vehicle, if the terrain is relatively open and permits
cross-country driving. Using a vehicle also allows greater
sampling intensity. (Rudran et al. 1996)

The length of the transect line must be known, and it is
recommended that transects are marked to ensure minimal
deviation when surveys are repeated along the same
transect. It also allows the observers to concentrate on
sighting the animals instead of staying on the right transect
(Rudran et al. 1996). Clusters of animals can be recorded,
the additional data to be collected in this case includes

the number of animals in a cluster (O’Brien et al. 2003).
Line transect-survey should be conducted when the target
species are most active and they must last for more than
two or three hours.

According to Rudran et al. (1996), the appropriate length

of transect for one observer, when survey is conducted on
foot, is 3 to 5 km and 12 to 20 km when using vehicles.
O’Brien et al. (2003) used several pairs of observers spaced
at 400 m intervals. The placement of the transect lines
should be independent from the distribution of the target
species. Transects shouldn’t be so close to each other that
the animals can move from one line to another. The distance
of the transects depends on the mobility of the target
species, but a separation about 2 km between transects is
adequate in most cases. The line-transect survey should be
conducted when target species are most active (Rudran et
al. 1996).

There are 4 conditions for successful use of line-transect
technique: 1) all the animals on the transect must be
counted, 2) distances and angles must be measured
accurately, 3) animals must not move large distances before
being detected, nor can they be counted twice, and 4) the
sighting of animals must represent independent events
(Rudran et al. 1996). To meet the second condition requires
use of well trained and experienced personnel. Moving the
line as silently as possible allows sighting of the animals
before they flee. It also reduces the change of animals
becoming alarmed and disturbing other animals as they flee.

The analysis method for the line-transect data follow the
distance sampling methods of Buckland et al. (1993). The
animal densities and standard errors can be estimated from
line transect data using Fourier Series Estimator (Buckland
et al. 1993). Laake et al. (1993) introduced a computer
software called DISTANCE for calculating estimators for
population density both from perpendicular distance and
radial distance and sighting angle data.

2.2.2. The strip transect method and quadrat
sampling method

The strip transect method is a variant of the line transect
method that can be used for estimating animal abundances.
It assumes that all the animals on a strip of certain width
are sighted. A strip is surveyed from a line that runs through
the middle of it. All animals within the distance of half of

the strip width on either side of the midline are recorded.
Animals beyond this distance are ignored. The distance and
angles of animals sighted are not recorded, but the animals
must be accurately designed as in or out of the strip.
(Rudran et al. 1996)

The strip transect technique can be used for vehicle and on
foot surveys but it is more often used in aerial surveys. The
width of the strip is determined with respect of the visibility
of the target species within the survey area. The length of
the strip is determined by using the same criteria as in line-
transect method. Density of the target species is obtained
by dividing the number of individuals by the area of the strip
and the data from several strips can be used to calculate

a mean density and improve the precision of the density
estimate (Rudran et al. 1996).

If the strips in this method are replaced with square sample
plots, the method is called the quadrat sampling method.
The same rules apply to the quadrat sampling method as in
strip transect methods.

2.2.3. Site occupancy surveys

Site occupancy models estimate the proportion of sites
occupied by target species based on the simple presence/
absence data (MacKenzie et al. 2002, Royle & Nichols
2003). The sampling method for this model involves multiple
visits to sampling units (e.g. quadrats) during appropriate
seasons and for obtaining presence/absence data of the
target species. The patterns of detection and non-detection
over multiple visits for each sampling unit permit estimation
of detection probabilities and the proportion of sites
occupied.

The site occupancy models are especially suitable for large
scale monitoring programs (MacKenzie et al. 2002, Royle &
Nichols 2003), because they are implemented more easily
and less expensively than traditional methods used for
abundance estimation, such as capture-recapture methods
(Pollock et al. 1990). This is because in site occupancy
surveys it is not necessary to count the actual numbers of
organisms observed on sample units.

Non-detection of a species at a site does not necessarily
imply that the species is absent. In this case, the probability
of detection is < 1. Few animals are so conspicuous, that
they are always detected at each survey. Detection here
may refer to animals observed, heard, trapped or that their
presence in the are is confirmed using some other method.
MacKenzie et al. (2002) described a model and likelihood-
based method for estimating site occupancy rates in these
situations. They found that this model provides good




In total count all the individuals inhabiting the survey area
are supposed to be counted. That means that the whole
survey area is searched for the species. The outcome of
the survey is then the absolute density or abundance of
the species in question,without sampling error (Heltshe &
Forrester 1983). The assumptions required for the complete
counts are: sampling fraction is 1 (i.e. the whole area is
searched), the observability of animals is 1 (all the animals
present are detected) and the population is closed during
the census (no migration, no death/birth).

Because that in most cases some animals always go
undetected despite a thorough search, observational
methods frequently provide incomplete counts of individuals
occupying the area. (Rudran & Foster 1996, Conroy 1996).
Also the other assumptions are problematic: most mammals
respond to the presence of an observer by fleeing, which
can lead to some animals being missed or some animals
being counted twice or some animals leaving the survey
area before being counted (Jarman et al. 1996).

Often the survey area is also too large or the resources too
limited for the study area to be researched completely. In
such case, instead of surveying the whole study area, the
animals are surveyed in a selection of subplots or along line
transects within the larger study area (Conroy 1996). The
plots surveyed are chosen randomly or systematically (if
the distribution of the target species is considered random)
and the plots constitute relatively small proportion of the
survey area. The estimate for species richness or population
density is then estimated form a sample of individuals,
which is not an exact number but an estimate subject

to sampling error (Helsthe & Forrester 1983). It is often
necessary to stratify the survey area by different habitats
and sample the strata separately. A large number of small
plots will normally provide better precision than fewer

and larger plots that cover the same sample area . The
sample count methods are numerous and also are the most
frequently used methods in mammalian surveys. (Rudran &
Foster 1996)

Calculating species richness from a sample is problematic
because it is likely that a several number of species in the
population will have been missed in the sampling effort.
Thus, the number of species found in a sample must be
regarded as a lower bound to the number of species in the
population (Heltshe & Forrester 1983).

In complete count methods, the researcher determines
population size (N) in a survey area directly from the number
of animals counted without correction for sampling or
observability probabilities. This feature distinguishes a

census from an estimate. In most cases counts of animals
in sample areas are incomplete and represent unknown
fractions of the animals present. Variation in the factors
affecting observability of animals can lead to variation within
or between surveys.

Line transect technique (described more thoroughly in
chapter 2.2.1., page 11) can be used as a search method
for complete counts (Nichols & Conroy 1996, Jairman et al.
1996). In this situation the transects are placed so close to
each other, that the distance between them is 2w, where
w is the maximum distance for observing the animals. This
special case of line transect technique is usually referred
to as a strip transect technique. Population size is then
simply the sum of animals counted in all transects and the
population density the number counted divided by the area
of the strip (Jairman et al. 1996).

2.1.1. Double sampling method

A complete count is made in a subsample of a larger area
to which incomplete counting is applied. The observation
probability () in the incomplete count is then estimated
as the ratio of the mean incomplete count (y) to the mean
complete count (x) from those areas sampled by both
methods:

B =y/x

The number of animals present in the sampled area is
estimated as the number counted (n) in the incomplete
count divided by the estimated observability.

N=n/p
Population size for the survey area is obtained by:
N=n/(c*B).

For unbiased estimation of population size and density
from the double-sampling method, the following conditions
must be met: The complete count is accurate, population is
closed from additions and losses between the application
of complete and incomplete counts and complete

and incomplete counts are independent. In most field
applications of this method some form of ground count is
used as the complete counting method for correction of
incomplete aerial counts (Jairman et al. 1996). A possible
problem with application of double-sampling method is that
the count for the subsample may not be complete. Also the
condition of independence may be violated, if e.g. intensive
searching to obtain a complete count causes animals to
vacate the subsample unit temporally.

2.2.1. Line- transect method
The line-transect technique is used for estimating the
abundance of one or a few target species. It can be used




recent review about capture-recapture models can be found
in Pollock (2000).

A jackknife and bootstrap estimation procedures are used
for resampling the population in order to reduce bias. The
jackknife procedure can be used for estimating population
size when individuals in the population have different
capture probabilities, but it can also be used for estimating
the species richness (review e.g. in Smith & van Belle 1984,
Heltshe and Forrester 1983). The assumptions for the
jackknife method are that the quadrats are independent
and represent a sample of the same distribution. No
assumptions are made about the relationship among
species within a quadrat (Smith & van Belle 1984).

The procedure for estimating the jackknife includes a
sequence of steps to produce a first order jackknife
estimator (and an estimate for sampling variance), which is
useful for reducing bias. The jackknife estimate is a function
of the number of species that occur in one and only one
quadrat (Heltshe & Forrester 1983). The whole procedure

is explained step by step in e.g. Smith & van Belle (1984)
and Heltshe & Forrester (1983). The jackknife estimate gives
better estimates for species richness than bootstrap method
when the number of quadrats sampled is small (Smith & van
Belle 1984).

A bootstrap method was developed by Efron (1979) as a
method related to jackknife but more widely applicable. The
assumptions for the bootstrap method are the same with
jackknife method: quadrats are independent and represent
a sample from the same species distribution. The whole
procedure for bootstrap method can be reviewed in e.qg.
Smith & van Belle (1984). When the number of quadrats is
large, the bootstrap method works better than jackknife
method, because it tends to overestimate the number of
species (Smith & van Belle 1984).

Smith & van Belle (1984) compared the jackknife and
bootstrap methods for estimating the number of species
under quadrat sampling. They showed, that both of the
methods reduce bias but also tend to underestimate the
actual number of species in the area if there is a large
number of rare species and the number of quadrats
sampled is small.

2.3.2. Multiple sampling occasions: Single
investigator

Instead of dividing the area into quadrats and sampling a
subset of these, an investigator may attempt to survey the
entire area on multiple occasions. Like in quadrat method,
the survey may include a variety of methods and should
include all methods that may lead to the detection and
identification of different species. The same methods should
be used every day for 5-10 consecutive days (or some other
unit of sampling time). The time between the first and last
sampling should be sufficiently short so that the community
composition is not expected to change during this time.

The model used to estimate species richness with such

a data is the generalized removal model (Otis et all 1978,
Pollock and Otto 1983). The idea is that the number of
undetected species inhabiting the area decreases over time
and the resulting change in number of detections of new
species over time provides information about the number
yet to be detected.

2.3.3. Multiple sampling occasions: Multiple
investigators

One researcher samples the area for one or two day using
whatever methods he or she chooses developing a species
list. Then a second researcher samples the area developing
another species list. The methods used by the second
researcher don’t have to be the same ones used by the first
researcher. If e.g. five researchers develop independent
species lists in this manner, the resulting data can be used
to estimate species richness with a capture-recapture
model. The model used for this situation is Mth (Chao

et al. 1992), which means that the model allows capture
probabilities to vary with time (or trapping occasion) and
with an individual animal.

Capture-recapture models provide a means of estimating
population size from data on numbers of animals captured
and recaptured (or re-sighed) during trapping or observation
efforts (Nichols & Dickman 1996).

2.4.1. Capture-recapture method and marked
subsample method

In capture-recapture method a sample of animals is
captured and marked in such a way that animals are
later recognized as marked or unmarked individuals.
After marking the animals in this first sample (n1), they
are returned to the population. After allowing time for the
marked individuals to mix, a second sample (n2 ) of animals
is captured and the number of marked animals (m2) is
recorded. An estimator for the probability of a marked
individual to appear in the second sample is:

BA =m2/n1

Population size is then the number of animals seen in the
second sample by the estimated probability of sighting:

NA=n2/p A = n1*n2/m2

The assumptions of using the capture-recapture model are:
population is closed, all animals have the same probability
to be caught in the first sample, the marking of the animals
does not affect the probability of its being recaptured in
the second sample and animals do not loose their marks
between the capture and recapture.

There are two common cases, when the second
assumption about the equal detection probabilities are




estimates of the occupancy rates, which is unbiased for
moderate detection probabilities (> 0.3).

The site-occupancy method is suitable for large areas that
are too large to be completely surveyed. Instead, small
areas (sampling units) are selected for surveying, with

the selection being carried out in a manner that permits
inference to the entire area of interest (Yoccoz et al 2001,
Royle & Nichols 2003). Sampling designs and associated
estimators can be found in studies like Thompson (1992).
The site occupancy model assumes that sampling units are
occupied by the target species for the duration of the survey
period and no sites are being abandoned nor occupied, i.e.
the sites are closed (MacKenzie et al. 2002).

Surveys of the target species take place on several sampling
occasions at specific sites. At each sampling occasion,

the researchers use sampling methods to detect the target
species. Species present at a site may or may not be
detected. The detection history of each site is generated by
recording 1 (species detected) or 0 (species not detected)
for every sampling occasion. The set of such detection
histories is used to the proportion of sites occupied by the
species. Increasing the number of visits per site improves
the precision of the estimated occupancy rate and improves
the accuracy of the estimate when detection probabilities
are low.

Royle & Nichols (2003) noted, that heterogeneity exists in
detection probabilities and suggest a method for dealing
with it and for using this heterogeneity to extract information
about abundance from occupancy surveys. The most
important source of heterogeneity is variation in animal
abundance among sites. If this variation is not included to
the model, the constant abundance among sites is actually
assumed (Royle & Nichols 2003).

Virtually all abundance estimators can be viewed as count
statistics divided by estimated detection probabilities.
MacKenzie et al. (2002) noted that not allowing the
detectability and solely using the count statistics as an
index of abundance is unwise.

Variation of the site occupancy method exists. For more,
see the nonlinear frequency-density plot method in Seber
(1982, pages 55-58).

2.3.1. Quadrat -based methods: capture-recapture,
jackknife and bootstrap

When quadrat -based methods are used to estimate species
richness, the area under study is divided into a number of
quadrats of roughly equal size and shape. A sample of these
is randomly or systematically selected and a mammalian
species list is developed for each quadrat. The species list
may and should be obtained by using various methods,

but the same methods are to be used on every quadrat.

The number of individuals identified for each species is not
required.

A common approach is to sample the quadrats until the
cumulative graph of species detected versus area sampled
becomes asymptotic (e.g. Smith van Belle 1984, Jones et
al. 1996). Even in this case one can not be certain that all
the species in the area are in the sample (Smith & van Belle
1984). This is why most of the studies tend to underestimate
the species richness in the area. Heltshe & Forrester (1983)
suggest, that the number of species found in a sample
should be regarded as a lower bound to the number of
species in population.

The capture-recapture methods that can be used for
estimating the abundance of individuals in a sampled
population, can be useful in estimating also species
richness (Nichols & Conroy 1996). Assuming that an
investigator samples two quadrats obtaining a count of the
different species in each of one. The total number of species
in quadrat 1 is denoted as n1, the number identified in
quadrat 2 is n2, and the number identified in both quadrats
as m. If all species in the area have equal probabilities of
being detected in the quadrats, then the ratio of species
detected in quadrat 1 to the total number of species in the
area (N) should be approximately equal the ratio of species
found in both quadrats to total species found in quadrat 2:

n1/N =~ m/n2
N =n1*n2/m

The problem with using an estimator like the above for
species richness is that the probabilities for detecting all
species are assumed to be equal. Certainly this is not the
case with mammals but the detection possibilities vary with
the relative ease of observing individuals of different species
and with the relative abundance of species in the area (e.g.
Chao 1987). Still the estimator will be less biased than the
naive count statistics (n1 + n2 - m), but unequal species
detection probabilities will still produce a negative bias (i.e.
the N will tend to underestimate the true number of species)
(Chao 1987, Otis et al. 1978).

Many kind of variation can be assumed to occur in the
capture probabilities, e.g. variance within time or capture
occasion, with behavioral response or with individual animal,
or combinations of these. Capture-recapture models that
allow different kind of variation have been suggested e.g.
by Otis et al. (1978), Pollock & Otto (1983) and Chao et

al. (1992). In the paper of Pollock & Otto (1983), model
assuming a constant capture probability over sampling
times expect influenced by the trap response is introduced.
Chao et al. (1992) propose a nonparametric estimation
technique that is appropriate for a capture-recapture

model when the capture probabilities vary by time and
individual animal. Chao (1987) proposes the use of a point
estimator and its associated confidence intervals for the
size of a closed population under models that incorporate
heterogeneity of capture probability. A good and more




is closed, 3) number of individuals removed from each
subclass is known and 4) the proportion of the x-types
removed is different from their proportion in the population.
For a complete description of the method see Seber (1982),
Udevitz and Pollock (1991) and Lancia & Bishir (1996).

2.5.2. Catch-per-unit-effort method (C/E)
Catch-per-unit-effort method is based on the principle that
as more and more animals are removed from the population,
fewer are available to be caught causing the catch-per-
unit-effort to decline (Lancia & Bishir 1996). Animals can be
physically removed from the population (killed or trapped
and relocated) or they can be figuratively removed by being
marked. In the latter case marked animals captured are
ignored and the number of interest is the unmarked animals
captured (Lancia & Bishir 1996). Hopkins & Kennedy (2004)
used C/E as a numerical index to compare the species
richness among different vegetation types.

Assumptions for C/E method are: 1) The population is
closed (expect for the removals), 2) each animal has an
equal probability to be caught (k) and k is constant over time
and 3) all removals are known. (Lancia & Bishir 1996). For
detailed description of C/E method, see Seber (1982) and
Lancia & Bishir (1996).

Estimating animal abundance and species richness is
laborious and expensive. When estimating absolute
abundance and species richness, the researcher also

faces problems related to observability of animals and
sampling of the space they occupy (Nichols & Conroy 1996).
Observability is the probability that an individual animal in
the population will appear in the count statistics; it normally
falls between 0 and 1, which against the conditions of many
methods. The second problem is that limitations of time and
money typically preclude obtaining count statistics over the
entire area of interest and the researcher must select the
sample areas that represent some fraction of the total area
(Conroy 1996).

Luckily, in most of the cases use of index instead of
absolute abundance is possible (Conroy 1996, Engeman
2005). Indices can be combined with different kind of field
techniques, that include e.g. track stations, faeces surveys,
bait consumption, trapping or visual observation (Engeman
2005). An index is a relative measure of population density,
that is correlated to actual population density. In ideal case
is linear, (e.g. if the index doubles, it can be assumed that
the population has doubled too), but in many cases the true
connection of an index to the absolute abundance remains
unresolved (Conroy 1996, Engeman 2005). Using indices

is more efficient and less costly alternative for monitoring
populations (Hopkins & Kennedy 2004).

To establish the utility of an index as a substitute for an
estimate of density, one must first demonstrate a functional

relationship between the index and density that is invariant
over the desired scope of inference, then calibrate the
functional relationship by obtaining independent measures
of the index and the animal density and then evaluate the
precision of the calibration (Jeannelle et al. 2002). About
the perils of the search for indices that substitute direct
estimation of animal density have also written Nichols

& Conroy (1996), Yoccoz et al. (2001), and Pollock et al.
(2002). On the other hand, Hopkins & Kennedy (2004)
suggested that the use of index provides patterns of small
mammal population trends proportional to those derived
from estimates of absolute abundance. Similar conclusions
have been reached by Slade & Blair (2000).

In all the methods leading to direct density estimations

the premium is placed for accuracy. The applications for
indices, on the other hand, make the precision the utmost
importance. This reflects the contrast between the use

of index and direct density estimations: Direct density
estimation strives to identify the actual number of individuals
accurately, whereas indexing procedures seek to use
reflective measures for detecting differences in abundance
(Engeman 2005). An index should be sensitive to differences
in population size, weather comparisons are made among
multiple populations or a change is being detected within
the same population (Engeman 2005).

Direct indices are based on direct observation of animals,
either visually or through capture and harvest. An
incomplete count is obtained when animals are counted
as they occur in the nature rather than actively captured

or harvested. An incomplete count is obtained by using
methods like aerial counts or line transect surveys. If

the incomplete count can be assumed to be of constant
proportion of abundance, comparisons over space and
time are straightforward. Several studies suggest anyhow,
that incomplete counts are often influenced by other
factors than abundance: groups size of the animals in
question, vegetation cover, habitat, the observer experience,
weather conditions... Therefore, the assumption of counts
representing a constant proportion of abundance does not
always hold (Conroy 1996).

Capture index is a direct index that is based on the number
of individual animals captured per unit of time and effort.
These indices also assume that given some constant
trapping effort, changes in captures of animals over time
represent proportional changes in abundance (Conroy
1996). The use of capture indices assume same trapping
probabilities among individuals, species, habitats and
trapping protocols. Hence, comparisons among indices
should be done with caution (Slade & Blair 2000, Hopkins &
Kennedy 2004, Engeman 2005).

Indirect indices are based on the indirect evidence of
the animal’s presence, such as count of tracks, animal
calls, scent station visits, scats or structures. The indices
are assumed to have a positive, monotonic and linear
relationship with the animal abundance. In the case of




violated (Nichols & Dickman 1996): heterogeneity and
behavioral response. Heterogeneity refers to inherent
variation in capture probability among individuals in

a population. If the heterogeneity is associated with
morphological or other easily identified characteristics,

then this problem can be dealt through stratification. For
example, if capture probability differs for male and female,
then the abundance estimates can be done for each gender
separately and then summed up to get the total abundance.
The behavioral response refers to a situation, where animals
after being trapped once, become trap-happy (probability
for recapture is higher) or trap-shy (probability for recapture
is lower) (Nichols & Dickman 1996)). The response of trap-
happy is common in small mammals and cases of trap-
shyness have been reported e.g. on tigers (Wegge et al.
2004).

Marked subsample method is an adaptation of the capture-
recapture method, where the second sample is obtained
not by capturing but by observing the animals. The animals
are normally marked with conspicuous collars and radio
transmitters. A substantial portion of the population

should be marked during as short period as possible and
afterwards the marked animals should be evenly distributed
throughout the population.

2.4.2. Closed- and open-population models with K
samples

When capture-recapture studies are repeated several
times, a capture history of an individual animal can be
established. A capture history is simply a row of 1s and

0Os, where 1 denotes capture or sighting and 0 denotes no
capture (Nichols and Dickman 1996). K sample capture-
recapture models for closed populations are used in
situations, when no gains or losses to the population are
believed to occur between the sample periods of the study.
The time between the trapping periods is then relatively
short, for example, trapping occurs for 5 consecutive nights
(Nichols and Dickman 1996). If the time between trapping
periods is long (e.g. the trapping takes places seasonally),
the open-population model is used. From the capture
history data is modeled in terms of capture probabilities

in closed-population models, in open-population models
also a survival probability is included. The model for open
populations is commonly called Jolly-Seber model (Jolly
1965, Seber 1965). More information about the open
population models can be found in Seber (1982) and Pollock
et al. (1990).

Unlike most capture-recapture models, K-sample models
for closed and open population require a computer program
to provide iterative solutions to the estimation equations.
The program CAPTURE (Rexstad & Burnham 1991) is
recommended to be used for calculating the estimations for
population size in the case of closed populations (Nichols &
Dickman 1996). For open populations, Nichols & Dickman
(1996) recommended the program JOLLY (Pollock et al.
1990).

2.4.3. Multiple independent observers -method
Multiple independent observers -method is an adaptation
of the capture-recapture method. Two observers count the
animals simultaneously and independently in the same area
in a manner that allows partitioning of sightings into those
seen by each observer and those seen by both observers.
Animals seen by the first observer (n1) are those captured in
the first sample and those seen by the other observer (n2)
those captured in the second sample. Those seen by the
both observers (m2) are those marked in the first sample
and recaptured later. The population size is estimated with
the same estimator as in the capture-recapture method
(chapter 2.5.1., page 14 in this report).

Conditions for using multiple independent observers
-method are: population is closed between the counts

by the two observers, all animals are equally likely to be
seen by a given observer, sighting of an animal by one
observer does not affect the probability of its sighting by
other observer and animals seen by both observers can be
accurately identified. (Southwell 1996)

Removal methods are used for estimating animal
abundance. They are based on an accurate recording of the
number of animals removed from or added to a population,
in conjunction with observations made about the population
before, after or during the removal process (Lancia & Bishir
1996). The removal data can be collected by individuals
other than researchers (e.g. hunters), so it is often more
inexpensive to obtain. The removal methods can be applied,
when the removal from the population is selective; i.e. the
proportion of subclasses of animals (e.g. sex, age, antler or
size subclasses) removed is substantially different from the
proportions of the subclasses in the pre-removal population
(Lancia & Bishir 1996).

2.5.1. Change-in-ratio method (CIR)

The CIR method uses changes in the proportions of
subclasses in a population to estimate the size of the
subclasses. It is based on the idea, that the proportions of
the subclasses in the population change over time because
of the disproportionate removals. Subclasses could be e.g.
males and females, adults and juveniles, antlered deers and
antlerless deers, or even two different species (Lancia &
Bishir 1996). The CIR-method has been applied to animals
species, that are hunted, e.g. deer population (Conner et

al. 1986) and Norwegian moose population (Solberg et al.
2005).

A sample of the proportions of the subclasses in the
population is taken before the first removal, and the
removals occur during two or more distinct periods. After
removal another sample is taken from the population (Lancia
& Bishir 1996). The assumptions of the basic CIR-method
are: 1) The observed proportions for subclasses (x-type

and y-type) are unbiased estimates of the true proportions
in the population, 2) except the removals, the population




Field techniques can be broadly classified as 1)
observational technigues, 2) capture techniques and 3)
techniques based on animal signs (Nichols & Conroy
1996). Several techniques should be employed in a multi-
species mammal study. The techniques are selected on a
species-specific basis, considering their applicability and
appropriateness for each target species.

Observational techniques are used mostly on diurnal
species but when used in conjunction with night observation
devices, can also be applied to nocturnal species. Nocturnal
species are often surveyed with capture techniques or

by detecting their signs. Observational techniques may

be applicable to social species or to species that form
temporary aggregations. (Rudran & Foster 1996). Features
of animal’s habitat should influence the choice of field
techniques. The density of vegetation, steepness of the
terrain and the degree of habitat heterogeneity can affect
direct observations so that the other techniques are
preferable. (Rudran & Foster 1996).

Capture techniques include snap trapping, live trapping

and pitfall trapping. Snap traps kill the mammal (removal
from the population), live and pitfall traps capture mammals
unharmed for later release (Jones et al. 1996). Nevertheless,
all the capture techniques are considered to be invasive and
laborious and hence expensive. Expertise is often required
for handling and identifying the animals, which tend to
increase the expenses even more. When invasive methods
are being used, the questions of ethics rise, especially

in the case of snap trapping. On the other hand, capture
techniques allow the researcher to gather more detailed
information about the population, like sex deviation, average
body mass etc. Also one of the most reliable methods for
estimating species abundance, capture-recapture method,
requires capturing and handling the animals.

Techniques based on animal signs are considered to be less
expensive and hence more suitable for large scale surveys
(Webbon et al. 2004). Animals signs can also be detected

in many different kind of habitats, including those with poor
visibility. Hence techniques based on animal signs may
result in estimates with lower confidence limit (Jachman
1991). Survey of animal signs is also a non-invasive method
with a minimal effect on the species in question. At the
moment a lot of research is carried out using techniques
based on animal signs and observational techniques,
whereas the use and development of capture techniques
seem to be declining.

Different kind of baits and attractants can be used to attract
the target species to the proximity of camera traps, track
stations and live and snap traps. In many studies the term

“scent station” is used, when different kind of natural and
artificial attractants (but not bait) are used. Scent stations
attract the animals, but do not reward them with food.
According to Yasuda (2004) baits and scent stations can
be used to attract predators or frugivores to a camera traps
in order to shorten the minimum trapping effort necessary
for acquiring photograph of the target species. In his study
camera traps were baited with raw peanuts to attract wild
boars, hares, masked palm civets, raccoon dogs, weasels,
squirrels and badgers. In Gompper et al. (2006) carnivores
were monitored by camera traps which were baited of
chicken, deer and beaver meat and skunk-scented lures.
Campbell & Lang (2008) studied the use of attractants for
wild boars (Sus scrofa) and found that the visitation rate in
scent stations was highest when strawberries and apples
were used as a bait. However, baits that are too attractive to
a target species shouldn’t be used, because this will cause
the animals to stay in the area until the bait is consumed,
which, in the case of camera trapping, can result to the
entire roll of film containing a series of photographs of the
same individual (Yasuda 2004).

Long et al. (2007) suggested, that there might be a potential
bias when using methods that require the use of baits
attractants. Different segments of population (e.g. females
and males) may be differently drawn to attractants. Also
the call range of attractants i.e. the actual survey area is
often difficult to estimate. Furthermore, non-reward -based
detection methods eliminate the supplemental feeding effect
of wildlife, which can be an important factor especially in
the case of long term monitoring in the same area. It also
minimizes the chance of attracting animals to potentially
hazardous locations. The use of very attractive bait may
also artificially increase the abundance index, especially
when the survey is conducted for many consecutive days,
like Allen et al. (1996) concluded. The baits can also be
consumed by other species than specific target animal,
which can increase the cost of the survey both directly

(the cost of the bait) and indirectly (the labour needed for
replacing the bait). Because of this when the purpose of the
survey concentrates on the abundance of one or few target
species, species-spesific baits should be used (Campbell

& Long 2008). Nevertheless, different kind of attractants
and baits are very commonly used in wildlife research and
the downsides of the baiting seem not to be very widely
discussed.

All mammals are affected by the local weather conditions.
Temperature, precipitation and other climatic factors

affect the activity of animals and the timing and intensity

of feeding, reproduction and migration. The weather

data should be recorded not only during monitoring, but
actually several weeks prior to the survey, because these
data often provide insights for the interpretation of the
monitoring results. Weather conditions should be also taken
into consideration when designing the study, because
uncontrollable weather variables can lead to biased results




indirect indices the observability can be greater that one,

if the same individual produces multiple indices (sets of
tracks, visits in scent station, sounds). E.g. Carnivore
footprints are often easily identified and can be used as an
index of abundance based on counts of tracks detected per
unit of sampling effort, which can be km of line transect or
number of track stations (Wilson & Delahay 2001).

One may conduct a study in an attempt to identify all

significant factors related to the index and specify their
relationship. One can also control for as many factors as
possible by standardizing methods (e.g. always surveying
under the same weather conditions, with the same
observers, etc) to reduce index variability and to make
comparisons among years or sites more reliable. Such
indices are not estimates of abundance but have less
sampling variability, perhaps enabling more accurate and
powerful comparisons over space and time (Conroy 1996).




Sharp et al. (2001) studied the suitability of spotlight counts
to index the abundance of red fox in arid environment. They
concluded, that there was a correlation between spotlight
count index and some other indices suggesting that
spotlight counts were accurately documenting fluctuations
in population size. The precision of the spotlight index was
nevertheless low, which means that smaller changes in
abundance may go undetected. On the other hand, there
have been many other studies conducted that have not
found a correlation between spotlight indices and other
indices, e.g. Mahon et al. (1998) for foxes and feral cats.
Also Edwards et al. (2000) found some evidence suggesting,
that spotlighting is not an appropriate method for indexing
the abundance of wild dogs and dingos.

3.3.3. Thermal cameras

Mammals produce body heat that can be seen against the
relatively cooler natural surroundings using thermal imaging
technology. This heat can be detected with thermal cameras
from the aircraft (Havens & Sharp 1998). Still nowadays this
technique has rarely been used to survey animal populations
because of the unavailability and high cost of equipment,
and a lack of experience and standardised methodologies
(Havens & Sharp 1998, Wilson & Delahay 2001).

Havens & Sharp (1998) used thermal aerial imagery to
survey deer population in Florida, but they were also able
to locate radio collared panthers and identify several other
mammalian species. The results were promising, because
they were able to detect 42% more deers than compared
with the standard aerial survey methods. Based on the
thermal signatures of deers, they were able to detect them
also in wooded areas. Havens & Sharp (1998) suggest, that
thermal photography could eliminate bias associated with
animal sightability. Collier et al. (2007) used thermal imager
to locate white-tailed deers. The thermal imager gear was
placed at the front of the vehicle. They found the use of
thermal imager to be very efficient method for detecting
white-tailed deers detecting more than 90 % of the total
individuals seen. Standard spotlighting detected 54 % of the
deers.

Butler et al. (2006) used thermal infrared cameras to detect
deer neonates in shrub land, in Texas. They used cameras
from a vehicle and from fixed positions. The results were
not promising, since they were able to detect only one
fawn. They concluded, that the method failed because

the sparse herbaceous vegetation in the study area was
able to buffer a neonate’s body heat enough so that the
camera was not able to detect it. Also direct sun light can
result in false signals. They advise wildlife researchers to
consider vegetation parameters, ungulate density and other
factors possibly effecting the results before purchasing an
expensive thermal imaging equipment (Butler et al. 2006).

3.3.4. Emergence from the den or burrow
Observation of emergence from dens and burrows is used
to obtain total counts of species. The technique requires
the initial location of all the dens and burrows in a study

area. It has been used to survey nocturnal and tree hollow
-dependent species. It is found to be most useful for small

to medium size species. Before the survey the whole area is
searched in order to locate all the dens and burrows in the
area. Observers continuously watch the entrances of the
dens and simply count the animals as they exit. In the case of
nocturnal animals, observers should be stationed at the base
of the each tree. Artificial light sources can be used in this
method, so the position of the observers should be such that
the silhouette of the den can be seen against the evening sky
or the night vision device should be used. The presence of
the observer shouldn’t hinder the emergence of the observed
animal. Sometimes it may be necessary to replace human
observers with video cameras (Rudran & Foster 1996).

The outcome of this method is the absolute density of the
population (the sum of all the animals observed divided by
the study area). This method has been used for counting
possums in Australian rainforests (Smith et al. 1989) and

it can also be applied to surveying bats (Bat Conservation
Trust 2007).

Small terrestrial mammals (weight < 50 g) have often the
greatest species richness in forest ecosystems (Jones et

al. 1996). They are often sampled with different kind of
traps, because they are hard to identify with other methods.
Trapping can also be used for medium-sized mammals,
that are difficult to detect using other methods. Capturing
generally becomes more difficult when the size of the target
animal increases (Jones et al. 1996).

The choices of trap type and bait are far from irrelevant;
according to the study of Laurance (1992), conducted in
Australian rain forests, different trapping methods vary
considerably in terms of overall capture rate and proportions
of species captured. The factors affecting the capture
rates of different species are diet, vertical microhabitat
use, body size and trap avoidance. This is why any single
trapping method will be biased toward nonrandom subset
of species in the community; instead, a variety of trapping
methods should be used (Laurance 1992, Anthony et

al. 2005, Moseby & Read 2001). Also Kalko & Handley
(1993) compared the capture success of snap traps and
pitfall trapping and concluded, that these two methods
are complementary and the best results is obtained when
combined.

Trapping is an invasive way to study mammals. Guidelines
for the capture, handling and care of mammals approved by
the American Society of Mammalogist can be found in the
statement of Animal Care and Use Committee (1998).

3.4.1. Live and snap trapping

The use of different kind of traps (live traps, snap traps
and pitfall traps) is common in small-mammal-community
assessments. The live and snap traps require the animal




that are not reflecting the true species richness. An example
about the effect of the weather conditions is given in
Appendix 1. (Crump 1996)

Temperature should be recorded in the beginning and end
of the monitoring periods providing information useful in

evaluating the mammalian activity. Outside the monitoring
period temperature should be recorded continuously or at
least maximum and minimum temperatures of each day.

Also the daily precipitation should also be measured. Wind
speed and direction maybe relevant as well. (Crump 1996)

Observational techniques can be used for confirming the
presence of mammalian species in the area and to estimate
their population size (Rudran et al. 1996). These techniques
involve detecting animals directly by sight, sound or smell
or indirectly with the help of cameras, and tape recorders.
Observational methods can be used to monitor all but the
smallest mammals (rodents and insectivores) and species
living in rough terrain or under dense vegetation. These
methods are most appropriate for surveying medium-sized
to fairly large mammals living in relatively open and flat
habitats (Rudran et al. 1996). For surveying insectivores and
rodents other techniques, such as capture techniques, are
more appropriate.

Observational techniques can be divided into drive
techniques and silent techniques. In drive techniques
animals are made to run and counted as they flee. These
techniques can be used for surveys of diurnal, medium
sized, terrestrial animals with conspicuous flight reaction
that live on a flat and open terrain. Drive techniques

cause stress and risk of injury for animals and too often
conducted surveys can cause the animals to leave the area
for extended periods. (Rudran et al. 1996) In Israel these
methods may not be usable because of the small and
fragmented forest structure and applying them can may lead
to to animals fleeing to roads. For more detailed information
about the drive methods see Rudran & Foster (1996, pages
82 - 86).

The silent methods can be divided into active and passive
methods. In active silent detection methods the observer
approaches the animals as silently as possible and counts
them while they remain undisturbed. These methods can
be used for surveying species over wide range of size
classes, from relatively small to very large. Such methods
can be used to survey arboreal species (species specialized
living in a canopy) , fossorial species (species specialized
living underground), diurnal species and nocturnal species.
Detection of nocturnal species requires the use of spotlight
(Rudran & Foster 1996) or night vision device. Silent
detection methods are preferable over drives because they
are less stressful to animals. Surveys can be conducted by
foot or mobile platforms for larger areas (> 10 km2) such
as horses, mules or land vehicles. Airplanes can be used

for counting large mammals like elephants or hippos. In
forested and hilly areas the use of mobile platforms is often
problematic.

3.3.1. Aerial surveys

Aerial surveys are conducted from fixed-wing aircraft or a
helicopter. The quadrat sampling and line or strip transect
methods are normally applied (Nichols & Conroy 1996). The
aerial surveys permit rapid counting of animals and are most
useful for surveying very large, open areas. However, costs
of conducting regular aerial surveys may be prohibitive
(Wilson & Delahay 2001).

Aerial surveys has been used commonly to survey marine
mammals (e.g. Pollock et al. 2006), but it can be used for
terrestrial species living in open or patchy habitats as well.
It is most suitable for counting species that form groups
and are therefore more conspicuous from air (Sutherland
1996). Studies exist about e.g. red deers (Trenkel et al.
1997), wolves (Becker et al. 1998), elks (Samuel et al.
1987), elephants (Jachmann 1991), and other large or
medium sized mammals (e.g. giraffe, gazelle, ostrich, lion)
(Foguekem 2010). Because it is not suitable for surveying
small or medium size animals living in a habitat with dense
vegetation, the suitability of this method to the Israeli
conditions is questionable.

3.3.2. Night surveys & spotlight counts

Many carnivores are nocturnally active, hence several
methods have been developed to carry out counts at night
(Wilson & Delahay 2001). Night counts conducted from
the roads with spotlights is also a standard method for
estimating the size of deer population because of its low
cost and ease of use (Collier et al. 2007). Line transect
method can also be used for night surveys to monitor
nocturnal species (Mahon et al 1998, Sharp et al. 2001).
The problem with animal detection is more acute on night
surveys. A strong beamed flashlight or night vision device
can be used for detecting the animals. Spotlighting works
best with species that have bright eye shine and do not look
away from the light. (Rudran & Foster 1996)

In Sharp et al. (2001) the spotlight transect of 24 km was
established to study red fox abundance. The transect

was monitored seasonally for 4 consecutive nights from a
vehicle. Whenever an eye shine was detected, the car was
stopped and binoculars were used to identify the species.
This information was used to produce an index of numbers
of individuals seen per kilometer. Seasonal population
indices were calculated from the mean of the consecutive
nightly estimates.

Duckworth (1998) reviewed spotlighting on foot as a method
to assess the population size of nocturnal forest mammals.
He concluded that the distance-sampling method for
calculating density (Buckland et al. 1993) was inappropriate
because the assumption of 100% detection probability

on the transect line could not be met night time in a forest
environment.




number of trap sites and drift fences on the capture rates of
pitfall traps and concluded, that the capture rates at fenced
pits were five times higher than at unfenced pits. Although
pitfall trapping is considered to be very effective for
capturing shrews, in the absence of drift fencing, pitfall traps
do not necessarily capture more shrews than conventional
live traps (Anthony et al. 2005).

Opportunities to observe animals on the field are often
limited because most are small, nocturnal and secretive.
Luckily all animals leave a record of their presence and
activities. Visually detected signs include structures
(different kind of nests), marks from the feeding activities
(grass and twig cuttings, droppings, diggings), tracks,
stored food and food remains, and scats. These signs
can be helpful when creating a checklist of species in
the survey area. To be reliable as an indicator of a given
species, sign should be validated by identifying the species
in the act of producing a sign. The detection of signs is
often demanding and requires a lot of field experience
(Wemmer et al. 1996).

Animal signs (e.g. nests, scats and tracks) can be surveyed
using the same techniques used in observational methods
to count animals directly (e.g. line-transect, strip, quadrat
plot methods, described above), and the result can be
analyzed with the same statistical treatments (Wemmer et
al. 1996).

Track plates, scent stations and different kind of hair funnels
and wires are also presented in this chapter, because

they are noninvasive and based on the animal signs. Most
noninvasive methods are specifically designed to collect
presence-absence data and to produce checklist of the
species of certain area (Gompper et al. 2006).

It is important to note however, that count of signs should
be interpreted as an index of abundance. To establish

the utility of an index as a substitute for an estimate of
density, one must first demonstrate a functional relationship
between the index and density that is invariant over the
desired scope of inference, then calibrate the functional
relationship by obtaining independent measures of the index
and the animal density and then evaluate the precision of
the calibration (Jeannelle et al. 2002).

Counts of signs are also submitted to a variety of sources of
error: environmental heterogeneity, non-regular production
of the sign, mobility of animals, detectability of signs and
decaying rates of the substances. Despite many potential
sources of error a number of studies reported a good fit
between the estimates of population size based on counts
and those derived by other methods (Wemmer et al. 1996).

3.5.1. Mammal tracks
Mammal tracks are often found in wet or muddy areas near

the water or along trails used for moving between different
habitats. Sandy substrates are less than ideal, but also
record tracks with sufficient detail for identification (Wemmer
et al. 1996). Some surveys are based on the transects
along dirt roads with dusty surfaces that register animal
footprints (e.g. Smallwood & Fitzhugh 1993, Edwards et
al. 2000). Once mammal tracks are found, they should be
documented for example by photographing it for further
use. An object of known size should be included in each
photograph for scale. Another way to document mammal
tracks is casting them with plaster of Paris or rosin-paraffin
moulage methods. Detailed description of these methods
can be obtained in Wemmer et al. (1996, pages 160- 162.).

Two main systematic approaches for collection of the track
data is to survey transects for evidence of footprints or to
use lines of track stations of deliberately prepared footprints
plots (Wilson & Delahay 2001). The latter method is reviewed
in chapter 3.5.4., page 37. Footprints can be used as an
index of abundance based on counts of tracks detected

per unit of sampling effort, which can be km of line transect
or number of track stations (Wilson & Delahay 2001). If
individual animals can be identified based on the footprints
(e.g. mountain lion, Smallwood & Fitzhugh 1993), the
absolute abundance can be estimated (Wilson & Delahay
2001).

For most species active in winter, snowtracking has
probably the highest probability of detecting species
(Gompper et al. 2006). By definition this method can be
used only on places with snow and hence is hardly suitable
for Israeli conditions.

3.5.2. Scat surveys

For many scarce and elusive species, like many carnivores,
confirming their presence through faecal surveys is the
only cost-effective approach (Davison et al. 2002, Laing et
al. 2003). Surveys of scats measure usage of the survey
area over a period of time that corresponds roughly to the
mean time of decay of the scat (Laing et al. 2003). On the
other hand, direct methods for surveying animals, e.g.

the observational methods like aerial survey and surveys
conducted by foot or by vehicle, estimate animal density
only at the time of the survey and are more prone to sample
error. Thus, the scat survey methods are not biased by an
uneven distribution of the population or the movements

of the animals between unsurveyed and surveyed areas
(Jachmann 1991). Also the observational methods are
effective in open and flat habitats, in forested habitats the
detectability of animals can not be considered to be 100%
(Jachmann 1991).

Surveys of scats or pellet groups are usually conducted
using quadrat sampling, strip transect sampling (Webbon

et al. 2004) or line transect sampling (Gompper et al. 2006,
McCann et al. 2008) These sampling techniques are the
same as used in observational techniques, for the definitions
see chapter 3.3., page 24. In scat surveys quadrat sampling
plots of 50 to 100 m2 are generally employed and these




entering the trap, this is why they are normally baited to
increase the probability of capture (Jones et al. 1996).
Especially granivores (seed-eaters) and generalists respond
to baiting (Jones et al. 1996). Pitfall traps work differently,
the animal just falls down to the accidently since it is buried
with the level of ground surface and can’t climb up again, so
no baiting is used.

The two most popular and commonly used live traps are
Sherman trap (H.B. Sherman Inc., Tallahassee, Florida, USA)
and Longworth trap (Penlon Itd., Oxford, U.K.), that are
commercially available (Anthony et al. 2005). Because each
trap has its own inherent biases and mechanical limitations
they are likely to favor some species over others. This is why
no single trapping method can yield accurate and unbiased
estimate of the structure and composition of small-mammal
community and instead a combination of different kind of
traps should be used (Kalko and Handley 1993, Anthony

et al. 2005). Anthony et al. (2005) compared the efficiency

of different kind of live traps and concluded that small
Sherman traps are the most effective ones for small-bodied
mammals. The Longworth traps were especially effective to
capture also shrews, even compared to traditionally used
pitfall trapping. This is probably due to the sensitive capture
mechanism.

In a snap trap, a metal bale powered by the spring is
released when the animal contacts a pan containing the
bait (Jones et al. 1996). Snap traps kill the mammal, hence
they are suitable for removal methods (Chapter 2.5, page
18). The most effective snap traps for small mammals are
Museum Special mouse and rat traps (Victor, Four-way:
Woodstream Corporation) (Jones et al. 1996). Snap trap
must be of a size and power sufficient to kill the animal on
impact.

For species richness inventories accurate estimates of
abundance are not necessary: the primary concern is to
detect all the species and sample a sufficient space. The
easiest and most common way to arrange traps is along a
transect (Jones et al. 1996, Kalko & Handley 1993). Traps
are placed at equal intervals of 5 to 15 meters along the
transect, but spacing distance should be a function of
habitat complexity: the more complex habitat, more closely
spaced traps and transects (Jones et al. 1996). Traps can
be also arranged as a grid of e.g. 5 x 5 traps (Anthony et
al. 2005). Size of a target animal is a consideration when
placing the traps, because small mammals tend to travel
shorter distances than large mammals. A general rule is

to space traps at a distance no greater than the radius of
an average home range of a target species (Jones et al.
1996). Trapping period of 500 nights is recommended for
the species inventory, but the trapping effort can be also
shorter when determined with a species accumulation curve
(cumulative number of species trapped versus cumulative
trapping effort) (Jones et al. 1996).

The timing of the trapping significantly influences the
capture success for small mammals, because of the

frequency and duration of their activities vary (Jones et al.
1996). Some species, like shrews, have multiple periods

of activity during a 24-hour interval, whereas others have
only one. Ideally, trapping should take place during 5-6
activity periods and for some species this means 5-6 days
and for shrews less than that. The duration of trapping can
be shortened and the effectiveness increased, if animals

are exposed to the traps for several days before actual
trapping period. During this time the traps are baited but
locked open (Jones et al. 1996, Anthony et al. 2005). Traps
should be checked regularly. Animals may be retained in live
traps for a few hours, if bait and bedding material (cotton

or other plant fibers) is provided and the trap is protected
from the elements (sun and rain). In Anthony et al. (2005) the
traps were checked every 12 hours. The traps were locked
closed, if the temperature exceeded 27° C. For further
instructions for capturing and handling the small mammals,
see Animal Care and Use Committee (1998).

Trap transects are generally not suitable for density
estimations, because the effective area from which the
animals are sampled of the trap array must be known (Jones
et al. 1996). For better estimations for density a square

grid or circular grid of traps are recommended (Jones et al.
1996, Anderson et al. 1983). For further development and
comparison of these methods, see also Parmenter et al.
(2008).

3.4.2. Pitfall trapping

Pitfall trapping is a commonly used method for assessing
the small- mammal and -reptile communities. It is
considered especially efficient for capturing shrews, that are
normally difficult to capture with other types of traps (Kalko
& Handley 1993). Pitfall traps can be made out of normal
plastic buckets, PVC sewer pipes or tin cans and buried at
the ground surface level (Laurence 1992, Moseby & Read
2001). Sometimes a solution of formalin is used, then the
purpose is to preserve the specimen inside the trap and not
to caught it alive and release afterwards (Laurance 1992,
Kalko & Handley 1993). During the wet season the use of
pitfall traps is not recommendable, since the animals in the
pit may drown.

The pits are commonly arranged into the shape of grid or
cross with the distance between the pits of 3 to 5 meters
(Laurence 1992, Moseby & Read 2001). The pits should be
checked every day and the animals inside identified and
released afterwards. The standard trapping period in pitfall
traps is four nights, although the most efficient trapping
period for maximizing new species captured may be for
small mammals closer to eight (Moseby & Read 2001). The
use of shorter trapping period may lead to underestimation
of the species richness on the research site.

Different kind of drift fences linking the pits can be used to
funnel the animals into pits, which seems to increase the
capture rates and hence the efficiency of pitfall trapping
(Moseby & Read 2001). Moseby & Read (2001) investigated
in Australian shrublands the influence of trapping period,




over a lengthy period of time. The disadvantages of the
accumulation method is the much higher amount of field
work, which is required because of the time period between
visits must be kept short to ensure that new scat would not
decay (Laing et al. 2003).

If animal species is known to use regular latrine area and if
such latrines can be identified, population estimates can be
made from the pellet accumulation in these known latrines
using one of the methods above (Putman 1984).

It should also be noted, that the presence of scats doesn’t
necessarily mean, that the area is currently occupied by the
animal. Given that the scats may persist long time in nature,
detection of the scats only means that the site was used

by the species in recent past (Long et al. 2007). Of course
the connection between scats and presence of the actual
animal can be established, when the area is monitored for
longer time and scats appear also in later assessments.

Other parameters can be estimated from the scats. Scats
can offer information about the individuals sex, body mass
and diet. In some cases the sex of the individual in question
can be determined from the shape of its faeces and also
such information may be obtained from the DNA -analysis
(Putman 1984). Also some relationships between body
mass and the mass of the faeces have been established for
various ungulate species. Microhistological examination of
faecal material is a technique widely used in the determining
animal diet. For an excellent review about the dietary
analysis, defining sex and determining the body mass of the
individual from faeces, see Putman (1984).

The scats found in the field are identified by species either
with DNA-analysis or based on their appearance (Wilson

et al. 2003, Davison et al. 2002). In DNA -analysis small
amount of the outer part of scat is scraped to enrich
mucosal cells. From these cells, DNA is extracted and
identified by comparing the samples nucleotide sequences
of known species obtained from the Genbank (Davison et
al. 2002). Davison et al. (2002) identified the faeces obtained
from the field based on their appearance. The same
samples were later analyzed in the laboratory to confirm the
identification. Their study showed, that expert naturalists
failed to distinguish pine marten faeces from fox faeces.
Unfortunately DNA testing is costly and technically difficult
and thus can’t be used in all the surveys. Davison et al.
(2002) recommend a multi-evidence approach to be used
to identify the species, involving DNA extraction from scats,
identification of species from hairs, camera trapping and
non-leading sighting questionnaires.

In Wilson et al. (2003) faecal DNA was collected
systematically from latrines that were used by badger
communities. Based on DNA-analyses individuals were
identified. This data was interpreted and treated as a
capture-recapture data (also Banks et al. 2002). This the
number of faces can also be plotted against the cumulative
number of new genotypes; this regression curve asymptotes

at the estimated population size. Wilson et al. (2003)
considered this method for estimating badger abundance
the only one accurate enough to compete with live trapping
methods, which are also invasive, laborious and expensive.

3.5.3. The use of detection dogs

Detection dogs can be used to locate fecal samples from
carnivores, thus confirming species presence in the area.
Laboratory analysis can be passed, if the target species
yield unambiguous scats (e.g. black bear) (Long et al. 2007).

Long et al. (2007) concluded, that the use of detection dogs
is a more effective method for surveying bears, bobcats

and fishers than hair snares and camera traps, but also
more costly. The use of detection dogs is a good option,
especially when high detectability and minimal bias are
important. In Long et al. (2007) the detection dogs detected
the target species 3 times more often than camera traps and
the detectability of the species was > 80%.

Also with the dogs only one visit in the survey site is
required, unlike with other methods (e.g. setting the
cameras and then collecting them back). This is not trivial,
especially when the survey area is far away or the conditions
for working are difficult (Long et al. 2007). Furthermore,
unlike most of the station-based methods, use of detection
dogs doesn’t require the use of attractants and baits. The
drawbacks of baiting were further discussed in the chapter
3.1., page 23.

3.5.4. Track and scent stations

Track stations consist of artificial or natural surfaces that
preserve footprints and can be positioned where ever
required (Wilson & Delahay 2001). Track stations have also
been used in association with scented attractants to lure
individuals to the site. In this case the term scent stations
is often used. Scent and track stations are usually used
for determining the presence of carnivores (Gompper et

al (2006). Scent and track station methods are based on
the assumption that the visitation rate is associated with
population density. The theoretical relationship between
the index and mean abundance may not be linear. For non-
extreme densities the relationship can be approximately
linear. (Diefenbach 1994).

A track station can be an aluminum plate smeared with
soot and enclosed in a box, but it can also be as simple as
a smoothed area across unpaved road (Allen et al. 1996).
Track plates enclosed in a box are sometimes called cubby
boxes (e.g. O’Connell et al. 2006). In Crooks et al. (2008) a
circle of sifted gypsum powder (ca. 1 cm deep and 1 min
diameter) was used. Gompper et al. (2006) used a circle of
raked sand around the scented lure. The most commonly
used radius of the circle is 50 cm -1 m, but Gompper et

al. (2006) noted, that many species may not approach the
scent station this close and the use of longer radius might
be recommendable.

The sooted plate can be placed on the ground as it is




samples are searches thoroughly for scats of target animals
(Putman 1984). Webbon et al. (2004) used line transects
and all the scats with distance less than 3 meters from the
transect were included. McCann et al. (2008) surveyed the
abundance of snow shoe hare by establishing 4 parallel
transects 125m apart and placing 15 1m2 circular plots

at 25 meters intervals on each transect. The scats are
identified by species either with DNA-testing(Wilson et al.
2003) or based on their appearance (McCann et al. 2008,
Davison et al. 2002).

There are two most commonly used methods for surveying
scats. When using the accumulation of sign (scat or nest)
method, the scats are cleared away or marked before

the actual survey (Webbon et al. 2004, Gompper et al.
2006, McCann et al. 2008). The new scats are allowed to
accumulate during sufficient time before they are counted
again. The accumulation time should be short enough for
the decaying no to occur. This accumulation rate can be
used as a production rate and if the time of accumulation
is kept short enough, no separate estimation for decaying
rate is needed (Laing et al. 2003). Gompper et al. (2006)
used this method for monitoring carnivores. Transects of 5
km were cleared of scats and then surveyed monthly for 3
consecutive summer months. Later DNA was extracted and
species was identified. Presence of many species (red fox,
grey fox, mink, coyote) that were not detected with other
techniques, was established like this.

Also Webbon et al. (2004) used accumulation of the scats
method for determining the population of red fox in Great
Britain. The squares of 1x1 km were randomly selected and
then stratified. These squares were surveyed for feces using
transects that were following some kind of linear element
(e.g. road, fence, river). This was necessary for coordination
of the surveyors, since most of them where volunteers
without any kind of training. Transects were walked twice,
first all the feces found with a distance > 3m from the
transect were removed. The second walk took place 7-31
days later, and all the new feces were recorded. The analysis
indicated that the time interval between the walks didn’t
affect the estimate for the fox density in Great Britain’s
winter conditions. The relative fox density (R) was calculated
as follows:

R=S/(Ln"D),

where S is the number of feces found on the second walk,
Ln the length of line transect walked and D the number

of days between the visits. Absolute fox density (F) was
calculated as

F = (S*Lt) / (Ln*D*N*P)

where Lt is total length of the transect walked in 1km2
square, N the defecation rate and P the proportion of scats
present. The defecation rate was determined beforehand
from captive foxes as 8 scats/fox/day. The total number

of foxes in each stratum was calculated by multiplying the

mean absolute density of foxes in that landscape by the
total area of rural land in that stratum.

In McCann et al. (2008) annual pellet counts of snow

shoe hare explained about 80% of the variation found

in population estimates using linear regression. They
concluded that using pellet counts is a viable management
tool for predicting hare abundace.

Another method for estimating population density is called
faecal standing crop (Putman 1984). Converting estimates
of scats density (acquired from the field) to estimates of
animal density requires estimation of two rates: production
rate and decaying rate. (Putman 1984, Laing et al. 2003).
The rate of production can be determined from long term
observations of target species in nature, placing a known
number of individuals in an enclosure or observing the
captive animals (Putman 1984, Laing et al. 2003, Webbon et
al. 2004). Putman (1984) points out, that production rates of
scat are difficult to determine, because direct observation
of an individual animal in nature is challenging and the
captivity and artificial feeding may affect the defecation rate
of captive animals. Laing et al. (2003) noted also, that rates
of production of scat may vary seasonally and between
individuals, hence care is needed to estimate a proper

time of the year for the study and a representative sample
of individuals should be monitored. On the other hand,
Webbon et al. (2004) found that the habitat and the diet
didn’t affect significantly the rate of production of feces in
foxes but it remained stable.

Another way to determine the scat production rate is to
establish scat accumulation plots in sites with known
population of animals and the scat production rate
established this way can be then used to estimate the
unknown population on another area (Putman 1984). Scat
production rate can also be estimated with sign marking
method, for detailed description, see (Skalski 1991).

Putman (1984) and Laing et al. (2003) noted, that decay
rates differ at different time of year, in different habitats

and under different climatic conditions. Hence it is
recommendable that a detailed study of the decay patterns
of the scats is undertaken before every survey, unless
sufficient data have been previously collected to predict
mean decay times successfully (Laing et al. 2003, Putman
1984). Laing et al. (2003) suggested a method for predicting
mean decay time of the dung. The method requires fresh
dung (or nests) to be located with a single follow-up visit

to establish weather the dung or nest is still present or

has decayed. The method can also be implemented using
standard statistical software.

If studies of decaying rates and production rates of scat or
other background information for the target species do not
exist, the accumulation of scat method seems to be a very
tempting option, because the estimation of the decaying
rate is not needed (Laing et al. 2003). Thus the abundance
can be estimated quickly without the need to monitor signs




to survey felids (Long et al. 2007), black bears (Long et

al. 2007), fishers (Long et al. 2007, Zielinski et al. 2006),
foxes (Bremner-Harrison et al. 2005) and American marten
(Zielinski et al. 2006, Foran et al. 1997). Many studies
suggest, that hair snares may not be suitable for detection
of bobcats (Long et al. 2007), which are often missed by
using methods based on hair recovery.

Hair snares are simple and cheap to build and easy to use.
The DNA-analyses represents much of the cost for this
method (Long et al. 2007). For example hair snares can

be manufactured by pushing nails through a carpet pad
(10x10cm) (Long et al. 2007, Bremner-Harrison et al. 2005).
Zielinski et al. (2006) used modified barbed wire and glue
strips to recover hair that were placed on the opening of

a baited box. They concluded that the glue snares were
more effective at recovering hair samples than wire snares
and that generally hair snares are quite species specific
method compared to e.g. track plates. Track plates are
able to detect animals of different size, but at least this
kind of hair snares are able to detect species of a specific
size only. Fortunately, these two methods can be regarded
complementary and used simultaneously in a same station
(Zielinski et al. 2006).

One of the advantages of DNA-analysis is that it is able

to identify samples by individuals. This information can

be used for estimating population size of target species
(Zielinski et al. 2006). On the other hand, hair snares and
funnels are prone to multiple sampling between individuals
and sometimes even between species. It may be a problem,
if the purpose of the study requires an identification between
individuals. Bremner- Harrison et al. (2006) developed a
cost-effective, single sampling hair snare, that was used
successfully to sample swift foxes (Vulpes velox) and San
Joaquin kit foxes (Vulpes macrotis mutica).

Many small felids exhibit a natural cheek-rubbing behavior.
Weaver et al. (2005) developed a hair snare technique that
utilizes this behavior to survey ocelots (Leopardus pardalis).
The hair snare was a square of short-napped carpet with a
rubber backing, that was rubbed with scent lure (Weaver’s
Cat Call). Roofing nails were shot through the carpet pad
from backside facilitated snagging of hair. The hair snare
was tested successfully with both captive and wild ocelots.
The method proved to be promising for detecting also
bob-cats, which are difficult to detect using traditional hair
snares (Weaver et al. 2005). The same method has been
also used to survey Eurasian lynx (Lynx lynx) (Schmidt &
Kowalczyk 2006).

Downey et al. (2007) used the same method of scented
hair snares in two different places and failed to detect both
margays (Leopardus wiedii) and mountain lions (Puma
concolor). They suggest a pattern of failure to detect target
felids in scented hair-snare surveys within the range of grey
foxes (Urocyon cinereoargenteus). The marking by foxes
may interfere with the tendency of felids to face-rub at
sampling stations.

3.5.6. Camera trapping

Camera trapping is an efficient, noninvasive method with
minimal human impact for almost all field conditions
(Silveira et al. 2003). Camera traps are ideal for identifying
the species living in a particular area and for monitoring the
abundance of species. It is especially suitable for monitoring
rare and cryptic species (including nocturnal species) and
for studying activity patterns of species (Karanth & Nichols
1998, Silveira et al. 2003). Camera trapping has been used
to survey e.g. tigers (Karanth & Nichols 1998, Silveira et al.
2003), deers (Koerth & Kroll 2000), ocelots (Trolle & Kéry
2003), bears (Gompper et al. 2006) and many middle size
carnivores, e.g. fishers, coyotes and foxes (Gompper et al.
2006). Other advantages of the camera trapping method

are the accuracy in species identification compared to
observational methods and methods based on tracks or
feces. Camera trapping also offers the possibility to collect
other information about the individuals, like the size, sex and
age (e.g. for bears: Mace et al.1994).

In camera traps the animal itself triggers the shutter of

the camera. Trigger mechanisms used commonly are
infrared beams, motion sensors, heat sensors or different
combinations of many mechanisms. Detailed technical
description about the cameras, motion sensors, data packs,
power supplies and flashes used can be found in e.g.
Yasuda (2004), Gompper et al. (2006), O’Brien et al. (2003)
and Foresman & Pearson (1998).

The parameters often used in researches including camera
trapping are: trapping effort, minimum trapping effort, timing
of the first appearance and camera-based encounter rate.
Trapping effort is the sum of camera days multiplies with the
number of cameras. Minimum trapping effort is defined as
the minimum trapping effort required to obtain a photograph
of each major species (Yasuda 2004). Encounter rate is the
number of species-appearances divided by the total amount
of trapping effort in camera days. The number of days
required to acquire a photograph of target species (also
called the latency of detection, LTD) can also been used

as an index of relative abundance, since it is expected to
decrease as the density of animals increases (Carbone et al.
2001, O’Brien et al. 2003). A good correlation was found by
Carbone et al. (2001) between the number of days required
to acquire a photograph and the population density in

tigers (for critic, see Jennelle et al. (2002)). Also the number
of photographs acquired per day (or e.g. per 100 camera
days) can be used as an easily-interpreted abundance index
(O’Brien et al., 2003).

One of the disadvantages of this method is the initial price
of the equipment needed. Also as a high-tech instruments
cameras are prone to different kind of malfunctions (some
of them described by Foresman & Pearson 1998). In areas
which are heavily used by people e.g. for recreation, a risk
of theft of the equipment may be high. For this purpose,
a security box for cameras was developed by Fiehler et
al. (2007). Some studies suggest that some species e.g.




or enclosed in a box (e.g. made with plywood or plastic)
(Foresman & Pearson 1998, Gompper et al. 2006). The

box is used in wet conditions to protect the plait from

rain. Gompper et al. (2006) used a sooted aluminum plate
enclosed to a box with a contact paper added on the other
end of the plate to collect footprints; besides protecting the
soot from rain, the box was used to funnel the animal to the
contact paper. Other end of the box is open for the animal to
enter and the other end closed and baited to attract animals
(Gompper et al (2006)). If the survey is conducted with
enclosed track plates, only species with small or medium
body size can be detected.

The effect of the architecture of the enclosed track plates
was studied by Loukmas (2003). The characteristics studied
were the size of the enclosure and the visual obstruction,
i.e. if the other end of the enclosure was open or closed.
Loukmas et al. (2003) recommend the use of a large box
with a clear view through open ends, because it promotes
the visitation by most mammalian species.

Foresman & Pearson (1998) compared the performance of
open and covered track plates and concluded that open
plates produced lower LTD’s (latency of detection, e.i.
number of days required to detect a target species) than
enclosed ones. Scats found in proximity of covered plates
indicate that e.g. American martens were visiting them,
but not entering them on the first visit. This may lead to
higher LTDs for some species when using covered plates
and should be taken in to account when designing the
research set up. They also suggest that in wet conditions
the combination of open and closed track plates should be
used.

The track station are usually organized systematically on
transects, several hundred meters apart and baited with
different kind of attractants (Crooks et al. 2008, Allen et al.
1996, Wilson & Delahay 2001). In Crooks et al. (2008) 10
track stations were placed on a transect 400 m apart and
baited with visual lures (feathers, dead birds) to attract felids
and with scent attractant for canines. The stations were
placed in the proximity of water. The index of utilization for
track stations can be expressed as the mean number of
tracks crossing the stations per night, the mean number of
positive stations (i.e. the station with a confirmed visit) per
night or the proportion of positive stations per line (Wilson
& Delahay 2001, Seargant et al. 1998). Positive station can
also be used as presence data for a species in question
(Wilson & Delahay 2001).

The connection between an abundance index and

an absolute abundance has been established e.g. by
Diefenbach et al. (1994) with bobcats. They found a positive
correlation between the actual bobcat population and a
scent station index. Allen et al. (1996) concluded that track
plots without scented attractants provided a more reliable
index of abundance for dingoes compared to the scented
ones.

The cost of a track plate unit is low especially compared

to camera traps. On the other hand, baited track plates
need to be checked every 2 to 3 days. Baiting track plates
with scent might reduce the the labor required but can also
reduce the visitation rates (Loukmas et al. 2003).

According to Foresman & Pearson track plates allowed
confident identification of most high-quality tracks. The low
quality tracks couldn’t be identified properly and in this study
their proportion was high, 87 % of all the tracks collected.
Sometimes a special algorithms may be used for identifying
the species and distinguishing them from similar species.
Zielinski & Truex (1995) developed an algorithm based on
3 measurements from the tracks to distinguish fisher and
American marten. Sometimes the animals may be identified
individually, i.e. when unique features exist, like scars on the
feet (Foresman & Pearson 1998).

Gompper et al. (2006) used track plates to monitor
carnivores in North America. In the study 6 plates where
placed in the forest 25 meters off trails at 500 meter
intervals. Track plates were baited with chicken legs and
skunk-scented lure. Raccoons, fishers, marten, weasels,
domestic cats and opossums were detected. Red and grey
foxes and minks known to populate the survey area were
not detected with the track plate method. The results of
Gompper et al. (2006) suggests that track plate -method can
be biased against wary species such as coyotes and foxes.

Gompper et al. (2006) noted also, that the use of track
plates require sufficient sampling period that is generally
longer than when using camera traps. In rapid inventories
(<1 week) camera traps should be used, because when
using track plates an acclimation period precedes the
willingness of an animal to step/enter into a track box. As

a recommendation Gompper et al. (2006) suggested that
surveys (conducted with 6 track plates) of 2 weeks will
detect most of the species but about 1 month is needed for
exhaustive inventories.

3.5.5. Hair funnels and other methods based on hair
recovery

Hair snares consist of a mechanical device that removes

a small sample of hairs by cutting or snagging the as the
animal passes or approaches a bait (Wilson & Delahay
2001). Foran et al. (1997) introduced a baited hair snare
that consists of a tunnel containing a plate covered with
glue to remove a sample of hair from American marten

with the follicle attached. DNA could be extracted from hair
follicles and species and individuals identified. Hair samples
obtained with hair snares or hair funnels are identified by
species and by individuals, if necessary, based on DNA
(Long et al. 2007, Zielinski et al. 2006). In some cases (e.g.
black bears) species can be identified based on the hair
without DNA-analyses (Long et al. 2007).

Generally noninvasive methods based on DNA collection
are successfully used with rare and elusive animals, e.g.
many carnivores. Hair snares and funnels have been used




E.g., camera success for adult coyotes highest during the
spring prior to whelping. They recommended that cameras
should be allowed to run 24 hours/day and samples should
be taken during every season of the year. Camera locations
should also cover an expansive area either all at once or
with a smaller number of cameras over a longer period

(Larrucea et al. 2007).

Foresman & Pearson (1998) recommend that the camera
surveys should run for 28 days, and cameras should be
checked every 7 days. In this study the best results were
obtained when combining different monitoring techniques.




coyotes and possibly also red fox are evading camera traps
(Gompper et al. 2006, Yasuda 2004). Camera trapping
seems to be unsuitable also for several small-bodied
animals like weasels and marten (Gompper et al. 2006),
although good results have been obtained by Foresman
and Pearson (1998). Also lynx seems to be difficult to
capture with camera trapping (Foresman & Pearson 1998).
Wegge et al. (2004) reported about “trap shyness” of tigers
caused probably by the flash, which showed as a significant
decrease in trapping rates during successive 5 -night
monitoring period.

Camera-trapping results are also often difficult to interpret,
especially regarding the treatment of data consisting of a
series of photographs of the same species. Such a series
has a strong self-dependence, which makes it unsuitable
for statistical analysis (Yasuda 2004, O’Brien et al. 2003).
One way to deal with this problem is to consider series of
photographs of the same species taken within a certain
period of time as a single event (O’Brien et al. 2003).

The phenomenon can be essential in camera trapping
studies, e.g. Yasuda (2004) noted, that 38-51% of all the
photographs taken during the study consisted of repeated
exposures of the same species (and probably the same
individual) within a 1 minute interval. He ended up using
the intermission length of 30 minutes, but noted that any
delay between 30 seconds to 30 minutes improves the
situation. O’Brien (2003) used intermission length of 45
seconds. Another way is to use a camera system with a
built in photographic delay interval that prevents repeated
exposures with a certain period of time (Koerth and Kroll
2000). Sometimes the target animals can also be identified
individually (e.g. ocelots, coyotes or tigers by the pattern of
the pelt or other markings) (Karanth & Nichols 1998, O’Brien
et al. 2003, Carbone et al. 2001, Larrucea et al. 2007) and
the problem of self-dependence is avoided.

The development of digital photographing technology has
made this method easier and less expensive. According to
Gompper et al. (2006) the cost of one camera trap unit is
approximately 200$. Normally several cameras are needed
to confirm the presence of species in an area (Yasuda 2004).
Despite the high initial costs of camera-trapping, it can be
handled more easily and with relatively low costs in long
term run compared with track censuses and line-transects
(Silveira et al. 2003). Camera trapping does not require a
lot of labour unlike most of the observational methods; the
survey of even a large area can be carried out by only a
few people. For example, in Gompper et al. (2006) baited
camera traps were checked every 7 to 10 days, given
sufficient bait.

Placement of the cameras depends on the target species,
the survey area and the objectives of the study. Yasuda
(2004) placed the cameras 50 m or more apart when making
a checklist of middle-sized mammals living in a nature
reserve in Japan. Carbone et al. (2001) used the distance

of several kilometers when surveying tigers in Indonesia,
India, Nepal and Thailand. They conclude, that this kind of

camera distribution is suitable also for other species, which
are solitary (or found in very small groups), relatively wide
ranging and with a minimum animal density of >2 in 100
km2. The placement of the cameras can be systematic,
random or specific, again depending on the purpose of the
study. For calculating the abundance of species normally
the random or systematic placement is used. If the purpose
is to create a checklist of species present on the study area,
the cameras should be placed in places, where animals

are expected to visit regularly (e.g. watering holes, salt
licks, fruiting or flowering trees, passages between hills)
(Wemmer et al. 1996, O’Brien et al. 2003). Also different
kind of barriers (natural or simulated) and obstacles such
as drift fences can be used to funnel animals past the
camera (Wemmer et al. 1996). Although camera location

on a large scale may be chosen to meet specific statistical
objectives, on a local scale sites are chosen in order to
maximize encounter rates, if baits and attractants are not
used (Karanth & Nichols 1998). The most common approach
in camera trapping is the use of different kind of baits and
attractants (Foresman & Pearson 1998, O’Brien et al. 2003,
Yasuda 2004, Campbell & Lang 2008).

Most researches that include camera trapping, recommend
the cameras to be checked every second day for correcting
possible malfunctions and rebaiting the trap (Gompper et al.
2006, Campbell 2004). Longer times have also been used,
with varying results (Foresman & Pearson 1998, Long et al.
2007, Yasuda 2004).

When the target animals can be identified individually,

the capture history for each individual animal can be
established. This data can be used for estimating the
abundance of the target species with camera based
capture-recapture method. This was done for tigers by
Karanth and Nichols (1998) and O’Brien et al. (2003) and
for ocelots by Trolle & Kéry (2003). The abundance can

be calculated then by using CAPTURE Program (O'Brien
et al. (2003), Otis et al. 1978), which assumes a closed
population during the sampling period and hence can be
used for areas with limited possibilites for immigration and
emigration. The detailed users guide for CAPTURE can be
found in Rexstad & Burnham (1991). Carbone et al. (2001)
developed a method based on capture-recapture models,
but which doesn’t require the identification of an individual
animal and hence could be used for other animals besides
tigers. They got good results, but also a lot of criticism

by Jeannelle et al. (2002), who questioned the underlying
assumptions of their study and claimed, that their method
didn’t fill all the criteria necessary to establish a reliable
relationship between an index and the actual animal density.
The response is found in Carbone et al. (2002).

Larrucea et al. (2007) used unbaited cameras to estimate
the abundance of coyotes. They demonstrated, that the
placement of cameras and the timing of survey can
influence the camera studies and potentially lead to biased
results. This is related to social status and temporal and
seasonal activity patterns, which effect the photo-captures.




Direct roost counts are carried out by groups of observers at
designed positions relative to a colony or survey area. The
roosting bats are counted directly with or without the help of
binoculars or spotting scopes. Cameras and video cameras
can also be used (Kunz et al. 1996). The most viable method
for assessing the species richness of cavity-roosting
species (like Rhinolophus spp.) is to find their roosts
(Flaguer et al. 2007). To minimize the disturbance, torches
with infrared filter can be used in conjunction with night
vision devices can be used (Bat Conservation Trust 2007).

The difficult part in direct roost counts is finding the

roosts. Bats can use different kind man-made structures
(e.g. domestic houses, barns, bridges, walls) and also
underground sites (e.g. caves and cellars) or trees for
roosting (Bat Conservation Trust 2007). What kind of
roosts bats commonly use, depends on the species. E.g.
horseshoe bats are found in buildings and underground
sites, but not in trees (Bat Conservation Trust 2007). For
finding the roosting sites in an area, an inspection survey
can be conducted, where the possible locations of the
roosting sites are first found from the map. After that these
potential places should be searched for evidence of bats:
droppings, corpses, scratch marks etc. For further details
about the inspection surveys, see Mitchell-Jones & McLeish
(2004). Also backtracking, emergence and re-entry survey
or radio-tracking can offer information of the location of the
roosting sites.

Backtracking is a technique for finding the roosting sites. It
is based on four principles: 1) The earlier the bat is seen at
sunrise, then the closer it is likely to be to its roost, 2) Bats
fly away from the roosts at sunset and surveyors should
move towards bats to locate the roost, 3) At sunrise bats fly
toward their roost and surveyors should move in the same
direction as the bats to locate the roost 4) At sunrise some
bats swarm at roost entrance about 10-90 minutes before
entering. Using these principles it is possible to locate the
roosts of any species (Bat Conservation Trust 2007).

Emergence and re-entry surveys are the primary methods
for locating roosts in trees, buildings or other built
structures, because bats are not always found by searching
techniques (Bat Conservation Trust 2007). Emergence and
re-entry counts can also give a reasonable estimate of the
number of bats present. The surveyors should be positioned
to all possible bat exists of the roost. Bats are counted,

as they emerge from/re-enter the roost. The bats are more
easily observed against a light background, e.g. the evening
or morning sky.

Nowadays most of the studies about bats use other

than observational methods because of many problems:
identification of flying bats (especially in the regions with
many bat species, as in Israel) is difficult, especially because
surveys are conducted during nighttime. The counts in
roosting situations are also questionable, because of the
risk of disturbance. Also many studies recommend the use
of combination of sampling methods, because capture

success varies between species using different methods
(Barclay 1999, O'Farrell & Gannon 1999, Flaquer et al. 2007).
This is especially important in the case of rare species.

According to Bat Conservation Trust (2007) the common
features in the forest used by bats for roosting and shelter
are natural holes, hollows and cavities, woodpecker holes,
cracks and splits in major limbs, loose bark and the spaces
within dense, epicormic growth. Typically these features

are found from large and old trees. Israeli pine forests seem
to be lacking old trees and hence the suitable habitats for
roosting because of the small diameter and young age of
the trees. It is an interesting question, if bat species are
using planted pine forests for roosting or if the only potential
use of these habitats is that they serve as a foraging habitat.

If the primary purpose of monitoring is to survey the use
of pine forests by different species, then the observational
methods described here may not be suitable, because
they are all based on finding the roosting sites, which may
be located outside the forests. In this case the acoustic
methods may be more suitable.

The majority of the studies conducted lately use acoustic
methods for surveying bats. Bats use series of echolocation
pulses or calls for navigation and search for food (Broders
2003), and these calls can be recorded with different
recording devices (“bat detectors”) and further analyzed

in laboratory conditions. Technical details about different
bat detectors and recorders used and computer programs
for analyzing the recordings can be found in McSwiney

et al. (2008) and Davy et al. (2007). Acoustic methods are
especially effective to detect species that fly and forage in
higher altitudes, above the mist-nets and harp traps, and
there is also evidence, that sometimes bats are able to
acoustically detect the traps and mist nets and avoid them
(McSwiney et al. 2008).

Echolocation calls are usually recorded for a continuous
period of 10 minutes at the time in one site. For example;
Davy et al. (2007) recorded echolocation calls of bats in
different Mediterranean habitats in10 minutes intervals
rotating among four randomly haphazardly selected points
in each survey site. The standard method for placing a
microphone is to place it on tripod (height 1.3 m) facing
upward and directed toward open space between the
trees to avoid echos from the vegetation (Davy et al. 2007,
McSwiney et al. 2008). In Bat Conservation Trust (2007) the
calls are instructed to record continuously when walking
on transect lines or recorded in manual mode, where

the button is pressed to start recording when the call is
heard. Short recording stops of 2 to 5 minutes can also be
incorporated along the chosen route, where recording is
done continuously. Acoustic surveys can also be conducted
from a vehicle (e.g. a car or a boat) (Bat Conservation Trust
2007).




There are 94 different species of mammals in Israel, of which
almost one third are bats (Microchiroptera) (Mendelssohn &
Yom-Tov, 1998). This makes them the largest mammal group
in Israel. All of the bats are nocturnal and with only one
exception, insectivorous (Yom-Tov & Kadmon, 1998). Only
one species, Rousettus aegyptiacus, is a frugivore (Yom-
Tov & Kadmon, 1998). Favila & Halffter (1997) pointed out
that bats could be used as an indicator group in Neotropics
due to the variety of different ecological requirements, the
ease of identification, the abundance in many habitats and
their possibility to apply standard sample methods without
jeopardizing their conservation.

Bat species in Israel can be classified into three categories
according to the precipitation gradient of their habitat.

The groups are Mediterranean species, dessert species

and widespread species (Yom-Tov & Kadmon, 1998). The
potential distribution of four bat species (Asellia tridens,
Pipistrellus kuhli, Rhinolophus hipposideros, Tadarida
teniotis) covers all or most of the country. Two species
(Rhinopoma hardwickei & R. microphyllum) are found mainly
along the Rift Valley, but also occur in other areas of the
Mediterranean part of Israel. There are also 15 species,
whose distribution covers the Mediterranean region in Israel
(Eptesicus serotinus, Miniopterus schreibersi, Myotis blythi,
M. capaccinii, M. emarginatus, M. myotis, M. mystacinus, M.
nattereri, Nyctalus noctula, Pipistrellus pipistrellus, P. savi,
Rhinolophus blasii, R. euryale, R. ferrumequinum, Taphozous
nudiventris) (Yom-Tov & Kadmon, 1998). These 21 species of
bats may be using planted pine forests as their habitat, the
rest of the species (9 species) occur mainly in deserts.

Yom-Tov and Kadmon (1998) concluded, that the bats of
the Mediterranean group do not occupy their potential
distribution area and hence may be considered as
threatened species. Also Rinolophus euryale and Myotis
capaccinii are listed on the IUCN Red List of Threatened
Animals (2004) as vulnerable species.

Woodlands and forested areas are important habitats for
many bat species all over the world, providing roosting
sites, cover and foraging areas for variety of species (Hill &
Greenaway 2005, Davy et al. 2007, Johnson et al. 2008). In
an acoustic survey in south-western Italy, Russo & Jones
(2003) found that bat activity in wooded areas was higher
in broad-leaved woodlands (oak, beech and chestnut)
than in conifer plantations. Davy et al. (2007) found that
traditionally managed olive groves and pine (P. halapensis)
woodlands are also suitable substitute foraging habitats for
Mediterranean bat species.

Bats are generally considered to be challenging to survey
because they are nocturnal, small-bodied and fast-moving
(Hills & Greenaway 2005). The most used methods involve
observational methods (counting bats at roosts and
hibernation sites or counting bats when they are entering

or leaving the roosting sites), acoustic surveys (monitoring
bats’ ultrasonic echolocation calls) or catching surveys
(capturing bats with different kind of nets). Backtracking
can be used as a technique to find the roosting sites of
bats. Radio-tracking can produce information about the
location of the roost and the foraging areas. The non-
invasive survey methods include observational techniques,
backtracking and acoustic surveys. The invasive methods
include catching surveys and radio-tracking surveys. Bat
Conservation Trust (2007) defined good practice guidelines
for bat surveys and recommends the non-invasive survey
methods to be exhausted first before invasive techniques
are employed. They state, that the disturbance caused by a
survey should be minimum required to obtain the necessary
information and the least intrusive methods possible should
always be employed.

A large part of the bat year can be spent in hibernation,
although on warm nights bats awaken to go out and forage
(Bat Conservation Trust 2007). As spring approaches, bats
increasingly go out to feed and the period of spring and
early summer is a time of intensive foraging. During this time
females gather together at maternity roosts. Some males
may be present, but most roost elsewhere, either singly or
in small groups. Females and the new born bats leave the
maternity roosts before autumn to forage and gain weight
before winter. As the weather turns cold again, bat activity
reduces and foraging becomes restricted to warmer nights.
Because of this annual rhythm of bats, the timing of survey
is very critical.

Many researchers reported a decrease in bat activity

after one or 1.5 hours after the dusk, so bat activity
surveys (e.i. acoustic surveys, observational methods

and catching surveys) should start immediately after dusk
(Bat Conservation Trust 2007, Vaughan et al. 1997). Bat
Conservation Trust (2007) recommended that the bat activity
surveys should be conducted from sunset to 2-3 hours
after sunset and/or 2 hours before sunrise to sunrise. The
bat emergence from roost — survey should be conducted
starting from 15 minutes before sunset to 2 hours after
sunset and bat re-entry to roost 2 hours before sunrise

to the moment of sunrise. Moon phase seems to have no
effect on bat activity in temperate ecosystems (Vaughan et
al. 1997).

Bats can be observed when flying or roosting. Bats are
roosting during the day by hanging upside-down from a
secluded place, like roof structure, cave or a tree hollow.
There are two different methods for surveying bats in roost
situations: direct roost count and dusk emergence or dawn
re-entry counts. The access to the roosting sites may
require special equipment, skills and knowledge or may
pose a safety risk for observers. In a cases like this, experts
should be used (Kunz et al. 1996, Bat Conservation Trust
2007).




been used. Hills & Greenaway (2005) found the use of
acoustic lure as avery effective method and recommendable
especially when surveying rare bat species. The biases
associated with the use of acoustic lures still have not been
studied and hence the method should be used with caution
(Bat Conservation Trust 2007).

Radio-tracking is a powerful survey method for locating
roosts, particularly of tree-dwelling species that are
otherwise difficult to find. It is also a useful tool for

determining the types of foraging areas and commuting
routes used by bats. In this method bats are caught and
fitted with miniature radio-transmitter and then tracked as
they move between foraging areas and roosts. Because

it requires capturing and handling of bats, it is considered
to be an invasive method and should be used cautiously
(Bat Conservation Trust 2007). Detailed information of the
method and best practice in attaching a radio-transmitters
to bats, refer to the Mitchell-Jones & McLeish 2004). Once
roosts are found through radio-tracking, population size can
be estimated by using the methods described earlier in this
chapter.




Identification of species can be done from the recordings
of the echolocation calls (Flaquer et al. 2007, Davy et

al. 2007, McSwiney et al. 2008, Russo & Jones 2003) or
sometimes even already in the field (Ahlen & Baagoe 1999).
For example, the calls of horseshoe bats (Rhinolophus sp.)
can be identified based on the frequency with maximum
energy (Russo & Jones 2003, Davy et al. 2007) and Tadarida
teniotis is also easily recognized from the unusually low
calls ( Davy et al. 2007). More similar echolocation calls

can be identified to species using discriminate function
analysis (DFA) (Preatoni et al. 2005). Davy et al. (2007)
estimated the confidence of DFA-based identification

as 70 -90 %. In many studies the acoustic methods for
detecting bat species have proved to be one of the most
efficient methods in use. According to Flaquer et al. (2007),
the number of species detected with bat detectors was
significantly higher than that detected by mist netting,
although mist nests performed well when placed in the
proximity of water, which are especially suitable habitats for
bats.

Acoustic surveys cannot determine the exact number of
bats present. Instead different kind of indices are used, e.g.
total bat activity as passes per minute or foraging activity
as feeding buzzes per minute (e.g. Davy et al. 2007). One
alternative for this activity index was suggested by Broders
(2003). He noted that the file size (bytes) of recorded
echolocation calls had high correlation (r=0.964, P< 0.001)
with the number of calls of the little brown bat (Myotis
lucifugus). The method can not tell apart calls of different
bat species, so it is applicable only to habitats with one
main bat species.

Hills & Greenaway (2005) noted, that in cluttered
environments such as woodlands, bats give echolocation
calls that are much quieter and therefore harder to detect
and record than those given by bats flying in open spaces.
Also echos from the vegetation may interfere with the
recordings (Davy et al. 2007). Therefore Hills & Greenaway
(2005) recommended capturing the bats with mist nets as
a survey method in British woodlands instead of acoustic
methods. Although acoustic survey is suitable for most of
the European bat species, some species with low intensity
echolocators (e.g. Plecotus spp.) can not be detected using
acoustic methods (Davy et al. 2007).

Bats can be captured by using mist-nets,harp traps or
smaller hand nets (Bat Conservation Trust 2007). Capture
methods also provide an opportunity to collect biological
and morphological data that cannot be obtained by

using bat detectors. Capture techniques can be used

for confirming the presence of bat species. According

to Flaquer et al. (2007) and Davy et al. (2007), some bat
species are difficult to detect using other methods besides
capture methods. Capturing with mist-nets or harp traps
requires handling of bats and hence can be considered to
be an invasive method. Guidelines for the capture, handling

and care of bats approved by the American Society of
Mammalogist can be found in the statement of Animal Care
and Use Committee (1998).

Mist nets and harp traps are used for capturing free flying
bats (Bat Conservation Trust 2007). Mist nets are easily
activated, portable and low in cost. Disadvantages of mist
nets are that they must be tended constantly and captured
bats must be removed individually, which requires some
training and experience (Kunz et al. 1996). Most commonly
used mist nets are of size from 2 to 3 meters vertically and
from 3 to 18 meters horizontally (Hills & Greenaway 2005,
Davy et al. 2007, Flaquer et al. 2007). The capture effort

in mist-netting is often expressed as mist-net hours, (mist
net area (M2) multiplied with hours mist net open) or mist
net nights (number of mist nets multiplied by number of
nights mist net open) (e.g. Johnson et al. 2008). For detailed
description of deployment and placing of mist nets, see
Kunz et al. (1996).

Harp trap was first introduced by Tuttle (1974). It is a trap
design, that consists of a vertical frame with one or two
layers of lines running from the top to the lower bar of the
frame. Under the frame there is a box for catching the bats
and funneling it down to a holding cage. The advantages of
this trap design is the ease of use and lower stress/injury
rates on the captured bats. The disadvantages include

the size: the harp trap doesn’t cover the area that a mist
net can. For further discussion of the advantages and
disadvantages of mist nets and harp traps, see Francis
(1989).

After the capture, bats are identified by species and
sometimes also by sex, and released. Also it is possible

to weight body mass and mark bats for capture-recapture
method for determining the population size (e.g. Rivers et
al. 2005). In forested areas many bat species use linear
features within the forest, such as rides, roads, streams and
footpaths, to travel and forage along (Hills & Greenaway
2005). Johnson et al. (2008) reported higher bat activity in
the proximity of water resources, like streams and ponds.
These places are good locations for the mist nets and harp
traps.

Bats may also be caught in hand nets when emerging from
roosts with small entrances, for example, building or tree
roosts. Pipistrelle -bats have been caught also by placing

a hand net directly over the entrance. Also harp traps

can be used at roosts when bats are emerging from the
multiple points. Mist netting is not advisable for use outside
roosts, because if many bats are caught in a short period,
extraction from the net may take a long time and this may
result in injury or death. (Bat Conservation Trust 2007).

Synthesized bat calls can be used as an acoustic lure to
attract bats to mist nets (Hills & Greenaway 2005). The use
of the lure improved the capture considerably compared
to the situation, where no calls were played. The method
is very common for surveying birds, but for bats it hasn’t
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Example of weather conditions effecting the
monitoring results

The goal of a study is to compare mammalian species
richness between two seasons (dry and hot/cold and wet)
within two different forests. Ten persons spend one week
in the forest A and a second week in the forest B during
the wet seasons. Heavy rain falls every day during the first
week but no rain falls during the second one. During the
wet-season inventory 18 species are recorded in forest A
and 25 in forest B. During the dry season 13 species are
found in forest A and 22 in forest B. Based on the numbers
one concludes that the mammalian assemblage in A may be
larger. Actually the assemblage in forest B could be larger
than in forest A. The data may not reflect the true species
richness because of the uncontrolled weather variables.

The effect of weather in this example can be minimized in
several ways. In previous example a better design would
have been to have 5 people working in forest A at the
same time that 5 persons survey the forest B. If personnel
is limited, another option would be to carry out half-day
inventories using all personnel for two weeks alternating
sampling times for each sites. If the distance between sites
is too long, the inventories could also be done on alternate
days (but not 7 days on the row).




92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Schmidt, K. & Kowalczyk, R. 2006. Using scent.
marking stations to collect hair samples to monitor
Eurasian lynx populations. Wildlife Society Bulletin 34:
462 - 466.

Seber, G. A. F. 1982. The Estimation of Animal
Abundance and Related Parameters. 2nd Edition.
MacMillan, New York.

Seber, G.A.F. 1965. A note on the multiple-recapture
census. Biometrika 52: 249 - 259.

Sharp, A., Norton, M., Marks, A. & Holmes, K. 2001.
An evaluation of two indices of red fox (Vulpes vulpes)
abundane in arid environment. Wildlife Research 28:
419 - 424,

Silveira, L., Jacomo, A. T. A. & Diniz - Filho, J.A.F.
2003. Camera trap, line transect census and track
surveys: a comparative evaluation. Biological
conservation 114: 351 - 355.

Skalski, J.R. 1991. Using sign counts to quantify
animal abundance. Journal of Wildlife Management
55: 705 - 715.

Slade, N.A: & Blair, S.M. 2000. An empirical test of
using counts of individuals captured as indices of
population size. Journal of Mammalogy 81: 1035 -
1045.

Smallwood, K.S. & Fitzhugh, E.L. A rigorous technique
for identifying mountain lions Felis concolor by their
tracks. Biological Conservation 65: 51 - 59.

Smith, E.P. & van Belle, G. 1984. Nonparametric
estimation of species richness. Biometrics 40: 119 -
129.

Solberg, E.J., Grotan, V., Rolandsen, C.M., Broseth,
H. & Brainerd, S. 2005. Chnage-in-sex ratio as an
estimator of population size for Norwegian moose
Alces alces. Wildlife Biology 11: 163 - 175.

Southwell, C. 1996. Estimation of Population size and
density when counts are incomplete. In: Measuring
and monitoring biological diversity: Standard methods
for mammals (Biodiversity Handbook).Wilson, D. E.,
Cole, R. F, Nichols, J. D., Rudran, R. and Foster, M.
(Eds.). Smithsonian Institution Press. Washington &
London.

Thompson, S. K., Ramsey, F. L. and Seber, G. A. F.
1992. An adaptive procedure for sampling animal
populations. Biometrics 48: 1195 - 1199.

Trenkel, V. M., Buckland, S. T., Mclean, C. and
Elson, D. A. 1997. Evaluation of aerial line transect

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

methodology for estimating red deer (Cervus elaphus)
abundance in Scotland. Journal of Environmental
Management 50: 39 - 50.

Trolle, M. & Kéry, M. 2005. Camera - trap study of
ocelot and other secretive mammals in the northern
Pantanal. Mammalia 69: 405 - 412.

Tuttle, M. 1974. An improved trap for bats. Journal of
Mammalogy 55: 475 - 477.

Udevitz, M. S. and Pollock, K. H. 1991. Change-in-
ratio estimators for populations with more than two
subclasses. Biometrics 47: 1531 - 1546.

Vaughan, N., Jones, G., Harris, S. 1997. Habitat use
by bats (Chiropter) assessed by means of a broad
band acoustic method. Jornal of Applied Ecology 34:
716 -730.

Weaver, J.L., Wood, P, Paetkan, D. & Laack, L.L.
2005. The use of scented hair snares to detect
ocelots. Wildlife society Bulletin 33: 1384 - 1391.

Webbon, C.C., Baker, P.J. & Harris, S. 2004. Faecal
density counts for monitoring changes in red fox
numbers in rural Britain. Journal of Applied Ecology
41:768 - 779.

Wegge, P., Pokheral, C.P. & Jnawali, S.R. 2004. Effects
of trapping effort and trap shyness on estimates of
tiger abundance from camera trap studies. Animal
Conservation 7: 251 - 256.

Wemmer, C., Kunz, T. H., Lundie - Jenkins, G. and
McShea, W. J. 1996. Mammalian signs. In: Measuring
and monitoring biological diversity: Standard methods
for mammals (Biodiversity Handbook).Wilson, D. E.,
Cole, R. F, Nichols, J. D., Rudran, R. and Foster, M.
(Eds.). Smithsonian Instituion Press. Washington &
London.

Wilson, G.J. & Delahay, R. 2001. A review of methods
to estimate the abundance of terrestrial carnivores
using field signs and observation. Wildlife Research
28: 151 - 164.

Wilson, G.J., Frantz, A.C., Pope, L.C., Roper, T.J.,
Burke T.A., Cheeseman, C.L. And Delahay, R.J. 2003.
Estimation of badger abundance using faecal DNA
typing. Journal of Applied Ecology 40: 658 - 666.

Yasuda, M. 2004. Monitoring diversity and abundance
of mammals with camera traps: a case study on
Mount Tsukuba, central Japan. Mammal Study 29: 37
- 46.

Yoccoz, N.G., Nichols, J.D. & Boulinier, T. 2001.
Monitoring biological diversity in space and time.




N2W 12 :02°X ManTra - an 2*25n




MBI OMVPTTI'N MN'N2% 0UIIMBMP 6- N30)

deGroot .-1 Niemeijer 1w'xnw nawinn N120N2 1'V XY

'XTINIION ML DM NLRTI'NRD NNV L2NA NN
:NIN2N NMADNA 2V 002NN

-

TN NYOIN 2V V1IXNN ,PTN 'WTN 0°02 OV NP TN
JIDVN2 Q' nan
N>1YN2 0'0'02 02NN 2V 002NN NVPPTIN
NDIWNN 2W NNON MadN 2V 002NNN MNMOPTINX
NJIYNN 2¥N 217 11N M1 DY NOP'TIR
nolvnNa ]'ll|7U'7 wanw MO TR
MND1 NI T TN MOPTIR
mnnnTn? 1MW MOPTIX
WNWN TN [9IX2 1T1DN NP TIN
00000 NINM AWORNN NOPTIN
cost / effective NInW MOPTIN .
nTIN? mon Lo NOPTINX .1
N'MINDI TN NT2IK7 NON' LIWS NVPPTIN .12
Tumn ‘7n|7‘7 NI 1MYNWNW NOP'TINX .13
N MNTIRNION VM2 NOPTIN NTN22 DIMLMPN TR
.NN'WN2W 13-N 1NN N1DN 2W 2119007 NDXNN

©WooNOO R WD

-
o




o'mouol

7-N30]

19

NN 17N NN
NDYY X'NW) Ypp MN? ™y nonnn "Mwx1 N¥" 12nn 31,21
(@270 02NM Q112 020N 2 NNYPRILVIN 2w M9
YpIpn mnY 2y 0'Nnxn 17 nyown ,41

NJIYN2 1IRN IMNN MMN32 Nond ypapn mn? 51

2NN "IN DN NN 2210 073D 20,61

N“v2 NMNM ,0'NNX 2w Mw2a™nnn 720N ,71

MR IINA P92 DNoNd 0'122wWim o'vnNILN 91,81
D'219NN MOMI2 271107 M1IRN 1IXNN N2'ON 120N 02
(@'Mwn 2213) 0NN 1Y 270N INDN 21¥1,22,12

D'WITN NT'9) "MWRIN XN NOM2 NNON 'Nd 0'9Nan ,32
(dnomv1 2NM

mMannnn navnn Yw 2"%an »1m (1

DMOWN 2X¥N 2W D%0N 2TI0 NN 1 IMNaW 2N

ANRND 2TINN 2TIPONN MPPWN 192 2110 19¥2 DM2TINNN
DN, DM 020NN 2W DMWPN NN NIX
NJWN2 .(MTO* NTNNI NMNAX NNMT) DN'VO'CIPNN
,MOP2IX'Y ,DM'W) DTN NNONN TN D'WIATIN
JIDWNN TIpon 2y 0'Nponn (0172w 0901 ,0'0NI0
(X% 22 YTIN? oMao0nn)

ommv €<———

A STATE

197

23
17
20
—_ 21

- 2210 19¥2 DM2TIPN D'NVW 2W N2PXD DPIDA 1 WX
%20n 2TIn

,JIDWN2 0D%NN D2NoN DMPOIND DNNN Y20 Mvn)
(@"2nNN NX DNONNN DMN- O™INN O'¥NN
NMUOPIN¥N NOMI DMNP? PARN ND'ON 2NN 2,1
D'MNPN MOM2 1217 DWIN N2'oN 1'20N 4,3

D'N'win Mom2 N1'21°Nn%? 0MnNpn N>'on 12NN 5

D'M'WN MN%Yna 7'on X0 NI'12N02 0'nMmp 112 12unn 120N .6
nM215nn Mom1 Ypap Mn%% 131 n>'on 20N ,8,7

n'1%nn NNXNN 20N 2 120 nvoswn ,9

o'W 717 %Y 21WNd yppn min? 01

NN D200 DMW? MMOPIN'YD 2 WP NN RN 11




nmixa

—

J127907 YW amaTnY INanw onsn (2

0N N21PRN NDWNN 2W NM2T'N? IN2NW OWTDINN O'X¥N20
MW 1259 NNINAN (2 1K) N0 NNMD, AU, NMIXa
9111 NN O™MIW 2V 1'9'pY N21NTNN OWNN "MW %Y
N7 MO NTNNI NMNIRN NNMIT ("MNPN NLW2 N"Y)
2V MW 1299 NNMdN ATMYIN L2120 11021 NM1o2
10V (MNP M0™2 N7V MW M0™2 1T 191N NN
020N 291 (UPpn MN22 0TM 1212 27u) TN v
0NN .(MTI0M NINM MY 2X¥P2 DT DPLO0IPN
10"V (VPPN MNP NM2W) 0110 112NN 2V MY'W* nYown
DT MNP VPIpn NIN2 M2Y) M2NTNN 10WNn 2y
NM2Y) D"NLO'0IPXR 022NN V1 (N'WN NN YpIpn M2
(MWN "MND22 MXMN 2P DT DMNP2L NXTN X2

" PRESSURE
nom L l Ll pWNNN 19Y

f—> [onp |« ]

owa
m ypIp mn?
o'o'mbvo
- -
o'P19n D
oy
[ RN UJD UJ
- 128D >
27
nMyn

.2217 J19¥ 1MIT'D? 1INV D'¥N?0 :2 N
012 22 YW N'w nYownn 2y 0'Unxn 0'21non o¥nn
n>YNN 2TIN2

127N M'pwnn naan (3

NN2TINNN N2WNN 2W MpPON DIP'W X' 'XTIRNON NN
D™MION O'WXNNI (DIN'21 MOV ,0N'W) D'W72IN NY T Yy
(3 1K) MmN D2NN2 100w DN'Wn 'W2an? 9Ynnd
9110 N120N 2V NI'W? NY'OWN (MN) 02200 Ny




YpIpn MN%2 %) nm>nTinn 2y 10yl ('o100N1pN)
M%Y) NMNLOCIPRN V1 (2 121D 0N "IN NV MM
NMWORN NINI2 YpIpin NIN22 NM2ui (171191 ¥ X2
DNV 2W MY01 N'W NMMW NYpWnn n2nn

PRESSURE
DTN

o'w?2an N

o'n'w
NN'Y STATE

PR
o'mnyp mvn

ow)
Tm ypIp mn?

o'u'mvo

0N | —
o'pon 1R RN

wnw

ﬁ

nyvwl
(MXTINNO0) MAT'N? N'PWDHN N21aN :3 N
(mmn) o110 N12N2 (D17 O'XN) D™MI'W 0'DN DTN
70T NOAWNA Mpon %V Dw'ownn (0O'xY) NNLO0IPNII
DM21TNN DM wn
NTINTION "2'90Y "vau“a naan (4
NPXWN 4 1R (DY TIMI2) 19110 N12anM (D'0IMLIN 1IN NYOWNN XN N'XTINN0N 'NOW2 0N 1'20N7 N21WN N7RW
NYUIOWND MXTMIN0N NDIVN NX INNDN 1971 2TIN2 NNONN J1D7UN2 0N AWV 2070 2V XTIRNO0N NDIWN XD YW
TN ,M2TNN NTRN) NN 1NN m'mpor) 0" 12uUn Y TANNN NDIWN2 1002NN NMATHN 2XDN NXWIW DI 19X
AMXTINION "MOW? (DN O NTN1 1900 NN Y ,0'ND) D' ARWN2 D™MIWAN NXRXIND MITRN 0''DN




et

oonp

mnn

nman

owa

‘19D

M

staTE  PESPONSE
V2L

ypp mn?

oy
oo

Xy

.U201 2¥N 2V A'NTINNON NIIUD XD NYOW .4 NN
(@™M'0O'OIPN DD7NM DMARWD 1) MXTINNON NOIWD 2NN
XTINION "NOW 2R (QINX¥N ¥YNN) 0D 2W NN 2y vowr

MXTINNON "NOW (01" NOOIN) DN2M02W DYITRNN
21Ndn ¥NN) NN 0M2TIND D"MNTN? DMRXNINW 0D DMWY

U QREN




0'moo]

0'217"1 N0M9 -?2X1W' MIX?PN *NVW NON

N Y NN
A OUYPN 0'91Ta NOMD

%, .

.

e

oryan

Fung NoWa 0T

"W 20 YTRN D2

miwrmme o
il &
N

e el e L

DO N 02NN
2002-2004 oo’y

I'| ..' 4 -.. - 1 ey EREE]
\ ' o Wk=]9 INI¥




