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Evaluation of census techniques to
estimate the density of slender Loris
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Reliable estimates of species density are fundamental
to planning conservation strategies for any species;
further, it is equally crucial to identify the most
appropriate technique to estimate animal density.
Nocturnal, small-sized animal species are notoriously
difficult to census accurately and this issue critically
affects their conservation status. We carried out a
field study in southern India to estimate the density of
slender loris, a small-sized nocturnal primate using
line and strip transects. Actual counts of study individuals yielded a density estimate of 1.61 ha–1; density
estimate from line transects was 1.08 ha–1; and density
estimates varied from 1.06 ha–1 to 0.59 ha–1 in differ*For correspondence. (e-mail: honnavallik@gmail.com)
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ent fixed-width strip transects. We conclude that line
and strip transects may typically underestimate densities of cryptic, nocturnal primates.
Keywords: Density estimate, distance sampling, Loris
lydekkerianus, nocturnal primate, strip transects.
ACCURATE assessment of animal densities is essential for
the conservation and management of any species; identification of the most appropriate method to estimate densities, however, is not an easy task1,2. This is more so in the
case of nocturnal, solitary species, where density estimates are traditionally difficult to make. A wide variety
of direct and indirect methods such as total count of study
individuals, strip transects, line transects, capture–mark–
recapture methods and observations of signs like faeces,
nests and tracks, are available to assess and monitor species presence and abundance. Choice of the most appropriate method is usually dictated by the nature of the
target species, environmental conditions and limitations
of time and resources3. The grey slender loris Loris
lydekkerianus Cabrera 1908 is a small-sized nocturnal
prosimian primate that is endemic to Sri Lanka and
southern India. Cryptic, solitary and arboreal, it is a
model system that illustrates the difficulties of surveying
nocturnal, solitary species. In this communication, we
report the results of our study that examined the efficiencies of different methods in providing rapid and accurate
density counts for the slender loris.
Distribution surveys of the slender loris in India have
employed the relative density method to address the
population status of the species in terms of number
of animals sighted per unit distance (animals/km)4–9.
Although the relative density method is logistically easy
to apply in the field in most of the field conditions, estimates obtained through this method are also less accurate10,11. The most accurate density estimates of species
are obtained from complete counts of the study population. However, the time and effort that is required to
achieve this for nocturnal, solitary species rule out the
use of this method for rapid density counts. Cameratrapping is an important tool for assessing densities of
cryptic species3; the cost of employing this method in the
field makes it impracticable in India. Forest research
permit regulations in India generally prohibit the use of
invasive field methodologies. For this reason, it is not
feasible to use capture–mark–recapture method to estimate densities of slender loris. Line transect sampling is
perhaps the most commonly used technique to estimate
population densities of diurnal and nocturnal primate species10,12. While line transects are considered more accurate,
strip transects are easier to employ for rapid assessment
of animal densities13. Hence, we evaluated the comparative efficiencies of line and strip transects in estimating
absolute densities of slender loris populations. The accuracy of both these methods can only be assessed when the
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actual population size is reliably known14,15. We therefore
first estimated the absolute density of a slender loris
population based on complete counts of the study individuals, and then employed line and strip transects to
estimate loris densities through these methods.
The study was conducted in Tamil Nadu, southern
India from October 2005 to June 2007. The study area lay
roughly at 10′03″N and 78′08″E and was a mosaic of
small private farms and tamarind and fruit orchards. We
observed and followed study individuals from 18.00 h to
06.00 h using red cellophane paper-covered Petzl headlamps and individually identified them by distinctive
physical markings on their bodies and locomotory idiosyncrasies16–18. We marked trees that were regularly used
by the animals with flagging tape to identify tree pathways and home-range limits. Every month, we checked
the study site to record the presence or absence of study
individuals. Upon sighting a loris individual, we noted its
identity and recorded the location using a hand-held GPS
receiver (Garmin GPS 76). This search was repeated at
least three to four times every month and at different
times of the night to maximize the chances of sighting all
individuals. We connected the outermost loris sighting
locations to form the boundary of the study site and calculated the study area to be 7.2 ha (see Radhakrishna and
Singh16 for more details on this methodology). We
observed a total of 19 individuals in the study site; many
individuals disappeared due to death or migration (Table
1). We recorded an average of 11.71 individuals per
month; based on this figure, we estimated density of loris
to be 1.61 ha–1 in the study area.
We laid three transects of length 200, 350 and 400 m
within the study area (Figure 1). Transects representatively sampled all vegetation of the area and the minimal
distance between two transect lines was 100 m. We conducted standard line transect surveys19,20 five days every
month, approximately, from November 2006 to May
2007. We walked all transects at different times of the

Figure 1. Study area (7.2 ha) of open scrub land (10.05°N, 78.13°E)
in Malapatti, Tamil Nadu, southern India with transects.
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Table 1.
Age–sex class
when last seen

Status of study individuals from November 2006 to May 2007

Status at
end of study

November
2006

December
2006

January
2007

February
2007

March
2007

April
2007

May
2007

Adult females:
PB, GH, MA, LA,
VI, WI, HE

All 7 present

6 √ HE ×

6 √ HE ×

5 √ HE, PB × 6 √ HE ×

6 √ HE ×

6 √ HE ×

6 √ WI ×

Adult males:
JU, CH, CL, JA

All 4 present

2 √ CL, JA ×

3 √ JA ×

3 √ JA ×

4√

3 √ JU ×

4√

3 √ CH ×

Sub-adult females:
KD, SU

Both absent

2√

2√

2√

SU √ KD × 2 √

KD √ SU × Both ×

Juveniles and infants:
TI, CO, ZI, ZA, BI, RI

4 present, 2 absent

2√4×

2√4×

2√4×

6×

6×

6×

4√2×

Total

15 present, 4 absent

12

13

11

11

11

11

13

Table 2.
Time/lunar phase category

Evening
Midnight
Early morning
Dark phase
Light phase

Density estimates from untruncated data of slender loris

n

Dˆ g (ha)

Ŷ

D̂ (ha)

CV ( Dˆ ) (%)

95% CI (ha)

133
68
59
124
135

0.94
0.87
0.99
0.96
0.94

1.13
1.14
1.15
1.15
1.16

1.07
0.95
1.07
1.03
1.09

22.53
22.14
27.65
24.47
20.81

0.46–2.49
0.51–1.79
0.39–2.98
0.41–2.58
0.51–2.30

n, Number of detections; Dˆ g , Density of clusters; Yˆ , Mean cluster size; Dˆ , Density of individuals; CV ( Dˆ ), Per cent coefficient of
variation; 95% CI, 95% confidence interval.

night (evening: 19.00–22.00 h, midnight: 24.00–02.30 h,
and early morning: 03.30–06.00 h) and during different
phases of the moon (light phase and dark phase), covering a total of 66 km and accounting for 102 h of sampling
effort. We estimated density of loris from line transects
using the program DISTANCE (version 5.0)13,21. Several
models of the probability density function (half normal,
uniform, hazard, with cosine or polynomial adjustment
terms) were applied to each set of data. The minimum
number of detections (40) recommended for density estimation in DISTANCE was satisfied in all the categories.
Based on comparisons of AIC values, the half-normal key
function provided the best fit for loris data. Using the
selected model in the program DISTANCE, the estimates
of average probability of detection (p), density of cluster
( Dˆ g ), mean cluster size (Yˆ ) and animal density ( Dˆ )
were made (Table 2).
There was no significant difference in loris density
estimates for the different time categories (F = 0.059,
df = 2, P > 0.942) or lunar phases (z = 0.2236, NS). However, the confidence interval remained very large in all
the estimates. We pooled the data from different time
categories of the night; loris density from these pooled
and truncated (detections of distances more than 100 m
from the transect lines were judged outliers) data was
estimated to be 1.08 ha–1 (n = 255). Loris density estimates for 20, 40, 60 and 80 m width strip transects were
found to be 1.06, 0.98, 0.74 and 0.59 ha–1 respectively
(Table 3). Line transect density estimate was 33% lower
than the actual count estimates, whereas strip transect
CURRENT SCIENCE, VOL. 104, NO. 8, 25 APRIL 2013

density estimates were 34% (20 m), 40% (40 m), 54%
(60 m) and 63% (80 m) lower than the actual count estimates. Strip transect density estimates were 1% (20 m),
10% (40 m), 32% (60 m) and 45% (80 m) lower than the
line transect estimates.
It is generally accepted12,22 that density estimates
obtained using different techniques are reliable, if the difference between them is < 10%. Our study reveals, loris
density estimates derived from line and strip transects are
underestimates that fall outside the reliable range of values. However, the similar density values produced by line
transects and 20 m and 40 m strip transects corroborate
the premise that the behaviour of the study species, particularly its crypticity and the very mode of its detection,
may be responsible for an underestimation of its number
through transect sampling techniques. This argument is
supported by the observation that infants carried by the
mother were never detected during the course of line and
strip transects in this study, although two sets of infant
twins were present at the time in the study site. Interestingly, a study on the related Bengal slow loris Nycticebus
bengalensis Lacepede 1800 observed that although loris
densities based on distance sampling were similar in
older plantations and primary forest habitats, encounter
rates were lowest in primary forest, probably due to lower
detection probabilities in these habitats23.
Although our study demonstrates the underestimation
problems associated with line and strip transects, we recommend their use to estimate densities of nocturnal species, for the underestimations are not very high, and the
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Table 3.

Density estimates from fixed-width strip transects
Density (SD)
40 m

Overall
Time category

Lunar phase category

120 m

160 m

Evening
Midnight
Morning

1.06 (± 0.24)
1.13 (± 0.29)
1.00 (± 0.16)
0.97 (± 0.42)

0.97 (± 0.13)
0.99 (± 0.12)
0.94 (± 0.20)
0.94 (± 0.25)

0.73 (± 0.11)
0.75 (± 0.07)
0.76 (± 0.14)
0.69 (± 0.17)

0.59 (± 0.80)
0.59 (± 0.05)
0.65 (± 0.14)
0.54 (± 0.10)

Light
Dark

1.28 (± 0.41)
0.95 (± 0.35)

1.04 (± 0.14)
0.93 (± 0.17)

0.80 (± 0.03)
0.71 (± 0.15)

0.62 (± 0.04)
0.58 (± 0.10)

two methods offer a relatively easy and standardized way
to compare densities across different sites. Density estimates from 20 m strip transects and line transects are
similar. Line transect is generally not recommended for a
rapid assessment in the thick rain forest, as detections
will be poor due to vegetation. However, line transect
may be used for a single species, where the species is
detected through light/torch or specific call.
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