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Abstract 

There are literally a number of methods aimed at estimating bird density and abundance, 

however, a particular method need to be carefully selected and appropriately apply in a given 

study. These methods can be categorized into two; index (unadjusted) counts or method and 

detectability-based (adjusted) counts. Index counts such as the standard point counts assume 

that estimates are consistent and have long-term positive correlation with actual bird density. 

Such an index can only be used to make inference about a population when the ratio of the 

index to the true population is constant over time. On the other hand, detectability-based 

counts take into consideration the fact that detectability of birds vary with respect to observer, 

environment, and species. Inferences based on such counts represent a marked improvement 

over index counts, thereby providing the basis of stronger inferences. Adjusted counts include 

distance sampling, double-observer method, double-sampling approach, time removal model, 

repeated counts, and capture-mark-recapture. The choice of a particular method would 

depend on a number of factors which include objectives of the study, species characteristics, 

habitat of interest, size of the study area, as well as logistical and financial resources 

available. It is important that standardized protocols be utilized during data collection and 

analysis in order to obtain justifiable and unbiased results. 

 

Introduction 

Studies of bird species composition and 

abundance can utilize various strategies, 

from index (unadjusted) counts to 

detectability-based (adjusted) counts. 

Index counts such as the standard point 

counts assume that estimates are consistent 

and have long-term positive correlation 

with actual bird density (Gale et al., 2009). 

Such an index can only be used to make 

inference about a population when the 

ratio of the index to the true population is 

constant over time. However, assumptions 

in index counts are unrealistic because of 

the inherent spatial and temporal changes 

in bird population. The major limitations 

behind index counts are that they provide 

false conclusion regarding population size 

(Taylor and Pollard, 2008) and comparison 

cannot be made with similar studies  

 

 

carried out at other places or at different 

time (Gregory et al., 2004).   

Consequently, detectability-based 

counts have been recommended as they 

incorporate the estimation of detection 

probability, which result in direct 

estimates of abundance (Taylor and 

Pollard, 2008). Inferences based on such 

counts represent a marked improvement 

over index counts, thereby providing the 

basis of stronger inferences (Marques et 

al., 2007). Furthermore, adjusted counts 

take into consideration the fact that 

detectability of birds vary with respect to 

observer, environment, species 
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(Rosenstock et al., 2002; Norvell et al., 

2003, Diefenbach et al., 2003; Gale et al., 

2009), and distance (Kissling and Garton, 

2006). Examples of adjusted counts 

include distance sampling, double-

observer method, double-sampling 

approach, time removal model, repeated 

counts, capture-mark-recapture, and use of 

combined methods (Simons et al., 2007; 

Amundson et al., 2014). The suitability of 

a method depends on numerous factors 

that include objectives of the study, 

characteristics of species, nature of survey 

area, and available resources (Amundson 

et al., 2014). 

 

Distance sampling 

Distance sampling is a detectability-based 

method of estimating bird densities from 

field data. It is because the number of birds 

seen or heard declines with distance from 

observer. The nature of such decline varies 

among species, observers and habitats. 

Distance sampling provides density 

estimates that take into account both the 

birds that were observed, plus those that 

were likely to be present but not detected 

(Gregory et al., 2004). Birds are counted 

within a sample of plot, which are either 

long, narrow strips (line transect sampling) 

or circles (point transect sampling). 

Distance sampling is driven by many 

assumptions, but the three key 

assumptions are;  

(i) Birds on the line (in line transect 

sampling) or point (in point 

transect sampling) are detected 

with certainty. 

(ii) Birds are detected at their initial 

location. 

(iii) Measurements of distances are 

accurate (Buckland et al., 2008). 

These assumptions would be easier to 

meet in open habitats where species are 

conspicuous and vocal, but difficult to 

meet in dense habitats (e.g. forest) where 

species are mostly cryptic (Gale et al., 

2009). 

 

Point transect sampling 

Point transect distance sampling is the 

most commonly used method for 

estimating bird density in multispecies 

surveys (Lee and Marsden, 2008). It is 

regarded as a ―snapshot method in which 

birds are frozen at a single location‖ 

(Buckland, 2006). In point transect 

sampling, an observer stands at predefined 

points, and records all birds seen or heard 

during a predetermined period (usually 5-

10 minutes). The length of the count 

period greatly affects the probability of 

detecting birds which might violate the 

first assumption of distance sampling 

protocol (Lee and Marsden, 2008).  

Therefore, duration of count period 

should be such that is long enough to 

detect birds with certainty but short 

enough to minimize undetected bird 

movements (Amundson et al., 2014). This 

is because movements of birds during the 

count period could lead to over or under 

estimation of density (Kissling and Garton, 

2006). Since the arrival of an observer at a 

point may have an effect on bird species 

behavior, it is advisable to include a 

―settling down period‖ (1-2 minutes) 

before the commencement of counts. Such 

adjustment period could increase the 

chances of detection and reduce impact of 

observer presence (Lee and Marsden, 

2008). Detection distances should be 

measured using a laser range finder or 

estimated in case of shorter distances 

(Alldredge et al., 2007). 

 

Line transect sampling 

In line transect sampling, an observer 

moves along lines that are placed at 

random or systematically placed grid lines 

having a random starting point. Each bird 

seen or heard within a distance w of the 

line is recorded (distances can be fixed or 

variable). It is assumed that all birds on the 

line would be detected, but actually, 

detection probability decreases with 

increasing distance from the line (Thomas 

et al., 2010). The perpendicular distances 
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of the detected birds from the line should 

also be measured (Alldredge et al., 2007). 

As long as terrain and habitat 

provide easy movements along transects, 

line transect sampling is more efficient 

than point transect sampling (Buckland, 

2006). It is time-efficient (Rosenstock et 

al., 2002), generates more detections 

because time is wasted, while moving 

from one point to another in point 

transects, produces estimates with higher 

precision and has little bias as most 

detections are close to observer than for 

point transects (Buckland et al., 2008). In 

a nutshell, line transects are more suitable 

for open/uniform habitats involving 

large/conspicuous species (Gregory et al., 

2004). In contrast, point transects are more 

suitable in dense habitats, where terrain 

makes movement along a straight line 

difficult (e.g. wetlands), in surveying 

cryptic/inconspicuous species, when 

conducting multispecies surveys 

(Rosenstock et al., 2002), and are easier to 

investigate bird-habitat relationships 

(Buckland et al., 2008).  

Marsden (1999) provided some 

suggestions on how to improve distance-

sampling surveys:  

(i) Count period to be time with high 

detectability but with low bird 

mobility (i.e. between dawn and 10 

am).  

(ii) Birds in flight to be recorded but 

should not be included in the 

analysis, distance from a line/point to 

the ‗centre of gravity‘ of a group of 

birds is to be measured for group of 

birds.  

(iii) Assumptions should not be violated 

at both data collection and analysis 

phases.  

(iv)  Enough bird records are required in 

order to model species‘ detection 

curves. According to Gregory et al. 

(2004), number of records or 

detections should not be less than 80. 

Distance sampling produces data that are 

more reliable for conservation planning 

because it reduces bias in population 

estimates (Somershoe et al., 2006). It is 

also regarded as an efficient method for 

density estimation (Lee and Marsden, 

2008) that is cost and time effective 

(Amundson et al., 2014), and can be used 

in low visibility multispecies settings 

(Norvell et al., 2003). The software 

―Distance‖ that is available freely online is 

used in the analysis of distance sampling 

surveys and can be used in designing the 

surveys as well (Thomas et al., 2010). 

However, some of the shortcomings of this 

technique include; the need to meet certain 

assumptions, they require extra observer 

skill and complicated analysis (Kissling 

and Garton, 2006), and more information 

need to be collected (Buckland et al., 

2008). Furthermore, observers need to be 

trained in bird identification and distance 

estimation prior to the fieldwork 

(Alldredge et al., 2007). 

 

Double observer method 

Double observer method estimates 

probability of detection as it differs among 

observers and species (Diefenbach et al., 

2007), and can be used to relax assumption 

1 of distance sampling (Thomas et al., 

2010). It can be applied for both line and 

point transect sampling (Buckland et al., 

2008), and also assumes that the 

probability that a bird would be available 

for detection is 1 (Diefenbach et al., 2007).  

In double observer method, two observers 

designated as primary observer and 

secondary observer survey an area 

together at the same time. The primary 

observer identifies all bird species present 

along a line or at a point and 

communicates the information to the 

secondary observer. Then the secondary 

observer records the primary observer‘s 

detections and other birds not detected by 

the primary observer, however, does not 

communicates his findings to the primary 

observer (Taylor and Pollard, 2008).  

Communication between the two 

observers could be by means of speech or 

gesture. In addition to bird detections, the 

primary observer also communicates the 
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direction and general distances of the 

detections. By the end of each survey, the 

number of birds detected would be 

categorized into two; those detected by the 

primary observer, and those missed by the 

primary observer but detected by the 

secondary observer (Nichols et al., 2000). 

It is essential that observers switch roles 

during the survey so that each person 

should play the role of a primary and 

secondary observer (Taylor and Pollard, 

2008, Nichols et al., 2000).  

The fundamental assumptions 

behind this approach are that the two 

observations are independent, and that the 

probability of detecting a bird by an 

observer is the same regardless of the role 

that observer is serving (Thompson, 2002). 

Since it is essential that the detections by 

the primary observer are independent of 

the detections by the secondary observer, 

the latter should avoid actions that can 

serve as clues to the former. Such actions 

include focusing attention in a particular 

direction, or recording an observation 

when actually the primary observer has not 

indicated any observation. Therefore, the 

secondary observer should at times pretend 

to be recording an observation when 

actually no bird has been detected or focus 

on locations where there are no birds 

(Nichols et al., 2000).  

The number of birds seen by the 

secondary observer that are not seen by the 

primary observer are used to estimate 

detection probability for each observer. 

The overall detection probability is the 

probability that a bird is detected by at 

least one observer, and is calculated from 

the observer-specific detection 

probabilities. Population size is estimated 

from the detection probability and total 

number of birds observed (Taylor and 

Pollard, 2008). Similarly, detection rates 

for the two observers can be calculated by 

species or species group (i.e. species 

having similar detection probabilities). 

These are combined with number of birds 

detected across sampled points to adjust 

observed counts (Thompson, 2002).  

Double observer method allows for 

the detection of simple or rare species, 

minor differences in detection probability 

can be detected. In addition, it uses both 

observers‘ data to provide information 

about each observer‘s detection. However, 

it does not account for differences in 

distance at which different observers 

detect birds, the assumption that same bird 

is detectable by both observers introduces 

a bias because that is not always true 

(Kissling and Garton, 2006), and estimates 

might not reflect the entire population 

when certain species remain undetected 

during the survey (Taylor and Pollard, 

2008). Furthermore, double observer 

method of avian count is time-consuming, 

expensive and logistically difficult 

(Somershoe et al., 2006).  

 

Double sampling method 

Double sampling is a method of estimating 

bird density by means of two different 

surveys. It involves the use of 

rapid/cheap/incomplete technique to 

survey a large area, and then a subset of 

the large area is selected and surveyed 

using an intensive/expensive/complete 

technique (Bart and Earnst, 2002; 

Thompson, 2002; Taylor and Pollard, 

2008). Methods like area searches, 

uncorrected point counts, variable circular 

plots, or double observer methods can be 

used for the rapid survey.  The essence of 

the intensive survey is to determine the 

actual density of birds (Bart and Earnst, 

2002). Results from the intensive counts 

are used as a correction factor for adjusting 

the rapid counts (Thompson, 2002). This is 

to say that detection probability is 

estimated from the units surveyed with 

both methods, and the rapid counts are 

converted to a population estimate using 

the estimate of detection probability 

(Taylor and Pollard, 2008). The 

assumptions behind this method are that 

all individual birds are counted using the 

intensive survey, and that there is a 

positive correlation between the rapid and 

intensive counts (Thompson, 2002). 
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Double sampling works well when 

the results from the rapid method are 

consistent with the actual density (Bart and 

Earnst, 2002). Furthermore, it produces an 

unbiased population estimate when both 

survey units/plots are randomly chosen 

and the intensive estimate is unbiased 

(Taylor and Pollard, 2008). It gives 

information with little bias that is reliable 

for monitoring and evaluating bird-habitat 

relationships (Thompson, 2002), provides 

flexibility in the choice of the rapid 

techniques, and additional information can 

be obtained using the rapid method (Bart 

and Earnst, 2002). However, it is difficult 

to be applied on mobile species in less 

open habitats like the forests (Thompson, 

2002).  

 

Removal method 

Removal model is a detectability-based 

technique for estimating bird density that 

provides true   estimate of population and 

allows modeling of more sources of 

variation in detectability. Here, count is 

divided into multiple detection intervals 

(capture occasion) which can be three or 

more intervals of variable or equal length. 

The assumption behind removal model is 

that population is closed i.e. birds do not 

move during counts. As such, an observer 

―removes‖ the birds from the population as 

he/she detects them during each interval.  

Detection probabilities are 

estimated for each interval, and used to 

calculate the joint detection probability of 

the entire count. Factors like differences in 

observer, species, and environment are 

incorporated in removal model, and are 

used in correcting abundance estimates 

(Moore et al., 2004). The major drawbacks 

regarding removal method are that it is 

time-consuming, expensive, logistically 

difficult (Norvell et al., 2003; Somershoe 

et al., 2006), requires well-trained 

observers, and the assumption that 

population is closed is not always true 

(Moore et al., 2004), therefore, movement 

of birds during count period might cause 

estimation bias (Buckland et al., 2008). 

 

Capture-mark-recapture technique 

Capture-mark-recapture is another method 

for estimating population abundance that 

uses single capture and single recapture 

event. Birds are captured, individually 

tagged with rings or bands and then 

released. A second time capture is carried 

out at a different time, and the number of 

captures comprises of both tagged and 

untagged individuals (Gregory et al., 

2004). According to (Food and Agriculture 

Organization, 2007), if in a closed 

population of size N, n1 and n2 represent 

the number of first and second captures 

respectively, and m2 represent the number 

of tagged individuals recaptured the 

second time. It is then assumed that the 

ratio of tagged to untagged individuals in 

the second catch (m2/ n2) is equal to the 

ratio of tagged individuals captured the 

first time in the total population (n1/N). 

Therefore, total population size (N) is 

given by (n1n2)/m2.  

This method is based on certain 

assumptions which are difficult to meet in 

reality; population is closed, birds mix 

freely and randomly within the population, 

birds do not loose tags, tagging does not 

affect the probability that a bird will be 

recaptured, and both tagged and untagged 

birds have the same probability of 

survival. In order to meet these 

assumptions, it is required that the time for 

the two captures to be close together, study 

area should be well-defined, and study 

should not be carried out during breeding 

or migration periods (Gregory et al., 

2004).  

Capture-mark-recapture technique 

is typically used in demographic studies 

(Peele et al., 2015), for estimating adult 

survival, recruitment, and proportion of 

transients in a population (Dunn and 

Ralph, 2004). However, it is expensive and 

unfeasible (Taylor and Pollard, 2008), time 

consuming and resource demanding (Peele 

et al., 2015), and has limited value for 

migration studies (Dunn and Ralph, 2004). 

Nevertheless, ringing migratory birds is 
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very useful for the study of bird longevity, 

behaviour, survival rate and population 

trend, as well as their conservation.  

 

Conclusion 

Several methods are available for 

estimating avian population density and 

abundance. The choice of a particular 

method would depend on a number of 

factors, which include objectives of the 

study, species characteristics, habitat of 

interest, size of the study area, as well as 

logistical and financial resources available. 

It is important that standardized protocols 

are utilized during data collection and 

analysis in order to obtain justifiable and 

unbiased results. Furthermore, avian 

population monitoring surveys provide 

invaluable information that can be used to 

check population changes, to assess 

species extinction risks, to identify key 

areas for different species, to provide 

baseline information for a species or a 

particular area of interest, to assess bird-

habitat relationships, to evaluate the 

impacts of environmental disturbance on 

species, and for bird conservation. 

 

References 

Alldredge, M. W., Pollock, K. H., Simons, 

T. R. and Shriner, S. A. (2007). Multiple-

species analysis of point count data: a 

more parsimonious modelling framework. 

Journal of Applied Ecology, 44(2), 281–

290. 

Amundson, C. L., Royle, J. A., and 

Handel, C. M. (2014). A hierarchical 

model combining distance sampling and 

time removal to estimate detection 

probability during avian point counts. The 

Auk, 131(4), 476–494. 

Bart, J. and Earnst, S. (2002). Double 

Sampling to Estimate Density and 

Population Trends in Birds. The Auk, 

119(1), 36–45. 

Buckland, S. T. (2006) Point transect 

surveys for songbirds: robust 

methodologies. TheAuk 123(2), 345–357.  

Buckland, S. T., Marsden, S. J. and Green, 

R. E.  (2008). Estimating bird abundance: 

making methods work. Bird Conservation 

International, 18(S1), S91–S108. 

Diefenbach, D. R., Brauning, D. W., and 

Mattice, J. A. (2003). Variability in 

Grassland Bird Counts Related to 

Observer Differences and Species 

Detection Rates. The Auk, 120(4), 1168–

1179. 

Diefenbach, D. R., Marshall, M. R., 

Mattice, J. A., and Brauning, D. W. 

(2007). Incorporating Availability for 

Detection in Estimates of Bird Abundance. 

TheAuk, 124(1), 96–106. 

Dunn, E. H. and Ralph, C. J. (2004). Use 

of Mist Nets as a Tool for Bird Population 

Monitoring. Studies in Avian Biology, 29, 

1–6. 

Food and Agriculture Organization (2007). 

Wild Birds and Avian Influenza: an 

introduction to applied field research and 

disease sampling techniques. Edited by 

Whitworth, D., Newman, S.H., Mundkur, 

T., and Harris, P. Animal Production and 

Health Manual, No.5. Rome. Available at 

www.fao.org/avianflu. 

Gale, G. A., Round, P. D., Pierce, A. J., 

Nimnuan, S., Pattanavibool, A., and 

Brockelman. W. Y. (2009). A Field Test of 

Distance Sampling Methods for a Tropical 

Forest Bird Community. The Auk, 126(2), 

439-448. 

Gregory, R. D., Gibbons, D. W., and 

Donald P. F. (2004). Bird Census and 

Survey Techniques. In Bird Ecology and 

Conservation: A Handbook of Techniques, 

Sutherland, W. J., Newton, I., and Green, 

R.E., 17-55. Oxford University Press. 

Kissling, M. L., and Garton, E. O. (2006). 

Estimating Detection Probability and 

Density from Point-Count Surveys: A 

Combination of Distance and Double-

Observer Sampling. The Auk 123(3), 735–

752. 

Lee, D. C. and Marsden, S. J. (2008). 

Adjusting count period strategies to 

improve the accuracy of forest bird 

abundance estimates from point transect 

distance sampling surveys. Ibis, 150(2), 

315–325.  



211 
 

Marques, T. A., Thomas, L., Fancy, S. G. 

and Buckland, S. T. (2007). Improving 

estimates of bird density using multiple 

covariate distance sampling. The Auk, 124 

(4), 1229–1243. 

Marsden, S. J. (1999). Estimation of parrot 

and hornbill densities using a point count 

distance sampling method. Ibis, 141(3), 

377-390. 

Moore, J. E., Scheiman, D. M., and 

Swihart, R. K. (2004). Field Comparison 

of Removal and Modified Double-

Observer Modeling for Estimating 

Detectability and Abundance of Birds. The 

Auk, 121(3), 865–876. 

Nichols, J. D., Hines, J. E., Sauer, J. R., 

Fallon, F. W.,  Fallon, J. E., and Heglund, 

P. J.  (2000). A double- observer approach 

for estimating detection probability and 

abundance from point counts. The Auk, 

117(2), 393–408. 

Norvell, R. E., Howe, F. P., and Parrish J. 

R. (2003). A Seven-Year Comparison of 

Relative-Abundance and Distance-

Sampling Methods. The Auk, 120(4), 

1013–1028. 

Peele, A. M., Marra, P. M., Sillett, T. S., 

and Sherry, T. W. (2015). Combining 

survey methods to estimate abundance and 

transience of migratory birds among 

tropical nonbreeding habitats. The Auk, 

132(4), 926–937. 

Rosenstock, S. S., Anderson, D. R., 

Giesen, K. M., Leukering, T., and Carter, 

M. F. (2002). Landbird Counting 

Techniques: Current Practices and an 

Alternative. The Auk, 119(1), 46–53. 

Simons, T. R., Alldredge, M. W., Pollock, 

K. H., and Wettroth, J. M. (2007). 

Experimental Analysis of the Auditory 

Detection Process on Avian Point Counts. 

The Auk, 124(3), 986–999. 

Somershoe, S. G., Twedt, D. J., and Reid, 

B. (2006). Combining Breeding Bird 

Survey and Distance Sampling to Estimate 

Density of Migrant and Breeding Birds. 

The Condor, 108(3), 691–699. 

Taylor, S. L., and Pollard, K. S. (2008). 

Evaluation of Two Methods to Estimate 

and Monitor Bird Populations. PLos One, 

3(8), e3047. 

Thomas, L., Buckland, S. T., Rexstad, E. 

A., Laake, J. L., Strindberg, S., Hedley, S. 

L., Bishop, J. R. B., Marques, T. A. and 

Burnham. K. P. (2010). Distance software: 

design and analysis of distance sampling 

surveys for estimating population size. 

Journal of Applied Ecology, 47(1), 5–14. 

Thompson, W. L. (2002). Towards 

Reliable Bird Surveys: Accounting for 

Individuals Present But Not Detected. The 

Auk, 119(1), 18–25. 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 


