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THE ANALYSIS OF POPULATION BY B&NDING 

BY DAVID E. D.avIs 

The use of bands to mark individual birds was developed a quar.ter 
of a century ago and now is an accepted technic of ornithological re- 
search. A vast storehouse of data has accumulated and been used for 
various purposes. Although the study of migration has naturally at- 
tracted most attention, other problems can be studied equally well. It 
is the purpose of this ,paper to discuss the utilization of banding data 
for the analysis of populations. 

Numbered leg bands are obviously only one method of marking 
individuals. Many other methods are used, such as a variety of types 
of tags for fish and snakes and clipping toes from mammals and 
lizards. In addition, it is possible to mark a group of animals by feed- 
ing them dyes or injecting radioactive substances. This paper will 
discuss the utilization of information derived from marking animals 
for the analysis of populations. The number of animals in an area 
at a given time depends upon the amount of reproduction, mortality 
and movements. Marking can help to determine the relative importance 
of these three population forces. 

Reproduction. The use of numbered or colored bands permits the 
determination of the number of eggs laid and young produced by an 
individual during the breeding season. A number of studies of marked 
birds (Nice, 1937; SowIs, 1950) show that the first clutch is larger 
than the second. Furthermore, such studies show how many .clutches 
are laid by a female. In addition analysis of banding data shows what 
proportion .of birds are laying (Kendeigh, 1941). The splendid study 
of penguins (Richdale, 1949) indicates the type of information that 
can be obtained. The analysis of such data will provide an estimate 
of the productivity of a populatioa of, say, 100 birds. Such analysis has 
rarely been made in detail except for some game species, and offers a 
fertile field for study by bird-banders. 

Mortality. The rate at which deaths cause a .decline in a population 
can best be studied by the analysis of 'the history of marked birds. The 
simplest procedure is to determine how many die each year from the 
returns of dead birds of known age. Paynter (1947) constructed a 
life table for Herring Gulls and Farrier (1949) described the death 
rate of Robins. Lack (1946; 1949) showed that the .death rate .of 
juvenile birds is higher than that of adults and .that it is also higher 
for birds from large clutches than for birds from small. Bantugartner 
(1944) in a special type of study found that quail that were released 
when the population was low survived better than quail released when 
the population was high. 

It is also possible to estimate mortality by analysis of the recaptured 
birds in a population. In brief, the method is as foll. ows. A number 
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of birds, say 100, are marked and released. The ,following year, .some 
of ,these will be captured, some will not 'be captured even though alive, 
and some will have died or moved away. If the total population is 
known (see below for meth. ods) it is possi,ble to estimate the number 
of marked birds that were still alive and present in the following man- 
ner. Suppose that in •the second year 70 birds are caught, of wh, ich 
15 had been marked the previous year, and that the total population 
in the area is 200 birds. Then assume that the proportion of marked 
birds is the same in the 130 birds .that were not caught as in the 70 
birds that were caught. Since this proportion is 15/70, the number of 

15 

marked birds in the total population is --(200):43. Since 100 birds 
70 

were marked the previous year, the probability of surviving for a year 
is 43/100•0.43. The probability .of dying is obviously 0.57. Analyses 
of this type have been made by Buss (1946) to determine the survival 
of pheasants. This method must be applied with .caution because birds 
that move away are counted as "dead." Hence closed populations 
should be used or it should be clear that both deaths and emigrants are 
considered. 

Movements. Although banding has .been used to study the migrati. on 
of birds, relatively •little use has been made of colored bands to study 
local movements. For example, it is important to know something 
about the movements of unmated birds during the 'breeding season. 
Also, the local movements after the breeding season can be studied. 
The study by Odum (1942) shows the type of information that can 
be obtained. The young chickadees gather together in flocks while the 
adults are raising the later broods. In the Fall the flocks wander 
around over an area of several miles and settle for the winter in favorable 
habitats. In the spring, the birds .disperse to suitable .breeding areas. 
Studies of this lype are a very worth while activity in the late summer 
when the breeding activity has waned. It would be especially interesting 
to determine the movements in winter of a flock of chickadees, nut- 
hatches, and woodpeckers by observations of color-banded birds. Do 
the same birds associate day after day? How big an area does the 
flock cover? 

Population Estimates. The three forces of reproduction, mortality, 
and movements combine to produce the population at a given time 
and place. The size of the population itself can be estimated by the 
use of marked individuals. This method has not been generally used 
by ornithologists principally because observational methods are rela- 
tively successful for active, diurnal species. But some worthwhile 
results can be o•btained by persons not averse to a little arithmetic. 

The recapture-ratio method was originally proposed for fish by 
Petersen in 1896 and was restated by Lincoln (1930). The method 
is based on the ratio of marked to unmarked individuals in a sample 
from a population in which a known number are marked. The method 
can be tried with a can of navy beans. Place an unknown number of 
beans in a can, remove a handful, mark them in some manner, return 
them, shake the can vigorously, and remove an. other handful. Call 
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the unknown number in the ca.n N, ,the number marked M, the num'ber 
in the second handful n, of which m have been marked. It is apparent 

N n nM 

that- •- or N:--. This method is clearly applicable to birds. 
M m m 

A number of ,birds (M) are banded in an unknown population (N). 
Then at a later date a number ,of birds (n) are captured of which m 
had been marked. 

But like all mathematical methods, a number cff assu, mptions are 
made. It is assumed ,that (1) the number of deaths, births and loss 
of marks is negligible, (2) the number of individuals moving into 
or out of the area is negligible, (3) there is no difference in catchability 
between marked and unmarked individuals, and (4) the marked in- 
dividuals are randomly distri, buted throughout the population. In 
actual practice assumptions 1, 2, and 3 may be practically true if 
care in selection of time of year is exercised. The problem of deaths 
can be solved for studies conducted during long-time intervals by 
considering only individuals alive at the first markin. g period and 
assuming that the deaths are the same in the marked and the unmarked 
individuals. But the assumption (4) of random mixing unfortunately 
is often not true and the method may have serious error for this 
reason. Extreme care should be exercised on this point. 

It should be noted that the ratio njm is a sample from a population 
and hence is subject to sampling errors. Adams (1951) gives charts 
that permit an estimate of the confidence limits of the estimate. 

Another method has been developed by Jackson (1939, 1948) for 
use on •tsetse flies in Africa. After a number of individuals are marked 
they will comprise a smaller and smaller proportion of the individuals 
captured at subsequent times because of deaths and •births. Suppose 
that we mark 100 birds and in each subsequent week, capture 100 
birds. Suppose further, that in ,the first subsequent week 50 were re- 
captured; in the second, 35 were recaptured; in the third, 26 were 
recaptured, etc. By plotting these values against the week of capture, 
we can extrapolate to the value marked birds (63) which we 
would have caught if we had trapped again on the day we ,marked 
the birds. Then, utilizing the recapture-ratio method outlined above 

100(100) 
N 159 birds in the original population. Actually, the 

63 

calculations are more complex than this simple example and the reader 
should use the original publication for analysis of results. 

Still other methods are available for calculation of populations by 
results from banding. DeLury (1947) has developed a method for 
fisheries research based on the increased effort needed to catch a fish 

as the fishery is depleted. The method can 'be adapted to birds if, in 
the records, a marked bird is ,considered as dead or removed from the 
population. Thus, suppose that 100 birds are caught in 10 traps and 
banded the first day and 60 unbanded and 40 banded tbirds are caught 
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in 10 traps the second day. Then the "Catch per unit effort" for an 
unmarked bird has decreased from 10 birds per trap the first day 
to 6 birds per trap the second day. The "catch per ur•it effort" will 
decline at a rate that depends upon the total catch and total effort. 
A plot of the catch per unit effort against the total catch gives the 
rate of decrease. These values can be used mathematically to calculate 
the original population but may be simply read from a graph. In the 
simplified example above, merely plot unbanded birds per trap (10 and 
6) on the vertical axis and total unbanded catch (100 and 160) on 
the horizontal axis. Draw a line through these points and read the 
value at its intersection with the horizontal axis to give the total 
original population (250 in this case). For the actual details of the 
method the reader should consult DeLury (1947). An excellent dis- 
cussion of methods is given by Ricker (1948). Modifications of this 
idea have been developed by Hayne (1949) and .others. 

These methods are obviously devised to overcome the fact that it 
is rarely possible to catch all birds in an area. Patently when all 
birds are marked, then the population is known. But such conditions 
rarely occur and hence estimates are necessary. These estimates usually 
involve the 4 assumptions listed above. 

Banding data have seldom been used to estimate populations. Ken- 
deigh's review (1944) covers this aspect in one paragraph and refers 
to only two publications. However, Borror (1948) analyzed records 
of White-throated Sparrows in an extensive study and called attention 
to the lack of utilization of banding records. His •methods are varia- 
tions of the methods described above and are given in detail in his 
publication. His results show for example, that White-throated Sparrows 
remain longer in the Fall than in the Spring, the numbers of birds in the 
waves during migration, and the number of birds present at any day 
of the migration. 

The utilization of banding data as outlined above will permit an 
analysis of the extent of the three population forces and of the changes 
in populations. From these results, a further analysis may be made of 
the regulatory factors that govern the size of a population. The effects 
of environment, of predation, and of competition may be evaluated to 
give us some understanding of the factors that limit population. 

To obtain the best results the species should be selected according to 
the problem in mind. Common species should always be selected because 
large amounts of data are necessary to prove an hypothesis. For ex- 
ample, to study reproduction performance a species must be easily 
caught in the nesting season. To study mortality the species must exist 
in relatively closed populations. Still another ,type of fruitful study 
is the comparison of a species in two different areas. Unlimited op- 
portunities exist for the bird-bander to study populations. 
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A COLLAPSIBLE BIRD TRAP 

BY ROBERT E. BAILEY 

Many people trapping birds, whether for a nesting study, banding, 
or other purposes, are aware of the need for a trap which can be made 
in large quantities in a short time and which is fairly foolproof in 
operation. When faced with these problems in recent work with White- 
crowned Sparrows and other ground feeding birds, I devised a trap 
which was admirably suited to my purpose, the design and construc- 
tion of which may be of interest to others. 

The basic material used was •/•dnch mesh hardware cloth, although 
a/•-inch mesh would be suitable for larger birds. The specifications 
given here apply to •/•-inch mesh and the time required per trap when 
mass production methods are used is about 15 minu,tes. The sides, 
t. op, bottom, back end, and door were cut out by folio.wing the wires 
of the mesh, and it is important that only mesh in which the wires 
meet at right angles be used in order for the pieces to fit properly. 


