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Feathers are the diagnostic feature of the birds. Because
old feathers are less efficient, particularly in flight, they need
to be replaced when they become worn out (STRESEMANN &
STRESEMANN 1966). Feathers are replaced at variable intervals
depending on the species. Small birds molt all their feathers
once, or even twice a year (PRYS-JONES 1991). Some large birds
replace their entire plumage every two years, whereas other
birds replace their feathers almost continuously throughout
the year (EDWARDS & ROHWER 2005, EDWARDS 2008). These birds
have multiple waves of primary replacement proceeding si-
multaneously on each wing. Multiple waves of feather replace-
ment occur in two ways. In some birds such as albatrosses
and falcons, the primaries are molted into two or more non-
simultaneous replacement series on each wing (MILLER 1941,
LANGSTON & ROHWER 1995, PYLE 2005, EDWARDS & ROHWER 2005),
while in other birds the primaries of each wing undergo two
or more distinct waves of feather replacement, at the same
time and in the same direction (ROHWER & WANG 2010).

The normal process of feather replacement is influenced
by a number of interacting factors such as hormonal varia-
tions, photoperiod and nutritional conditions (COOPER &
HARRISON 1994). Considerable energy is spent during the molt-
ing process, from 15 to 30% above of the basal metabolic rate
(ALTMAN 1982, MCKIBBEN & HARRISON 1986), because feathers con-
tain 20 to 30% of the structural proteins of a bird (ALTMAN

1982). The primaries represent almost 1% of the body mass

of the Eared Dove, Zenaida auriculata (Des Murs, 1847) (GRILLI

& MONTALTI 2010). Thus, the loss of feathers during the molt-
ing process is reflected in a reduction in structural protein
values. An increase in nutritional demand for protein for a
new feather is essential to the molting process. Blood calcium
levels also drop during the molt (ALTMAN 1982).

The replacement of flight feathers in most birds is se-
quential, bilaterally symmetrical, and follows a centrifugal pat-
tern. In this manner, those feathers are replaced progressively
over a period of several weeks, and only one or two flight
feathers are missing from each wing and each side of the tail
at any given time (STRESEMANN & STRESEMANN 1966, SICK 1997,
MALLET-RODRIGUES & NORONHA 2001).

The loss of a feather from a follicle is followed by the
growth of a new feather. Thus, the same follicle is capable of
producing several generations of feathers throughout the life
of the bird. Initially the growing feather consists of a tubular
invagination in the follicle with its own blood and nerve sup-
ply. The new feather pushes the older feather out, forcing it
to fall. The emerging feather is encased in a sheath of keratin
and once it is mature, the blood supply is interrupted and the
feather becomes an inert structure (WATSON 1963, SIMMONS

1964, LUCAS & STETTENHEIM 1972). The daily growth rate of a
flight feather ranges from 2 mm/day to smaller feathers (WOLF

et al. 2003) to more than 8 mm/day to larger feathers
(INGOLFSSON 2008).
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ABSTRACT. The replacement and growth of 311 primary feathers of eight captive male rock pigeons, Columba livia

Gmelin, 1789 were monitored daily. Feather replacement was recorded in all months, but the primaries 1 to 5 (inner-

most primaries) were replaced mostly from September to December, whereas the primaries 6 to 10 (outermost prima-

ries) were more frequently replaced from January to August. Each primary was held in plumage from six to fifteen

months, but the lifetime of the outer feathers was longer than that of the inner feathers. A new primary emerges two or

three days after its predecessor has been dropped, but the primaries replacing the feathers accidentally lost during bird

handling emerge only after about eight days. The average growth period of a primary ranged from 21 to 37 days, with

the larger and outermost feathers exhibiting a longer growth period. A constant average growth rate of 4 to 5 mm/day

was found for all primaries until the last two days of growth, when the growth rate of the feathers became progressively

slower. Bilateral symmetry in the primary replacement, when the same feather is replaced simultaneously in both wings,

was not significant (22.2%) in the birds monitored in this study.
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Primaries are the principal flight feathers on the wing of
a bird. Most species have nine or ten primaries attached to the
hand bones. The primary molt is an event of great importance
in the life of birds, because the primaries are directly related to
their ability to fly (STRESEMANN & STRESEMANN 1966).

Many studies have assessed the growth of feathers by
measuring the width of daily growth bands (WHITE et al. 1991,
WHITE & KENNEDY 1992, ROHWER & WANG 2010, JOVANI et al. 2011).
Growth bands are distinct and fairly uniform bars across a flight
feather indicating a 24-h period of feather growth (MICHENER &
MICHENER 1938, WOOD 1950). The width of daily growth bars
on a feather has also been used to assess the nutritional condi-
tion of birds while the feather was growing (GRUBB 1989, 1991).

The main objective of this study is to contribute to the
knowledge of the replacement and growth patterns of primary
feathers of birds by monitoring them on captive domestic rock
pigeons, Columba livia Gmelin, 1789.

MATERIAL AND METHODS

Eight captive adult Rock Pigeon males were studied be-
tween 1998 and 2006 in the state of Rio de Janeiro, southeast-
ern Brazil. These pigeons, fed twice a day, received a diet with
varied seeds and water ad libitum. Male pigeons were identified
by their mating display behavior, when they vocalize intensely
and are engaged in a courtship that includes a mating dance.

Every day of each month of the study period the plumage
of each bird was examined in search for molting primaries. Ev-
ery morning, data on the dropping and growth of primary feath-
ers during molt were carefully gathered. Primary feathers were
analyzed individually. In order to measure the length of each
primary, the feather was held flat on a millimeter ruler. Each

feather was measured from the insertion of the calamus on the
skin to its distal end. The ten primaries were numbered from the
innermost (primary 1 or P1) outward (primary 10 or P10).

Analysis of variance (ANOVA) and Spearman rank corre-
lation were used for the descriptive analysis. Statistical signifi-
cance was accepted at p < 0.05.

RESULTS

During the study period, 306 molting primary feathers
were monitored. Additionally, five accidentally replaced pri-
maries were also studied. (Tab. I). Molting of primary feathers
was recorded all year round, but nearly half of the molting
primaries were replaced in October, November and December.
P1 to P5 were almost completely molted from September to
December, whereas P6 to P10 were mostly replaced from Janu-
ary to August (Tab. II).

The lifetime of 238 primaries was monitored in this study.
Primaries were retained in the plumage from six to fifteen
months. The outermost primaries had a longer average life-
time than the innermost primaries (F = 15.08, p < 0.05). While
a P1 had an average lifetime of 8.2 months, a P10 was retained
in the plumage during an average of 12.2 months (Tab. III).

Only fifteen (30%) of the fifty events of complete wing
molt studied here had a perfect centrifugal sequence of pri-
mary replacement. In most birds, although the innermost pri-
maries were replaced before the outermost primaries, changes
in the centrifugal wave of feather replacement were often re-
corded in the pigeons.

Each old primary feather dropped when the feather ad-
jacent to it, and previously replaced, had grown three-quarters
(or approximately two weeks after feather emergence). The re-

Table I. Length, days to emerge and growth period in molting and accidentally replaced primary feathers of captive Rock pigeons.

Feather Sample Length (mm) Days to emerge a new feather* Growth period (days)

Molting feathers

Primary 1 (P1)  39 98 to105 (x = 101.1 ± 1.81) 2 (x = 2.0 ± 0.0) 19 to 23 (x = 21.0 ± 1.07)

Primary 2 (P2)  27 102 to 110 (x = 105.4 ± 2.10) 2 (x = 2.0 ± 0.0) 21 to 24 (x = 21.8 ± 0.92)

Primary 3 (P3)  36 109 to 116 (x = 113.2 ± 2.32) 1 to 2 (x = 1.7 ± 0.41) 20 to 23 (x = 21.8 ± 1.03)

Primary 4 (P4)  12 116 to 120 (x = 118.5 ± 1.91) 1 to 2 (x = 1.3 ± 0.52) 23 to 25 (x = 24.0 ± 1.0)

Primary 5 (P5)  36 126 to 133 (x = 129.3 ± 2.34) 2 (x = 2.0 ± 0.0) 23 to 26 (x = 25.1 ± 0.99)

Primary 6 (P6)  30 137 to 144 (x = 139.5 ± 2.32) 2 to 3 (x = 2.1 ± 0.41) 25 to 29 (x = 26.4 ± 1.13)

Primary 7 (P7)  36 150 to 159 (x = 154.4 ± 2.81) 1 to 2 (x = 1.8 ± 0.33) 28 to 31 (x = 29.7 ± 1.21)

Primary 8 (P8)  36 160 to 169 (x = 165.4 ± 2.71) 1 to 3 (x = 1.9 ± 0.50) 29 to 35 (x = 32.0 ± 1.80)

Primary 9 (P9)  33 164 to 175 (x = 168.7 ± 3.45) 2 (x = 2.0 ± 0.0) 34 to 38 (x = 35.9 ± 1.47)

Primary 10 (P10)  21 157 to 167 (x = 161.1 ± 3.10) 2 to 3 (x = 2.2 ± 0.41) 36 to 39 (x = 37.1 ± 1.17)

Accidental drop

Primary 7 (P7)  2 – 8 (x = 8.0 ± 0.0) 30 (x = 30.0 ± 0.0)

Primary 8 (P8)  1 – 8 (x = 8.0 ± 0.0) 31 (x = 31.0 ± 0.0)

Primary 9 (P9)  2 – 8 (x = 8.0 ± 0.0) 36 and 38 (x = 37.0 ± 1.0)

* After the drop of the old feather.
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placement time for primaries that had dropped during bird
handling was longer (eight days) than the time taken to re-
place feathers that had molted naturally (Tab. I).

The tubular invagination of a new primary feather
emerged between one and three days after the old feather had
dropped. The time elapsed between the drop of an old feather
and the emergence of a new feather did not differ significantly
among the distinct primaries (F = 8.91, p < 0.05). Smaller feath-
ers (innermost primaries) emerged, on average, two days after
the old feather had dropped, whereas larger feathers (outer-
most primaries) emerged between two and three days after the
fall of the old feather (Tab. I).

The average growth period of the primaries ranged from
21 to 37 days. A significant positive correlation was found be-
tween the period a feather takes to grow and its length (r = 0.94,
p < 0.05). The average growth period of larger feathers was
longer than that of smaller feathers (Fig. 1). While a P1 with an

average length of 101.1 mm took 21 days to reach its final size,
a P9 with an average length of 168.7 mm took approximately
36 days. However, the longest average growth period (37 days)
was recorded for P10, a feather on average smaller than P8 and
P9. The growth period of the feathers replacing the ones that
had dropped accidentally was not different from the growth
period of feathers that had fallen naturally during the molt
(F = 0.20, p < 0.05). All primaries that had dropped acciden-
tally grew within the expected growth period (Tab. I).

All primaries exhibited a constant growth rate until their
last two days of growth, when their growth rate progressively
decreased (Fig. 1). The average growth rate of the primaries
ranged from 4 to 5 mm/day (Tab. IV).

Figure 1. Daily growth of new primary feathers of captive rock
pigeons.

Table II. Monthly distribution of the molting primaries monitored
in this study.

Months P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 Total

January –  1  4 – –  15 – – – – 23

February –  4  4 –  1 –  5 9 – 3 26

March – – – 3 – – – 9  4 – 16

April  3 – – – – –  6 –  7 3 19

May  1 – – – – –  14 –  4 3 22

June –  1 – – – – – 6  4 – 11

July – –  1 1  3 – – 3  11 7 26

August – –  3 1  5 – – – – 5 14

September  15  2 – 1  4 –  1 – – – 23

October  5  19  6 1 –  3 – –  3 – 37

November  6 –  6 5  7  3  7 – – – 34

December  9 –  12  16  9  3 6 – – 55

Table III. Lifetime of primary feathers of captive Rock pigeons.

Feather Lifetime (months) Sample

Primary 1 6 to 11 (x = 8.2 ± 1.62) 18

Primary 2 7 to 10 (x = 8.2 ± 0.90) 16

Primary 3 7 to 11 (x = 9.5 ± 1.22) 24

Primary 4 9 to 12 (x = 10.6 ± 1.20)  8

Primary 5 9 to 12 (x = 10.5 ± 1.14) 32

Primary 6 10 to 12 (x = 11.1 ± 1.03) 30

Primary 7 8 to 12 (x = 10.5 ± 1.42) 31

Primary 8 8 to 12 (x = 11.0 ± 1.24) 28

Primary 9 9 to 14 (x = 11.8 ± 1.61) 30

Primary 10 10 to 15 (x = 12.2 ± 1.63) 19

Table IV. Average growth rate in primaries of captive Rock pigeons.

Feather Growth rate (mm/day) Sample

Primary 1 4.5 ± 0.34 39

Primary 2 4.5 ± 0.41 27

Primary 3 5.0 ± 0.30 36

Primary 4 4.5 ± 0.48 12

Primary 5 5.0 ± 0.23 36

Primary 6 5.0 ± 0.16 30

Primary 7 5.0 ± 0.08 36

Primary 8 5.0 ± 0.14 36

Primary 9 4.5 ± 0.32 33

Primary 10 4.0 ± 0.24 21

The primary molt was bilaterally asymmetrical in most
cases. Symmetrical molt was found in only 68 (22.2%) of the
306 molting primaries, when the same primary was molting
simultaneously in both wings. P1 and P2 were the only prima-
ries exhibiting more symmetrical than asymmetrical replace-
ment (Tab. V).
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DISCUSSION

Data on the growth of wild bird feathers has been mainly
obtained through studies of growth bands (WHITE et al. 1991,
ROHWER & WANG 2010, JOVANI et al. 2011) and capture-recapture
programs involving banded birds (GRUBB et al. 1991, MALLET-
RODRIGUES et al. 1995). Captive birds have also been used for the
study of feather growth (CHILGREN 1978, WHITE & KENNEDY 1992,
GRUBB & PRAVOSUDOV 1994), although captivity may affect the
growth rate of feathers by causing stress and nutritional defi-
ciencies (MURPHY & KING 1991, GRUBB 1991, WHITE & KENNEDY 1992).

The fact that feathers were replaced throughout the year
reveals that (at least in captivity) the pigeons do not have a
short timing of primary molt. However, primary molt in cap-
tive rock pigeons in the northern hemisphere has been recorded
from July to December (VRIENDS & ERSKINE 2005), differing slightly
from that obtained in our results, despite the differences in
climate and season.

The basic pattern of centrifugal primary replacement
(STRESEMANN & STRESEMANN 1966) was seldom recorded here. The
predominance of a non-centrifugal pattern in the primary re-
placement may be a consequence of a lower selective pressure
on the captive birds, because wild doves have their primary
feathers replaced in a centrifugal pattern (MEDLAND 2003). Simi-
larly, most primaries did not molt simultaneously on both
wings, characterizing a predominantly asymmetrical pattern.
It is possible that the selective pressure for an orderly sequence
in the replacement of flight feathers is relaxed in conditions of
captivity. Difference in the lifetime of flight feathers may be
responsible for the irregular sequence of feather replacement
found here. However, there is not enough evidence to con-
clude that the Rock Pigeon has multiple waves of primary re-
placement, as found in many large birds (LANGSTON & ROHWER

1995, PYLE 2005, EDWARDS & ROHWER 2005). Most birds with body
mass lower than 1kg (like the Rock Pigeon) replace all of their
primaries annually, whereas most species weighting more than
3kg molt their primaries over two or more years (ROHWER et al.

2009). Several species of Ptilinopus and Columbina doves often
have two runs of new primaries that are separated by older
primaries, but are not multiple waves of primary replacement
(ROHWER & WANG 2010). Here, although the primary molt in
the pigeons was not a perfect centrifugal sequence of succes-
sive feather replacement, some distinct primaries were replaced
simultaneously on the same wing, reducing the duration of
the molt.

In the molting process of the pigeons studied here, a new
primary emerged on average two days after it had pushed up
the older feather out of the follicle. However, primaries that
had accidentally fallen or removed from the body of the bird
were replaced over a longer period than the primaries that had
naturally dropped during the molting period, as reported else-
where (JUHN 1957, BAILEY 1952, MORTON 1962). This result was
not surprising because after the traumatic loss of a feather the
follicle needs more time to start producing a new feather and
an additional supply of nutrients is required to make it.

The period of growth of a primary is strongly influenced
by its full length. Small feathers have a shorter period of growth
than large feathers, although both have the same growth rate.
All primaries exhibit a constant growth rate until the last two
or three days of growth. The primary growth rate found here is
similar to that reported for the dove Streptopelia roseogrisea
(Sundevall, 1857) (5.5 mm/day) (PREVOST apud ROHWER et al.
2009). The rate of feather growth in captive Common Star-
lings, Sturnus vulgaris Linnaeus, 1758 was also similar in all
primary feathers (except for the shorter P9, which increased
more slowly), but the primaries rate of mass gain was lower for
P1 and higher for P9 (DAWSON 2003).

The timing of primary molt of birds such as the pigeon
would be very long if their primaries were replaced one by one
with no temporal overlap in feather growth. As each primary
of a pigeon grows from three to five weeks (forty days accord-
ing to SICK 1997) the primary molt would be completed be-
tween thirty to fifty weeks (7 to 12 months). However, each
feather is dropped when its adjacent feather has grown three-
quarters. Hence, the molt is faster and the bird has a shorter
period of energy expenditure.
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