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Abstract

A method of age determination, new in birds, is describ-

ed. The method has been derived from similar methods

commonly used to determine
age

of fishes, amphibians,

reptilians, and mammals. It consists of demonstrating, by

preparation of transverse transparent sections, the pre-

sence of annual deposits in the periosteal zone (= zone

of outer circumferential lamellae) of bone. Evidence is

presented that the layered structures in the periosteal

zone are indeed annual and thus related with age.

INTRODUCTION

In homoiothermic vertebrates appliance of this

method is somewhat more complicated. The main

increase in length and weight is limited to the

first (juvenile) stage of life, which takes a few

weeks up to a few years according to the species,
in contrast to poikilothermic animals which grow

almost continuously throughout their whole life.

In the last decennia a very accurate method was

developed for age determination of mammals,

based on counting annual deposits, comparable to

those of fishes, in the cementum and dentine of

teeth. This method was first applied by Laws

(1952) on Pinnipedia and his example was follow-

ed by many authors and with species of all mam-

malian orders. Later Russian biologists discovered

that similar layering could also be found in the

periosteal zone of mammalian bone. A complete
review of all papers published on this subject,

before 1967, and of all methods used to make the

annual layers visible has been given by Klevezal

& Kleinenberg (1969).

Of the five vertebrate classes only birds have

not been investigated upon the subject of annual

layering in hard structures. In this short study the

existence of layered structures in birds is demon-

strated, and where possible, related to age.

MATERIAL AND METHODS

The material used for this study consisted of two

specimens of Jay (Garrulus glandarius (L.)), one

of Moorhen (Gallinula chloropus (L.)), five of

Herring Gull (Larus argentatus Pontoppidan), one

of Duck (Anas platyrhynchos L.), two of Chicken

(Gallus gallus (L.)), and six of Heron (Ardea
cinerea L.). Whenever possible the material is

selected on the basis of commonly used age indi-

cations, mainly plumage characteristics. The Heron

material thus consists of two "grey fronted" spe-

cimens (supposedly in the first year of their life),

one "grey-white fronted" specimen (supposedly in

its second year) and three "white fronted" speci-

mens (supposedly over two years old). Of the five

Herring Gulls, three have the first year plumage,

one has the second year plumage and one the third

year plumage. The two Chickens are guaranteed

Periodical layering in hard structures of animals

has been used for long to determine age of fishes.

Otoliths, vertebrae, and scales grow continuously,
but display periods of fast growth alternated with

periods of slow growth, often appearing as wide

and narrow, or light and dark bands. As yet, it is

not fully clear which are the factors determining
this periodical acceleration and deceleration of the

growth of these structures. Possibly unfavourable

conditions, for instance in winter, are responsible
for this phenomenon; it is not unlikely that breed-

ing also may influence growth.
Most of the important factors influencing growth

are annual or seasonal (cold season — warm

season, breeding season — non breeding season,

etc.); this makes it possible to relate growth layers

to age. This method has not only been applied
in fishes, but also — though to a much smaller

extent —
in amphibians (Peabody, 1961) and rep-

tilians (Petter-Rousseaux, 1953).
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by the farmer from which they were bought to be

more than one season old. There was no informa-

tion concerning the Jays, the Moorhen and the

Duck.

The authors would like to express their gratitude
towards Mr. C. Swennen of the Netherlands In-

stitute of Sea Research (N.I.O.Z.) at Texel and

to Drs J. Wattel, Curator of the department of

Birds of the Zoological Museum of Amsterdam

for supplying most of the material. They are very

grateful to Miss C. M. King of the Animal Ecology
Research Group of the University of Oxford for

checking the manuscript, and to Mr. S. van Meche-

len who produced the photographs.
As birds do not have teeth and while claws or

bill are known to wear down rapidly, the only
field of investigation left is the skeleton. Different

parts of the skeleton are investigated by two

methods, described by various mammalogists (see
Klevezal & Kleinenberg, 1969). The first method

is to grind the bone down transversely on a —

preferably but not necessarily electrically operated

— grinding disc, till a thin transparent section

remains. The section is polished on carborundum

until the required transparency is obtained and

scratches in the surface have disappeared. Then

the section is dehydrated and mounted in caedax

on a microscopic slide. The results can be studied

under a stereobinocular, a normal microscope or

in polarized light. The second method consists of

culling thin sections of the bone, after it has been

decalcified in 5% HN0
3

for 10—15 hours and is

impregnated with paraffin. The cut sections are

then stained with a solution of haematoxylin of

the following composition: 200 mg haematoxylin,

2000 mg Potassium-Aluminiumphosphate, 5 ml

ethanol 96%, 40 mg sodiumiodate in 100 ml dis-

tilled water; light haematoxylins are advisable,

because slow staining produces best results and

gives the opportunity to vary the duration of

staining. The results can be studied under a normal

microscope. Dry freezing is an easier and quicker

method, and it can be used instead of paraffin

impregnation.

Fig. 1. Anas platyrhynchos, Duck, transverse ground down section of tibia. PZ = Periosteal zone, MZ = Mesosteal

zone, EZ = Endosteal zone, 1s = Layered structures.
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RESULTS

The results are summarized in table 1 and some

of them are illustrated in the figures. The greatest

difficulty proved to be in finding the most suitable

locations in the skeleton. Not all parts of the

skeleton show the same thickness of the periosteal

zone. Best areas for examination are those on

which tendons are inserted; apparently secondary

deposition of bone is most intense in these places.

With the majority of the investigated birds the

distal part of the shaft of the tibia just over the

epiphysis appears to be the most suitable place

(Duck, Chicken, Moorhen, Heron); only with

Herring Gulls this did not work out and here the

most suitable part of bone is the mandible. The

present investigations include most parts of the

skeleton, e.g. femur, tibia, tibiotarsus, dactyli,

crista, humerus, radius, mandible, clavicle, etc.

The impression is formed that those parts which

have to endure much mechanical load or tension

are the parts in which the layers are well pronounc-

ed.

From the various figures given it can be seen

that the periosteal and endosteal zones on the

outer and inner side of the mesosteal zone are

clearly distinguishable in most cases. Layered

structures appear to be present in nearly all prep-

arations. In those birds of which the age can be

guessed from characteristics of their plumage a

direct relation is found between age and number

of narrow, c.q. wide zones in the periosteal zone.

The Herring Gulls in the first year of their life do

not possess a dark (narrow) layer, the animal in

the second year of its life possesses one wide, one

narrow and another wide layer, while the animal in

the third year of its life possesses one wide, one

narrow, another wide, another narrow and still

another wide band. When it is assumed that a

wide and a narrow zone represent the material

deposited in one year the relation with the age is

clear.

In the same way the Herons in their first year

of life have only a wide zone (one specimen al-

ready has a narrow zone too), the Heron in its sec-

ond year has a wide, a narrow and another com-

plete wide band, while a second narrow zone is

just being formed. The animals supposed to be

over two years old all possess two wide and two

narrow bands at least.

Table I: Results of the age determination of several species of birds on the basis of counting the annual layers
in the periosteal zone of bone.

Species Relative age Ground section Microtome section Diagnosis
characteristics object number of

annuli (wide

object number of

annuli (light
+ narrow band) + dark band)

Jay a. — tibia Yi _ first year
of life

b. tibia Vi —
—

first year

Duck — tibia, femur 6 tibia 6 6 years old

Chicken a. — tibia, femur 1 +
— — second year

b. tibia, femur 1 + — — second year

Coot — tibia 2+
— —

third year

Herring

Gull a. juvenile plumage tibia, tibio- Yi mandible Vi first year

tarsus, femur,

humerus,

mandible

b. transient plumage mandible IK mandible i a second year

c. young adult mandible 2K mandible IVi third year

plumage

Heron a. grey fronted tibia, tibio-

tarsus, femur

Vi tibia Vi first year

b.
grey

fronted tibia l— tibia 1— end of first year

c. white-grey tibia 2 tibia 2 2 years old

fronted

d. white fronted tibia 2+ tibia 2+ third year

e. white fronted tibia 2+ tibia 2+ third year

(ZMA. 7441)
f. white fronted tibia 3 tibia 3— end of third year

(ZMA. 4776)
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Fig. 2. A, Anas platyrhynchos, Duck, transverse ground down section of tibia (detail of fig. 1). Figures indicate

supposed annual deposits (x 10).

B, Anas platyrhynchos, Duck, transverse microtome section of tibia, stained with haematoxylin solution (x 10).

C, Gallus gallus, Chicken, transverse ground down section of tibia (x 10).

D, Gallinula chloropus, Moorhen, transverse ground down section of tibia (x 10).

E, Larus argentatus, Herring Gull, third
year specimen, transverse microtome section, stained with haematoxylin

solution (x 40).

F, Ardea cinerea, Heron, specimen d, transverse microtome section of tibia, stained with haematoxylin solution

(x 10).
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However, counting of annual layers might be

somewhat more complicated. It often appears that

the wide zone displays intermediary narrow zones,

which are less clear and which represent pre-

sumably checks or decelerations during the period

of fast growth. This is also the case with, for in-

stance, dentinal growth layers in teeth of mam-

mals. Various ecological factors may be responsible
for this complication, which sometimes makes

counting of annual layers difficult, particularly in

older animals.

DISCUSSION

As was stated in the introduction it is, as yet, not

possible to indicate the precise factors which are

responsible for the deceleration and acceleration

of the deposition of material in hard structures.

Most authors consider environmental factors, and

particularly seasonal climatic changes (winter-

summer), as the most likely to cause the pheno-

menon described here (Klevezal & Kleinenberg,

1969). In many cases it seems the best explanation.

However, in Whales it has been demonstrated that

apart from seasonal migration and periods of

feeding alternating with fasting, also the ovulation

has a definite influence on the growth of hard

structures in females (e.g. Van Utrecht-Cock,

1966; Van Utrecht & Van Utrecht-Cock, 1969).

Recordings of baleen plates as well as photometric

recordings of the layers in ear plugs show a rela-

tion of ovulation with certain growth accelerations.

Male and female Fin Whales appear to have a

different growth rhythm (Van Utrecht-Cock,

1966). Also sexual dimorphism in the deposition
of the first dentinal layer ("neonatal" or "primary"

line) in teeth has been discovered in Porpoises,
Phocoena phocoena (L.) (Van Utrecht, 1969) and

in Beech Martens, Martes foina (Erxleben) (Van

Bree, Van Mensch & Van Utrecht, 1971). Thus

the influence of the sexual cycle on the growth of

hard structures of any animal might be more sub-

stantial than is generally assumed.

As age determination is necessary to study the

structure of a population, the method described in

this paper might be an important contribution to

avian ecology, because it is thought to be an ab-

solute age indication, an advantage it can only

share with bird banding. If age determination is

only a minor object in a bird banding project,

then this method should not be applied. However,

if age determination is the major object of a bird

banding project the method presented here may

be considered as an alternative. Although a sample

of the studied population must be killed in order

to determine age in this way (which is not the case

in bird banding), the results are obtained rapidly

and with far less expenditure. If everything is

worked out properly one should be able to obtain

a reliable age pyramid of a population in one

season.

When planning to study the age structure of a

sample of a population using the method de-

scribed here, one should select one older specimen

to investigate the precise location in which the

annual layers are seen best. The fact that in the

species studied in this paper mostly the distal part

of the tibia proved to be best, does not necessarily

mean that this is also the case with other species.
In birds it could not be established with cer-

tainty whether there is an age at which no further

layers of bone are deposited. In Fin Whales growth

of baleen plates is continuous, but it is compensat-
ed by wear at the tip after a certain age. The

same is true for the ear plugs in these animals to

which the addition of material is also continuous,

but after a certain age the layers at the tip are

compressed together and form a very compact

mass in which no layers are visible (Van Utrecht &

Van Utrecht-Cock, 1969). Up till now it cannot

be demonstrated that periosteal growth in birds is

not likewise submitted to compensatory wear or

compression of layers. From the results obtained

with the Duck (figs 1, 2A and 2B) it can be con-

cluded that animals of 6—7 years old still can be

aged.

It will be observed from fig. 1 that also in the

endosteal zone layers are visible. However, it is

found that these are not always correlated in the

same direct way with age as those found in the

periosteal zone, probably because much calcium is

resorbed from the endosteal zone during life (Kle-

yezal & Kleinenberg, 1969).

A possible application of this method may be

in the study of age of fossil birds, considering the

results that Peabody (1961) obtained with fossil

fishes, amphibians and reptiles in this respect.
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