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tainable from R. Friedlander & Sohn, 1 Berlin 41 (Steglitz). 
W H E N P R O F E S S O R Dr. Erwin Stresemann and his wife Vesta started 
their studies of the moults of birds about ten years ago, they had in 
mind that these might show systematic relationships which had 
previously escaped notice. Yet in their impressive work Die Mauser 
der Vogel, which is no less than a handbook on moult, only three pages 
are devoted to the subject of 'moult and taxonomy'. Instead, most of 
the data and problems described and discussed deal directly with 
ecological aspects. For this the authors are certainly not to blame. 
It only stresses the fact that the function of the bird's feather is mani
fold and that the replacement of this specialised part of the integument 
has its repercussions on all kinds of morphological, physiological and 
ecological processes. The most significant are related to the incon
veniences of body heat regulation and flight which birds suffer when 
they lose too many feathers at one time, not to mention the metabolic 
energy required to renew each lost feather as quickly as possible. 

The work under review, the first comprehensive and authoritative 
survey of feather moult, contains a 'general part ' of 58 pages and a 
'special part ' of 379 pages. The latter describes moults in 42 orders of 
birds, which are arranged in Professor Stresemann's amended syste
matic sequence with the divers, grebes, penguins and petrels in the 
middle of the non-passerines. The section on each group contains 
detailed notes on individual moult stages described from museum 
specimens, followed by a selected bibliography. There is relatively 
littie about moult in passerines (only 16 pages in the special part), 
while the Ratites (all ostrich-like birds), Coraciidae (rollers), Meropidae 
(bee-eaters), Momotidae (motmots), Todidae (todies), Upupidae 
(hoopoes) and Trogonidae (trogons) have not been dealt with at all. 
Regrettable though this may be, the great volume of work under
taken, with well over 50,000 specimens examined in various large 
museum collections—notably in the Zoological Museum of the 
Humboldt University in Berlin, the American Museum of Natural 
History and the British Museum (Natural History)—is admirable. 
The result is dedicated to the famous German ornithologist Oskar 
Heinroth, who, with the Americans W. Stone and J. Dwight, formu
lated the fundamental principles of moult as a biological phenomenon 
at the close of the 19th century. It is impossible in the course of a review 
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The Stresemanns have had to express views on several controversial 
topics, notably on the numbering of primaries and on the nomenclature 
of plumages and moults. They could not have expected to satisfy 
everybody, but personally I am pleased that they have not followed the 
nomenclature of plumages and moults proposed by Philip S. Humphrey 
and Kenneth C. Parkes (1959, Auk, 76:1-31), but instead have retained 
that of J. Dwight (1900), as slightly amended and completed by 
H. F. Witherby. 

In the numbering of the primaries the Stresemanns have followed 
the present American example, first proposed by the British anatomist 
W. A. Forbes, of starting counting with the innermost primary, the 
outermost therefore having the highest number. This practice is 
opposite to that used in most European text-books, including The 
Handbook of British Birds (1938-41). Although it is only a question of 
agreement and convenience, there are several drawbacks to this 
method. The quickest way to find the Stresemanns' first primary is to 
start counting backwards from the outside of the wing—usually from 
ten, but in a number of cases (all wellknown) from nine or eleven, 
down to one—but one can just as well start straight off counting with 
one. Further, a primary moult proceeding outwards from the inside 
of the wing is called 'descending', an almost universal term which is 
also used throughout the Stresemanns' book, in which the descending 
moult therefore proceeds along an ascending numbering of primaries. 
As, moreover, the 'homology' of individual primaries bearing the 
same sequence number is far from clear, nothing is gained by counting 
from the inside in an attempt to arrive at a system in which all feathers 
bearing the same number are homologous in the old sense of compara
tive zoology. Personally, therefore, I prefer to stick to the convenient 
way of counting primaries from the outside, accepting the practical 
difficulty of numbering primaries in ten-primaried passerines in which 
the outermost (first or, if one follows the Stresemanns, tenth) primary 
can be so small as to be easily overlooked, besides being almost non
functional. 

The sequence of replacement of primaries most universally found is 
the descending one, though there are a number of notable exceptions. 
A distinct sequence or pattern of moult is a remarkably constant 
character of species (though not necessarily of families or even genera); 
deviations occur not infrequently, but do not usually disturb the 
general pattern. Descending moult is considered the oldest method of 
replacement and is thought to have been detected even in as ancient a 
bird as the Berlin specimen of the Jurassic Archaeopteryx. Ascending 
moult has been described in a few groups only, notably in the seed 
snipe (Thinocoridae) from arid South American mountain plateaux, 
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in some rails (Rallidae) and, astonishingly, in the Spotted Flycatcher 
Musckapa striata, the only known regular exception to the descending 
sequence among the passerines. In most kingfishers (Alcedinidae), 
parrots (Psittacidae) and some other groups the replacement of 
primaries can start with one of the middle quills, usually the fifth from 
the outside (the Stresemanns' sixth), from which centre or 'focus' the 
moult spreads in both directions, either regularly or irregularly, or 
else at each time skipping one feather (transilient moult). 

In 1958 Mrs. Stresemann showed that the constantly aberrant 
primary moult of the various species of falcons (Falconidae) provided 
a distinction from other families of diurnal birds of prey: their primary 
moult starts from a moult centre in the seventh primary from the 
outside (rarely the sixth) and from there proceeds regularly in both 
directions. This is one of the very few instances in which a characteristic 
moult pattern has a positive value in the systematics of higher taxa. 
Although the basic pattern of feather replacement in primaries (usually 
descending), secondaries (usually spreading from one or more moult 
centres) and tail-feathers (usually starting with the middle pair and 
proceeding outwards) is fairly constant, the deviations are numerous 
and apparently unlimited when ecological conditions of species 
demand. Only .a few groups are 'chaotic', that is wholly irregular in all 
aspects of moult sequence: most owls (Strigidae), all turacos (Muso-
phagidae), some of the smaller herons (Ardeidae) and the Pied King
fisher Ceryle rudis. Fact and theory on moult sequence can be found in 
both the general and the special sections of the book. 

Moult phenomena are usually correlated with ecological events: the 
necessity of passing through the period of inconvenience of having an 
incomplete body plumage or deformed wings or tail in the shortest 
possible time. This requirement has led to the synchronous loss of all 
wing and tail quills in all swans, geese and ducks (Anatidae), auks 
(Alcidae) and divers (Gaviidae), and most rails (Rallidae), cranes 
(Gruidae), flamingos (Phoenicopteridae) and grebes (Podicipedidae). 
In cases where the great length of feathers means that the regrowth of 
each one requires a long time (and a large amount of metabolic energy), 
the replacement of primaries and secondaries is either prolonged over 
an extended period—in the cases of large raptors (Accipitridae, etc.), 
albatrosses (Diomedeidae) and storks (Ciconiidae) apparently over 
more than a year—or else the long feathers are shed only once every 
two years (e.g. cranes of the genus Grus). 

The correlation of the duration of moult and the adjustment of 
moulting periods with the annual life cycle of the species forms a most 
fascinating part of moult studies. The authors give numerous detailed 
examples of the flexibility of the timing and the extension of moult 
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phenomena, which convincingly demonstrate the importance of 
moult in evolutionary processes. For example, the duration of the total 
replacement of old primaries by new ones is six months in the Curlew 
Sandpiper Calidris ferruginea, which moults 'at its leisure' on its winter
ing grounds in tropical Africa; whereas it is only two months in the 
Dunlin C. alpina, which moults 'in a great hurry' in its arctic and sub
arctic breeding areas before the autumn migration. In the Lapland 
Bunting Cakaritts lapponicm and the Snow Bunting Pkctrophenax 
nivalis, which likewise have to hurry after breeding in the short arctic 
summer, the period of 'complete' moult is only 30-40 days, individuals 
having been reported as almost flightless for a couple of days. 

The Stresemanns mention no less than six different ways in which 
adult long-distance migrants from the Northern Hemisphere are able 
to adjust themselves to the many inconveniences of moult in accord
ance with the specific ecological conditions of their breeding areas, 
migration routes and wintering grounds: part or all of the moult can 
be completed in either the breeding areas or the wintering grounds, or 
between the two, or k can be interrupted at some stage to be con
tinued when the bird has arrived in another continent. The timing of 
moult in juvenile long-distance migrants usually differs from that in 
adults, particularly when the young birds do not start to nest (or 
return to their breeding places) at the end of the first year. I t follows 
from this that the sequence and timing of moult in tropical species 
generally differ from those in temperate and arctic species. It also 
follows that a close correlation between the timing of the moult and 
the physiological processes related to the breeding cycle can be 
expected; indeed, American ornithologists in particular—for instance, 
Alden H. Miller and his school—have experimented widely in this 
physiological field. 

Two examples from the wealth of information relating to the moult 
pattern of British waders illustrate sex, age and geographical differences 
in moult: 

Ringed Plover Charadrius hiathuh. Arctic populations are characterised by smaller 
size, darker upper-parts and long-distance migratory behaviour, and ate sometimes 
treated as a separate subspecies tundras, British and other more southerly populations 
are larger, paler and longer-winged and, in addition, are resident or almost so; 
several subspecific names have been applied to these, but they can be united as 
nominate biatitula. The chronology of moult is different in biatkuk and ttmdrae, 
which therefore could be regarded as different 'biological groups", and conse
quently as good subspecies, were it not for the presence of intermediate populations. 
The Stresemanns summarise the differences in the timing of the moult of the northern 
(tundras) and southern (hiatkuh) populations as follows: wing moult in northern 
adults in November-March {tropical winter quarters) and in southern adults in 
late July-late September (breeding grounds); wing moult in northern young in 
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January-April (tropical winter quarters) and in southern young in July-early 
October (near breeding grounds). 

Ruff Philomacbuspugnax (also based on moult studies by Mrs. E. Kozlova). Breeding 
plumage of adult males acquired on breeding grounds, or shortly before arrival 
there; breeding plumage of adult females acquired in winter quarters, before the 
start of spring migration. Wing moult in adult males in July-August, occasionally 
September (before autumn migration) and in adult females in October-January 
(winter quarters). Body moult in adult males in July-August (breeding grounds), 
November-January (winter quarters) and again, partially, March-April (on or near 
breeding grounds); and in adult females in August-September (partly breeding 
grounds), December-February (winter quarters) and again, partially, late March-
April (mainly winter quarters). 

Professor and Mrs. Stresemann's Die Mauser der Vogelis a most 
carefully prepared and stimulating work, none the less so because they 
themselves are convinced that, in quite a number of instances, future 
knowledge will make it necessary for their interpretations to be 
reviewed and even modified. Far from giving a mere description of 
dull facts on feather replacement useful only in taxonomic studies, 
they have made a notable ecological survey of moult phenomena. 
It is most satisfying that the two aspects of systematic and geographic 
zoology—morphology and ecology—have so closely and so definitively 
met in this study on birds, a group of animals of great adaptability. 
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