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I. INTRODUCTION
A. ScorE oF THE STUDY

The Rufl, Philomachus pugnax (L.), differs from other waders in its
breeding behavior: courtship and mating take place on a communal
display ground or lek; no sounds are uttered during these activities;
nesting behavior, incubation, and parental care are the exclusive task of
the female. The Ruff is also distinguished by its sexual dimorphism in
both size and plumage, and by the extreme individual diversity in the
male nuptial plumage.

The earliest published accounts of behavior on the lek are those of
Serous (1906, 1907), a pioneer in the field study of bird behavior.
Interested in the Darwinian concept of sexual selection, SELoUs objec-
tively described the interactions among the individual males and females
on the lek in an attempt to gather information on partner choice on the
lek and, specifically, on the function of fighting among the males. His
descriptions and interpretations of this behavior are remarkably good,
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112 SOCIAL BEHAVIOR OF RUFF [Ardea 54

considering the date at which they were made. Other accounts of field
studies on the breeding behavior of the Ruff have since been published
(PorrtiELJE 1931; ANDERSEN 1944, 1948, 1951; LinpEmann 1951;
Bancke & MEESENBURG 1952, 1958; MILDENBERGER 1953), and a num-
ber of authors have made comments on different aspects of the Ruff’s
breeding behavior (e.g., CHRristoLEIT 1924; ARMSTRONG 1947; TIN-
BERGEN 1959; WyNNe-EpwarDs 1962). VAN OorDT and JuNGE (1934,
1936) have investigated the endoctinological aspects of the development
of the male nuptial plumage. LinDEMANN (1951) and Gorrae (1953)
describe and comment on the extent of the plumage diversity among the
males.

The present study extends the observations on the lek behavior and
morphological features in the external appearance of the Ruff. Speci-
fically, this is an ethological study of the lek behavior of the Ruff which
investigates the social organization of the lek community and the
behavior patterns that serve mutual communication among the birds. It
is assumed that the behavior patterns provide many clues for the under-
standing of the social organization. Further, particular attention is paid
to the biological significance of the plumage diversity within the lek
community. Accidentally, this study revealed that the Ruff presents an
extreme example of behavioral polymorphism: it appears that within the
male community two groups of males coexist which show distinct
differences in behavior. In a complicated way these behavioral differences
are associated with differences in the external appearance of the individual
males. .

This paper is otganized in the following manner. Desctiptive data on
morphological features in the external appearance of the Ruff are
presented in Chapter II. Mutual relations within the male community,
correlations of behavioral differences with external appearance, and the
intersexual relations during courtship are dealt with in Chapter III; the
typical situations on the lek in which the behavior patterns occur are
also described in this chapter. Detailed descriptions of the form of these
behavior pattetns are presented in Chapter IV. Chapter V is concerned
with a discussion of different aspects of the behavioral polymorphism
and the plumage diversity in the male Ruff.

B. TaxonoMmy AND BroNomy

The Ruff is the only representative of the genus Philomachus. This
genus belongs to the Charadrii which, according to WITHERBY ¢ ar
(1952), with the Lari and some other groups constitute the order of the
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Charadriiformes. These authors also state that the relationship of Philo-
machus to the genus Calidris is fully established by Lowe (19152 and b)
on the basis of characters of plumage pattern in nestlings and skull
morphology. Prrerka (1959) has discovered that among the Erolia
species—WITHERBY ¢f 4/. include the genus Erolia in the genus Calidris—
especially E. melanotos and to a less degtree also E. fuscicollis show many
similarities with Philomachus with respect to their breeding organization
and sexual dimorphism. According to PrreLka these similarities provide
strong arguments for a relatively close relationship and common origin
of these Erolia species and Philomachus. Mote recently, PrreLka (personal
communication) has studied the behavior of T7yugites subruficollis and
found that it is even more similar to Philomachus. He suggests that the
three species, melanotos, subruficollis, and pugnax form a step-wise sequence
of evolution of a social system.

The Great Snipe, Capella media, is the only other species among the
waders in which courtship takes place on a communal display ground.
In contrast to the Ruff this species is very noisy on the lek. Apparently
the lek system in both species is due to a convergent development.

The Ruff is a migratory bird: its breeding areas ate in northern Europe
and Asia and the species winters in Africa and south Asia (WITHERBY
et 2l.) The habitat during the breeding season consists of grassy marshes
and moist meadows. Outside the breeding season the species lives either

. in a rather similar habitat or frequently on the muddy botders of lakes
and rivers; it is also seen frequently, but less regulatly, on muddy sea
shores. During the breeding season the food consists mainly of insects
of different kinds, worms, fresh water molluscs, and seeds (WrrHERBY
et al.). In the breeding areas I observed different ways of feeding. While
walking through the meadows they feed by boring the bill into the wet
ground (worms); pecking on the ground (walking insects and seeds);
predating on flying insects which visit the flowets between the grasses.
While standing in shallow water they feed by probing the mud of the
bottom (molluscs, worms).

C. MATERIAL

This study has been carried out in the field. Leks in 4 different areas
of the Netherlands have been examined; the approximate location of
these areas is shown on the map in Figure 1. The number of days spent
in observation in each area during each season is given in Table 1.

There was more than one lek in each of the four areas observed. The
distance between leks ranged from about 50 meters to a few hundred
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114 SOCIAL BEHAVIOR OF RUFF [Ardea 54

meters; this means a flying time of at most a few minutes for the birds.
Eight leks have been studied in total, some of them in successive years.
Duting the course of these observations, the leks were always situated
in practically the same location in the meadows from year to year. The

Ficure 1. Map of the Netherlands showing the locations of
the leks observed.

: Schiermonaikoog

: Roderwolde

: Hasselt

: Oosterwolde Polder

Eem Polder

U N =

number of leks located in each area during each season is given in Table 2.
In 1960 there wete two leks on Schiermonnikoog, and a few birds were
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TasLe 1
NUMBERS OF DAYS SPENT IN OBSERVATION
i Schier. | Roderwolde | Hasselt | O.P.
1960 March 4
April 23
May 27
June 22 |
July 2 :
1961 March 4 . 0
April 22 0
May 22 6
June 13 2
1962 April 19 3 0 0
May 0 5 9 15
June 6 6 0 0
1963 April 4 i
TasLE 2

NUMBER OF LEKS IN EACH AREA

Schiet. | Roderwolde | Hasselt | O.P.

1960 2 — — —
1961 1 2 2 2
1962 1 2 3 2
1963 1 — — 2

regularly found on a third site. According to residents of the island, a
lek had been located on this site in former yeats. From 1961 on, only
one of the leks was populated, although some of the birds still showed an
attachment to the other two sites.

All the leks studied were situated in moist meadows which were
ctiss-crossed by ditches. All were located at the border of a ditch or of a
wider water surface. A few of the leks were situated on a slightly higher
level than the surrounding land.

On Schiermonnikoog, field obsetvations wete started early in the
season: in 1960 on March 27 and in 1961 on March 21. These early
observations revealed that many of the males had already arrived in
March and that mote arrived in the first few days of April, whereas the
first records of females in 1960 and 1961 were April 6 and April 7, res-
pectively. These observations confirm the statement by WITHERBY ¢f /.
that males arrive before the females in the breeding grounds. Four
individually recognizable males on Schiermonnikoog in 1960 could be
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116 : SOCIAL BEHAVIOR OF RUFF [Ardea 54

distinguished as younger males by features in their external appearance
(cf. Section IL.B.). The first records of these 4 males were made between
April 14-18. This confirms the statement by WrTHERBY ¢7 4/. that older
males atrive before the younger ones on the breeding grounds.

After their arrival in the breeding area, males are seen in small groups
moving through the meadows foraging. Later, females may be seen in
such foraging groups. The first observations of birds visiting the lek
were made on April 7 in both 1960 and 1961 : in both years the first visits
to the lek were closely synchronized with the arrival of females.

At the beginning of the season groups of males or mixed groups land
on the lek only irregularly. They stay there only for short periods
during which some interactions may be shown, but suddenly they fly
up again as a flock and resume their foraging in the field. As the season
progresses, flocking gradually diminishes in frequency and the males
occupy the lek more continuously. Flocking behavior in alternation
with visits to the lek has also been noted by Sevous (1906, 1907) and
Banckr and MEESENBURG (1958). On Schiermonnikoog, the leks were
regularly populated in April, May, and the first part of June. In the
Nethetlands, the greatest amount of activity on the lek is shown from
about the middle of April until the end of May, with some variation from
season to season.

After their nocturnal absence, males start to artive on the lek shortly
before dawn when it is still completely dark. The diutnal activity reaches
its highest level in the eatly morning hours with a peak shortly after
sunrise. In the late morning there is a lull during which the birds go
foraging. From the middle of the day until early evening the lek is
populated again. BaAncke and MEeSeNBURG (1952) have examined the
daily fluctuation in activity on the lek in some detail.

Leks show considerable vatiation in size. The size is dependent on
the number of resident males, the category of males which forms the
stable population of a lek (cf. Chapter III). On most of the leks studied,
the number of resident males present at the same time varied between
3 and 8. In Hasselt in 1961, however, one lek was occupied by 15 resident
males, and in the Qosterwolde Polder in 1962 one lek had 19 resident
males. The first category of leks will be referred to in the text as the
small leks, the second category as the large leks. Leks of even larger size
do exist. FEExES (personal comm.) observed a lek in the Eempolder
(see the map in Fig. 1) in 1961 on May 29 and 31 on which 24 resident
males appeatred to be present. MiLDENBERGER (1953) who repotts about
a new settlement of Ruffs in an area near Wilhemshaven (NW Germany)
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distinguished 4 separate display sites, three of which were regularly
occupied by only one male each, and the fourth by only two males. In
the later observational years on Schiermonnikoog the number of males
present had diminished greatly and at that time also on Schiermonnikoog
display sites occupied by only one or two males were established (cf.
Section II1.B.4).

At the time that the males started to populate the leks regularly,
females began their solitary life in the fields. The nests which were found
on Schiermonnikoog were lying in the meadows sutrounding the leks.
Important information about the choice of nest site, nest building and
incubation by the females and about eggs and young in the nests is
presented by ANDERSEN (1944, 1948, 1951) and by MILDENBERGER (1953)

Several male Ruffs, collected as adults from different sources, and
3 young females, raised from eggs hatched in an incubator, were kept in
confinement at the Zoology Laboratory of the University of Groningen.

D. OnservATION TECHNIQUE

Observations wete carried out from a hide of one cubic meter placed
at a distance of at least 10 meters from the lek. A hide set up at closer
distances usually interferes with the normal behavior of the birds on
the lek. '

Field glasses (8 x 40), a notebook, and a tape recorder were used for
making and recording the observations. Photography was used to allow
a more detailed study of the behavior patterns of the birds. Pictures in
the text are drawn after 35-mm slides made with the use of a 40-cm tele-
photo lens, and after frames of a 16-mm movie film.

I was normally in the hide befote dawn and continued observations
until activity on the lek reached a low level—this frequently did not
occur until 9 or 10 during the middle of the season. On many occasions
I also made observations for a few hours during the afternoon.

E. ACKNOWLEDGEMENTS

I am deeply indebted to Professor Dr. G. P. BAErENDS for offering
me a position in his laboratory, for stimulating me to undertake doc-
toral work, and for suggesting the subject of this study. I wish to express
my gratitude for his trust and encouragement during the observational
work and during preparation of the manuscript. I am also grateful to my
colleagues for their help in my ways; particularly Dr. J. P. Kruijr for
his stimulating interest and constructive criticism at all stages of the
study, Dr. H. Worpa and Dr. G. VeNeEMA for discussions on genetic
questions, and Miss G. ]. BrokzijL for her help with photographic
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matters. I also wish to express my debt to my husband, Dr. J. A. HoGAN,
for his invaluable help and support during the final stages of the study.
In particular, I am thankful for discussions on the various problems, and
for the many improvements made on the manuscript. I also thank him
for carefully correcting the English text.

I especially wish to thank J. Nieuwennuis who, in his function of
Opxzichter der Domeinen on Schiermonnikoog, has kindly given attention
and help during my field research carried out from the field station “de
Herdetshut™.

In various ways I have benefited from the assistance of members of
the technical and administrative staff of the Zoology Laboratory, espe-
cially I.. HoEksTRA who prepared the drawings of the birds, A. C. C.
MErjER-GIEZEN for her secretarial help, and F. Baniman and J. B. J.
VEeLTMAN Who took care of the Ruffs kept in confinement. I am also
thankful to Messts. W. M. Herresour, C. VAN DER STARRE, J. J.
PorDER, and A. vaAN DEN BERG for their help in building up the stock of
adult birds kept at the laboratory.

II. MORPHOLOGICAL FEATURES IN THE BEXTERNAL APPEARANCE

A. Sxvuar DiMORPHISM

Very marked sexual dimorphism exists in both size and plumage.
Males are larger than females and develop a distinctive nuptial plumage.
This is characterized by a large pectoral ruff, two tufts on top of the
head, long ornamental feathers in the upper parts and small wattles on
the forepart of the head between bill and eyes. The pectoral ruff and head
tufts are formed by long feathers; those of the ruff emerge from a
continuous area including chin, throat, cheeks, and two parallel longi-
tudinal strips in the neck; those of the headtufts emerge from the crown.
The nuptial plumage shows great individual diversity with respect to
color and pattern of the nuptial feathers and color of the wattles. The
plumage diversity of the males makes it easily possible for a human
observer to recognize males individually.

Females also develop a nuptial plumage. This plumage is only slightly
different from the winter plumage: it is distinguished by the feathers of
the head and front part of the body and by the feathers of the upper parts
which have a brighter and more conspicuous pattern. Also, the nuptial
plumage of the females shows individual diversity, though to a much
smaller extent than that of the males. It is shown in the spot pattern of
the feathers of the head and throat, and in some individual females the
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feathers of the upper parts have colored rims instead of gray. The
difference between the winter plumage and the female nuptial plumage
can be easily seen in comparing Plate 49 with Plate 56 in TINBERGEN
(1959). I found the slight diversity of plumage among females insuffi-
cient to recognize individual females that visit the lek. In the three years
of observation I have noticed two individual females which had developed
a few long feathers emerging from the throat in a way similar to male
nuptial feathers.

MAUERSBERGER (1957) states that the nuptial plumage of the females
corresponds completely with the prenuptial plumage of the males which
is a shortlasting plumage into which they moult in February and March
and which is replaced by the nuptial plumage shortly before the onset of
breeding. He found that the prenuptial plumage is just as variable as
the female nuptial plumage. His wotk is based on a study of museum
specimens. The early obsetvations in 1960 showed that males may arrive
in their breeding area before the nuptial plumage has started to develop,
whereas the early observations in 1961 suggested that the nuptial
plumage had started to develop before their arrival.

Almost all of the males on Schiermonnikoog in 1960 reached their
optimal plumage development by April 25; this was judged by the length
and brilliance of the nuptial feathers and wattles. Four of the total
24 males, however, were considerably later in reaching their optimal
development; these four males did not reach optimal development until
between May 8 and 27. After reaching their optimal development, no
obvious change in the nuptial plumage was noticeable until the end of
the season when the males started to shed their nuptial feathers. The
exact time of shedding varied among the individual males. The earliest
notation was a male that had shed most of his ruff feathers on June 4
in 1960; in 1961, this particular male developed wattles before all other
males. Shortly before shedding statts, the ruff feathers develop a frayed
appearance. The four males which reached their optimal development
later in the season than the others were among the ones that still had an
intact plumage on June 24, the last day of observation on the lek. Thus,
individual males vary slightly in the timing of the seasonal development
of their nuptial plumage.

B. ErrFecT OF AGE ON THE EXTERNAL APPEARANCE

From Ruffs kept in confinement it is a well-known fact that in the
course of seasons the size of ruff and head tufts increases. This indicates
that males with a small size plumage are younger than the ones with a
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120 SOCIAL BEHAVIOR OF RUFF [Ardea 54

larger size plumage. The increase in size of plumage over the course of
seasons has been confirmed by the field observations on Schiermonnik-
oog: five of the 24 males in 1960 had a nuptial plumage of a distinctively
smaller size. These five males were also present in both 1961 and 1962;
all five increased the length of the nuptial feathers noticeably, one having
a fully developed plumage in 1963. The four males on Schiermonnikoog
in 1960 mentioned above that developed their nuptial plumage relatively
late in the season all belonged to the group of five males with under-
developed nuptial plumage (no accurate record of the seasonal develop-
ment of the fifth male was made). Thus, young males are characterized
by an underdeveloped nuptial plumage and by a relatively late seasonal
development. This suggests that the male on Schiermonnikoog with a
fully developed plumage and a distinctively earlier seasonal development
and moult might have been an older male; and that, in general, early
seasonal development and moult are characteristic of older males.

Six of the 15 satellite males (see Chapter III for the term satellite)
distinguished on the two leks in Roderwolde differed in the area covered
with wattles. The area was extended to far behind and above the eyes
and also the triangular area between the eyes was covered with wattles
instead of the usual short feathers. Such satellite males were also seen
on the large and small lek in the Oosterwolde Polder, but not on Schier-
monnikoog. This feature was only seen in satellite males with very long
nuptial feathers and not in satellite males with underdeveloped nuptial
feathers; it was never seen in independent males (see Chapter IIT). Thus,
such an enlarged area with wattles is apparently characteristic for
relatively old satellite males.

ANDERSEN (1951) has pointed at another characteristic dependent on
age, namely the color of the legs. Nestlings have lead-gray legs and in
the course of seasons a gradual color change takes place in most indivi-
duals going through greenish-gray and reddish-green and ending in a
reddish or orange colotr. The color change has been determined by
ANDERSEN by recaptures of both males and females in successive seasons.

‘ This color change has been confirmed by my observations on three
females which hatched in the incubator and were kept in confinement
for more than three years. Further, a similar change in the color of the
bill may take place. In two of the three females the color of the legs
changed gradually to a reddish color by the third year after hatching;
in these two females, the color of the bill did not change. In the third
female both the legs and the base of the bill changed to a reddish color
the first year after hatching, whereas the very tip of the bill remained
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lead-gray. Thus, it is likely that there is considerable individual variation
in the speed of color change through life. These data further suggest that
other factors in addition to age influence color changes in the legs and
bill. Observations on males in the field also confirm this idea. Of 68
males for which complete desctiptions are available, 45 had both reddish
legs and bill, 22 had reddish legs, but a lead-gray bill, and 1 had both
lead-gray legs and bill. No bird was ever seen with a red bill and gray
legs, which suggests that the bill never changes color before the legs.
Further, of the 45 males with both red legs and bill, 8 were definitely
young males as judged by the size of their nuptial feathers; of the 22
males with red legs and gray bill, 15 were definitely older males by the
same criterion. Thus, these field records show the individual vatiation
in the speed of color change through life.

An additional factor that affects change of color in the legs and bill
appears to be associated with plumage color: all older males with black
feathers in their plumage had a gray bill, while the young males without
black nuptial feathers may already have red legs and a red bill.

C. DiversITy IN THE MALE NUPTIAL PLUMAGE

Plumage diversity among males exists in the color and pattern of the
nuptial feathers of ruff, head tufts and to a less extent in the wing coverts
and in the color of the wattles. The plumage has been described, except
for the wing coverts for about 200 males on the leks in the four obser-
vation areas. In the following analysis of the plumage diversity, numerical
data will be presented only for the plumages of the 29 males on Schier-
monnikoog in 1960 and 1961.

The plumages of the individual males vary in a number of dimen-
sions: (1) the basic and secondary colot(s) in ruff and head tufts, (2) the
pattern in ruff and head tufts, (3) the contrast between ruff and head tufts
and (4) the color of the wattles. In order to give some idea about the
extent of the plumage diversity, I will describe the values each dimension
can assume, and the combinations of values of the three dimensions that
occur in the ruff and head tufts. In addition, I will describe, under the
heading ““contrast of ruff and head tufts”, to what extent variations in
the ruff and head tufts are independent. Finally, the extent to which the

color of the nuptial feathers and wattles vary independently will be
described.

(1) Basic and secondary color(s) in ruff and head tufts

The basic and secondary colors of the ruff and head tufts vary from
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TaBLE 3

OCCURRENCE OF DIFFERENT VALUES DISTINGUISHED AS BASIC AND
SECONDARY COLORS OF RUFF AND HEAD TUFTS, ARRANGED ACCORDING

TO INCREASING BRIGHTNESS (+ = observed; — == not observed)
Basic color Secondary colors
Value Ruff Head tufts Ruft Head tufts
Black + + + +
Datk gray i — -+ -+ -+
Dark brown ‘ 4+ =+ -+ —
Dark brownish red -+ 4 —+ —
Light brown -+ -+ =+ +
Orange -+ -+ -+ -+
Light red — — + —
Yellowish brown + =+ + —
Reddish beige -+ — - -+
Beige + -+ + -
White i -+ -+ | o+ % +

black through brown, red, and yellow, to white. Specific values of these
colors are listed in Table 3.

Among the 29 males on Schiermonnikoog in 1960 and 1961, black,
various hues, and white were the basic color of the ruff and head tufts
in the proportions 10:7:12 and 10:11:8, respectively (black included
dark gray in the case of the head tufts). These data show that in both
ruff and head tufts, black and white are the most common color, while
the other colors are relatively less frequent. This also appears to be true
for the other observation areas.

Ruff and head tufts may be plain ot may contain one or two secondary
colors; in the 200 plumages described, I never saw more than two
secondary colors. The frequency of occurrence of secondary colors in
the ruff and head tufts of the 29 males on Schiermonnikoog in 1960 and
1961 are given in Table 4. These data show that males with plain tufts

TaBLE 4

FREQUENCY OF OCCURRENCE OF SECONDARY COLORS
AMONG MALES ON SCHIERMONNIKOO0G IN 1960 AND
1961

Numbet of males

Ruff Head tufts

Plain o 9 14
One secondary color 14 14
Two secondary colors .6 1
Total 29 29
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TABLE 5

FREQUENCY OF OCCURRENCE OF COMBINATIONS OF BASIC AND
SECONDARY COLOR(S) IN RUFF AND HEAD TUFTS AMONG MALES
ON SCHIERMONNIK00G IN 1960 anD 1961

Combination of basic Number of males

and secondary coloz(s) Ruff Head tufts
Black plain 3 5
-+ hue 2 2
-~ white 2 2
+ hue and white 3 1
10 10
Hue plain 1 5
+ black 0 2
+ hue 5 4
+ white | 0 0
-+ two secondary colors | 1 0
!
K 11
White plain 5 4
-+ black 3 3
+ hue 2 1
-+ black and hue ‘ 2 0
12 8

are more frequent than males with plain ruffs. This is also true among
males in the other observation ateas. Two secondary colors are relatively
infrequent. In all cases of two secondary colors, one is either black or
white, while the other may be black, white or any of the hues. The
combinations of the vatious values of basic color and secondary colors
and their frequencies in the ruff and head tufts among the 29 males are
ptresented in Table 5. The combination of a colored ruff with black
markings, absent on Schiermonnikoog, did occur in other areas. The
other combinations not represented on Schiermonnikoog were also not
seen in other areas.

(2) Pattern in raff and head tuft

Patterns in ruff and head tufts occur due to the presence of secondary
colors. Three different patterns have been distinguished.

(1) Transverse striping, in which the feathers show transverse stripes
ot bars; this pattern occurs in both ruff and head tufts.

(2) Spots, irregularly shaped blotches caused by one or a group of
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differently colored feathers or by multi-colored feathers; this pattern
occurs in both ruff and head tufts.

(3) The bib: zones of different color, in which the top feathers of the
front part of the ruff just below the chin form an area of differently
colored feathers. In some cases the bottom feathers of the ruff form a
third zone of differently colored feathers. This pattern.can easily be
overlooked, however, since the bottom feathets ate normally covered
by other ruff feathers. This pattern will therefote not be included in the
description of plumage diversity.

Further, combinations of transverse striping and spots, and of trans-
verse striping with a bib occur.

The frequencies of the different patterns and combinations of patterns
in ruff and head tufts among the 29 males on Schiermonnikoog are
presented in Table 6. It can be seen in the table that patterns are more

TABLE 6

FREQUENCY OF OCCURRENCE OF PATTERNS AND

COMBINATIONS OF PATTERNS IN RUFF AND HEAD

TUFTS AMONG MALES ON SCHIERMONNIKOOG IN
1960 anp 1961

Number of males
Pattern

Ruff Head tufts
Plain 9 14
Transverse striping 8 7
Spots 9 8
Striping and spots 0 0
Bib 2 —
Striping with bib 1 —
Total 29 29

frequent in ruffs than in tufts, and that transverse striping and spots are
the most common patterns in both the ruff and head tufts, while the bib
and combinations of patterns occur very infrequently.

Transverse stripes are evenly distributed over the whole surface of
ruff or head tufts. In general, the striped pattern consists of only one
secondary color on the basic color. In only one case out of about 200
were there two secondary colors involved: black and white. There are
two variables involved in transverse striping: the density of the stripes
ot bars, and the width of the bars. These variables do not vary indepen-
dently of each other: dense striping usually consists of narrow bars, the
extreme case of which has the bars of the basic color and the secondary
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color the same width. In this case it is arbitrary which of the two colors
is called the basic color, but I have consistently called the darker color
the basic color, since this one is visually the most impressive.

The male mentioned above with two secondary colors in his ruff also
differed from normal transverse striped males in that only the median
part of his ruff feathers had transverse stripes and not the edges. The
effect of this was that the ruff had both a transverse and a long1tud1nal
pattern. This was the only such case noted.

Transverse striping was seen to occur on all the basic colors distin-
guished except beige. For the basic colots from white to dark brownish
red, the secondary color was almost exclusively black. For the basic
color dark brown, the secondatry color was light brown. For the basic
color black, both reddish beige and white secondary colors wete seen.

Spots may vary greatly in number and size. Usually larger spots are
present in low numbers, while tiny spots frequently occur in large
numbers. Spots are usually distributed irregularly in the ruff and head
tufts, although in the case of numerous tiny spots in the ruff, they
frequently are concentrated in the upper front part. Spots may occut in
one or two secondary colots. Among the 29 males on Schiermonnikoog,
9 cases had spots in only one secondary color, and 3 cases had spots in
two s