ACTA ORNITHOLOGICA
Vol. 27 (1993) No. 2

Jacek RADWAN

Are dull birds still dull in UV?"
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Skins of 33 passerine birds were examined for ultraviolet (UV) reflectance by means of UV
photography. Most of the species studied appear dull to humans, though on the theoretical
grounds they might be expected to evolve bright plumage. The qualitative analysis suggested
that UV does notincrease brighmess of most examples of feathers thatappear dull in the visible
range, though it may add to the conspicuousness of plumage already bright by human
standards. Black but shiny or iridescent birds, whose feathers reflect UV, are the possible
exception. Though methods used did not allow the quantitative comparison of the strength of
this reflectance with that in the visible range, it scems likely that UV may enhance brightness
of iridescent feathers of black coloured birds. Morcover, the supplementary examination of
some other, randomly selected species, as well as findings by other authors, suggest that in
some cases UV may be important in birds’ perception of feathers, especially if they are black
or white.

Present address: Department of Zoopsychology and Animal Ethology, Institute of Environ-

mental Biology, Jagiellonian University, ul. Ingardena 6, 30-060 Krakow, POLAND.

INTRODUCTION

The significance of coloration for mate
choice in birds has recently been much
discusscd, especially since Hamilton and
Zuk (1982) proposed that bright plumage
cvolved as a trait demonstrating genctic
resistance to discase (Read and Harvey
1989a, Zuk 1989, Read and Harvey 1989Db).
However, human judgements of showi-
ness may not be an adequate approxima-
tion of birds’ perception of one another,
especially because ultraviolet (UV) vision
scems to be widespread inbirds (Parrish et
al. 1984, Chen et al. 1984).

Burkhardt (1982) pointed out that
birds’ sensitivity to UV light may be im-
portant in detection of berries and flowers.
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He also suggested that birds” plumage
may show some additional features in UV,
which are invisible to humans. The spec-
trophotometricinvestigation of birds’ feat-
hers supplied cevidence that this
sometimes is the case (Burkhardt 1989a,
Burkhardt and Finger 1991).

In this study, skins of 33 specics of Eu-
ropean passerine birds from the Oxford
University Museum of Natural History
collection were examined for UV reflectan-
ce by means of UV photography. Monoga-
mous species which were reported to have
extra-pair copulations or showing some
degree of polygyny (for review, see Moller
1986) were chosen because Hamilton
(1990) suggested that in this type of species
bright coloration may be especially impor-
tant in mate choice. However, most of the
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species listed by Moller (1986) possess rat-
her dull plumage. Therefore, it seemed in-
teresting to find out whether any UV
reflection patterns could be found in plu-
mage of these specices, which could change
our view of their showiness. Dark Corvids,
which also were reported to mate outside
pair-bond (McKinney ct al. 1984), arc par-
ticularly intriguing as they additionally
have high parasite loads (Hamilton 1990).

METHODS

The pictures were taken with a Pentacon
50mm lens, which transmits in the near UV
to 350 nm. A 125 W black-light mercury-
vapour lamp type MB/U (General Electric
Company) with range of radiation be-
tween 325 and 400 nm served as UV light
source. For UV pictures the lens were scre-
cned by 18A Kodak-Wratten UV transmit-
tance filter to ensure thatany light of more
than 400 nm wavelength would not be
recorded of the film. The filter also trans-
mits in the infra-red, however the mercury
lamp used does not produce such a long
wavelength. Therefore the system allowed
an investigation of reflectance in the UV
wavclength band between 350 and 400 nm.
Additionally, control pictures were taken
using tungsten light falling on an object at
the same angle as the UV light. Both UV
and control photographs were recorded on
50 ASA Ektachrome transparency film.

RESULTS AND DISCUSSION

No distinctive patterns in dull coloured
feathers were found within the near UV
range (Tab. 1). Brown and velvety black
feathers do not reflect UV (Tab. 1). Grey
and crcamy feathers show from slight to
strong UV reflectance, probably depen-
ding on the degree of melanin presence in
these feathers. These results are consistent

with Burkhardt's (1989a) findings that me-
lanin pigments absorb UV considerably.
More accurate interpretation of grey and
crcamy feathers” appearance (including
UV range) can be obtained by comparing
their reflectancein UV with their reflectan-
ce in the visible spectrum. This kind of
analysis (Burkhardt 1989a, Burkhardt and
Finger 1991) suggested that some grey or
white feathers reflecting less UV than vi-
sible light may appear to birds as having
colours complementary to UV. The exam-
ples of strong UV reflectance of white, blue
and bright-yellow feathers (Table 1) are
also in agreecment with Burkhardt’s
(1989a) results. This means that white feat-
hers which reflect UV probably are white
for birds as well (Burkhardt 1989a), and
addition of UV reflection to already bright
feathers (yellow, blue) would probably not
add to their showiness.

In shiny-black feathers, UV reflectance
depends of the angle of light falling on
them and the angle of viewing (Tab. 2).
Most of them are simply glossy and show
reflectance throughout the visible range.
However, Burkhardtand Finger (1991) re-
ported that spectrophotometric analyses
of black and shiny feathers of the Raven
Corvus corax and the Swallow Hirundo ri-
stica revealed stronger reflection of these
feathers in the UV than in the human visib-
le range.

In some cases (Tab. 2), such as Rook’s
Corvus frugilegus head and neck, Magpic’s
Pica pica wings and tail, Swallow’s Hirundo
rustica back and head, Starling Sturnus vul-
garis these feathers show iridescent reflec-
tance in short wavelength (violet, blue,
green), with colour emphasis changing
with viewing angle, and this effect also
appears in UV. To interpret these feathers’
appearance to birds, the sensitivity dia-
grams throughout the spectrumneed to be
known for these species. If these birds are
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Dull birds in UV

Table 1. UV reflectance of passerine bird’s feathers
Symbols used: V - under-parts, D — upper-parts, B - belly, Br - breast, C — crown, Es - eye-strip, Fh —forchead,
H - head, R - rump, W - wing, Wb - wing-bar, T — throat, Ta — tail, (M) —in male only, (F) - in female only.

Tabela 1. Zdolnosé pior ptakow wréblowatych do odbijania nadfioletu
Symbole: V —strona brzuszna, D - strona grzbictowa, B - brzuch, Br- piers, C - grzbiet glowy, Es ~ prega oczna,
Fh - czolo, 11 - glowa, R - kuper, W - skrzydlo, Wb — pasck skrzydlowy, T - gardzicl, Ta - ogon, (M) - tylko
u samca, (F) - tylko u samicy
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Ficedula hypoleuca

Motacilla flava
Qeanthe isabellina

Oeanthe oenanthe
Panurus biarmicus
Parus caeruleus
Passer domesticus

Phoenicurus
phoenicurus

V(M),C(M),Wb-
white

V. 1(M)-yellow
R-white

R-white
Br-greyish-white

V-yellowl],V,Ta-
blue

Fh(M)-white

V(F)-creamy

V-buff
D(M)-greyV-buff

H(M)-grey
D-olive-grey

V-light-grey
D-greyB(M)-creamy

Species Reflectance in UV

Gatunck strong moderate slight no reflectance
Acrocephalus V-crcamy D-olive-brown
arundinaceus
Acrocephalus V-buff D-brown
palustris
Alauda arvensis B-creamy-white Br-buff D, T-brown
Aunthus spinoletta V-creamy-white D-brown
Anthus trivialis V-creamy-white Br-buff D-brown
Calcarius lapponicus V-creamy-white D-brown
Certhia familiaris Br-greyish-white B-buff D-brown
Cettia cetti T-greyish-white V-light-brown D-brown
Cisticola juncidis V-creamy D-brown
Emberiza calandra V-greyish-creamy D-brown
Cmberiza citrinella V. HM)-yellow D-brown
Emberiza shoeniclus | V(M)-white V(F)-light-brown B-brown

1 [(M), T(M)-black

Erithacus rubecula V-light-grey D-olive-grey T-orange

D(F)-light-brown

D-olive-green
D-light-brown

B-light-brown

C(M)-grey
V(F)-greyish-brown

Phylloscopus collybita V-buff D-olive-brown
Phylloscopus T,Br-yellowB-white D-yellowish-green

sibtlatrix

Sylvia conimunis T(M)-white V-buff H(M)-grey D-brown
Sylvia nisoria V-grey t-brownish-grey | D-brown
Troglodytes brown
troglodytes

D(M)-black

E<(M),V(M),Ta(M)-
black D(F)-brown

D-brownEs(M)-
black

T-black

D-brownT(M)-black
T(M)-black Br(M)-

chestnut
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more sensitive to UV than to other parts of
the spectrum, as is the case with Leiothrix
litea (Burkhardt 1989b, Maicr 1992), these
iridescent colours may be much brighter to
birds than they appear to humans.
Additionally, over a hundred random-
ly chosen species from different familics
were looked at with the UV viewer, inven-
ted and kindly lent to me by Prof. J. D. Pye
(University of London), and photographs
were subscquently taken of a few more
interesting cases such detected. Tangara cy-
anicollis,a very brightly coloured specices in
human visible range, has some faintly-blu-
ish black feathers on its belly. These feat-

hers reflect UV very strongly. A similar
cffect of enhanced reflectance in UV was
found in faintly blue feathers on the belly
of Pitta baudii and the wing covers of Pitta
vensta. The reflectance does not change
with the viewing angle which suggests
that this cffect, much stronger in UV than
in the blue range, is caused by Tyndall’s
light scattering (Dorst 1974). This is consi-
stent with the results obtained by Finger et
al. (1992). They found that feathers of the
Black Lori Chalcopsittaatra, whichare black
to humans but reflect strongly in UV, have
a spongy structure inside their rami, re-
sponsible for light scattering. Similar spon-

Table 2. Birds with shiny-black feathers showing UV reflectance changing according to the angle of viewing,
*reflectance independent of the angle of viewing; symbols used: V —under-parts, B—belly, Ba - back, R - rump,
H - head, N - neck, Br - breast, T - throat, Wb — wing-bar.

Tabela 2. taki o blyszczacym czarnym upicrzeniu odbijajacym nadfiolet w réznym stopniu, zaleznie od kata
padania swiatla. *odbijalnosc niczalezna od kata padania Swiatla; symbole: patrz tab. 1.

. Reflectance
Species
visible ultraviolet
Corvus corax shiny-black high
Corvus corone shiny-black high
Corvus frugilegus IH-iridescent high
(blue-violet) black
shiny black high
Corvus monedula N-grey
shiny-black, midddle*
high
Pica pica 11,Ba,R-black none*
B,Wb-white very high*
W-iridescent high
(blue) black
T-iridescent high
(green) black
Hirundo rustica Ba-iridescent high
(blue) black
T-chestnut none*
Br-black none*
V-pinkish-whitchigh  |middle*
Sturnus vulgaris H, T-iridescent high
(violet) black
Ba,B-iridescent high
(green) black
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Dull birds in UV 129

gy structures are presentalso in feathers of
T. caynicollis (Finger ct al. 1992).

A good example of white feathers with
slight UV reflectance is the collar of the
Magnificent Bird of Paradise Diophyllodes
magnificis chrysopterus.

Concluding, the study showed that di-
stinctive UV patterns do not enliven the
plumage of the dull birds, even though
they may add to showiness of alrcady
bright birds. However, recent research
(Burkhardt and Finger 1991, Finger at all.
1992) showed that there may be exceptions
from this rule, especially in the case of
black or white feathers. No evidence sug-
gesting the existence of pigments reflec-
ting exclusively in UV was found,
although some carotenoids reflect UV to-
gether with visible waves (see Burkhardt
1989a). This result is not surprising if we
take into account that almost all greens,
blues and violets are due either to the Tyn-
dall effect or to iridescence; pigments re-
flecting short wavelengths, such as
turacoverdin and rhodoxantins arc un-
common (Dorst 1974, Vevers 1982). This
study has shown, however, that the effects
of structural colours extend into UV and
these may be even stronger in UV than in
the visible range. This suggests that UV
reflectance may be of some importance in
dull but iridescent birds.
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130
STRESZCZENIE

[Czy matowo upierzone ptaki sa jaskra-
we w swietle nadfioletowym?]

Celem badan bylo okreslenie roli pro-
micni nadfioletowych w ubarwicniu upie-
rzenia wybranych gatunkéw ptakow.
Zgodnic z hipoteza Hamiltona i Zuk
(1982), jaskrawos¢ upicrzenia moze byd
wskazdwka uzywana w procesic wyboru
partnera do rozrodu, dla oszacowanie ge-
netycznej odpornosci przeciw pasozytom.
Hamilton (1990) zasugerowal, ze ten ro-
dzaj sygnaléw powinicn odgrywaé duza
role u monogamicznych gatunkdw pta-
kéw, u ktorych czesto wystepuje kojarze-
nic poza para. Jednak u wielu z tych
gatunkdw zar6wno samce jak i samice nic
posiadaja jaskrawego upierzenia.

Do badan uzyto cksponaty muzealne
33 gatunkéw monogamicznych ptakow
wroblowatych, u ktérych znance sa przy-
padki kontaktéw scksualnych poza para
lub pewien stopien poligamii. Zawartosé
promicni nadfioletowych w swietle odbi-
tym od pior badano wykonujac zdiccia
ptakow w swietle nadfioletowym.

Uzyskane wyniki sugeruja, ze promic-
nie nadfioletowe nic wplywaja na stopicnt

J. Radwan

jaskrawosci upierzenia wickszosci bada-
nych gatunkéw (Tab. 1). Pidra o duzej za-
wartosci melanin (czarne, brazowe)
odbijaly promienic nadfiolctowe tylko w
niewiclkim stopniu lub wcale. Pidra biale
odbijaly nadfiolet w duzym stopniu, tak zc¢
prawdopodobnic odbicrane sa przez ptaki
réwniez jako biale. Nadfiolet wystepowal
réwnicz w Swietle odbitym od jaskrawo
upicrzonych pidr (z6lty, nicbicski).

Wydaje si¢ natomiast, ze promicnic
nadfioletowe moga wzmacniaé jaskra-
wos¢ opalizujacego (na nicbicsko, fioleto-
wo lub ziclono) upierzenia nicktorych
czarno ubarwicnych gatunkéw (Tab. 2).
Efckt ten moze by¢ tymssilniejszy, ze recep-
tory wzroku ptakéw moga by¢ bardzicj
wrazliwe na nadfiolet niz na zakres fal
widzialnych dla ludzi (Burkhardt 1989Db,
Maicr 1992). Ponadto, dodatkowe obser-
wacje losowo wybranych gatunkow pta-
koéw, a takze wyniki uzyskane przez
innych autoréw (Burkhardt i Finger 1991)
sugeruja, ze nadfiolet moze odgrywac
wazna rol¢ w postrzeganiu przez ptaki ko-
loru pidr u nicktorych gatunkdw, zwlasz-
cza w przypadku czarnego lub bialego
upicrzenia.
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