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Ultraviolet Video-Viewing: The 

Television Camera as an Insect Eye 

Abstract. A television camera, like the 
eyes of some insects, is sensitive to 
ultraviolet light. When equipped with 
an appropriate ultraviolet-transmitting 
lens, such a camera can be used for 
the direct examination of ultraviolet 
reflection patterns (for example, on 
flowers, butterflies) that are invisible to 
us, but visible to insects. 

Honeybees and certain other insects, 
unlike man and possibly all vertebrates, 
are visually sensitive and behaviorally 
responsive to ultraviolet light (1). Ob- 
jects such as flowers may possess ultra- 
violet reflection patterns, invisible to 
us, but visible and significant to polli- 
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nating insects (2). The demonstration 
of such "hidden" ultraviolet patterns, 
whether on flowers or sometimes, as in 
the case of butterflies (3), on the in- 
sects themselves, has hitherto relied on 
the use of special photographic tech- 
niques, all somewhat elaborate, and 
unsuited for direct examination of sub- 
jects in motion (2-5). An ordinary 
television camera, by virtue of its in- 
trinsic sensitivity to ultraviolet light (6), 
providing only that it is equipped with 
an ultraviolet-transmitting lens, can 
serve as an appropriate "eye" by which 
the ultraviolet patterns of nature may 
be directly observed. Portable video 
units are particularly suitable since 
both video camera and tape recorder 
can be carried by one individual in the 
field (Fig. 1A). We have used a Sony 
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VCK 2400, outfitted with a Zeiss-Jena 
f/4, 60-mm ultraviolet lens, which 
transmits well in the near ultraviolet 
(330 to 400 nm), to which insects are 
sensitive. The camera is simply aimed 
at a particular object, the lens is! capped 
with an ultraviolet-transmitting filter 
(for example, Zeiss UG 2; Corning 
C.S. 7-39), and the ultraviolet image of 
the object appears as a visible picture 
on the monitor screen of the camera. 
Sunlight provides proper lighting for 
outdoor viewing while a "blacklight" 
(for example, Fluorescent General 
Electric BLE 1800B) may be used in 
the absence of sunlight indoors. Quan- 
tification of reflectance characteristics 
is accomplished, as in photography (2, 
5), by viewing the object in comparison 
with a precalibrated ultraviolet-reflect- 
ing gray scale. Observations can be 
recorded on video tape, and replayed 
for examination on conventional moni- 
tors. We have used the technique in the 
study of various problems involving 
flower ecology and ontogeny, and insect 
mimicry, camouflage, phylogeny, and 
behavior. Isolated observations, in part 
corroborative of earlier photographic 
findings of others (2-5), are noted here. 

To the uninitiated, the first ultra- 
violet view of a meadow in mixed 
bloom is unforgettable. Evenly tinted 
flowers, which to the naked eye appear 
to lack the usual central or radial color 
markings that direct an alighted polli- 
nator to its goal (nectar guides) (2), 
are suddenly revealed to possess such 
markings in the ultraviolet (Fig. 1, B-E). 
Other flowers, visibly patterned, are ad- 
ditionally adorned in the ultraviolet. 
Flowers that appear similar to us, such 
as many composites, and that grow in- 
termingled and in seeming competition 

Fig. 1 (opposite page). A, Ultraviolet 
video-viewing of marsh marigolds Caltha 
palustris in the field. Video-camera and 
video-tape recorder (Sony VCK 2400) 
are battery-operated and portable. B-E, 
Marsh marigolds, as seen by man, are 
uniformly yellow (B, D); in the ultra- 
violet (C, E) they are shown to have 
darkly absorbent centers. F-G, Sympatric, 
yellow-petaled Compositae from Florida 
(clockwise from upper left: Helenium 
tenuifolium, Rudbeckia sp., Heterotheca 
subaxillaris, Coreopsis leavenworthii, Bid- 
ens mitis) as seen in visible light (F) 
and in the ultraviolet (G). H-I, Yellow 
crab spider Misumenoides formosipes on 
yellow flower Viguiera dentata, in visible 
(H) and ultroviolet light (I). Panels D 
to I are actual video-images as they ap- 
pear on a monitor screen. Direct ultra- 
violet photography yields a sharper image 
(C), but the technique is much more 
laborious. 
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Fig. 2. Ultraviolet reflection patterns in butterflies (neotropical Pieridae). A-C, Anteos 
clorinde (male), seen in visible light (A) and in the ultraviolet. (B). If an ultraviolet- 
transmitting lens that is not color-corrected for ultraviolet is used, the visible and 
ultraviolet images are separately discernable even in a composite view, since they do 
not focus on the same plane; in C, for example, the focus is on the ultraviolet patches, 
which are sharply highlighted against the unfocused visible part of the image. D-E, 
Phoebis rurina (male), a yellow butterfly (D), is brilliantly ultraviolet reflectant at 
the bases of the forewings (E); the reflectance is a directional iridescence (oblique 
illumination from one side causes only the patch of the opposite side to "light up," as 
in F). G-H, Eroessa chilensis, a black and white butterfly with orange wingtips (G, 
arrows) is sexually dimorphic in that it reflects ultraviolet from the orange markings 
of the male only (H). All pictures are video images. 

with one another, may in the ultra- 
violet be grossly dissimilar, and to in- 
sects, presumably, distinguishable (Fig. 
1, F-G). Mature flowers may differ in 
the ultraviolet (as they often do in the 
visible) from their own buds, indicating 
that even in the same plant competitive 
interference may be prevented, in part 
at least, by a disparity in image. Flow- 
ers that are pollinated by birds (we 
have examined many species of Ges- 
neriaceae) or by bats (Hylocereus sp.), 
as anticipated, lack ultraviolet nectar 
guides or other special ultraviolet mark- 
ings. Ultraviolet patterns are often pre- 
served in pressed flowers, and video- 
viewing is therefore applicable to the 
study of herbarium specimens. 

Animals that appear well camou- 
flaged in the visible spectrum need not 
be similarly camouflaged in the ultra- 
violet. Crab spiders, whose visible color 
characteristically matches that of the 
floral heads upon which they stalk their 
insect prey, are sometimes sharply con- 
spicuous against their background when 
viewed in the ultraviolet (Fig. 1, H-I). 
They are evidently well concealed from 
the ultraviolet-insensitive eyes of pre- 
daceous birds or lizards, but potentially 
detectable by approaching insect prey. 

Whether this potential detectability op- 
erates to the detriment of the spider's 
feeding efficiency is not known. It is 
clear, however, that crab spiders are 
not simply "aggressively mimetic" in 
the sense that they seek concealment 
solely from intended prey. 

Striking ultraviolet patterns also oc- 
cur in butterflies, notably in the family 
Pieridae (Fig. 2, A-C), where sexual 
dimorphism is sometimes only barely 
apparent to us, but pronounced in the 
ultraviolet (3). The reflectant markings 
characteristically found on the males of 
these insects are due to interference 
color (7), and they often appear as 
directionally iridescent patches (Fig. 
2, D-F), comparable, for example, to 
the shiny blues of the tropical Morpho 
butterflies, but purely ultraviolet. We 
have observed male pierids in the field 
(Phoebis argante in Panama; Eurema 
lisa and Colias eurytheme in Florida) 
and have seen the brilliant ultraviolet 
flicker that they emit in flight. Since 
flickering stimuli are important in but- 
terfly behavior (8), and since pierids 
have color vision (9) and are electro- 
physiologically (10) and behaviorally (5) 
sensitive to ultraviolet light, their ultra- 
violet reflectant patches undoubtedly 
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Vplay a communicative role. In one 
species, which is similarly marked with 
orange in both sexes, a pronounced 
sexual dimorphism becomes apparent 
when the same markings are viewed in 
ultraviolet (Fig. 2, G-H). One is 
tempted to conclude that the orange is 
an aposematic display aimed by both 
sexes at enemy birds, while the ultra- 
violet disparity provides the basis where- 
by the insect communicates sexually 
within its "private" visual domain. 

Ultraviolet video-viewing is an excit- 
ing teaching aid. Any closed circuit 
television can be adapted for this tech- 
nique by merely outfitting it with a 
proper lens and filter. 
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phasize depth cues. 

It has been suggested that the Ponzo 
perspective illusion (Fig. 1A) repre- 
sents the operation of cues which 
normally subserve the perception of 
depth in three-dimensional space (1). 
Specifically, converging lines in the 
retinal image are ordinarily associated 
with distance and signal the organism 
to correct for the diminishing retinal 
image size of distant objects, that is, 
size constancy. When one views the 
Ponzo figure, this same cue falsely in- 
dicates depth and produces a size illu- 
sion. The hypothesis that the basis of 
this illusion is simply a manifestation 
of a normal mechanism of size percep- 
tion has an intuitive and logical appeal. 
Whereas it would be an oversimplifica- 
tion to equate the illusion with space 
perception and size constancy, it would 
also seem unreasonable to limit the 
generality of this interpretation by con- 
centrating solely on the perspective cue. 
Space perception and size constancy 
are complex phenomena involving vari- 
ous monocular and binocular cues as 
well as cognitive factors. If the Ponzo 
illusion is a special case of size and 
depth perception, it should be subserved 
by a number of the same cues which 

1174 

phasize depth cues. 

It has been suggested that the Ponzo 
perspective illusion (Fig. 1A) repre- 
sents the operation of cues which 
normally subserve the perception of 
depth in three-dimensional space (1). 
Specifically, converging lines in the 
retinal image are ordinarily associated 
with distance and signal the organism 
to correct for the diminishing retinal 
image size of distant objects, that is, 
size constancy. When one views the 
Ponzo figure, this same cue falsely in- 
dicates depth and produces a size illu- 
sion. The hypothesis that the basis of 
this illusion is simply a manifestation 
of a normal mechanism of size percep- 
tion has an intuitive and logical appeal. 
Whereas it would be an oversimplifica- 
tion to equate the illusion with space 
perception and size constancy, it would 
also seem unreasonable to limit the 
generality of this interpretation by con- 
centrating solely on the perspective cue. 
Space perception and size constancy 
are complex phenomena involving vari- 
ous monocular and binocular cues as 
well as cognitive factors. If the Ponzo 
illusion is a special case of size and 
depth perception, it should be subserved 
by a number of the same cues which 

1174 

References and Notes 

1. K. von Frisch. The Dance Language and Ori- 
entation of Bees (Harvard Univ. Press, Cam- 
bridge, Mass., 1967), and references therein. 

2. K. Daumer, Z. Vergl. PhysioL 41, 49 (1958). 
3. G. A. Mazokhin-Porshnyakov, Insect Vision 

(Plenum Press, New York, 1969), and ref- 
erences therein. 

4. F. E. Lutz, Ann. N.Y. Acad. Sci. 24, 181 
(1924). 

5. J. Crane, Zoologica 39, 85 (1954). 
6. Reference Data for Radio Engineers (Inter- 

national Telephone and Telegraph Corpora- 
tion, New York, ed. 4, 1956), p. 423. 

7. R. E. Silberglied, thesis, Cornell Univ. (1969). 
8. D. B. E. Magnus, Proc. lnt. Congr. Entomol. 

10thi 2, 405 (1958). 
9. D. llse. Z. Vergl. PhysioL. 8, 658 (1928). 

10. C. T. Post and T. H. Goldsmith, Ann. Ento- 
mol. Soc. Amer., in press. 

11. Supported in part by the Bache Fund of the 
National Academy of Sciences and by Cornell 
University. We thank the directors and staff 
of the Archbold Biological Station, Lake 
Placid, Florida; the Smithsonian Tropical 
Research Laboratory, Barro Colorado Island, 
Canal Zone; and the Rocky Mountain Biolog- 
ical Station, Crested Butte, Colorado, for 
help and hospitality. The Gesneriaceae were 
supplied by H. Wiehler; the flowers were 
identified by W. J. Dress and P. A. Hyypio, 
and the spider by C. D. Dondale. 

* Present address: Biological Laboratories, 
Harvard University, Cambridge, Mass. 

26 September 1969 I 

References and Notes 

1. K. von Frisch. The Dance Language and Ori- 
entation of Bees (Harvard Univ. Press, Cam- 
bridge, Mass., 1967), and references therein. 

2. K. Daumer, Z. Vergl. PhysioL 41, 49 (1958). 
3. G. A. Mazokhin-Porshnyakov, Insect Vision 

(Plenum Press, New York, 1969), and ref- 
erences therein. 

4. F. E. Lutz, Ann. N.Y. Acad. Sci. 24, 181 
(1924). 

5. J. Crane, Zoologica 39, 85 (1954). 
6. Reference Data for Radio Engineers (Inter- 

national Telephone and Telegraph Corpora- 
tion, New York, ed. 4, 1956), p. 423. 

7. R. E. Silberglied, thesis, Cornell Univ. (1969). 
8. D. B. E. Magnus, Proc. lnt. Congr. Entomol. 

10thi 2, 405 (1958). 
9. D. llse. Z. Vergl. PhysioL. 8, 658 (1928). 

10. C. T. Post and T. H. Goldsmith, Ann. Ento- 
mol. Soc. Amer., in press. 

11. Supported in part by the Bache Fund of the 
National Academy of Sciences and by Cornell 
University. We thank the directors and staff 
of the Archbold Biological Station, Lake 
Placid, Florida; the Smithsonian Tropical 
Research Laboratory, Barro Colorado Island, 
Canal Zone; and the Rocky Mountain Biolog- 
ical Station, Crested Butte, Colorado, for 
help and hospitality. The Gesneriaceae were 
supplied by H. Wiehler; the flowers were 
identified by W. J. Dress and P. A. Hyypio, 
and the spider by C. D. Dondale. 

* Present address: Biological Laboratories, 
Harvard University, Cambridge, Mass. 

26 September 1969 I 

are common to two- and three-dimen- 
sional viewing situations. Further, this 
communality of function implies that 
space and size perception and the illu- 
sion should be sensitive to the same 
sort of experimental manipulations. We 
now present empirical evidence in sup- 
port of this hypothesis. 

Figure 1B illustrates a scene rich 
in depth cues which also contains the 
geometric elements that make up the 
Ponzo illusion (Fig. 1A). In these 
figures, the two horizontal lines are the 
same length, but presumably, because 
of the context in which they are viewed, 
the observer "corrects" for the assumed 
distance of the upper line resulting in 
an overestimation. In the first phase of 
a three-phase study of factors influenc- 
ing this phenomenon, 24 subjects (stu- 
dents at the Pennsylvania State Uni- 
versity) viewed the actual scene illus- 
trated in Fig. 1B from the point at 
which the photograph was taken (2). 
In the second phase, 72 different sub- 
jects from the same population viewed 
the four two-dimensional stimuli illus- 
trated in Fig. 1. In the third phase, 
20 students native to Guam (Univer- 
sity of Guam) were tested with the two- 
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jects from the same population viewed 
the four two-dimensional stimuli illus- 
trated in Fig. 1. In the third phase, 
20 students native to Guam (Univer- 
sity of Guam) were tested with the two- 

dimensional stimuli. Similar instructions 
were employed in all phases to obtain 
comparable judgments throughout the 
study (3). 

In all cases the upper board or 
line was constant in length, while the 
lengths of the lower boards or lines 
were presented in random order. For 
all observation conditions, the equality 
value was determined by interpolation 
as the midpoint of the region at which 
the subject's responses changed. The 
magnitude of the overestimation or il- 
lusion is the percentage overestimation 
of the upper line or board. 

For the actual scene, the length of 
the upper line was consistently over- 
estimated, that is, matched by the 
lower-4ine whose value was on the 
average 45.4 percent greater than would 
be predicted from the dimensions of 
the visual angle or retinal image (100 
percent overestimation corresponds to 
size constancy). This value is compa- 
rable to data obtained in size-constancy 
experiments in which instructions, sim- 
ilar to those given in this study, were 
utilized (4). It should be noted also 
that the overestimation is three or four 
times greater than is reported for the 
abstract Ponzo figure which typically 
ranges from 10 to 15 percent for adult 
observers. 

Reduction of cues by elimination 
of stereopsis was achieved either by 
observing the actual scene monocularly 
with the subject's head held steady, or 
by viewing the two-dimensional photo- 
graphs of the same scene. In both 
cases, the extent of the visible field was 
equated. Similar results were obtained 
under both conditions. The overestima- 
tion for monocular observation of the 
actual scene was 34.7 percent, while the 
value for the photograph was 31.4 
percent. Similarly, inversion of the real 
scene or the photograph further re- 
duced the overestimation. Inversion was 
accomplished by rotating the photo- 
graph and by viewing the real scene 
monocularly through a Dove prism. The 
value for the actual scene inverted 
was 17.7 percent, and for the inverted 
photograph, 12.6 percent. A repeated- 
measures analysis of variance indicated 
that there were significant differences 
between the binocular upright, monoc- 
ular upright, and monocular inverted 
conditions in the natural setting situa- 
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conditions in the natural setting situa- 
tion (F = 48.4, d.f. = 2 for 36 sub- 
jects, P < .01). -An independent-mea- 
sures analysis of variance indicated a 
significant difference-between observa- 
tions of the upright and inverted pho- 
tograph (F = 25.6, d.f. = 1 for 46 sub- 
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Ponzo Perspective Illusion as a Manifestation of Space Perception 

Abstract. The Ponzo perspective illusion, a special case of space perception, 
is influenced by contextual factors, texture, stereopsis, and familiarity in addi- 
tion to perspective cues. The importance of familiarity is demonstrated by 
cultural differences obtained with photographs of natural settings which em- 
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