
Abstract Studies on fish have demonstrated female-
mating preferences based on dimorphic colours and col-
our patterns, but commonly focused on the 400–700 nm 
(visible) band. In experiment 1 we exposed females of
the amarillo (Girardinichthys multiradiatus), a vivipa-
rous fish with visually based female mate choice, to two
views of males either containing (UV+) or lacking
(UV–) information in the 300–400 nm region. Experi-
ments were conducted outdoors, and we found that fe-
males spent more time next to the male seen through the
UV+ filter than the same seen through the UV– filter.
Since the two images only differed in the content of UV
radiation, we conclude that females of the amarillo can
detect UV light. Experiments 2 and 3 were designed to
test whether such an effect can be attributed to female
preferences based on the males’ UV-reflecting colour
patterns. We first assessed which area(s) of the fish have
UV-reflecting properties. Then, using an opaque gelatine
powder to block skin reflectance, we found that, in the
presence of environmental UV light, females spend more
time close to the males with powder sprinkled outside
the UV-reflecting area (control) than to the males with
powder sprinkled over the UV-reflecting area (experi-
ment 2). This could have been due to the concealment of
signals in the visible spectrum, rather than in the UV
spectrum; thus we repeated the same experiment indoors,
in the absence of UV light (experiment 2b); here females
failed to discriminate between males. Since we also
found that females have UV-reflecting areas in their
flanks, we conducted a third experiment to test whether
the preferential association of females found in the first
experiment was due to the tendency to school/associate
with conspecifics, rather than to mate choice (experi-

ment 3). We found no evidence of discrimination in this
experiment. We conclude that the UV markings and 
vision in G. multiradiatus have a function in female
mate choice. This is the first time that evidence has been
found for the influence of UV for mate choice in fish.
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Introduction

Recent work has shown that the capability to detect 
ultraviolet (UV) light (below 400 nm) is both wide-
spread among animals and phylogenetically conserved
(Yokoyama and Shi 2000; Ebrey and Koutalos 2001;
Hunt et al. 2001). In most cases, however, it is not known
why this perception has evolved. Teleost fish have cone
receptors in their retina containing pigments which ab-
sorb maximally at around 360 nm (Losey et al. 1999).
This, coupled with the fact that many species possess 
ocular media which transmit UV light (Siebeck and 
Marshall 2001), indicates that many teleosts may have 
a UV component to their vision (see also Archer and 
Lythgoe 1990 ; Bowmaker et al. 1991; Hawryshyn and
Harosi 1991 ; Beaudet et al. 1993; Muntz et al. 1996;
Palacios et al. 1996). Short wavelength radiation such as
UV light damages the retina (Collier and Zigman 1987);
thus it is likely that UV vision bears a physiological cost.
Nevertheless, organisms such as birds have lost, then re-
constructed UV vision (Yokoyama and Shi 2000), which
implies that UV vision conveys significant benefits. UV
vision has been found to be implicated in mate choice in
birds (Bennet et al. 1996,1997; Andersson and Amundsen
1997; Andersson et al. 1998; Hunt et al. 1998), reptiles
(Fleishman et al. 1993) and insects (Arikawa et al. 1987),
yet to date the possibility that there is a UV component to
mate choice in fish, although suspected (Carleton et al.
2000), has not been studied.

As short-wavelength radiation is scattered more than
long-wavelength radiation, predators may have to ap-
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proach closer to detect prey species whose optical com-
munication occurs largely within the UV band than would
be necessary to detect prey with conspicuous colours out-
side the UV band. This would be an advantage during 
sexual selection as males should be able to display to fe-
males without substantially increasing the risk of being
detected. Research has shown that many fish have skin
pigments with reflectance peaks in the UV band (Marshall
1996, 2000) and it is possible that this coloration is used
for social signalling. It has long been recognised that col-
our and colour patterns in fish are relevant in social (e.g.
Barlow 1983a, b) and sexual contexts (Houde 1997; Galis
and Metz 1998). Typically, the effect of optical display di-
morphism (as perceived by humans) in sexual selection is
investigated by measuring the responsiveness of females
(or of territorial males) to dummies (Tinbergen 1951), or
to live males that are (or are made to be) visually distinct
(Basolo 1990, 1995). More recently, computer-generated
video images have allowed the generation of stimuli that
differ only in the attribute of interest, thus reducing 
the potentially confounding effects of other variables (see
Rosenthal et al. 1996, Nicoletto and Kodric-Brown 1999;
Trainor and Basolo 2000). However, most of this research
had to ignore the UV component of light, as video sys-
tems cannot produce UV wavelengths comparable with
natural stimuli.

The amarillo fish (Girardinichthys multiradiatus) is a
viviparous toothcarp (Cyprinodontoidei: Goodeidae) en-
demic to Central Mexico. This species is sexually dimor-
phic; males have larger and more colourful fins than fe-
males. These features have been shown to be important in
female mate choice (Macías Garcia 1991). However, it is
not known whether females use information in the UV
spectrum when assessing male morphology. The aim of
this study was to assess whether UV light is important to
female G. multiradiatus when selecting mates. In experi-
ment 1, we measured the responsiveness of females to
males seen through filters (UV+ and UV–) under natural
light. Experiment 2 was designed to determine whether
G. multiradiatus females preferentially select males un-
der UV light because of a direct effect of UV reflectance
on their skin, or whether they are more visible due to the
bright underwater background produced by UV radiance.
Both of these would result in the male being more con-
spicuous to the female; however, a direct effect due to the
male itself would indicate that UV perception (and UV
reflecting skin areas) in these fish does have a direct role
in intraspecific signalling, rather than only a role in habi-
tat choice (for foraging or navigation). Experiment 3 ex-
plored whether UV vision in G. multiradiatus is used to
differentially associate with males, rather than being used
only for non-gender intraspecific signalling.

Methods
Experiment 1: do females prefer males that are presented with,
rather than without, UV light?

Twenty-five sexually receptive females and 25 males of G. mult-
iradiatus were collected from sites in central Mexico. Fish were

allocated to pairs of one female to one male from the same popu-
lation. Each pair was placed in the experimental tank (Fig. 1) in a
random order over 6 consecutive days. In each trial, the female
was presented with only one male. The experiment was performed
outdoors under natural light conditions to obtain biologically rele-
vant results. All the experimental sessions were performed be-
tween 1000 and 1300 hours and on clear days; thus photic condi-
tions were very similar over the entire experiment. The male was
placed in a holding area and was visible to the female through two
filters. The LL-400 (Corion) filter prevented most of the light of
wavelengths below 400 nm from passing, whereas the acetate fil-
ter allowed most UV light to pass (Fig. 2). These filters were
deemed adequate for this experiment because the retinas of the
closely related Poeciliids are known to maximally absorb UV light
at about 360 nm (Archer and Lythgoe 1990; Muntz et al. 1996).
We tested the hypothesis that the filters would affect attractiveness
of the male, as indicated by approaches by the female. 
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Fig. 1 Overview of the experimental tank. A 40-l aquarium was
partitioned with a white, opaque plastic divide into a male (left)
and a female (right) compartment. Two square windows 5 cm per
side accommodated the UV+ and the UV– filters (F) in alternate
positions each trial. A 5-cm-wide wall extending from the corner
of the divide forced the female Girardinichthys multiradiatus to
make unequivocal approaches to either window. We recorded as
visits whenever the female remained between the filter window
and the thin dotted line marked in the floor

Fig. 2 We used as filters a sheet of acetate (open circles) and a LL
400 Corion filter (closed circles). Open squares show the reduction
in the transmittance of the sheet of acetate when coated with a thin
layer of Orahesive, a powder used in experiment 2. Transmittance
curves shown here were obtained using a Perkin-Elmer Lambda 3A
spectrophotometer. Note that the retinal UV sensitivity in the tele-
ost fish where it has been measured usually peaks at about 360 nm
(see Losey et al 1999)



Before every trial, a male was introduced into the male holding
area, a female was placed in the female compartment, and the fil-
ters were placed in the filter windows, in alternate positions for
each consecutive trial. A white lid with an observation window
was then placed over the female compartment. Both fish were left
to acclimate in the experimental tank for 20 min prior to the start
of each trial. The female was allowed to see the male through both
filters during acclimation; she was therefore aware that a male was
visible through each window, and it was always oriented towards
the male once the trial began. During the trial, the observer record-
ed the time (in seconds) spent in the vicinity of the male at each
filter for a 15-min period. “Vicinity” was defined as crossing a
line from which she could closely observe the male (ca. 3 cm). On
completion of the trial, both fish were removed and the entire pro-
cedure was repeated with another pair.

Experiment 2a: female choice between UV+ and UV– males: 
does UV vision function in non-gender intraspecific signalling?

Twenty sexually mature males and 10 females of G. multiradiatus
were collected from sites in central Mexico. Before the experi-
ment began, photographs were taken of the fish under normal flu-
orescent white light and under UV light from a 245 nm 115 V
lamp (Mineralight UVG-54, Upland, Calif.), using Kodak
T400CN film. The fish were anaesthetised with 2 g of benzocaine
in 5 ml of pure acetone per 300 ml water. These photographs re-
vealed that both male and female fish have an area on their heads
and a strip along their flank that reflects UV light (Fig. 3A). These
areas appear silvery under visible light (Fig. 3B).

One female was allocated to a pair of males of comparable size
from the same population. Prior to each trial, one of the males in
each pair (selected at random) was subjected to the UV– treatment
and one to the UV+ (control) treatment. UV– males had a coating
of Orahesive protective powder applied to the UV reflecting areas
on the head and along the flank, whereas UV+ males had the same
powder applied to the dorsal and upper surfaces, which contain no
UV reflecting areas. This powder was not harmful to the fish and
washed off in approximately 30 min. Photographs taken under UV
light (245 nm) previously showed that the powder blocked UV re-
flecting areas when applied to the fishes’ skin after the fish had
been allowed to swim in the tank for 15 min. In addition, transmit-
tance of a thin layer of this product applied to an acetate demon-
strates that Orahesive has a greater impact in blocking UV than in
blocking wavelengths above 400 nm (Fig. 2).

During stage A of each trial, the two males in each group (UV+
and UV–) were placed in the end sections of the tank (same dimen-
sions as experiment 1) behind acetate screens. These screens allow
approximately 80% of UV and visible light to pass. Positions of the
males were selected at random. The female was placed in the cen-
tral area of the tank and all three fish were left to habituate for
10 min prior to the start of each trial. This allowed the female to
see both males at either end of the tank. The observer then recorded
the time (in seconds) that the female spent in the vicinity of the
male at either end of the tank. “Vicinity” was defined as crossing a
line from which she could closely observe the male (ca. 5 cm). On
completion of the trial, all fish were removed and held in a recov-
ery tank for 1 h. The fish were then subjected to stage B of each tri-
al. This was identical to stage A except that the treatment of each
male was reversed. This procedure was repeated with all the fish
over 5 consecutive days. As in experiment 1, the entire experiment
was performed outdoors under natural light conditions.

Experiment 2b (control)

Experiment 2a was repeated with the same fish, but indoors under
normal white fluorescent lamps. These lamps emit virtually no UV
light. The aim of this control experiment was to ascertain whether
the result obtained from experiment 2a was due to UV reflectance
on the fish’s skin, or to an important cue in the visible spectrum
being blocked by the powder (see Fig. 2).

Experiment 3: sexual selection or species recognition?

Experiment 2a was repeated, but using only female fish. We hy-
pothesised that females would preferentially associate with UV+
individuals if the effect displayed in experiment 2a was due to
species recognition rather than female choice.

Results

Experiment 1

Females frequently approached and stood by the filter
windows during the trials. On average they remained for
258 s±161 SD on the side of the UV+ filter and
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Fig. 3 A Male (top) and fe-
male (bottom) G. multiradiatus
under an ultraviolet light
source (245 nm). B Male (top)
and female (bottom) G. mult-
iradiatus under normal fluores-
cent white light. Photographs
taken with black and white 
Kodak T400CN film
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Fig. 4 Average time spent by females next to the image contain-
ing (UV+) or lacking (UV–) information in the 300–400 nm range

Fig. 5 A Mean time spent by females with males in each condi-
tion (UV+ and UV–), presented outdoors. B With no UV light
present in the environment

Fig. 6 Mean times spent by females with females in each condi-
tion (UV+ and UV–) presented outdoors

165 s±133 SD on the side of the UV– (Fig. 4). Hence,
female G. multiradiatus, on average, preferred the male
image seen through the UV+ filter to that seen with the
UV component blocked (paired t-test; t=2.14; n=25;
P=0.02). The fact that responsiveness to the male seen
through the UV– filter was not zero suggests that male
features other than UV reflecting skin are attractive to
females, but it is still possible that the UV cones were
stimulated in the UV– condition, since they are also sen-
sitive to photons outside the UV.

Having discovered that the female fish preferred the
image of the male in the presence of UV light we wished
to ascertain whether this effect could be attributed to 
female preferences based on the males’ UV-reflecting
colour pattern.

Experiment 2a

The times spent by each female with each male in the
UV+ and UV– conditions were obtained. As the males in
a pair were not independent, mean values were calculat-
ed for each pair of males in both conditions (Fig. 5A).
The results show that female G. multiradiatus preferred
to approach males in the control condition rather than the
same males with UV reflecting areas blocked (paired
Wilcoxon signed-ranks test t=9; n=10; P=0.03).

Experiment 2b

There was no difference in female preference for UV+
and UV– males when no UV light was present in the 
environment (paired Wilcoxon signed-ranks test t=27;
n=10; P=0.50; Fig. 5B).



Experiment 3

There was no difference in female preference for UV+
and UV- females (paired Wilcoxon signed-ranks test
t=15; n=10; P=0.37; Fig. 6). These results show that spe-
cies recognition is not the only function of UV vision in
these fish and that the most likely function is in sexual
selection.

Discussion

The results of experiment 1 show that female G. multira-
diatus preferentially associate with a male which is pre-
sented with UV light rather than the same male present-
ed with the UV section of the spectrum blocked. Since
the only difference between the two male images was
that one contained visual information in the UV range
and one did not, we conclude that females of this species
can detect UV light.

In other animals it has been shown that UV light can
be used for a number of different behaviours. It is thought
that salmonids use the UV component of polarised light
to navigate (Hawryshyn 1992; Parkyn and Hawryshyn
1993). It has also been demonstrated that yellow juvenile
perch (Perca flavescens) use the bright underwater back-
ground UV light when foraging for plankton (Loew and
Wahl 1991; Loew et al. 1993). UV wavelengths have also
been implicated in visually guided/released behaviour in
vertebrates and invertebrates (Bennet and Cuthill 1994;
Bennet et al. 1994; Goldsmith 1994). In addition, there
has been a recent surge in studies that seek to explain the
relevance of UV light in mate choice. Hunt et al. (1998)
showed that blue tits, traditionally regarded as sexually
monomorphic, are in fact dimorphic under UV light, and
Andersson et al. (1998) found that blue tits mate assort-
atively in relation to the amount of UV reflectance. Ex-
periments 2 and 3 in the current paper aimed to ascertain
whether UV vision is also relevant in mate choice in 
G. multiradiatus.

Experiment 2a showed that female G. multiradiatus
preferred to approach a male in the control condition
rather than the same male with UV reflecting areas on
the skin blocked. This shows that females preferentially
select males under UV light because of a direct effect of
UV reflectance on their skin and not because the male
was more conspicuous against the bright underwater
background caused by UV radiance, which might have
explained the results of experiment 1. This effect was
not due to signals in the visible spectrum being blocked,
as the same result was not found when the experiment
was repeated indoors with no available UV light (exper-
iment 2b). Slight caution must, however, be shown as
removing UV reduces the total amount of light present;
thus the avoidance of UV– fish in either experiment 1 or
2 might be due to a reduction in overall brightness.

The fact that fish in this species have UV markings on
their skin to which females are attracted implies that a
function of UV vision is in intraspecific communication.

UV reflecting areas would presumably be costly due to
an increased risk of detection during short-range encoun-
ters with predators. The most important underwater pred-
ator of G. multiradiatus is the visually guided garter
snake Thamnophis melanogaster (Macías Garcia et al.
1994, 1998). Since garter snakes are capable of perceiv-
ing UV radiation (Sillman et al. 1997) it is likely that
UV markings would result in a heightened salience to
this predator. A cost implies that there must be a benefit
to having UV reflecting patterns on the skin. Since such
patterns would not be useful for either foraging or orien-
tation, neither of these hypotheses explain the adaptive
significance of the UV patterns present on the fish’s sur-
faces, and it is likely that a function of UV vision is in
intraspecific signalling. The most likely hypotheses are
that females in this experiment were preferentially at-
tracted to the UV+ males either because they recognised
the particular colour patterns of their own species or be-
cause some feature(s) of the UV reflecting areas is (are)
in some form associated with the phenotypic quality of
potential partners.

Experiment 3 aimed to separate these two hypotheses
and to determine whether a function of UV markings in
G. multiradiatus is to act as a signal in sexual selection
or whether UV markings are involved solely in species
recognition. We repeated the experiment with females
alone and we hypothesised that females would preferen-
tially associate with UV+ individuals if the effect were
purely based on species recognition. The results showed
no difference in preference for females with or without
UV reflecting areas blocked, thus species recognition is
not the only function of UV markings and we conclude
that an adaptive significance of UV vision and markings
in G. multiradiatus is in mate choice.

Male G. multiradiatus display to females in such a
way that the UV reflecting areas are apparently orientated
to the females during courtship displays. When courting,
a male exhibits either a lateral (side-to-side) or a perpen-
dicular approach to the female. He also hides the dorsal
and ventral fins in the flank that is not exposed to the
courted fish (Macías Garcia 1991). This has the effect of
displaying the UV reflecting stripes to the female. This
behavioural observation further implicates these areas in
female mate choice.

In conclusion, these experiments have shown that 
G. multiradiatus possess UV vision and that this vision
influences female mate choice. Our finding that 
females of the Goodeidae (Cyprinodontoidei) can use
information in the UV band to direct behaviour adds to
a growing body of evidence. Carp (Bowmaker et al.
1991; Hawryshyn and Harosi 1991), trout (Beaudet 
et al. 1993), perch (Loew and Wahl 1991) and danios 
(Palacios et al. 1996) have all been shown to possess 
UV sensitivity. However, this is the first study to 
show that a function of UV vision and markings in 
fish is in intraspecific signalling, specifically in mate
choice.

5



Acknowledgements We thank J. Graves, A.E. Magurran, 
M. Ritchie and three anonymous reviewers for helpful comments
on previous versions of the manuscript, and A. Orozco for 
lending the Elmer-Perkin spectrophotometer used to measure 
the filters’ transmittance. Alejandra Valero, E. Avila, A.S. Web, 
J. Graves and E. Smart all contributed fish to this experiment,
which was partially supported by a NERC grant. César Gonzalez-
Zuarth provided much insight through his development of an 
earlier protocol. Our experiments were conducted in compliance
with current legislation regarding the use of animals for scientific
research.

References

Andersson S, Amundsen T (1997) Ultraviolet colour vision and
ornamentation in bluethroats. Proc R Soc Lond B 264:1587–
1591

Andersson S, Örnborg J, Andersson M (1998) Ultraviolet sexual
dimorphism and assortative mating in blue tits. Proc R Soc
Lon B 265:445–450

Archer SN, Lythgoe JN (1990) The visual basis for cone polymor-
phism in the guppy, Poecilia reticulata. Vision Res 30:225–
233

Arikawa K, Inokuma K, Eguchi E (1987) Pentochromatic visual
system in a butterfly. Naturwissenschaften 74:297–298

Barlow GW (1983a) The benefits of being gold: behavioural con-
sequences of polychromatism in the midas cichlid, Cichlaso-
ma citrinellum. Environ Biol Fish 8:235–247

Barlow GW (1983b) Do gold midas cichlid fish win fights be-
cause of their color, or because they lack normal coloration?
Behav Ecol Sociobiol 13:197–204

Basolo AL (1990) Female preferences for male sword length in
the green swordtail, Xiphophorus helleri (Pisces: Poeciliidae).
Anim Behav 40:332–338

Basolo AL (1995) A further examination of a pre-existing bias 
favouring a sword in the genus Xiphophorus. Anim Behav
50:365–375

Beaudet L, Browman H, Hawryshyn CW (1993) Optic-nerve 
response and retinal structure in rainbow-trout of different 
sizes. Vision Res 33:1739–1746

Bennet ATD, Cuthill IC (1994) Ultraviolet in birds: what is its
function? Vision Res 34:1471–1478

Bennet ATD, Cuthill IC, Norris KJ (1994) Sexual selection and
the mismeasure of color. Am Nat 144:848–860

Bennet ATD, Cuthill IC, Partridge JC, Maier EJ (1996) Ultraviolet
vision and mate choice in zebra finches. Nature 380:433–435

Bennet ATD, Cuthill IC, Partridge JC, Lunau K (1997) Ultraviolet
plumage colors predict mate preferences in starlings. Proc Natl
Acad Sci USA 94:8618–8621

Bowmaker JK, Thorpe A, Douglas RH (1991) Ultraviolet-sensi-
tive cones in the goldfish. Vision Res 31:349–352

Carleton KL, Hárosi FI, Kocher TH (2000) Visual pigments of 
African cichlid fishes: evidence for ultraviolet vision from 
microspectrophotometry and DNA sequences. Vision Res
40:879–890

Collier R, Zigman S (1987) The grey squirrel lens protects the 
retina from near-UV radiation damage. In: Hollyfield J (ed)
Degenerative retinal disorders. Clinical and laboratory investi-
gations. Liss, New York, pp 571–585

Ebrey T, Koutalos Y (2001) Vertebrate photoreceptors. Prog Ret
Eye Res 20:49–94

Galis F, Metz JAJ (1998) Why are there so many cichlid species?
Trends Ecol Evol 13:1–2

Goldsmith TH (1994) Ultraviolet receptors and color-vision -evo-
lutionary implications and a dissonance of paradigms. Vision
Res 34:1479–1487

Fleishman LJ, Loew ER, Leal M (1993) Ultraviolet vision in 
lizards. Nature 365:397

Hawryshyn CW (1992) Polarization vision in fishes. Am Sci
80:164–175

Hawryshyn CW, Harosi FI (1991) Ultraviolet photoreception in
carp – microspectrophotometry and behaviorally determined
action spectra. Vision Res 31:567–576

Houde AE (1997) Sex, color and mate choice in guppies. Prince-
ton University Press, Princeton, N.J.

Hunt S, Bennet TD, Cuthill IC, Griffiths R (1998) Blue tits are 
ultraviolet tits. Proc R Soc Lond B 265:451–455

Hunt DM, Wilkie SE, Bowmaker JK, Poopalasundaram S (2001)
Vision in the ultraviolet. Cell Mol Life Sci 58:1583–1598

Loew ER, Wahl CM (1991) A short-wavelength sensitive cone
mechanism in juvenile yellow perch, Perca flavescens. Vision
Res 31:353–360

Loew ER, McFarland WN, Mills EL, Hunter D (1993) A chromatic
action spectrum for planktonic predation by juvenile yellow
perch, Perca flavescens. Can J Zool 71:384–386

Losey GS, Cronin TW, Goldsmith TH, Hyde D, Marshall NJ,
McFarland WN (1999) The UV visual world of fishes: a 
review. J Fish Biol 54:921–943

Macias Garcia C (1991) Sexual behaviour and trade-offs in the 
viviparous fish Girardinichthys multiradiatus. PhD thesis,
University of East Anglia

Macías Garcia C, Jimenez G, Contreras B (1994) Correlational 
evidence of a sexually-selected handicap. Behav Ecol Socio-
biol 35:253–259

Macías Garcia C, Saborío E, Berea C (1998) Does male-biased
predation lead to male scarcity in viviparous fish?. J Fish Biol
53 [Suppl A]:104–117

Marshall NJ (1996) Measuring colours around a coral reef. Bio-
photonics Int July/August 1996:52–56

Marshall NJ (2000) Communication and camouflage with the
same ‘bright’ colours in reef fishes Philos Trans R Soc Lond
Ser B Biol Sci 355:1243–1248

Muntz WRA, Partridge JC, Williams SR, Jackson C (1996) Spec-
tral sensitivity in the guppy (Poecilia reticulata) measured 
using the dorsal light response. Mar Freshw Behav Physiol
28:163–176

Nicoletto PF, Kodric-Brown A (1999) The use of digitally-modi-
fied videos to study the function of ornamentation and court-
ship in the guppy, Poecilia reticulata. Environ Biol Fish
56:333–341

Palacios AG, Goldsmith TH, Bernard GD (1996) Sensitivity of
cones from a cyprinid fish (Danio aequipinnatus) to ultravio-
let and visible light. Vis Neurosci 13:411–421

Parkyn DC, Hawryshyn CW (1993) Polarized-light sensitivity in
rainbow trout (Oncorhynchus mykiss): characterization from
multi-unit responses in the optic nerve. J Comp Physiol A
172:493–500

Rosenthal GG, Evans CS, Miller WL (1996) Female preference
for dynamic traits in the green swordtail, Xiphophorus helleri.
Anim Behav 51:811–820

Siebeck UE, Marshall NJ (2001) Ocular media transmission of
coral reef fish – can coral reef fish see ultraviolet light? Vision
Res 41:133–149

Sillman AJ, Govardovskii VI, Rohlich P, Southard JA, Loew ER
(1997) The photoreceptors and visual pigments of the garter
snake (Thamnophis sirtalis): a microspectrophotometric, scan-
ning electron microscopic and immunocytochemical study. 
J Comp Physiol A 181:89–101

Tinbergen N (1951) The study of instinct. Oxford University
Press, Oxford

Trainor BC, Basolo AL (2000). An evaluation of video playback
using Xiphophorus helleri. Anim Behav 59:83–89

Yokoyama S, Shi Y (2000) Genetics and evolution of ultraviolet
vision in vertebrates. FEBS Lett 486:167–172

6


