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BINGO TIME! 
The VOS Holiday Party 

Sunday, December 4th. from 12:30 pm. to 5 pm. in 
 

The Guzman Community Center at 
The Faison Center 

 

5200 Fitzhugh Ave., Richmond, VA 23230 
 

The VOS’s December meeting is our annual Holiday Party.  This year our party 
will begin as a potluck lunch followed by orchid bingo.  The VOS will provide 
paper products and drinks.  A ham and other meats will be provided by VOS 
members, so please bring a salad/vegetable side dish/dessert to share.  This year, 
members may bring guests.  And continuing our tradition, a variety of orchids 
will be given as bingo prizes for winning VOS members.  Finally, the VOS will 
also be collecting can goods or other non-perishable items for the Food Bank – 
your contribution will be greatly appreciated. 
 

And don’t forget to bring your orchids for the show table! 
 

            Schedule:         12:30 pm:  Arrival and set up 
         1:30 pm:  Lunch/show table/bingo 
         5:00 pm:  Head for home 
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Hello VOS Members: 
 
I trust everyone had a wonderful Thanksgiving – now you have a 
chance for fellowship with VOS members and enjoy beautiful orchids 
while you feast on homemade delights!! 
 
Mark your calendars for December 4th at the Faison Center in  
Richmond (in the Willow Lawn area). This event is a potluck luncheon 
– ham, pot roast, and lox/bagels will comprise our main course. VOS 
will supply all the paper products and drinks. As a member/guest 
please bring a homemade side or desserts to share with others. We will 
start setting up at 12:30 – and probably eat around 1:30/1:45. Guests 
are welcome to attend the potluck – but only members in good  
standing can win an orchid during bingo (which follows our luncheon). 
Finally, we will also be collecting can goods or other non-perishable 
items for the Food Bank – so please consider bringing a contribution to 
the luncheon. 
 
Be sure to pay your membership dues if you haven’t already. Joanne 
(our membership chair) has created a wonderful spreadsheet about or 
members. Some members have not completed a member form so that 
we have your address, email, and phone should we need to reach out to 
you. Please be sure she has all your information. 
 
We look forward to seeing everyone at the Sunday, December 4th  
meeting at Faison Center – Guzman Center (green building). 
 
Donna 
 
 

Our Holiday Meeting Location: 

The Guzman Community Center at  

The Faison Center 
 

5200 Fitzhugh Ave., Richmond, VA 23230 

Across from Willow Lawn Mall  
 

Covid-19 Compliance:  Currently there are no 
covid-19 restrictions.  Thank you for helping us maintain the 
health and safety of our members, but please do not come if 
you feel ill. 
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Greetings from the NAOCC! 

Some good news, just in time for the holidays! 

New Product from NAOCC:  Origami Orchids Boxed Set 
 

After months of COVID-related shipping delays and supply chain issues, 
NAOCC is pleased to announce that the orchid-gami boxed set, "Origami  
Orchids" is now available. 
 

The new kit includes punch-out pieces to create 20 beautiful 3D paper  
orchids, with a full-color booklet that includes detailed assembly instructions, 
photos of the completed model, images to show how the orchid appears in 
nature, and more information about orchid ecology. 
 

These kits are available from several online vendors (see below). We have  
also included information if you prefer to support your local book shop. The 
suggested retail price is $19.99, but if you look around, you may be able to 
find a deal for the holidays. 

 

The Origami Orchids kits can be ordered from: 
 

     Amazon 
     Barnes & Noble 
     Signals 
 

     Title:            Origami Orchids 
     Authors:       Dennis Whigham, Jay O’Neill, Maarten Janssens 
     Publisher:    Tuttle Publishing (November, 2022) 
     ISBN-10:      0804854939 
     ISBN-13:      978-0804854931 
 

You can recommend this product to your local bookstore or gift shop! 

 

***if you are interested in a bulk purchase and special pricing for a  
gift shop, educational organization or orchid society, the kits are being 
distributed by Ingram Publisher Services. Their contact information is: 
  
Ingram Publisher Services 
1 Ingram Blvd. 
Mail stop #512 
Lavergne, TN 37086 
Phone: 1-866-400-5351 Email: 
ips@ingramcontent.com 

 

 

A portion of the proceeds from each set sold will support NAOCC's orchid conservation work. As always, you may  
continue to download any of our 28 orchid-gami models from the NAOCC website. We also still have sponsorships  
available for a few models (contact us for more information about sponsorship).   www.northamericanorchidcenter.org 
 

NAOCC, with the help of the United States Botanic Garden, developed orchid-gami as a fun activity to raise awareness about the 
conservation and ecology of our native orchids. These 3D models are a unique way for teachers, parents and children of all ages  
to learn about our native orchids and the challenges they face. 
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The Role of Color in Orchids 

Carol Siegel  

Reprinted with permission from “Orchid Digest,” J-F-M 2017 
www.orchiddigest.org  

 

 "Let me, 0 let me bathe my soul in colours; let me swallow the sunset and drink the rainbow." -Kahlil Gibran  
 

ONE OF THE MOST BREATHTAKING moments in cinematic history is when a sepia-colored Dorothy walks out of 
her door into the bright, vibrant Technicolor world of Oz. Produced in 1939, The Wizard of Oz delighted Depression-era 
audiences with the novelty of the richly saturated colors of the yellow brick road, the ruby slippers, and the Emerald City. 
Filmed with a specially modified motion picture camera which recorded the same scene through red-, blue-, and green-
colored filters on three different strips of film, the novel process merged all three to make the final dazzling movie. Just  
as in the film, color adds unbelievable beauty and pleasure to our everyday world. It is hard to imagine a world without 
color.  

 

For the lover of orchids, the magnificent colors enrich our experience of the world. Even the most casual admirer of  
orchids is struck by their endless array of beautiful colors and color combinations. Although we flatter ourselves to think 
they were put here solely for our pleasure, there is much more to orchid color than human pleasure. Their gorgeous colors 
have a purpose, most often luring a pollinator to stop and visit and ensure the next generation, but they also do much 
more. Join me as we explore the complex and fascinating role of color in orchids.  

                               What is Color?  
The white light all around us is a mixture of all "colors" or wavelengths of light, including those our eyes can't see. The 
entire range of the wavelengths of light is called the electromagnetic spectrum. Color is our interpretation of the  
wavelengths that are reflected back to our eyes by objects. When we say something is red, we mean that the light of a  
particular range of wavelengths (around 650nm) is reflected more strongly to our eyes than the light of other wavelengths 
which are absorbed. Grass is green because green wavelengths (around 500nm) are not absorbed by the grass but are  
reflected back to our eyes. There, millions of light-sensitive cells called rods for black and white and cones for color, 
work with the brain to translate light into our perceived colors. We can't "see" all the wavelengths of light because our 
eyes have no receptors for them. We can neither see shortwave length ultra-violet light (which bees can see!) or  
long-wave infrared light (which snakes can detect!). We can't see short-wave X-rays or gamma waves or longwave  
microwaves or radio waves.  
 

It's All in the Eye of the Beholder  
It is tempting to think that all animals see color as we do, but that is just not true. Different groups of animals have  
different eye structures and abilities not like ours at all. We have three color receptors, red, green and blue, and can  
combine them to see 60 colors, but whales don't see color at all. With no cones in their eyes, they see only black and 
white but have excellent night vision, handy in the depths of the ocean. Amazingly, mantis shrimp can see UV, infrared 
and polarized light and have not three but 12 color receptors, each tuned to a separate color. Sea stars have eyes on the 
tips of their arms, and sea scallops have rows of blue eyes along their mantle. Some animals have lost their eyes  
completely like the freshwater fish tetra, which swims in dark caves and now has a skin covering where his eyes used to 
be. Other animals often have very different eyes from humans.  
 

Electromagnetic spectrum Visible spectrum 

VISIBLE SPECTRUM 

 Gamma Rays      X–rays Infrared 
Ultra- 
voilet 

Radio waves 
TV AM FM Radar 

0.0001 nm 0.01 nm 10 nm 1000nm 0.01 cm 1 cm 1 m 100 m 

400 nm 500 nm 600 nm 700 nm 
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To understand the role of color in the orchid, we have to understand 
the eye of its insect pollinator. The bee or butterfly eye is unlike the 
human eye with its single lens like a camera. It has different color 
receptors and sees color differently from us. The insect eye has many 
lenses or facets, from 700-800 for flies to 12,00014,000 for  
butterflies, arranged on a convex surface. Each facet of this  
compound eye is known as an omniatidium with a lens and  
crystalline cone which focuses on a membrane stack in which  
light-sensitive molecules, the visual pigments, are embedded. Each 
facet contains only a few photoreceptor cells and conveys a partial 
image to the brain. They seem more sensitive to seeing edges of 
spots and lines rather than the area of the pattern. In the 1986  
movie, The Fly, the insect saw hundreds of complete images of the 
screaming head of the heroine from the facets of the eye, but that 
simply is not possible with just a few photoreceptors in each facet. 
Each photoreceptor cells produces a single kind of visual pigment which may have its highest sensitivity in the UV  
(300-400nm), blue (400-500nm) or longer light wavelengths (500-600nm). Color vision requires a comparison between 
the different stimulation of at least two kinds of photoreceptors.  
 

This structure of many repeating units is a disadvantage. It impacts the clarity of resolution that insects see, so they see a 
blurrier image than we do. A clear image would require the compound eye to be three feet long! On the other hand,  
compound eyes give bees a wide field of vision, allow them to detect extremely rapid movements, and enable them to 
sense polarized light.  
 

What Colors Can Insects See?  
Evidence suggests that floral color evolved long after insect color vision and that floral color evolved under the broad  
perceptual bias imposed by pre-existing insect color vision systems. The color insects see depends on their  

photoreceptors, and this varies with different insects. Bees and wasps, which  
pollinate 60% of orchids, have trichromatic vision with three kinds of color  
receptors and can see UV, blue, and green light and combinations of these. A bee's 
visual spectrum includes shorter wavelengths than that of humans. It is shifted to the 
right and minimizes red but includes ultraviolet, invisible to humans. Accordingly, a 
bee distinguishes color and pattern that we see as white. This is important because  
orchids often advertise their rewards in ultraviolet, invisible to us. The UV receptor 
is extremely sensitive in insects and only requires a small amount of light to get a 
strong response. By combining the primary hues of blue, green and ultraviolet, bees 
and wasps can differentiate between six major color categories, including yellow, 
blue-green, blue, violet, and ultraviolet. They also see a color known as "bee's  
purple," a mixture of yellow and ultraviolet, the equivalent of purple for humans. 
Differentiation is not equally good throughout the range and is best in the blue-
green, violet and bee's purple colors. On the other hand, bees can discriminate blues 
and lavender very well. At a distance of three feet, an object must be 26 cm  
(10 inches) in diameter for bees to use color vision to detect it. At a larger distance, 
bees use only information from their green receptors.  
 

It is important to remember that the color that the bee sees is DIFFERENT from the 
color we see. For example, most dendrobiums in the Himalayan sections have  
conspicuous dark, UV-absorbing, target-like 
spots on the gullet which are thought to  
appear colored to the bee but just looks dark 
to us.  
 

Flies have tetrachromatic vision; they  
possess four independent channels for  
conveying color information. The four color 
receptors appear to distinguish between  
colors in four categories: UV, blue, yellow, 
and purple but not between shades within a 
category.  
 

The spectral range of butterflies and moths 
Satyrium bracteatum flowers attract fly 
pollinators. 

Macro of a fly compound eye 

Elleanthus aurantiacus 
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varies but in some species is the widest of any animals covering wavelengths from 300-700nm (ultraviolet-to-red). The 
butterfly's and moth's eye is more complex and varied. It is difficult to predict what colors a specific species sees without 
study. Color receptors vary from three in several moth and butterfly taxa to five or six in swallowtail butterflies.  
Researchers have even reported that moths are sensitive to infrared signals which may influence their perception of scent 
because scent molecules emit infrared frequencies when they resonate.  
 

Innate Color Preferences of Pollinators  
In early foraging flights, naive insects with no experience need a "search image" of what they need to find food  
successfully. Survival is a matter of efficiency. Although there are many exceptions to the rule, insects seem to have  
innate preferences for certain colors. Studies have shown that pollinators can learn quite easily to choose other colors if 
they prove rewarding. For example, although the hawkmoth Manduca sexto innately prefers blue flowers, it can learn to 
visit white flowers if they prove rewarding.  
 

There are conflicting opinions regarding this, as with everything in the orchid world, but there seem to be some innate 
preferences that orchidologists have organized into syndromes including color. For examples, butterflies have an innate 
color preference during foraging for vivid colors such as yellow, blue, and sometimes orange/red, often with contrasting, 
striking colors. Moths seem to gravitate to white or creamy flowers which reflect light at dusk and evening when they 
feed. Wasps like maroon and brown colors typical of their prey. Flies that take food up from carrion and dung like  
brown-purple flowers that resemble dead meat like Satyrium bracteatum with its fleshy brown to black flowers.  
 

Hummingbirds seem to have some preference for red and bright colors like the purple flowers of Elleanthus capitatus,  
the yellow flowers of Ell. aureus and the orange or scarlet flowers of Ell. aurantiacus. Some believe that hummingbirds 
hatch without a color preference and learn to associate red, orange and other warm colors with food sources after being  
repeatedly rewarded. It is thought that insects do not perceive the red end of the color spectrum well and tend to leave the 
nectar in flowers alone. For them, red is just another dark, blackish and not particularly attractive color. Hummingbirds 
see red well and can take advantage of them. Others suggest that being red prevents bees from robbing nectar because of 
their red near-blindness. Buchmann and Nabhan in The Forgotten Pollinator note that if you put on red lipstick, fill your 
pursed mouth with red wine, and stand where a feeder or magenta flowers have been outside, the hummers may feed right 
out of your mouth!  
 

Bees particularly like yellow or yellow and UV combinations called "bee purple," which corresponds to our purple. Bees 
are exquisitely sensitive to UV light, and many orchid labella have patterns and colors visible in the ultraviolet spectrum. 
Bees are pre-adapted to yellow and "bee-purple" and will continue to be attracted to them, sometimes even when they 
have proven unrewarding. It is called a sensory trap and is irresistible to bees, a kind of supernormal stimulant. The  
avoidance of unrewarding orchids  
can be retarded by introducing these 
colors. For example, bumblebees 
have trouble avoiding unrewarding 
orchids when all the flowers have 
bright yellow markings resembling 
anthers loaded with pollen.  
 

Many deceptive orchids reflect  
yellow and/or UV as blocks of  
continuous color or as spots, patches, 
or raised bumps; some have yellow 
patterns on their petals which are 
thought to exploit yellow pollen  
signals. Studies (Heuschen 2005) 
showed that yellow UV-absorbing 
patches on the flowers of many plants 
are attractive to pollen-collecting 
bees. The researchers suggested that 
the UV-absorbing patches on flowers 
may mimic the UV-absorbing signals 
of pollen, thought to be the result of 
flavonoid pigments that protect the 
pollen against bacteria, fungi, and  
UV-damage.  
 

Elleanthus aureus 

Elleanthus capitatus 

 



 

 
Several large pink-flowered bumblebee-pollinated North American terrestrial 
orchids like the genera Calypso, Arethusa, and Calopogon carry yellow "hairs" 
on the lips, imposter pseudopollen that makes them hard to resist even though 
they are without reward. Calypso bulbosa has three rows of yellow hairs which  
resemble stamens of Salix, a rewarding plant that grows in the area. Bees land to 
inspect the hair bundle and search in vain for pollen, accidentally pollinating the 
cheating orchids. It is thought that guide lines, often only visible in ultraviolet 
light, on the lips of many orchids mimic the hidden pollen inside. Several other 
pollinators besides bees also show an innate behavioral response to the yellow 
color of pollen or its contrast to petal colors. As Louis Vogelpoel remarked 
(Vogelpoel 2005), "The ultimate objective in nature is the faithful recreation of 
colors and patterns irresistible to the pollinator in order to achieve cross-
pollination and survival of the species."  
 

In general, because moths are likely to be guided by olfactory cues, the orchids 
they pollinate tend to be strongly scented. Those that rely on more visually-
oriented bees and butterflies tend to emphasize color over odors. Flies tend to be 
more dependent on olfactory cues. Within those broad categories, there is much 
variety.  
 

The Color Pigments in an Orchid  
Orchid colors are produced mainly by three separate groups of pigments. The final color is usually determined by one or 
the other of the three alone or in combination, sometimes with other co-factors. The water-soluble anthocyanins  
(a flavonoid) in the large vacuoles of the epidermal cells produce colors ranging from orange, red, pink, cerise, violet to 
blue and even compounds that reflect ultraviolet light. They do not produce yellow colors, but there are anthocyanin  
co-factors which may have a pale yellow or cream color. Not only do these pigments produce color, but they also have 
important physiological functions. It is thought that orchid pigments originally had other functions beside pollinator  
attraction and were later co-opted and modified for this function. Scientists believe anthocyanins protect plants from too 
much ultraviolet radiation and act as a protection against extreme temperatures and water stress. They have been found to 
defend against herbivores and harmful microbes. They have been considered to have physiological functions as regulators 
in auxin transport, induction of pollen tube germination, prevention of early seed maturation, production of  
allelochemicals, scavenging of free radicals, and induction of cell death. Anthocyanin concentration often increases in 
leaves exposed to strong sunlight, turning them reddish as protection against excess UV rays. We often see this in tender 
new growth in spring. 
 

Yellow colors almost always are produced by carotenoids, fat-soluble compounds located within numerous organelles or 
plastids called chromoplasts. These occur within the cytoplasm of the cells that make up the mesophyll or middle-layer of 
the cell. Plastids are invisible to the naked eye but can be seen when examined under 60-100% magnification.  
Carotenoids, found in the chloroplasts, sop up excess light. Not all the energy in light is used during photosynthesis, and 
the excess light has the potential to damage the fragile chloroplasts so carotenoids "clean up" the excess light. Moreover, 
water is split during photosynthesis leaving a highly reactive single oxygen atom called a "free radical" that has so much 
energy it can damage the chloroplast. The carotenoids absorb some of this energy. Plants unable to make carotenoids are 
so damaged by these high energy radicals that they cannot survive the seedling stages. Carotenoids can also capture the 
energy from sunlight and pass it on to the chlorophyll during photosynthesis. 
  

The color green is due to chlorophyll contained within numerous plastids called chloroplasts which are similar to the 
chromoplasts. Photosynthesis occurs using the chlorophyll in the chloroplasts, and there are typically ten million  
chloroplasts in each square centimeter of leaf (about 1/3 square inch, a very small area). Ironically, leaves are green  
because the leaf does not use green light to make its energy and reflects it back to the eye.  
 

Orchid color is significantly enhanced by the jewellike reflecting properties of the epidermal cells. Each epidermal cell 
has an outer elongated dome that is thin-walled and transparent. It encloses a vacuole of clear fluid which may or may not 
be pigmented. The inner wall of the cell is concave. These epidermal cells can either transmit light rays or reflect and  
refract them causing beams of clear or colored light to be emitted. The result is a sparkling, luminescent jewel-like quality 
that does much to attract the pollinator.  
 

Advertising a Reward with Color  
Two-thirds of all orchids offer a nectar reward. Roughly 20,000 orchid species are "honest" and provide rewards to the 
pollinators who visit. They trade nectar for pollination services and advertise their often hidden nectar with bright colors. 
Nectar is a sugary solution usually produced from secretory tissue on the lip or in elongated labella spurs. (Orchids 
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Calypso bulbosa var. occidentalis 
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don't usually offer pollen as a reward, as many other flowers do, since orchid pollen is packed in bundles as pollinia and 
delivered all at once as a sticky mass. If the insect were to consume the pollinia, nothing would be left for reproduction.) 
 

Color combinations and reflection images in the UV and visible spectrum make rewarding orchids stand out from the 
green background. The actual image of the orchid is a Gestalt combination of shape, geometry, fragrance and color, with 
color being very important. As Martin Giurfa and Miriam Lehrer (2001) noted, "In the rich market of coexisting and  
competing flower species, flower colors, shapes and patterns are the visual cues that allow bees to recognize and  
discriminate profitable species."  
 

Naive insects learn to associate the color of a flower with a nectar reward and so, quite quickly, try every flower with the 
same color even if there are rewarding flowers of different colors in the vicinity. It is said that insects require five or six 
experiences for such a color/reward association. However, foraging moths and butterflies can rapidly learn to associate a 
sugar reward with color, sometimes after only a single rewarded trial. Insects trained to one color can rapidly learn to  
reverse their preference if the reward is switched to a previously unrewarded color. Sphingid moths trained in a  
dual-choice situation learned not only to visit a rewarding color but to avoid an unrewarding color when given a choice of 
three. This color loyalty seems to promote pollinator fidelity to a species. This means less expenditure of time and energy 
for the pollinator, less pollen clogging of the stigma for the flower, and less pollen waste. Reduced search time contributes 
to pollinator effectiveness.  
 

Loyalty to a specific flower color, however, opens the pollinator up to being duped by rewardless flowers of the same  
color. The remaining third of orchids are deceit flowers offering no reward. The greatest majority of the liars imitate the 
bright colors of flowers that offer nectar rewards. They are "food-deceptive." It has been shown that flowers of some 
mimics bear such a close resemblance to the color of the rewarding species that they are imitating that pollinators cannot 
distinguish between the two. Food-deception mimicry relies most often on pollinators that use color rather than scent as 
the primary cue. Bees can be deceived by mimics that match flower color even when they differ substantially in scent. 
Insects are not rocket scientists, are often inexperienced or naive, and fall for the trick. The orchid trades its lie for  
pollination services and quite often gets away with it.  
 

Scientists wonder why orchids evolved deception since deception often results in less fruit set than that of rewarding  
orchids. Recent research favors the idea that deception promotes outcrossing (cross pollination). Pollinators that are  
disappointed in getting no reward will not linger on an orchid and visit many flowers on the same inflorescence but will 
fly further away before trying again, increasing genetic diversity. This genetic variety is thought to be of great benefit to 
the orchid and promotes greater evolutionary fitness. Since each capsule can contain millions of seeds, orchids only need 
occasional pollination events to ensure survival.  
 

Food deception relies on mimicry which falls into several classes: Batesian mimicry, generalized mimicry, and guild 
mimicry.  

Batesian Mimicry  
H. W. Bates, a friend of Charles Darwin, described the form of mimicry that bears his name. Batesian mimicry requires 
three things: a model, a mimic (sometimes called an operator), and some advantage gained by the mimic. The model is  
the species being imitated. The  mimic is the species doing the imitating. The advantage is what the mimic gets out of the 
deception.  

 

Batesian mimicry involves rare species that benefit from a resemblance to a more common rewarding model or "magnet" 
species. It can be better for the orchid to lure the pollinator by imitating the color of an abundant rewarding flower. Being 
relatively rare makes it harder for the pollinator to learn that the orchids are non-rewarding.  
 

Studies have repeatedly confirmed the importance of a close match between the reflectance spectra of Batesian mimics 
and models suggesting that a color match is essential for food mimicry. Gigord and associates (2002) confirmed  
rewardless Dactylorhiza sambucina successfully mimicked the rewarding Common Yellow Monkey flower (Mimulus  
guttatus) based on a similarity of petal color alone. A bee would choose a deceptive species more frequently if they  
foraged on other similarly colored nectariferous species beforehand. 

 

An example of Batesian mimicry occurs in the rewardless South African orchid Disa pulchra which closely resembles the 
nectar-producing Watsonia lepida. They both have a spike of about twenty showy pink flowers and are difficult to tell 
apart. Another disa, Disa ferruginea, mimics two different rewarding flowers with two different color forms found in two 
different areas. The red-flowered one imitates flowers of Red Reedpipe (Tritoniopsis triticea), and the orange one mimics 
the Torch Lily, Kniphofia uvaria. The plants bloom at the same time in the same area. The orange form of the orchid has a 
shorter spur than the red form, which matches the shorter proboscis length of the butterfly in the terrain of the orange  
orchid form.  
 

It is always important when discussing orchid color, to understand we are talking about what the orchid looks like to the 
bee or other pollinators and not what it looks like to the human eye. Sometimes, the color of the two flowers involved in 



 

 
the model-mimic deceit  
appears different to our eyes 
but look the same to the  
insect pollinator. For  
example, in our perception, 
the color of the model  
Campanula (bellflower)  
differs considerably from its  
mimic Cephalanthera  
rubra. However, spectral 
eflectance analysis  
demonstrated that in the bee's 
visual spectrum, the flower 
colors are almost identical. 
The difference in color that 
we perceive between the  
orchid and the Campanula is 
due to strong reflectance in 
the red part, which is outside 
the visual range for bees.  
 

For honeybees, a mathematical model of color vision has been developed that allows the similarity of two colors to be 
quantified if their spectral reflectance is known (Chittka 1992). We can tell with accuracy if the bee can discriminate  
between two colors. Chemical analysis of their scents showed no resemblance, but the color was able to dupe the bees.  
 

In another example, spectral studies of the section Oncidiinae and oil-bearing Malpighiaceous vines showed so little  
difference in their UV-green colors that it would be impossible for bees to distinguish between the two. They combine 
long wavelengths, perceived by humans as yellow, with UV reflectance into a highly similar color called UV-green. At 
least 500 of the 1700 orchids in the section Oncidiinae possess UV-green flowers in at least 14 genera. These rewardless 
orchids use color to deceive large female bees of the genus Centris by mimicking the flowers of Malpighiaceous vines 
which provide female bees with oils and waxes to make a nutritious food for the larvae.  
 

Also, the non-rewarding South African orchid Eulophia zeyheriana and its rewarding model Wahlenbergia cuspidata  
have the same pale blue color. This Eulophia is the only species in the genus having loci (where it hits bee vision) in the 
blue-UV segment of the bee color hexagon. That color is different from any other eulophia but very similar to that of the 
Wahlenbergia. Analysis of spectral reflectance shows that bees would not be able to tell the difference regarding flower 
color. In an experiment, a UV-absorbing sunscreen was applied to the flowers of the orchid to alter its color, and there  
was a marked decrease in pollinator visits. The right color is very important in perpetrating the deception.  

 

The labellum of Euph. zeyheriana may also mimic the pollen presenter of Wahlenbergia 
cuspidate. The pollen presenter is used by bees for orientation in the flower so they can 
access nectar. In this mimicry pair, the white UV-absorbing area on the labellum of 
Euph. zeyheriana is thought to mimic the unusual pale-blue to white pollen and pollen 
presenter of Wahlenbergia cuspidata. A similar situation occurs with a patch of cream 
frills on the lip of Cephalanthera rubra thought to mimic the pollen presenter of  
campanula flowers.  
 

Another Batesian mimic, the white nectarless deceiver Anacamptis israelitica, found in 
Israel, blooms simultaneously with its white nectariferous model Bellevalia flexuosa. 
The scent of the two flowers is different, with the scent of the orchid being very weak. 
The orchid uses Bellevalia's scent for long-range attraction. A mimic must either have 
the same scent as the model or little or no scent at all to be undetected as a fake. The 
orchid's weak scent cues make it difficult to pollinators to learn to avoid it, and its  
excellent color mimicry helps it get pollinated.  
 

In northern Thailand, there is a fascinating case of Batesian mimicry with two mimics 
and one model. The white orchids Dendrobium infundibulum and Cymbidium insigne 
are pollinated by the bumblebee Bombus eximius, which also pollinates the white shrub 
Rhododendron lyi. The orchids offer no food rewards but look very much like the  
rewarding rhododendron. Flowers of the three species show definite morphological and 
visual resemblance with a very similar white color, and the species overlap to a great 
extent in flowering time and habitat. The mimic flowers are much less numerous 
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than model flowers, which occur abundantly in the area. The pollinaria of the two orchid species are differently positioned 
on the bee so pollinia are not lost. Of interest is the fact that Cymbidium insigne occurs in two color forms in the area, but 
only the unstriped form, which mimics the rhododendron, is part of this mimicry system. This was the first report that 
documents floral mimicry from tropical Asia.  
 

Epidendrum radicans (and its similar cousins Epi. secundum and Epi. ibaguense) are similar in that they have different 
color forms and overlapping habitats with similarly-colored morphs of tropical milkweed (Asclepias curassavica) and  
red-sage (Lantana camara), both of which produce nectar. Hummingbirds, butterflies, and skippers are misled by the  
similarity in color and do the reproductive work with no reward. When color changes occur in the model species in  
different geological area, the epidendrums also have the same color changes. This type of deception, where two or more 
of the rewarding species resemble each other, is called "guild mimicry."  
 

Polymorphism or Try a Different Color 
More common than Batesian or guild mimicry is a generalized food  
deception. The orchid does not resemble a particular model but looks like 
flowers that might have nectar on tap. Orchids which practice this type of 
deception often invest in a very showy floral display, producing up to 30% 
more colorful flowers per inflorescence to increase the chance of being  
noticed by a pollinator. It is noticeable that food-deceptive orchids often 
have several different color varieties or morphs. Researchers hotly debate 
whether having several color morphs increases pollinator success with  
generalized food-deceptive orchids. Experimental data is equivocal, with 
some studies showing that having another color morph slows avoidance of 
non-rewarding orchids and others showing scant effect. Opponents assert 
that the color morphs are simply the result of random evolutionary processes 
like genetic drift, pleiotropy (selection through correlated characteristic), 
exaptation (novel uses of traits evolved for other uses), or chance.  
 

Studies of Dactylorhiza sambucina supported the idea that many colors  
slow avoidance. It is exclusively pollinated by inexperienced bumblebee 
queens when they are still exploring their foraging territory. After a week  
or so, the queens establish nests, and the number of visits to the nectarless 
orchid rapidly declines. While the queen is learning, she may learn to avoid 
the yellow morph of the orchid, but she will visit the purple morph until she 
learns that this, too, is unrewarding. Anacamptis (Orchis) morio and Orchis 
mascula also have similar color morphs ranging from purple through pink to 
white that slow the pollinator from catching on to the deception.  
 

In European rewardless orchids, many species occasionally show rare white-flowered morphs in populations of common-
colored orchids. A study of Orchis mascula (Dormont 2010) showed the presence of the rare, white-flowered morphs  
increased the reproductive success of purple-flowered morphs from 6% to 27% while the reproductive success of  
white-flowered morphs was low. Naive pollinators avoided the purple flowers after an unrewarding experience, but the 
mixed populations remained attractive to them. The authors felt that in this surprising result, color variation was a key role 
in the increase and that white-flowered morphs served as an irresistible sensory trap. There was no odor polymorphism in 
this orchid, so it is all due to color variation. You only needed a few white individuals to produce this effect. The same 
fourfold increase was also achieved by using white ping pong balls as visual lures in purple populations! This underscores 
the importance of visual cues in attracting pollinators. How the maintenance of rare white morphs can be explained in 

Epidendrum radicans                                                   Epidendrum secundum   

Orchis mascula 

Cymbidium insigne ‘Lyi’ 



 

 
evolutionary terms is still difficult to explain since it has been noted that individual morphs with pale or white flowers 
receive fewer visits than more deeply colored morphs.  
 

Cleistesiopsis (Pogonia) divaricata also exhibits color variety different patterns and sepal configuration. This  
non-rewarding orchid operates as a bee-food flower mimic exploiting naive bees. It has polymorphism with flowers  
ranging from pale pink to deep rose and with different contrasting strips or mottled lip patterns. It is thought that this,  
too, is to prevent bees from learning to avoid flowers before trying out several. The orchid also has varied sepal  
configurations which might also slow down avoidance learning.  
 

On the other hand, studies of Ophrys x arachnitiformis showed no difference between color morphs and that neither the 
presence or absence of colored perianth made any difference in pollinator visits.  
 

Sexual Deception  
Up close, looking just like a female bee or fly involves accurate color and pattern to guide the insect to achieve what it 
thinks is copulation and what is pollination for the orchid. While visual clues are important, scent is more important  
because the orchid odor is pheromone-mimicry and releases sexual behavior in the insects involved and is the long-range 
attractant.  
 

Sexual deception occurs in at least 18 orchid genera and 400 species including many examples in the genus Ophrys in  
Europe, Disa from South Africa, and nine genera of terrestrial orchids in Australia.  
 

With the sexually deceptive genus Ophrys, odor is the most important long-distance attractant and excitant, but short-
range, visual and tactile clues orient the bee for copulation. Bertil Kullenberg laid the foundation for a great deal of 
knowledge of ophrys. He found male digger wasps were attracted to the scent of Oph.  

insectifera while still several meters away but that  
visual clues worked only at a very short distance.  
Visual stimuli are secondary for attraction, but the  
orchid flower is sometimes amazingly realistic. Color 
plays its part in making the orchid look like a receptive 
female bee. The dark brown labellum matches the size 
of the female body and provides a place for the bee to 
copulate. Many of the common names of ophrys  
reflect their visual resemblance to insects like the Early 
Spider Orchid (Oph. sphegodes), the Fly Orchid (Oph.  
insectifera), and the Bee Orchid (Oph. apifera).  
Typically, the sepals and petals are brownish-colored 
like the female insects and sometimes furry. The petals 
are usually smaller, sometimes triangular or  
rectangular. The lip has no spur but is velvety and rigid 
like a bee body. The surface of the lip often has an 
elaborate pattern or shield-like area with a hairy  
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margin. Many ophrys labella look shiny blue, and mirror-like and  
reflect ultraviolet light just like the female's folded wings and at the 
apex of the lip is often found a small or large appendage, sometimes 
threetopped that can be mistaken for the female abdomen. There can 
also be two eye-like knobs at the lip base with the column forming a 
basal stigmatic cavity and there is a ridge on the lip that resembles the 
ridge surrounding the insect genitals. In Oph. scolopax, brown hairs on 
the fringe of the lateral lobe of the lip stimulate the bee tactily like the 
bristles of the wing and resemble the longer hairs of the hind legs,  
abdomen, and thorax of the female Eucera bee. Even the convexity of 
the lip gives an abdomen-like appearance. It is interesting to note that 
the development of bilateral symmetry (a flower being the same on the 
left and the right but different on the top and the bottom) in orchids 
opened up the possibility of mimicking the morphology of pollinator 
because the symmetry of insects is also bilateral. If the orchid had  

radial symmetry like a daisy, the mimicking of an insect would have been near-to-impossible.  
 

Sometimes, the colors of the mimicking orchid and the female insect appears different to us but looks the same to a bee  
or wasp. To us, female Lissopimpla excelsa wasps are predominantly orange and black, but the mimicking orchids look 
different - maroon in Cryptostylis leptochila and Csy. ovata, orange-red in Csy. subulata and pink-red with green in  
Csy. erecta. The non-resupinate flowers, reduced sepals and petals and translucent rostellum make the bright yellow  
pollinia easily visible. Despite looking dissimilar, the labella of the sexually deceptive cryptostylis is identical in  
coloration to the female wasp they mimic when mapped into a hymenopteran hexagonal color space. The orchids and 
wasps reflect mainly red-orange wavelengths, but ultraviolet is also reflected by raised bumps on two orchid species and 
by female wasp wings. The bright yellow pollinia contrast strongly with the red color. Within each orchid species, the 
color is typically very similar to a wasp. Although hymenoptera generally lack red receptors, the red wavelengths below 
650 nanometers produced would be partially detected by the adjacent green receptor. 
 

The visual similarity of Ophrys species to female insects differs considerably in different species. Oph. insectifera and 
Oph. speculum, pollinated by Scoliid wasps, are more exact copies of the female of their pollinator than Oph. fuciflora 
(holoserica) and Oph. cretica which are pollinated by bees. Some hymenoptera need a detailed mimic of their female, 
and some need only a suggestion. Van der Cingel claims that visual clues seem more important to Andrenidae and 
Colletidae for Anthophoridae, Megachilidae, Sphecidae, and Scoliidae whereas olfactory cues are more.  
 

Researchers reported (Spaethe 2007) on the joint effect of scent and perianth color in pollinator attraction. The study  
illustrated that although mimicry is primarily based on pheromone scent attraction, visual cues in some sexually deceptive 
orchids can enhance attractiveness. In ophrys, a quarter of the orchids has showy, colorful sepals that pollinators prefer. 
For example, the pollinator of Oph. scolopax subsp. heldreichii, Tetralonia berlandi (Eucerini bees), uses visual clues 
and especially color to find a mate and has a special visual system. They have enlarged eyes and antennae and rely  
heavily on vision. It is thought that because of this, in contrast to most species of this genus, the Oph. scolopax subsp. 
heldreichii has a bright pink conspicuous perianth (sepals).  
 

Seventy percent of ophrys have inconspicuous greenish sepals similar in color to the leaves and stem, which appear 
achromatic and provide neither chromatic nor green contrast for bees, like the orchid Oph. sphegodes subsp. sphegpdes. 
Their pollinators don't use visual clues mainly to find a mate. Of the more than 200 described ophrys, only 30% possess  
a visually-conspicuous perianth which is pink or white. Researchers found that the Oph. scolopax subsp. heldreichii male 
bee pollinator preferred flowers with a pink perianth over flowers with removed perianth in a dual choice test. At 30 cm, 
the bees relied completely on olfactory cues, but as soon as they came close, the pink perianth increased short-range  
detection and visits. 83% of all the Ophrys species in which the known pollinator is Eucerini or Anthophorini bee males 
possess colored perianths. By contrast, only 9% of species that are pollinated by Andrena bee males, for whom vision 
plays only a minor role during mate search show a colored perianth. Bee pollinators of ophrys with colored perianths use 
these colors with their specialized visual systems to find a mate.  
 

In Australia, the genus Drakaea or Hammer Orchids have a lip which projects horizontally and is conspicuously maroon 
in color, glossy with lots of warty protuberances which resembles the wingless thynnid wasp female who spends her 
whole life underground. Despite the fact that the orchid bears an uncommon resemblance to this female, it is the  
pheromone-identical scent which lures the male in to copulate with what he thinks is a receptive lady wasp. For four days 
of her life, she climbs out of the ground and alights on a shrub and emits her pheromone love call from glands in her 
head. Competition for females is intense, and males can't be picky. Responding to the olfactory cues, the male wasp tries 
to take the dummy orchid "female" for a little mid-air lovemaking; the unsuspecting amorous wasp is tilted forward onto 
the column by a see-saw like hinge on the flower and comes in contact with the pollinia or stigma. The orchid looks like 

 

Cryptostylis ovata 

 



 

 
the female in color and size, but it is the odor that is the main attractant. Botanist Warren Stoutamire describes how on  
several occasions thynnine wasp males followed his car down the road and in through an open window to locate Drakaea 
orchids on the floor hidden behind the back seat. In this case, there was no possibility for visual stimulation, but the smell 
was enough to drive the wasps to pursue the car.  
 

Brood Site Imitation  
Eleven percent of all orchids promise flies that they are a wonderful and appropriate place for them to lay eggs, a case of 
false advertising called "brood site imitation." Color is used widely to make the orchid look like an egg-laying substrate. 
Because many fly larvae do not move very far to find a food source, female Diptera try to make sure their eggs are placed 
on a nourishing place to develop. Flowers tend to imitate desirable egg-laying sites in smell and color such as mushrooms 
or the fruiting bodies of fungus (mycetophily), carrion (sapromyophily), or dung (copromyophily). Johannes Stokl and  
associates state, "With approximately eleven percent of orchid genera using brood-site mimicry, this is one of the most 
widespread deceptive mechanisms in the Orchidaceae."  
 

Hiding In Plain Sight  
Sometimes, orchids use cryptic colors to prevent their being seen and eaten. Disa (Monadenia) ophrydea and other Disa 
species, pollinated by noctuid moths, bloom only in the first season after fire. The flowering spikes are very inconspicuous 
among the blackened and charred branches of recently burnt vegetation. This dark and drab coloration prevents hungry 
herbivores like rock hyraxes from grazing on the orchids which they have trouble perceiving. To get pollinated, they emit 
a strong cinnamon scent toward dusk when their moth pollinators visit. The scent does not attract herbivores. Several  
species of Corycium also have dark or even black flowers. They, too, bloom after bush fires and prevent grazing by the 
same cryptic syndrome. 
 

Many terrestrial orchids have leaves with disruptive coloration. The lovely "jewel" orchids—the four primary genera are 
Anoectochilus, Goodyera, Ludisia, and Macodes—have lovely leaves that are blue-green, reddish-brown, white and green 
with silvery, coppery, or golden veins. These contrasting veins break up the contrasts against the grayish and dying leaves 
on the forest floor and allow the leaves to blend into the environment, presumably to prevent herbivore predation. They 
are difficult to spot against the dead leaf litter.  
 

Oeceoclades maculata, one of the most widespread orchid species in the world, 
is found on all tropical continents. It has leathery marbled leaves that make it 
difficult to discern amid the dead vegetation under the trees where it grows. In 
Madagascar, other species of Oeceoclades have leaves with even more  
elaborate camouflage.  
 

One of the strangest orchids is Cypripedium fargesii, a critically-endangered 
species endemic to southwestern China, whose mottled leaves look like they are 
infected with Cladosporium fungus although they are not. Growing close to the 
ground in the leaf litter, the deceptive orchids attract the Platypezidae or "flat-
footed flies," true fungus-eating flies, that like to drink up the wet exudates of 

leaves infected with  
Cladosporium. Each short  
flowering stem bears rows of 
black spots on the upper surfaces, 
and the stem terminates in one 
small dark-red to dull-yellow 
flower with a faint unpleasant 
odor of rotting leaves. When 
Cladosporium infects leaves and fruits, it produces black mold spots. The 
black spots on Cyp. fargesii, along with the rotting leaf smell, fools these 
flies into thinking they are going to get a rotting leaf meal. Instead, they get 
nothing but a chance to pollinate this orchid. It is one of approximately five 
closely-related Cypripedium species in China which look like their leaves 
are infected with fungus.  
 

According to Marc Hachadourian of the Bronx Botanical Gardens, it has 
been hypothesized that the jewel orchids with veins like the genera  
Anoectochilus and Macodes, hiding as they do among the rotting leaf litter, 
may also mimic fungal hyphae. No published studies confirm this.  
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The Green Chlorophyll  
Chlorophyll looks green to us and takes part in  
photosynthesis. The predominant color of orchid leaves 
is green, usually a single shade from light-to-dark and 
results exclusively from chlorophyll. If there is  
insufficient light, the orchid may make more  
chloroplasts, and the leaves will appear very dark 
green. This "pretty" color is the sign that the orchid 
needs more light, and it is not necessarily a good thing. 
All green parts of orchids including the flowers are  
pigmented by chlorophyll. Chlorophyll content in buds 
may be less than in leaves but higher than in open  
flowers. In some orchids, like paphiopedilums,  
oeceoclades, and several spiranthes, the leaves may be 
two shades of green. Differential coloration from the 
presence of anthocyanin (reddish pigment) occurs in 
many species. For example, the leaves in the genera 
Tipularia and Psilochilus are green on the top but  

purple on the bottom. In addition, anthocyanin spots occur on one or both leaf surfaces in some species of Cypripedium, 
Phaius, Paphiopedilum, Orchis, Dactylorhiza, Psychopsis, and other genera.  
 

Chlorophyll uses only a small portion of the range of light for its reactions. Violet-blue and red light are utilized for  
photosynthesis, but, ironically, green light is most ineffective. Green leaves get their color because they DON'T use green 
light but just reflect it back to our eyes.  
 

Photosynthesis is a complicated process used by plants to convert light energy into chemical energy that can be used later 
to fuel the activities of the plant. Chlorophyll is essential for this process. Photosynthesis happens in a cell part called a 
chloroplast, and a typical plant cell contains 10 to100 chloroplasts. Obviously, leaves are packed with chloroplasts.  
Although all cells in the green parts of a plant have chloroplasts, leaves do the majority of the work of capturing light. 
The bulk of a chloroplast is filled with thylakoids, which look like stacks of flattened green sacks, and stroma, a gel-like 
substance that surrounds them. The stacks of flattened disks, the thylakoids, are bounded by a thylakoid membrane, the 
site of photosynthesis. Chlorophyll pigment molecules stick up from this membrane like antennae. These antennae are 
tuned to receive the energy of visible light, especially red and blue frequencies. During daylight, when photons hit these 
pigment antennae, the light-dependent part of photosynthesis is initiated, and light bangs off a flow of electrons. One 
molecule of the pigment chlorophyll absorbs one photon and loses one electron and initiates a flow of electrons down an 
electron transport chain that starts the process of photosynthesis.  
 

The word "photosynthesis" comes from the Greek phos meaning "light" and synthesis meaning "putting together." It is 
helpful to think of photosynthesis as a pinball machine. Just as pulling the lever on the pinball machine gives the energy 
to start the ball rolling, so the energy of light photons captured by the chemical chlorophyll in the chloroplast gives the 
energy to get the "ball" of photosynthesis moving. That energy is transferred into chemical bonds; it is "saved" inside a 
cascading sequence of chemicals. Assembling atoms into chemical molecules takes energy, and the energy contributed by 
the light photons is then stored inside those chemical molecules. The process is reversible. When the energy is needed, 
the chemical molecules are disassembled, and the energy stored is released to trigger another series of reactions. The  
energy is finally stored in carbohydrate molecules such as sugars and starches, made from carbon dioxide and water, 
which can ultimately be broken down by respiration to release that energy.  
 

How Orchids Cope when They are not Green  
Sometimes, orchids evolve to become almost completely "leafless," their leaves reduced to very small, inconspicuous and 
sometimes ephemeral, non-green, scale-like structures. In the absence of chlorophyll and photosynthetic leaves, many 
leafless orchids rely on a relationship with fungus in their roots to provide food and water for their growth. Leaflessness 
has arisen multiple times, not only in mycoheterotrophic (dependent on fungus) orchids like gastrodias and diuris but also 
in many of the vandaceous such as some species of Campylocentrum, Dendrophylax, Chiloschista, and Taeniophyllum 
and others in which the bulk of photosynthesis occurs in aerial roots. 
 

Some orchids are like kids who never leave home and never earn their living. They continue to be "mooches" their whole 
lives, not even bothering with chlorophyll, leaves or photosynthesis. There are at least 100 species of orchids that do that 
very same thing, never making a living through photosynthesis. They are known as fully mycoheterotrophic species or 
MH species, completely dependent on the fungus in their roots for the necessities of life.  
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In nature, some MH orchids which form a tripartite relationship linking  
orchids, fungi, and trees. The sugar produced by the tree via photosynthesis 
is transferred to the fungus in the roots which funnels it to the orchid. Ian 
Hood (2005) described the unusual relationship between the leafless  
gastrodias, five species of Armillaria fungus and pine trees. Species like 
Gastrodia elata, Gta. cunninghamii, and Gta. sesamoides all have become 
common since the planting of pine trees in New Zealand.  
 

The rare Australian underground orchid, Rhizanthella gardneri, is another 
orchid living in a tripartite relationship. Fungal threads grow from the  
rhizomes and surround the roots of the melaleuca trees shuttling  
nourishment to the orchid. Totally devoid of chlorophyll, the orchid is dependent on this fungal pipeline. Another  
subterranean-blooming orchid, Rhizanthella slateri, grows in eucalyptus forests. 
 

There are also hundreds of other orchids that are weird in that they have no leaves or rather leaves modified into tiny 
bracts. For some of these, the roots turn green like Dendrophylax funalis which has a mass of roots that does the  
photosynthesis for the plant. There are no visible leaves. Leaves are very expensive for the plant to produce and maintain 
in terms of water. If you can get rid of your leaves, it is very economical for the plant. 
 

The most famous leafless orchid in the world is Dendrophylax lindenii, the subject of the book Orchid Thief and the  
movie with Nicholas Cage, Adaptation. John Laroche, twenty years ago, illegally gathered these orchids from the  
Fakahatchee Strand State Preserve in Florida. Susan Orleans wrote about his arrest and trial. Most of the time, the orchid 
is just a mass of green roots, but when the conditions are right, gorgeous, fragrant flowers, which can be up to almost 5 
inches and looking like a big white frog, jump eerily out of the roots. In Madagascar, there is another leafless orchid  
which has gorgeous orange flowers, Microcoelia gilpinae, that is also just a big ball of green orchid roots. 
 

 Conclusion  
Color plays an important role in the life cycle of an orchid. It not only provides green chlorophyll for photosynthesis,  
but it also attracts pollinators with the promise of nectar. It helps deceptive orchids look like female insects or plants that 
provide rewards. It can look like a good place for pollinators to lay their eggs or pretend to be a nourishing meal. It can 
camouflage a plant or make pollinia less visible. Also, of course, orchid color delights and attracts us, flattens our wallets 
and lifts our spirits. Here's to all the beautiful orchid colors! 
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Exploring the Flooded Waters of the Rio Negro:  

Orchids Galore! 
 
 
 
 
 
 
 

Explore the waters by motorized canoe, take in the breathtaking sunsets 
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Orchids of the Rio Negro 
 

Enjoy a relaxing cruise on the flooded waters of the Amazon. Float up to the orchids and bromeliads 
that are at eye level. Enjoy relaxing afternoons cruising the river, spotting monkeys, toucans,  
macaws, pink dolphins, iguanas, sloths, and flowering trees.  
 

The Orchid Conservation Alliance invites you to join us on this amazing tour. The journey begins and 
ends in the city of Manuas, Brazil. Please share this email with your friends and colleagues! 
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