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Visual Retinal Photoreception (through the eyes)
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Source: “Avian Cone Photoreceptors Tile the Retina as Five Independent, Self-Organizing Mosaics” Yoseph A. Kram, Stephanie Mantey, Joseph C. Corbo, 2010



Typical Photopic Spectral Sensitivity

Humans Domestic Fowl
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e 12 times more sensitive to blue spectrum
* 4 times more sensitive to red spectrum
* Ability to see UV A light

Data source: “Spectral sensitivity of the domestic fowl (Gallus g. domesticus)” N. B. PRESCOTT AND C. M. (1999)



Poultry perceive light through the eye as well as through extra-retinal neura

pathways Red Only
23

R/G/B/UV

e 1. Visual, Retinal Reception — Photon absorption
by photo-pigments rhodopsin (rods), iodopsin
(cones) and recently discovered (1998)
melanopsin

* 2a. Non-visual / Pineal Reception - Photon
absorption by functional photoreceptors located
in pineal gland on the top of the brain

* 2b. Non-visual / Hypothalamic Reception -
Photon absorption by deep brain encephalic
photoreceptors



Deep red light penetrates best though the skull of birds

Avian skull, skin and brain tissue create natural light filter. Due to presence of blood in the tissue, red light penetrates skull
with highest transmission efficiencies.
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Source: Hartwig, H.G., Veen, T. van, 1979. “Spectral characteristics of visible radiation penetrating into the brain and
stimulating extraretinal photoreceptors.” J. Comp. Physiol. 130, 277-282.



The color landscape is more complex to poultry




Red color

* Increases the growth rate of chickens and turkeys at the beginning of the rearing period
* Increases locomotion that helps minimize leg disorders in the late rearing period

e Stimulates secretion of Gonadotropin Releasing Hormone (GnRH), essential for sexual
maturation

e Stimulates day-to-day events of ovulation / egg production

* Reduces actual feed consumption per egg laid with no differences in egg size, shell weight,
shell thickness, or yolk and albumen weights

e Stimulates / Improves Melatonin production



Green, Blue color

* Green light significantly enhances growth rate at an early age by enhancing proliferation of
skeletal muscle satellite cells

* Blue light enhance growth at a later age by elevation in plasma androgens

* Blue light spectrum region between 446—477 nm is identified as the most potent wavelength
region providing circadian input for requlating melatonin secretion

* Green and Blue light promote myofiber growth due to more effective stimulation of
testosterone secretion

 Narrow band blue light reduces locomotion



UVA vision plays an important role in
social and feeding behaviors

Flint, S.D., Caldwell, M.M., 1998. Solar UV-B and visible radiation in tropical forest gaps:
measurements partitioning direct and diffuse radiation. Global Change Biology 4, 863—-870.

Jones, E., Prescott, N.B., Wathes, C.M., Cook, P., 1999. Social signalling in the domestic fowl: Role of
UV A light in mating and mate choice. British Poultry Science 40, 12-14.

Rubene, D., Hastad, O., Tauson, R., Wall, H., Odeen, A., 2010. The presence of UV wavelengths
improves the temporal resolution of the avian visual system. Journal of Experimental Biology 213,
3357-3363.

Bartels, T., Litgeharm, J.-H., Wahner, M., Berk, J., n.d. UV reflection properties of plumage and skin
of domesticated turkeys (Meleagris gallopavo f. dom.) as revealed by UV photography. Poult Sci.

Eaton, M.D., Lanyon, S.M., 2003. The ubiquity of avian ultraviolet plumage reflectance. Proc Biol Sci
270, 1721-1726.

10



Pullets prefer to dwell under UV-A

Research conducted at lowa State University by Kai Liu and Hongwei Xin:
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Broiler welfare is improved under UV-A

Research conducted at Texas A&M University by Gregory Archer (unpublished) showed

that supplementing with UV-A:

-Reduced stress biomarkers:
3X less corticosterone
2X lower H:L ratio
lower body asymmetry

-Reduced fear responses
Lower tonic immobility times
Fewer inversion wing flaps
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Circadian Lighting during egg incubation improves hatchability and chick

quality
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Fig. 2:

Dark Red | White | Dark | Red | White
broiler | broiler | broiler | layer | layer | layer

86.61 | 89.58 | 92.50 | 68.11 | 87.75 | 80.91

Hatch of fertile of broiler and layer eggs incubated
under either RED or White LED lights or in the
DARK. Bars with different letters (A or B) are
significantly different p<0.05. Bars with different
letters (C or D) are significantly different p = 0.05
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Green lighting during incubation improves muscle development
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Shifting to red color as light dims allows workers to observe pigs without disturbing
animal’s circadian rhythm
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Lighting Schedule - Farrowing Room without feeding stimulus
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Lighting can influence productivity enhancements

* Reduction in animal stress levels

* Modification of feeding behavior

* Enhancing fertility and stimulating mating cycle
* Accelerated growth / Average daily gains

* Improved feed conversion

* Heavier average piglet wean weight

* Lower prewean mortality
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Animal Welfare

Lighting systems and programs improves animal welfare by reducing stress and violent
behavior among animals under care

Reduced mortality and damage to the animal prior to harvest
Enhanced immune system reduces need for antibiotic treatments
Calm animals are happy and healthy resulting in accelerated growth and well being
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The working of light: Fish Differ from People

Eye sensitivity Pineal sensitivity
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Benefits of Marine Based LED Lighting

* Optimal fish light spectrum
= o Visual: better visibility of feed
f\f\__ o Pineal gland: maturation prevention

" —— o Increase growth, better feed conversion ratio

* Optimal light distribution
o Homogenous light distribution in the cage
o Downward facing light to keep fish below sea
lice zone
o Makes sure light is optimal at cooler depths

* Optimal light control
o Easy-to-use operator interface
o Low dimming to avoid stress
o Easy to adjust light recipes
o Energy saving by daylight harvesting
o Dimming to control fish depth
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Lighting As Control Tool For Salmon Development

v Shorten spawning time

v
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Improve egg quality

Increase growth

Reduce FCR

Reduce mortality
Improve welfare

Reduce sea lice

Reduce sexual maturation

v’ Advance smoltification of juvenile
salmon during freshwater stage

Increase growth

Reduce FCR

Reduce stress

Improve smoltification

Reduce mortality after sea transfe
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LED Lighting Production Results

Company Increased Maturation b-FCR
growth reduction reduction
15% -2,5% -7,9%
10% 3,1% -14,2%
15,7% -1,9% NA
5% NA
11% -6%
16% -22%
12.3% -0.7%
14,2%
7% -11,8%
8,6% 0%
13% -12%
13%
Company K**/*** 22% * Used high-
8% energy feed
14%

2% o2l year round
] 125%
21,0% -13,2% #%* Other LED as
10,0% control group ”




Submerged aquaculture lighting combats sea lice

Metal Halide &
other LED luminaires

Species Specific LED luminaire

Sealice zone

fish tend to swim deeper
fish swim below sealice zone
fish swim in cooler water
you have no light pollution

Keeping the fish
below the sea lice
zone in summer has
proven to reduce the
number of
treatments by >40%
(average of 5 trials)

Norwegian customer
quote:

“We reduced >50%
of sea lice treatment
by having the right
light level during the
summer”
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