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On Density
(Packed together like a can of sardines)
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Picture a mountain in the distance with a massive white billowing cloud hanging over it. While the mountain and the cloud both take up a huge amount of space, we know intuitively that the mountain weighs thousands of tons more than the cloud. Why? Because there is more material squeezed together within the mountain than within the cloud. So despite having the same Volume (taking up the same space), the mountain contains more Mass (weighs more) per square unit of space than the cloud does.  The mountain weights much more than the cloud; the mountain is more Dense than the cloud. 

Now look at a puffy Huacaya just before shearing. We would intuitively suspect it has more fleece weight than the suri standing next to it. But that may not be the case. The suri could easily be carrying more fleece weight than the Huacaya. Why? Because, like our cloud, the huacaya’s crimpy fleece is full of light weight trapped air. It takes up more space (Volume) than the straight hanging locks of the suri. Which is heavier? We need to weight each shorn fleece with a scale to determine that. And weighing a fleece is exactly what an alpaca fiber buyer will do. They pay for fiber weight, not volume. 

Hopefully these analogies illustrate that the eye can be fooled. Bigger isn’t necessarily heavier. Weight and Volume are two different things.  And, they are measured differently.  Weight is measured with a scale and Volume with a ruler.. A small heavy object may weight much more than a large lightweight object. To accurately and fairly compare these two objects we must both weigh them and measure their size.  
Density can be a very misleading term and can be counter-intuitive to our senses.  Density is not equal to Volume. Density is not equal to Weight. 

When you add Volume to your hair with a spray product, you are not adding Density – but perceived density. So that ultra-fluffy soon to be sheared Huacaya may have a lot of volume but may not necessarily be dense.
Which has greater Density, a cup of popcorn seeds or a bowl of popped seeds?  Ask yourself what has changed? as the popcorn seeds are heated on the stove, the water inside each seed expands as it turns to steam and infuses the seed material into the familiar popcorn shape with air.  Just add salt and butter. What was once a bunch of corn seeds sizzling at the bottom of a pot have now filled the pot with popcorn. The Volume of the cup of seeds(think straight and hanging suri fiber) has mixed with air and increased in size dramatically (think crimpy huacaya fiber), but if you weigh the original cup of seeds and the end product, the popcorn, they will be approximately the same. The Volume has changed, but not the Weight. 
Question: What is Density and how is it measured?
Answer: Density is a mathematic ratio.  It is defined as the ‘Mass of an object divided by its Volume.’  
So in order to determine the true Density of an alpaca, you must both weigh its fleece and measure its volume. The first step is relatively easy. The second, not so much. 
Which is heavier, a pound of lead or a pound of feathers?  This silly ‘gotcha’ question is pertinent to our evaluation of Density.  By definition, a pound of lead weighs the same as a pound of feathers.  But there the similarities end. The pound of feathers requires much more space (Volume) in its natural non compressed state than a pound of lead.  Lead is much Denser than feathers.  Lead, at the atomic level, is full of closely packed atoms.  Feathers, a natural protein product, are made up of not so tightly packed atoms.  The air trapped between each feather makes the pound of feathers more air-like - lofty and fluffy.  
Let’s apply these concepts to our alpaca end product – its fleece. When we take our product to market, we will be paid by someone who expects certain qualities (uniformity of micron, length, color, strength, etc) and quantity (fleece weight).   As breeders of alpacas, whether our business model is producing elite genetics, multiplying the national herd or fiber for profit, we are business people and we want to profit from our labors. We want to also raise production quantity and quality. Because a thick fleece crammed with fibers of consistent micron, length and color is our cash crop, our financial goal is to maximize our return on investment. 
Simply put, we want to grow quality fiber (based on market demands) and quantity (we want to grow as much as possible on each alpaca). 

Our yearly harvest cycle:

Breeding alpacas 
Growing fiber
Shearing the alpacas

Sorting and grading fiber by micron, length of fiber and color
Selling fiber to those who have a demand for alpaca fiber to produce products based on market demands.  
Note: You can also work with a coop as a team to turn your collective fiber into end product for sale).

Note that each step in the process adds value to the fiber. By itself, the fiber is just clumps of hair. But by the time the fiber becomes high end sweaters, throws, gloves and socks, the prices (and therefore the profit) has been multiplied many times. So the more value you add to the value chain of fiber to finished product, the more profit you can expect to keep. 
We breeders want to increase our revenue without increasing the number of alpacas we own (additional alpacas equal more feed, more acreage, most costs!). So it follows that we want to keep our costs fixed (or even reduce them) but increase our profit on each alpaca fleece grown and harvested. The more fiber we can produce to meet customer demand, the better for us. 
Question: So how do we produce more fiber?

Answer: We breed to increase fleece weight

Question: How do we increase fleece weight?

Answer: We breed for Dense and fast growing fibers.

Question: But wait a minute. If we breed for thick fibers we will be defeating our purpose of growing fine alpaca fiber.?

Answer: No! Dense does not mean Thick. We do not want to breed for coarse/robust fiber ( 30 microns +,the ‘Prickle Factor’ range).  We want to maintain fineness. 

Does this sound contradictory? This is another misperception about Density. A Dense alpaca is not necessarily a coarse/robust fibered animal. 
To profit from our alpaca’s end product, its fiber, we want to give our customer what they want – uniform (predictable) fiber micron size, length, strength and color. We also want to breed for as much of this kind of fiber as possible on each alpaca. We want to increase the fleece weight without increasing micron count.

The only way to do the above is to breed for fast growing fiber on dense alpacas.
  
In reality, the question we should be asking is: which alpaca has the most fleece weight? This is a Quantity question – Weight. Alpaca fiber does not sell on Volume but on quality and weight.  ?  
Volume is not Density.
 
A picture is often worth a thousand words. So let’s compare the relative Volume (space taken up) by two alpaca fibers of different micro sizes.
 
In this corner we have Alpaca A – a 14 micron flyweight contender. In the other corner we have Alpaca B – a 28 micron moose.
 
Alpaca A has a 14-micron fleece                          Alpaca B has a 28-micron fleece 
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Using our intuition, if someone tells us fiber B is twice as thick as fiber A, we immediately think fiber B takes up twice the space of fiber A, right?
 
Now let’s do the math.
Look closely at the above diagram. It demonstrates that you can fit four 14 micron fibers within that same space occupied by one 28 micron fiber. Another way of saying this is that to our unaided eye a 28 micron fiber looks the same size as 4 14 micron fibers. That may be true from a volume perspective, by mills don’t pay us on volume but on weight (in addition to micron, uniformity and other factors). 

Remember: Density is not equal to Volume. Alpaca A has four times the number of fibers that Alpaca B has. But Alpaca A can put four fibers in the same space that Alpaca B can put only one. Alpaca Alpaca A has 4 fibers per square unit. 

Alpaca B has 1 fiber per square unit.
Is Alpaca A four times denser than Alpaca B?

No! Remember Density is not equal to Volume but Weight divided by Volume.
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Based upon comparative cylindrical volume. For example, if a fiber with a diameter of 17.0 is assigned

the volume value of 227, a fiber with a diameter of 24.0 would be assigned the relative volume value of

452 (approximately twice the volume, though only 7 microns larger in diameter). Conclusion: A fleece
of 17 microns, will feel it has half the volume of a 24 micron fleece, of equal follicular density.




The Math – skip this paragraph if you hate math
The area of a circle equals Pi (we round [image: image5.png]


to 3 to simplify our example) times the radius of a circle times itself (squared). For Alpaca A’s 14 micron fiber this becomes 3 times the radius (7) squared, or 147. For Alpaca B’s 28 micron fiber, the formula becomes 3 times the radius (14) squared, or 588! A fiber from Alpaca A requires 147 units of space and one from Alpaca B requires 588 units – 4 times as much!
 
This is why our intuition of how dense an alpaca is can fool us. 
We want the alpaca to be Dense (lots of fibers per square millimeter, which translates into more product for sale). 
We confuse Density (the number of hairs per square millimeter) with Volume (the amount of space the fibers takes up). 
But we are not paid by a textile manufacture for Volume of fleece but for fleece weight. 
Does the manufacturer want 28 micron fleece or 14 micron fleece? This is a whole different ballgame.
 
We need to remember here that manufactures of alpaca fiber desire uniformity of fiber grade (micron range), fiber length – consistency. We know that dense alpacas are often uniform in micron and length. So one of our goals as Fiber for Profit breeders is to breed for Density (lots of fleece weight and regardless of the appearance of Volume).
 
Based on current mill requirements, we know that alpaca fiber needs to be between 1.5 inches and 6 inches in length for current processing methods. So too short and too long fiber are counterproductive. For us, this is lost profit. 
So breeding for alpacas with lots and lots of fiber within the 1.5 to 6 inch length is our goal. How do we get this lots and lots of fiber? We want to breed for Follicle Density. We breed for as many hair fibers as possible per square millimeter of space.  Density in alpacas is a highly sought after trait by fellow breeders to inject into their breeding programs, has a lot to do with uniformity of fiber, and often with low micron count and is rewarded in the show ring. 
Follicular skin biopsies
A follicular skin biopsy taken on an alpaca scientifically measures the number of hair follicles of the representative sample per square millimeter of area on an alpaca -basically Mass divided by Volume (our formula for Density). This method falls somewhat short in that we are not really measuring the mass of the fibers (both primary and secondary) growing out of the follicles - we are measuring Area (two dimensions as opposed to Volume (( three dimensions)). Measuring the Mass (Weight) within each fiber and dividing it by the actual Volume (the space required for all of the (irregular) fibers within the fibers growing from this section of skin would be a truly difficult undertaking). The skin biopsy approximates these calculations with an excellent relative measurement.
 
A skin biopsy is an absolute quantitative Density metric to have in your breeding for profit alpaca toolkit.  As we have shown, attempting to assess fleece Density by eye or hand can be misleading.
          That small jagged line of skin we look for as we part the fleece can indicate            Density. But I wouldn’t  bet the farm on it. 
          Pushing down on the back of the alpaca and estimating the resistance of the          fiber to the pressure can be an indication of Density, right?  Not so. Compression, pushing down on fibers on the back, is not a good measure of density unless you know the micron and can differentiate between animals with different micron fiber.
          Uniformity of staple and lock character and style can be an indication of       Density. But there are many alpacas with uniform staples and locks that are just not dense. 
          Can estimating AFD by hand be an indication of Density. Wrong again - you can have very dense short staple, high micron animals and you can have very fine, low density animals; for example, a six year old working sire of 4" staple length and 26 micron fiber had 5" staple length at 22 micron at two years of age - how can the same animal be assessed on density using different AFD's at different ages?
          Staple length can be an indication of Density. True. Faster growing fleeces (high average growth per day) are known to be related to higher density numbers. Perhaps fibers growing vertically at a fast rate are no growing horizontally (higher micron diameter). Time and analysis will tell.
Taken together the above clues can help an experienced eye and hand assess Density.  But don’t try this at home, kids.  It is misleading.
 
A skin biopsy, coupled with these other clues, leaves little room for doubt.  Testing your herdsire, the dams and the offspring for passed on Density levels help you evaluate your breeding decisions like no other test.  Skin biopsies can answer the question: ‘Are we making the proper breeding decisions and is our program improving?’
 
 Coupled with histograms
          Average fiber diameter
          Standard deviation - an indication of uniformity
 
And tracking
          Total fleece weight shorn
          The time between shearing
          The average fiber growth rate of a fiber per day
          Secondary/Primary follicle ratios
 
all come into play for proper Density assessments.
 
As the fleece progresses toward elite status, the differentiation between primaries and secondaries becomes almost indistinguishable from the secondaries. This fact has been 
known by breeders of Merino sheep for decades.  
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