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Many authors have contributed to this book to provide an overview of how conventional 
animal breeding, GMOs, gene editing and performance enhancing pharmaceut-
icals have been used to produce more productive farm animals. These methods 
have also been used to change the appearance of dogs and enhance the perform-
ance of horses. When used carefully, animal welfare is probably acceptable, but 
pushing the animal’s biology too hard may have detrimental effects. I call this 
‘biological overload’. If problems gradually become worse, people may not notice 
them until the animal’s welfare is seriously compromised. I call this ‘bad becoming 
normal’. To set the stage, I will describe problems that occurred in pigs produced 
with conventional breeding.

For over 40 years I have been working with farm animals. During a long career 
I have observed many changes in animal genetics. Some of the changes have been bene-
ficial and others detrimental. I have had the opportunity to observe cattle and pigs from 
many different breeders in numerous countries. At the stockyards (lairages) of large 
meat plants, pigs, cattle and other animals of many different origins were housed in 
adjacent pens. In this situation, differences in animal temperament (startle response), or 
problems such as a lack of stamina during handling, became obvious. In the 1980s, a 
breeder of a new line of rapidly growing lean pigs told me that since I was not a gen-
eticist I was not qualified to have opinions on the behaviour of his pigs. In reply I said 
that I had one important qualification – I had seen pigs from many different genetic 
lines housed side-by-side where I could compare them. He had worked exclusively with 
his own genetic line of pigs and almost never saw pigs from other breeders. The pigs 
from his new genetic line were more excitable than other pigs.

Do Not Let Bad Become Normal

If the only animals a breeder or producer sees are their own animals, it is really easy 
to allow bad to become normal. A good example is lameness in dairy cattle. Gradually, 
over many years, lameness levels slowly increased until a quarter of the dairy cows 
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became lame (Von Keyserlingk et al., 2012). When producers were asked to estimate 
the percentage of lame cows, their estimates were less than half the actual percentage 
(Espejo et al., 2006). When lameness is actually measured, people can work to reduce 
it. In the state of Wisconsin, a successful programme to reduce lameness lowered it to 
half the national average (Cook et al., 2016). To prevent bad from becoming normal, 
lameness should be measured on a regular basis. This detrimental change had pro-
gressed so slowly that people failed to see it until it got really serious.

Livestock Became Weaker since 1980

When farm animals are selected for increased production, there is often a trade-off. 
I offer several striking examples that I have observed from the 1970s to the 1990s. In 
the early 1970s, when my career started, both market weight pigs and old sows were 
walked up to the third floor of large multilevel meat packing plants. Each plant had a 
long ramp that led to the third floor. The pigs ran up the ramp and the percentage of 
dead pigs or those exhausted from climbing the ramp was almost zero.

In 1980, I was hired by an old meat plant where the pigs had to walk up long 
ramps to reach the stunner. The total vertical rise of the ramp was over 24 ft (7 m). The 
company was having difficulty getting the pigs to climb the ramp and some pigs were 
too weak. My assignment was to design a pig race with a conveyor belt in the bottom 
of it to convey the pigs up to the stunner. In my youthful days, when I thought I could 
fix everything with engineering, I jumped at this opportunity. My early view was that 
engineering was the way to fix every problem. I have designed many systems that have 
worked well (Grandin, 1988, 2003, 2014) but the ‘conveyorized’ pig ramp was a total 
failure. The pigs sat down on the conveyor and it flipped them over backwards. I was 
devastated that my system had failed. Then I had a sudden flash of insight; maybe there 
were differences between the pigs that had difficulty climbing the ramp and the pigs 
that could climb it easily.

Always Look at Root Causes of Problems

Today, I know that it is important to fix the root causes of problems and not just the 
symptoms. The next day, with the conveyor turned off, I watched pigs climb the ramp. 
When a pig became too fatigued to walk up the ramp, I recorded its ID number. 
It quickly became obvious that almost all the pigs that were not able to walk up the 
ramp originated from a single farmer. They all had a genetic condition called splayed 
leg (Lax, 1971; Macks et al., 2001). Their hindquarters were weak and they had a 
tendency to fall down and with their hind legs splayed out sideways. They also had 
overgrown hooves, which were caused by the smooth metal flooring in their barns. 
This problem could have been fixed easily by purchasing new boars and replacing 
some of the flooring of the farm. The BIG mistake I had made was to attempt to fix 
the symptoms of the problem instead of the root cause. These particular pigs were the 
problem. After I had supervised tearing out the conveyor ramp and moving all the 
stunning equipment to a lower floor, my approach to solving problems was forever 
changed. Today, all new swine-handling systems are level; pigs are grown to much 
heavier weights, and they are too weak to walk up ramps.
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Excitable Pigs and Aggression

In the late 1980s and early 1990s, I continued visiting many meat packing plants that 
were processing pigs from many different farmers. Several additional new genetic lines 
of rapidly growing hybrids were introduced. They were selected for rapid weight gain, 
large loin size and thin back fat. When these pigs were housed next to pens containing 
the older, fatter genotype, the differences in their behaviour were striking. The new lean-
line pigs had three times as many bitten tails. They also startled easily. When the pen gate 
was rattled, they would jump and squeal. The pigs in the adjacent pen, from an older 
genetic line, would often not move when their gate was rattled. Today, breeders have 
corrected many of these problems; they are breeding animals in a more holistic way 
instead of focusing solely on production traits (Canario et al., 2012).

Nobody would deliberately select a pig that is more aggressive or excitable; such 
characteristics are linked to desirable production traits. One of the reasons why it 
took time to identify these problems was that the breeders were only looking at their 
own pigs.

All of the conditions I have described were created with conventional breeding. 
Now there are new genetic tools that make it possible to create animals with new traits 
more easily. Genomic tests can be used to choose breeding animals (Bolormaa et al., 
2012). These tests are used to select sires that have genes for desirable traits such as 
improved feed conversion (Pryce et al., 2014). There are always trade-offs. Selection for 
better feed conversion may be associated with lower fertility in cattle (Pryce et al., 
2014). GMO and gene editing methods will also speed up the process of genetic selec-
tion. We must be careful to avoid problems. The field of plant science is way ahead of 
the animal breeders in using new technologies (Lin et al., 2014).

Plant Breeders Lead the Way in Using GMOs and Gene Editing

In the field of plant science, GMO soybeans have been grown for years. One of the 
early products was soybeans that could be sprayed with glyphosate (Padgette et al., 
1995). This would kill all weeds without harming the soybean plant. The benefit of this 
is that it allowed the use of no-till (no ploughing) farming, which greatly reduces soil 
erosion. The reduction or elimination of deep ploughing to control weeds is a benefit 
of which many are not aware. When the public finally found out that plants were being 
altered with foreign genetic material they became upset. Further problems occurred 
when the weeds developed resistance to glyphosate and it became less effective.

Another method where plant breeders have made great strides is the use of gene 
editing methods such as CRISPR or talon. When these methods are used, no new gen-
etic material is added. Existing genetic code is either rearranged or a piece of code may 
be deleted. This method has already been used to produce corn, soybeans and grapes 
that have a more healthful composition (Pennisi, 2016). Gene editing has also been 
used to produce drought tolerant and more disease resistant rice, tomatoes and citrus 
(Pennisi, 2016). Advances in plant biology are already being developed to reduce the 
use of nitrogen fertilizer (Jez et al., 2016). This will help reduce problems with nitrogen 
contamination of water supplies and aquatic ecosystems (Jez et al., 2016). Drought 
resistant plants will also help reduce the need for water for irrigating crops. Water used 
for irrigating crops represents a significant percentage of world water usage.
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What Could Be the Downsides of these Genetic Advances?

The use of all these new technologies shows great promise for reducing world hunger. 
When antibiotics and selective herbicides were first introduced, some people predicted 
that infectious disease would be forever eradicated and that glyphosate would never 
stop working (Bradshaw et al., 1997). That has not been the case. One of the biggest 
health concerns today is antibiotic resistance (Laxminarayan et al., 2013). The bacteria 
developed resistance to antibodies and the weeds stopped being killed with glyphosate 
(Duke, 2017).

It is important to avoid a single-minded approach. A lesson can be learned from the 
field of medicine. The use of single molecules to combat health problems has not lived 
up to expectations. When a new molecule was discovered, such as the hormone leptin to 
combat obesity, or sirtuin to improve health, they have not performed as promised 
(Leslie, 2016). Perhaps a single-minded approach on mouse experiments is a mistake. In 
another set of experiments, changes in the mouse microbiome in their guts caused 
pharmaceutical experiments to have opposite results (Servich, 2016).

Where Do Animals Fit in?

In many situations, raising animals for food requires more inputs than crops. Pigs 
and chickens compete directly with people for grain. Chickens convert grain to 
animal protein more effectively than pigs. Fish, being cold blooded, are the most 
 efficient feed converters. There is one place where animals can provide food for 
 humans and where they are really efficient and sustainable. There are vast tracts of 
land in the USA, Australia and other countries where it is not possible to grow crops. 
The land has either a lack of water or it is too rugged. Grazing on the land will pro-
vide advantages for food security (Foley et al., 2011). The only way to obtain food 
from the vast interior of the Australian outback is through grazing animals. One 
cannot understand the vastness of the outback until you experience it. In 2015, I had 
the opportunity to fly over a small part of the outback. We took off from Darwin and 
flew two-and-a-half hours straight south in a small prop plane. Once we got about 
30 minutes out of Darwin, I could look out of the window and see no signs of civil-
ization except a single gravel road. There were no houses or electrical lines. Then, all 
of a sudden, I could see the headquarters of the cattle station, located in the middle 
of nowhere. They were off the electrical grid and used generators.

All of western Europe will fit inside the Australian outback. In areas where crops 
can be raised, progressive farmers are integrating grazing animals into their crop rota-
tion systems. Integrating crops and livestock may enhance biodiversity (Lemaire et al., 
2014). The animals help replenish soil nutrients. In the right ecosystems, grazing animals 
can improve biodiversity when they are well managed (Fraser et al., 2014).

Avoiding Problems in the Future

The new tools for gene editing and breeding plants will be increasingly applied to 
animal breeding (Lu et al., 2013; Thompson et al., 2014, 2016). We must be careful 
not to repeat the mistakes that were made with conventional breeding where bad 
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traits were linked with desirable traits. One of the best ways to prevent this is for both 
animal and plant breeders to do what I did in the 1980s and 1990s: I observed many 
different pigs from many places and the behaviour problems became obvious. This 
enabled me to compare animals from different lines in the same environment. Today, 
both animal and plant breeders have ‘genomic power tools’ for changing an organ-
ism’s genetics. Power tools are good things, but they must be used carefully because 
changes can be made more quickly. A circular saw can chop your hand off much more 
easily than a hand saw. It has to be used with more care.

Problems can sneak up slowly and may not be noticed in the early stages. This was 
the case with lameness in dairy cows. Up to a quarter of all dairy cows were lame 
before corrective action was taken. A large review article on the effect of GMO feed on 
farm animals and fish indicated that most studies showed no effects on an animal’s me-
tabolism (Swiatkiewicz et al., 2014). However, a few studies showed slight effects such 
as lower blood glucose in pigs and changes in metabolism in fish. The present GMO 
and gene-edited plants used for an animal feed are safe. CRISPR could improve animal 
welfare by removing horns from dairy cows (Carlson, 2016). We must be careful and 
make sure that these subtle changes do not slowly increase and allow bad to become 
normal. Steps must be taken to ensure that CRISPR does not do unintended off-target 
editing. Sometimes CRISPR will modify the wrong piece of genetic code (Chapman et al., 
2016; Tycko et al., 2016). This can be prevented by proofreading the edits with whole 
genome sequencing (Schaefer et al., 2017).

New technologies, when used carefully, can provide great benefits. One must look at 
things in perspective. Modern corn (maize) looks completely different to its ancestor teo-
sinte. The ancestor plant looks like wheat with corn kernels. The corn we harvest today 
was created with natural breeding and it looks like another species. It was not created 
with either gene editing or a GMO. Conventional plant breeding has created plants that 
have become totally different.
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