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Nature's fortress: How cacti keep water in and predators out 

If you were a jackrabbit hopping through the desert, you’d be glad to stumble 3 well, maybe 

not stumble 3 across a cactus: the succulent flesh of these plants is a water source for many desert 

animals. Native to the Americas and known for their spines and succulent stems, cacti of all shapes 

and sizes have evolved to not just survive, but thrive, in some of the harshest desert climates on 

Earth. So how do they do it? A cactus’s spines are one key to its survival 3 but not for the reason 

you might think. Take a look at the prickly pear. Its spines are highly modified leaves. A normal 

leaf’s large surface area would be ill-suited to the desert, transpiring massive amounts of water 

under the baking sun. The dramatically reduced surface area of the spines limits water loss. They 

also shade the cactus and reflect the sun’s rays, reducing the plant's core temperature during the 

heat of the day. Then, at night, when air temperatures plummet, the spines act as an insulating 

layer, keeping the cactus from cooling down too much. These functions are just as important, if 

not more, than defending against predators. From Cuba to Mexico, and as far south as Brazil and 

Peru, Melon cacti grow on limestone soils in seasonally dry tropical forests, where they're con-

stantly exposed to the beating sun. They rely on another adaptation common to cacti: a thick skin, 

which is coated in a waxy substance called a cuticle that limits water loss. Meanwhile, the stomata 

3 tiny holes that allow the exchange of gases that enable photosynthesis 3 remain firmly closed 

until night when they open. The lower temperatures at night mean the cactus loses less water from 

the stem when the stomata open. The bulk of the plant acts as a large barrel of water, storing it for 

times of need. But to survive the desert, a cactus can’t just limit water loss 3 it has to be prepared 

to take full advantage of the rare situations where water is readily available. In North America’s 
Sonoran Desert, the towering Saguaro cactus can grow up to 20 meters tall and live for up to 200 

years. Woody tissue, like the kind found in tree trunks, give the Saguaro its height, but the Saguaro 

survives with way less water than most trees. Most of its roots are only a few inches deep. Just 

below the soil’s surface, they spread out laterally for meters and hold the plant in place. Even its 
single deepest root, the taproot, extends less than one meter into the ground. After a rain, the lateral 

roots respond in real time, rapidly growing and spreading. They produce ephemeral rain roots that 

quickly take up the available water. The water is then pulled up into the plant body and stored in 

cells that contain mucilage, a gluey substance that clings to water molecules and stops them from 

evaporating if the plant’s tissue is ever damaged and exposed. As the soil dries after the rain, the 
small rain roots also start to dry and wither away, and the cactus awaits the next time it can take 

advantage of a shower. Taken together, these features make cacti well-equipped to survive their 

environments, from the driest desert to... a tropical rainforest? The mistletoe cactus can live on the 

branches of trees in the rainforest. Though there’s lots of water around, not much of it reaches the 
cactus here, and there's nowhere for its roots to go. So even here, the cactus survives using adap-

tations that long ago helped its ancestors survive the desert.  
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How to get better at video games, according to babies 

In 2013, a group of researchers at DeepMind in London had set their sights on a grand 

challenge. They wanted to create an AI system that could beat, not just a single Atari game, but 

every Atari game. They developed a system they called Deep Q Networks, or DQN, and less than 

two years later, it was superhuman. DQN was getting scores 13 times better than professional 

human games testers at <Breakout,= 17 times better at <Boxing,= and 25 times better at <Video 
Pinball.= But there was one notable, and glaring, exception. When playing <Montezuma’s Re-
venge= DQN couldn’t score a single point, even after playing for weeks. What was it that made 
this particular game so vexingly difficult for AI? And what would it take to solve it? Spoiler alert: 

babies. We’ll come back to that in a minute. Playing Atari games with AI involves what’s called 
reinforcement learning, where the system is designed to maximize some kind of numerical re-

wards. In this case, those rewards were simply the game's points. This underlying goal drives the 

system to learn which buttons to press and when to press them to get the most points. Some systems 

use model-based approaches, where they have a model of the environment that they can use to 

predict what will happen next once they take a certain action. DQN, however, is model free. In-

stead of explicitly modeling its environment, it just learns to predict, based on the images on 

screen, how many future points it can expect to earn by pressing different buttons. For instance, 

<if the ball is here and I move left, more points, but if I move right, no more points.= But learning 

these connections requires a lot of trial and error. The DQN system would start by mashing buttons 

randomly, and then slowly piece together which buttons to mash when in order to maximize its 

score. But in playing <Montezuma’s Revenge,= this approach of random button-mashing fell flat 

on its face. A player would have to perform this entire sequence just to score their first points at 

the very end. A mistake? Game over. So how could DQN even know it was on the right track? 

This is where babies come in. In studies, infants consistently look longer at pictures they haven’t 
seen before than ones they have. There just seems to be something intrinsically rewarding about 

novelty. This behavior has been essential in understanding the infant mind. It also turned out to be 

the secret to beating <Montezuma’s Revenge.= The DeepMind researchers worked out an ingen-

ious way to plug this preference for novelty into reinforcement learning. They made it so that 

unusual or new images appearing on the screen were every bit as rewarding as real in-game points. 

Suddenly, DQN was behaving totally differently from before. It wanted to explore the room it was 

in, to grab the key and escape through the locked door 3 not because it was worth 100 points, but 

for the same reason we would: to see what was on the other side. With this new drive, DQN not 

only managed to grab that first key 3 it explored all the way through 15 of the temple’s 24 cham-
bers. But emphasizing novelty-based rewards can sometimes create more problems than it solves. 

A novelty-seeking system that’s played a game too long will eventually lose motivation. If it’s 
seen it all before, why go anywhere? Alternately, if it encounters, say, a television, it will freeze. 

The constant novel images are essentially paralyzing. The ideas and inspiration here go in both 

directions. AI researchers stuck on a practical problem, like how to get DQN to beat a difficult 

game, are turning increasingly to experts in human intelligence for ideas. At the same time, AI is 

giving us new insights into the ways we get stuck and unstuck: into boredom, depression, and 

addiction, along with curiosity, creativity, and play. 
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How does artificial intelligence learn 

Today, artificial intelligence helps doctors diagnose patients, pilots fly commercial aircraft, 

and city planners predict traffic. But no matter what these AIs are doing, the computer scientists 

who designed them likely don’t know exactly how they’re doing it. This is because artificial intel-
ligence is often self-taught, working off a simple set of instructions to create a unique array of 

rules and strategies. So how exactly does a machine learn? There are many different ways to build 

self-teaching programs. But they all rely on the three basic types of machine learning: unsuper-

vised learning, supervised learning, and reinforcement learning. To see these in action, let’s imag-
ine researchers are trying to pull information from a set of medical data containing thousands of 

patient profiles. First up, unsupervised learning. This approach would be ideal for analyzing all 

the profiles to find general similarities and useful patterns. Maybe certain patients have similar 

disease presentations, or perhaps a treatment produces specific sets of side effects. This broad 



pattern-seeking approach can be used to identify similarities between patient profiles and find 

emerging patterns, all without human guidance. But let's imagine doctors are looking for some-

thing more specific. These physicians want to create an algorithm for diagnosing a particular con-

dition. They begin by collecting two sets of data 3 medical images and test results from both 

healthy patients and those diagnosed with the condition. Then, they input this data into a program 

designed to identify features shared by the sick patients but not the healthy patients. Based on how 

frequently it sees certain features, the program will assign values to those features’ diagnostic 
significance, generating an algorithm for diagnosing future patients. However, unlike unsuper-

vised learning, doctors and computer scientists have an active role in what happens next. Doctors 

will make the final diagnosis and check the accuracy of the algorithm’s prediction. Then computer 
scientists can use the updated datasets to adjust the program’s parameters and improve its accu-
racy. This hands-on approach is called supervised learning. Now, let’s say these doctors want to 
design another algorithm to recommend treatment plans. Since these plans will be implemented in 

stages, and they may change depending on each individual's response to treatments, the doctors 

decide to use reinforcement learning. This program uses an iterative approach to gather feedback 

about which medications, dosages and treatments are most effective. Then, it compares that data 

against each patient’s profile to create their unique, optimal treatment plan. As the treatments pro-

gress and the program receives more feedback, it can constantly update the plan for each patient. 

None of these three techniques are inherently smarter than any other. While some require more or 

less human intervention, they all have their own strengths and weaknesses which makes them best 

suited for certain tasks. However, by using them together, researchers can build complex AI sys-

tems, where individual programs can supervise and teach each other. For example, when our un-

supervised learning program finds groups of patients that are similar, it could send that data to a 

connected supervised learning program. That program could then incorporate this information into 

its predictions. Or perhaps dozens of reinforcement learning programs might simulate potential 

patient outcomes to collect feedback about different treatment plans. There are numerous ways to 

create these machine-learning systems, and perhaps the most promising models are those that 

mimic the relationship between neurons in the brain. These artificial neural networks can use mil-

lions of connections to tackle difficult tasks like image recognition, speech recognition, and even 

language translation. However, the more self-directed these models become, the harder it is for 

computer scientists to determine how these self-taught algorithms arrive at their solution. Re-

searchers are already looking at ways to make machine learning more transparent. But as AI be-

comes more involved in our everyday lives, these enigmatic decisions have increasingly large im-

pacts on our work, health, and safety. So as machines continue learning to investigate, negotiate 

and communicate, we must also consider how to teach them to teach each other to operate ethi-

cally. 
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