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	00:00:06:04 – 00:00:10:11
	Beneath our feet lie the most important animals on the planet….

	00:00:12:08 – 00:00:13:05
	…but what are they?

	00:00:17:14 – 00:00:19:10
	They are beetles. 

	00:00:21:14 – 00:00:28:00
	There are more types of beetle than any other animal on Earth – over 400,000 species…

	00:00:28:22 – 00:00:31:19
	…with a million more to be discovered in the wild.

	00:00:35:11 – 00:00:41:03
	The phrase they come in all shape and sizes could have just been made for this enormous group of insects.

	00:00:55:14 – 00:01:03:10
	At a fragile 0.3mm long, the Columbian featherwing beetle is one of the smallest insects in the world…

	00:01:04:10 – 00:01:07:00
	…tinier than many microscopic organisms.

	00:01:08:19 – 00:01:11:13
	Whilst at the other end of the spectrum is the Titan beetle…

	00:01:12:13 – 00:01:16:10
	…the largest of all insects, reaching 17cm in size. 

	00:01:20:13 – 00:01:24:05
	As well as recognising them for their astonishing diversity in colour…

	00:01:24:19 – 00:01:25:20
	…and appearance…

	00:01:26:10 – 00:01:30:00
	…most of us know very little about the private lives of beetles

	00:01:31:24 – 00:01:37:10
	They are the caretakers, responsible for some of the most important processes on the planet…

	00:01:39:06 – 00:01:41:20
	…and they might even be the answer to plastic pollution. 

	00:01:44:02 – 00:01:48:00
	So, let’s start by asking the all-important, first question….

	00:01:49:09 – 00:01:51:15
	…what makes beetles so successful?

	00:02:06:07 – 00:02:12:13
	Their story starts 350 million years ago, when the world was a very different place.

	00:02:15:18 – 00:02:20:08
	Trees were present, but vastly different to today’s giants…

	00:02:22:14 – 00:02:25:15
	…and mosses and ferns dominated the undergrowth.

	00:02:30:14 – 00:02:37:03
	It was in this time that the ancestor of beetles first evolved into something more like the insects we recognise today. 

	00:02:43:00 – 00:02:46:12
	The back pair of wings remained delicate and membranous…

	00:02:49:11 – 00:02:55:10
	…while the back pair hardened and became the elytra, or wing cases, of modern beetles. 

	00:02:59:18 – 00:03:02:05
	Lightweight yet incredibly strong…

	00:03:02:20 – 00:03:07:20
	…these remarkable structures are undoubtedly the key to the beetles’ success…

	00:03:08:23 – 00:03:13:00
	…allowing them to fly whilst protecting their fragile wings from damage. 

	00:03:16:18 – 00:03:23:10
	But as most beetles spend their lives on the ground, the rest of their bodies evolved to become armoured as well. 

	00:03:27:23 – 00:03:31:15
	The other protective component of a beetle is the thorax. 

	00:03:38:05 – 00:03:44:20
	Dominating the forebody, it combines with the elytra to give beetles their sleek, armoured outline. 

	00:03:59:13 – 00:04:04:12
	Beetles armour and the elytra give them a huge advantage over other insects. 

	00:04:08:04 – 00:04:15:00
	For millions of years, this is what has enabled beetles to thrive in environments too tough for other insects…

	00:04:16:12 – 00:04:19:10
	…allowing them to navigate their way through rough terrain with ease…

	00:04:20:15 – 00:04:21:20
	…like the intrepid dune chafer. 

	00:04:27:05 – 00:04:32:15
	It uses this protective armour to push into the ground without damaging its wings…

	00:04:34:10 – 00:04:37:05
	…where it spends much of its adult life digging through sand. 

	00:04:41:23 – 00:04:47:20
	But exactly what happens to a beetle to give them their incredible adaptations in the first place? 

	00:04:48:18 – 00:04:54:00
	To understand this, we must go back to the very beginning of a beetle’s life.

	00:04:59:02 – 00:05:01:10
	Starting life as flightless larvae…

	00:05:02:02 – 00:05:04:10
	…beetles are weak and vulnerable…

	00:05:04:15 – 00:05:07:20
	…and so many spend their first few years underground…

	00:05:09:10 – 00:05:11:15
	…where they continue to eat and grow. 

	00:05:16:10 – 00:05:21:05
	Here they undergo one of the great, and most dramatic, transformations in nature…

	00:05:23:13 – 00:05:24:14
	…metamorphosis. 

	00:05:26:22 – 00:05:30:15
	The grub stops eating, and forms a hard outer skin…

	00:05:31:03 – 00:05:32:10
	…becoming the pupa. 

	00:05:38:00 – 00:05:43:10
	Releasing enzymes, its internal organs dissolve and reassemble within its cocoon.

	00:05:51:20 – 00:05:53:05
	Colour begins to build.

	00:05:59:08 – 00:06:02:20
	After weeks of developing, it finally emerges. 

	00:06:15:13 – 00:06:20:10
	It leaves the cocoon, totally transformed into an adult beetle.

	00:06:27:19 – 00:06:29:18
	The rebirth is complete. 

	00:06:35:01 – 00:06:38:10
	With a life in two parts – grub and adult…

	00:06:39:12 – 00:06:43:15
	…one an eating machine, the other able to travel…

	00:06:44:05 – 00:06:47:08
	…beetles became extremely efficient organisms.

	00:06:50:16 – 00:06:57:05
	Metamorphosis and their body armour allowed beetles to conquer the world for millions of years. 

	00:06:58:13 – 00:07:01:10
	They moved onto almost every continent…

	00:07:01:20 – 00:07:03:05
	…under every climate.

	00:07:05:00 – 00:07:10:15
	Because of this, beetles were able to exploit an evolutionary revolution. 

	00:07:14:08 – 00:07:21:11
	120 million years ago, flowering plants first appeared, and the Earth was transformed.

	00:07:25:13 – 00:07:28:20
	Beetles were one of the first insects to pollinate flowers. 

	00:07:31:07 – 00:07:33:00
	Flower anatomy changed…

	00:07:33:12 – 00:07:36:14
	…allowing greater access to male parts of the plant…

	00:07:39:03 – 00:07:42:13
	…perfectly shaped to ensure the beetles can reach the pollen. 

	00:07:54:19 – 00:07:58:14
	The beetles themselves are designed for a life on flowering plants. 

	00:08:00:01 – 00:08:04:20
	Their elytra keep them streamlined and their wings protected from sticky pollen grains. 

	00:08:10:18 – 00:08:18:18
	Beetles and flowering plants continued to co-evolve, shaping each other’s anatomy for millions of years before the bees arrived. 

	00:08:21:03 – 00:08:27:08
	Today, 90% of flowering plants are visited by beetles including crops…

	00:08:28:12 – 00:08:32:06
	…making beetles just as important as bees for pollination.

	00:08:34:23 – 00:08:40:21
	Their ability to fly allows beetles to visit numerous flowers in a short space of time. 

	00:08:48:08 – 00:08:50:21
	Beetles are fantastic pollinators…

	00:08:51:07 – 00:08:53:22
	…but none more so than the soldier beetle. 

	00:08:59:08 – 00:09:03:20
	Even the need to mate doesn’t stop them from eating protein-rich pollen. 

	00:09:05:17 – 00:09:08:22
	Passing from flower to flower, they pollinate on the go. 

	00:09:13:11 – 00:09:16:20
	Though not all beetles visit flowers solely for pollen.

	00:09:23:09 – 00:09:25:14
	Some have a bigger appetite. 

	00:09:31:02 – 00:09:33:14
	Many of them are weevils…

	00:09:35:13 – 00:09:40:20
	…the largest beetle group, with over 135,000 different kinds. 

	00:09:46:19 – 00:09:51:15
	Their mouthparts are extended into an elongated snout called the rostrum…

	00:09:52:16 – 00:09:55:10
	…which they use to chew away on plant tissue…

	00:09:57:01 – 00:09:59:00
	…often leaving very little behind. 

	00:10:23:16 – 00:10:27:05
	Many of the plant-eating beetles became specialists…

	00:10:31:03 – 00:10:38:00
	…eating only a specific part of particular plant species they have been visiting for millions of years.

	00:10:50:17 – 00:10:55:22
	Without beetles, most flowering plants probably wouldn’t be what they today. 

	00:11:03:00 – 00:11:06:15
	But the beetles’ success didn’t stop with live plants. 

	00:11:10:11 – 00:11:14:10
	Their evolved mouthparts allowed them to eat dead vegetation. 

	00:11:16:08 – 00:11:17:20
	They became decomposers…

	00:11:18:14 – 00:11:22:20
	…eating decaying matter like rotting fruit, and recycling its nutrients. 

	00:11:28:12 – 00:11:37:05
	When the dinosaurs disappeared 65 million years ago, the ever-adaptable beetles used this eating ability to team up with their successors…

	00:11:39:12 – 00:11:40:15
	…the mammals.

	00:11:44:02 – 00:11:46:00
	The mammals took over as herbivores…

	00:11:47:17 – 00:11:48:18
	…and what goes in…

	00:11:50:10 – 00:11:51:05
	…must come out. 

	00:12:01:20 – 00:12:05:00
	The most famous of these caretakers is the scarab beetle…

	00:12:05:19 – 00:12:09:00
	…who painstakingly builds its ball of animal dung. 

	00:12:14:10 – 00:12:18:12
	It then rolls its bounty to soft ground to bury during the day. 

	00:12:21:01 – 00:12:28:10
	As it does this, the scarab is returning essential nutrients to the ground that are key for new life to happen.

	00:12:31:21 – 00:12:36:00
	It’s at night however, that this beetle reveals its most amazing secret.

	00:12:39:06 – 00:12:47:00
	Scientists at Lund University in Sweden filmed dung beetles at night, to try and find out how they steered their precious balls of dung. 

	00:12:48:19 – 00:12:53:06
	They discovered that these tiny beetles are incredible navigators…

	00:12:53:14 – 00:12:57:06
	…that use the milky way as a compass to orientate themselves.

	00:13:02:07 – 00:13:06:08
	 They take a snapshot of the galaxy to let them know where they are going….

	00:13:07:10 – 00:13:10:12
	…with a single glance being enough to travel in the daytime. 

	00:13:15:02 – 00:13:18:05
	By recycling and removing waste both day and night…

	00:13:18:21 – 00:13:23:00
	…these unsung caretakers continue to make the world go round. 

	00:13:34:07 – 00:13:36:20
	Whilst some beetles preferred waste management roles…

	00:13:37:14 – 00:13:40:00
	…others evolved into ferocious predators.

	00:13:43:05 – 00:13:44:10
	A childhood favourite…

	00:13:44:18 – 00:13:49:15
	…the common ladybird beetle is in fact a savage hunter from the moment it hatches.

	00:13:53:05 – 00:13:58:02
	Starting as alien-like larvae, they eat any unhatched eggs in their batch…

	00:13:58:15 – 00:14:00:03
	…then disperse to find prey.

	00:14:03:19 – 00:14:07:18
	The older, darker larvae eat their weight in aphids each day…

	00:14:08:13 – 00:14:10:03
	…hunting for weeks. 

	00:14:15:15 – 00:14:19:05
	Even as adults, like this 14-spot ladybird…

	00:14:20:00 – 00:14:23:00
	…they can eat up to 50 aphids in a single day…

	00:14:24:07 – 00:14:27:05
	…taking breaks between meals to clean themselves…

	00:14:28:13 – 00:14:30:03
	…ready for the next hunt.

	00:14:33:16 – 00:14:41:00
	Predatory caretakers are so good at keeping harmful pests at bay, they prevent them from reaching plague-like levels. 

	00:14:44:21 – 00:14:49:10
	The success of beetles means that they have been a part of major scientific breakthroughs.

	00:14:51:13 – 00:14:56:20
	In a classic example, they helped scientists solve a problem that had puzzled them for centuries. 

	00:14:58:14 – 00:15:04:16
	Victorian explorers had noticed that beetles collected in West Africa and South America were similar…

	00:15:05:24 – 00:15:10:11
	…whereas beetles collected either side of the Wallace line in Southeast Asia were different. 

	00:15:13:08 – 00:15:16:20
	But they couldn’t work out why the beetles were spread out in this way. 

	00:15:18:16 – 00:15:22:10
	They realised that this was clear evidence for plate tectonics 

	00:15:26:14 – 00:15:30:10
	When Africa and South America were joined 300 million years ago…

	00:15:31:07 – 00:15:34:00
	…beetles were free to roam before it split apart…

	00:15:34:24 – 00:15:40:12
	…whereas the Asian islands were always separated, so new beetle species evolved in isolation.

	00:15:43:13 – 00:15:49:00
	Beetles have helped us to understand our planet’s past, now, they’re helping us to see its future…

	00:15:49:18 – 00:15:51:00
	…and they sound a warning note.

	00:15:52:08 – 00:15:56:00
	Today, beetles are the coalmine canaries for climate change. 

	00:15:58:21 – 00:16:05:05
	In the Netherlands, a survey of two-spot ladybirds between 1980 and 2004…

	00:16:05:22 – 00:16:13:00
	…showed how blacker forms that are better adapted to colder temperatures inland, are being displaced by the red spotty forms…

	00:16:13:06 – 00:16:15:13
	…that used to be found only on the warmer coasts…

	00:16:16:00 – 00:16:20:00
	…but are now more widespread because of increasing temperatures. 

	00:16:23:08 – 00:16:26:06
	Climate change is also shrinking beetle species. 

	00:16:29:07 – 00:16:32:05
	This is according to a study in 2018…

	00:16:33:02 – 00:16:37:18
	…that looked at thousands of specimens collected in museums over the past 200 years. 

	00:16:41:24 – 00:16:47:02
	It found that as temperatures have increased, some of the world’s beetles have gotten smaller…

	00:16:51:08 – 00:16:57:01
	…including the snail-hunting carabids, which have shrunk 20% over the past 45 years. 

	00:17:02:03 – 00:17:04:05
	Though this change might seem insignificant…

	00:17:05:00 – 00:17:08:20
	…it can have dire consequences on entire ecosystems. 

	00:17:11:09 – 00:17:16:12
	Smaller beetles collect less pollen and so flowers have lower reproductive success.

	00:17:18:16 – 00:17:21:00
	Smaller dung beetles clear less dung…

	00:17:22:04 – 00:17:28:00
	…a serious problem when a single cow has enough waste to cover 5 tennis courts in a single year.

	00:17:29:18 – 00:17:32:16
	Despite being highly successful for millions of years…

	00:17:33:11 – 00:17:36:05
	…in a world changed by humans, beetles…

	00:17:36:17 – 00:17:38:00
	…are in serious trouble.

	00:17:53:18 – 00:18:01:18
	Half of all insects may have been lost since 1970, as a result of the uncontrolled destruction of healthy ecosystems.

	00:18:05:12 – 00:18:13:04
	Nearly a fifth of beetle species in Europe are in danger of extinction because of habitat loss and the heavy use of pesticides. 

	00:18:18:06 – 00:18:21:21
	We are also in the midst of a plastic pollution pandemic. 

	00:18:23:18 – 00:18:29:10
	We’re faced with the extremely difficult challenge of removing plastic from our ecosystems…

	00:18:30:06 – 00:18:32:00
	…over 7.8 billion tonnes of it.

	00:18:33:23 – 00:18:36:12
	However, beetles might offer a solution. 

	00:18:41:16 – 00:18:43:18
	Because of their incredible adaptability…

	00:18:44:03 – 00:18:49:05
	…beetle larvae are the only animals that we know of that can eat and digest plastic. 

	00:18:52:22 – 00:18:57:05
	Not only are these super larvae able to eat polystyrene as their sole diet…

	00:18:57:20 – 00:19:04:00
	…but the friendly bacteria in their gut degrades the plastic and converts the complex substance into harmless gases. 

	00:19:07:21 – 00:19:14:12
	This natural solution to a manmade problem is just one example of the importance of beetles.

	00:19:21:22 – 00:19:25:20
	Beetles are crucial to healthy ecosystems, and they need our help. 

	00:19:30:15 – 00:19:34:15
	Properly managing our wild spaces provides places for wildlife to thrive. 

	00:19:41:24 – 00:19:46:09
	Providing essential decaying wood not only helps out our more common species…

	00:19:46:24 – 00:19:49:00
	…it also supports our endangered ones…

	00:19:49:14 – 00:19:50:21
	…like the Greater stag beetle. 

	00:19:57:24 – 00:20:02:06
	Beetles have been a success story for 350 million years.

	00:20:03:12 – 00:20:07:10
	They carry the weight of the world on their very capable shoulders. 

	00:20:09:06 – 00:20:17:03
	But if we continue as we have been, these amazing insects might go extinct before we ever fully appreciate their importance.  

	00:20:19:05 – 00:20:21:13
	Losing them would be catastrophic. 

	00:20:22:11 – 00:20:23:05
	No flowers…

	00:20:24:00 – 00:20:24:20
	…no recycling…

	00:20:25:20 – 00:20:26:10
	…no life. 

	00:20:29:22 – 00:20:31:03
	But if we take care of them…

	00:20:31:20 – 00:20:34:15
	…beetles will continue to take care of our planet…

	00:20:35:21 – 00:20:36:11
	…and in turn?

	00:20:39:09 – 00:20:40:21
	Take care of us.
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