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Tracey:	00:00	Hello, and welcome to NC State's Audio Abstract. I'm your host, Tracey Peake. 2021 will see the noisy emergence of Brood X cicadas after 17 years underground. So, what's special about Brood X, and why do cicadas do what they do? Clyde Sorenson is an Alumni Association Distinguished Undergraduate Professor of entomology here at NC State, and he's here to shed some light on the life and times of the cicada. Welcome, Clyde, I'm glad you're here. Let's start with just the basic life cycle of the cicada. Why do they have to spend so long underground and what's going on while they're down there, and what happens to them when they emerge and how long do they typically live when they're out here?
Clyde:	00:49	Okay, so cicadas are insects that are actually closely related to aphids and some other insects that you might be familiar with, and they make their living by sucking liquids from plants. And cicadas feed on the roots of trees as nymphs and the tissue that they feed on in the roots of those trees, the liquid's not particularly nutritious, so it takes them several years to acquire enough energy to complete their life cycle.
		So, the basic way a cicadas does is it starts out as an egg, usually laid in a slit, in a twig, on a plant, and then it drops to the ground and it tunnels down into the earth, and then it finds a tree root and it starts feeding. And it may move from time to time, but it goes through several nymphal stages before it eventually gets big enough to come up to the surface of the earth, molt one last time into the adult stage, and then basically the main occupation of the adult cicadas is just to find a mate and put eggs into the twigs for the next generation. When we look at cicadas, they fall into two major groups in Eastern North America, what we call the dog-day cicada, or annual cicadas, some of which come up every year and then the periodical cicadas which, in a particular geographic location, only show up every 13 or 17 years.
Tracey:	02:32	That brings me to the second question. Not all of these cicadas, like you just said, they're not all in the same cycle. Why do they have different schedules? Is it to do with what they have available to eat? 
Clyde:	02:51	So, if you notice 13 and 17 are special kinds of numbers in that they're prime numbers, and one theory as to why they have these 13 and 17 year life cycles is that as prime numbers, it's difficult for predators to have life cycles that synchronize very effectively with those long period life cycles. That's one theory, also a lot of people don't necessarily buy that theory. They have to have long life cycles because again, it takes them several years to grow up feeding on the tissue that they feed on. The annual cicadas have a strategy, Well, some of us are going to come up every year and, as adults, we're going to be wary and try not to get eaten by predators before we find a mate and lay those eggs.
		The periodic cicadas have, we think, a different strategy, and that is, If we all come out together every 13 years or every 17 years, if we all come out at the same time, there are simply too many of us for the predators to eat all of us. We call that theory the predator satiation theory. 
		And that ties in with the 13 and 17 year bit, because it makes it harder for predators to synchronize.
Tracey:	04:46	Okay. Can we go a little bit more into this idea of predator synchronization? 
Clyde:	05:00	Yeah, so basically everybody likes to eat cicadas. When the periodic cicadas come up, everybody eats them, even deer and squirrels are eating them, there's simply too many for everybody to be eaten. And so, when you're coming up, literally, perhaps a race of hundreds of thousands to maybe millions per acre, there's just too many of you for everybody to eat. For that matter, people even.
Tracey:	05:56	Let me clarify a little something on the annual broods. They still have that long cycle, but little bits of them are laying eggs every single year and so there's just this continual churn of cicadas?
Clyde:	06:29	That's the situation. So, even the annual cicadas are only annual that in that some come up every year, but they still have multi-year life cycles. In fact, they're almost certainly not as long as the periodic cicadas, but they're definitely multi-year cycles. It's just they're annual and that some come up every year, as opposed to the periodic cicadas, where you have a mass emergence once every 13 or every 17 years.
Tracey:	07:12	Okay, and we know what they're eating while they're underground. When they emerge, do they eat anything while they're out here or are their lives span so short, it doesn't matter? Or what do they eat? Are they a threat? Locusts are a threat to crops, if you have a big swarm of locusts, they'll eat all your stuff. What do cicadas do?
Clyde:	07:31	So, adult cicadas actually do feed and they feed on plant sap, but they really don't do any damage to the plants. Even when the periodic cicadas come out, they don't do any damage through their feeding activity, to the plants that they exploit, because they're not really feeding that intensely. Their main purpose is, again, to mate.
		Now, when you have a periodic cicada emergence, the oviposition behavior where they're cutting these little slits and twigs and laying their eggs, that does cause the twig beyond where they cut that slit to wilt and die. But that doesn't really appear to have any lasting effect on the trees that they're laying their eggs on. Unless maybe you've got a brand new apple tree you just planted and they lay eggs in the half a dozen twigs that are on that apple tree, then that might damage that apple tree. But it's a really rare event where they do any significant damage to the plants. And the other question that goes to that, well, if you got all your millions of insects feeding on tree roots all those years, what does that do? And it doesn't appear to do a lot to the plants. And then when all those cicadas die, then there's a pulse of fertilizer going back into the ground.
Tracey:	09:00	If you went outside and started digging around the roots of trees, would you just find millions of millions of little cicada larvae everywhere? How does that work?
Clyde:	09:14	So, the cicada nymphs could be anywhere from six inches to three feet or more down into the soil profile, feeding on tree roots. It really depends on the trees that they're feeding on, where those roots are distributed and also on the soil texture and what bearing that has on the roots systems of the trees that they feed on.
Tracey:	10:16	Well, let's talk about the main reason that we know cicadas are here, the sound they make. Is that just their mating call? Is that what that is?
Clyde:	10:37	So, when you hear cicadas, you're hearing males and that's true for both the annual cicadas and the periodic cicadas, it's only the males that do the singing, and some folks would use the term singing very loosely when they're talking about cicadas, I call it singing. But anyhow, it's the males and what they're doing is they're advertising for mates, and each species has its own song. And you can identify cicadas, periodic cicadas, and annual cicadas, you can identify the species by the songs they sing, just like with birds.
Tracey:	11:14	Wow, that's interesting. How do they make the sound? Is it like crickets do, do they rub their legs together? Are they rubbing their wings together, what are they doing?
Clyde:	11:22	That's a brilliant question and actually, no, it's not. They have special structures on their abdomens called timbals, And what a timbal is, is it's a plate of ridged cuticle which is the skeleton of an insect, the cuticle, and that plate is attached by a strut to a really huge muscle that can contract at insane rates because of the way it's controlled by the nervous system. And so, if you've ever gone to the state fair and been by the highway patrol booth, and they give out those little red and a white clicker things that they give them to kids and the kids then proceed to drive their parents crazy with them, timbales make their sound in exactly the same fashion. When you de deflect the plate, it snaps and it creates a little tiny sonic boom. And when you release the plate, it snaps again and it makes another sound. And so they make their sounds by deflecting these plates of cuticle at insanely high rates of speed.
Clyde:	12:40	Surrounding that are air cells that act as drum head amplifiers.
Tracey:	12:48	Oh wow, they have their own subwoofers.
Clyde:	12:53	They actually amplify the sound, and in fact, cicadas are the loudest insects in the world and amongst some of the loudest animals in the world, at least in some species. Some species have calls that exceed a hundred decibels, so it's like standing beside a jet engine, basically.
Tracey:	13:12	Wow. Why does is it almost seem like they start and stop in a round, or groups of them all do it at the same time? What's going on there, did they synchronize that way?
Clyde:	13:40	So, I don't know if they're synchronizing or if they're competing.
Tracey:	13:43	Okay, that would make sense.
Clyde:	13:46	Yeah. And again, it differs with the annual cicadas and the periodic cicadas, because the periodic cicadas come up in such huge numbers, if you got a million per acre, you got a half a million of them singing at the same time. So, from dawn until dusk, they're all going to be singing unless they actually convince a female to come over by them and they do something else then.
Tracey:	14:12	Yeah. So, they are active, is it just at daytime?
Clyde:	14:23	The periodic cicadas are, are diurnal, they only call during the day time, and most of the annual species only call during the day time. Most of the annual species though, have a part of day where they're more likely to call. So, some of them call primarily at dawn, some of them call primarily at dusk, and some of them primarily call in the middle of the day in the heat of the day. But with periodic cicadas, it's when they're out, and out in numbers, are pretty much calling all day.
Tracey:	14:56	Well, this is all really interesting stuff, I'm looking forward to it. We're not really going to get the lion's share of them here though, geographically, are we? 
Clyde:	15:09	This year's emergence is called Brood X, and it's one of the largest broods in geographic extent. Brood X is a brood of 17-year cicadas and there are three species of 17-year cicadas that are going to be emerging in Brood X. Brood X extends from the north-east, all the way through parts of Virginia, the far western extent of North Carolina, Tennessee, down into Northern Alabama, and then up into Illinois and Indiana. But in North Carolina, if you want to see Brood X, you're going to have to go to the far western parts of the state, to the north-western part of the state and the south-western part of the state. Our big brood in this part of North Carolina into Piedmont is Brood XIX of the 13 year cicadas. And that's going to happen in three years, in 2024 around here, at least in some locations, it's going to be deafening. North Carolina has pieces of six different broods, but because two of those broods that we have pieces of our 13 year cicadas, over a 17 year period, we have cicadas seven or eight years.
Tracey:	16:38	Are they starting to emerge right now? The beginning of May, is this prime cicada time coming up?
Clyde:	16:48	It depends on latitude, because what really drives when they come up is soil temperature. And so, they start coming up in numbers when the soil temperature three or four inches into the ground or five inches into the ground reaches about 64 degrees. So yeah, in most of the areas where Brood X is going to be coming out this year, people are getting braced, because they're not coming out already, they're going to coming out within the next week or two.
Tracey:	17:37	Okay. Well, we will keep an ear out for that. And finally, what is the coolest or most interesting thing that you know about a cicada, or cicadas generally?
Clyde:	17:54	Well, other cicadas in general are just fascinating animals, because again, they have this interesting sound production system. I'm a birder and so I like them because you can identify them like you can birds, by their songs, and if you get a chance to look at them, they're actually pretty visually arresting animals as well. So, the coolest thing about cicadas is their communication systems, and the fact that we can actually start interpreting them, even at a very superficial level, because we can recognize different cicadas by their songs.
Tracey:	18:36	And this is a followup question. It may seem silly, but do the different broods have different physical characteristics, like coloring or patterning or anything?
Clyde:	18:50	So, within a brood of periodic cicadas, you may have only one or two of the three species of 17 year cicadas, you may have all three of them. They all look pretty much the same. They're black insects with orange wings and brilliant red eyes, but there are some subtle differences in their coloration between the species. The interesting thing about the relationship between the 17 year and 13 year cicadas is, is that they are sibling species. So, in the 13 year cicadas, there's a species called tredecim, and there's a sibling species in the 17 year cicadas called septendecim, and they have the same basic song, their song sounds very similar. So, they originated from a common ancestor and became different species because they had got to these different life cycles and the same thing with cassinii and Cassini tredecassini and septendecula and tredecula.
		And with the 13 year cicadas, we have an extra species, neotredecim, which has a different song. But as far as within a brood, you can visually identify, if you know what you're looking at, the three different species of 17 year cicadas, if they all come up in your area. And you can visually identify at least three of the species of 13 year cicadas, if they come up in your area. But from brood to brood, there's three species of 17 year cicadas, even though there's nine different breeds of 17 year cicada And there's four species of 13 year cicadas, even though there's three different breeds of 13 year cicadas. The broods are distinguished because they're geographically distinct. In any given geographic area you typically only have one brood of cicadas that will happen in your area.
Clyde:	21:47	In North Carolina, we probably have maybe 10 or 12 species, it's hard to know. I know we have at least 10 or 12 species of annual cicadas, and some of them are more prevalent in the west, some are more prevalent in the coastal plain, some of them are found statewide.
Tracey:	22:19	That's really interesting. Is there an online resource or anything where you can listen to different cicada songs?
Clyde:	22:42	There actually is a really cool resource and I think it's called Songs of Insects, there are a couple different ones, but the one that I like, it's called Songs of Insects and they have a cicada page. 
Clyde:	24:52	So, any way, this is a really good resource for learning some of the cicadas around. It's not completely comprehensive, but it does give you an introduction to some of the cicadas that we have around.
[bookmark: _GoBack]Tracey:		We've been speaking today with Clyde Sorenson, an Alumni Association Distinguished Undergraduate Professor of entomology here at NC State. This has been Audio Abstract, I'm your host, Tracey Peake. Thank you so much for listening.
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