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Presenter
Presentation Notes
I want to begin this talk by sharing with you an anecdote about this guy, an ADULT MALE spider monkey named Lucas.I’ve known Lucas for about 9 years, and he’s one of my favorite study animals, even though he’s ornery and always looks as if he’s just tasted something bad… You can always tell Lucas because he’s got his tongue hanging out of his mouth the whole time.So to set the scene for this anecdote, maybe close your eyes and imagine yourself in a tropical rainforest. It has rained the night before. My colleague, Andres and I, have gotten up gotten up early and walked through the dark for 45 minutes to get to where we put a group of monkeys to bed the night before – including Lucas, several other males, and several females and their kids. As the sun starts coming up, we hear the sounds of the forest, bugs and birds and rain dripping off the trees. The spider monkeys wake up and started feeding on some fruits overhead, dropping seeds around us…Then we hear this call in the distance… a spider monkey loud call.Overhead, all the males – Lucas, Sammy, Poto, Andreo – suddenly perked up and began moving, peeling off from the females and making a beeline in the direction of the call.They moved quietly and silently in a straight line for about an hour, stopping periodically to shout back and forth with animals from another group in the distance. They take a long loop through an area we don’t often see them go, and then they space out in the tops of trees along a river that marks one border of their home range and they stare across the river towards where those other calls were coming from.
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Presenter
Presentation Notes
That incident exemplifies some of the really interesting features of social lives of spider monkeys that have been coming to light based my teams’ field research over the last 9 years: its an example of the cooperative behavior of a closely bonded group of males who patrol and actively defend access to a large territory containing the ranges of multiple females.Today, I want to do two things.First, I want to give you an overview of the social lives of spider monkeys, animals that I think are especially interesting to anthropologists because they are very similar to chimpanzees, our closest nonhuman primate relatives – and are presumably similar to early humans – in many aspects of their behavior.Second, and maybe more importantly for you young folks out there, I want to give you a taste of it’s like to conduct primate fieldwork in the tropics and give you some examples of how the study of primates in the wild has been revolutionized in the past 50 years by the incorporation of new field and lab methods.



Where we’re going…

 An introduction to primates…
 … especially spider monkeys!

 A taste of primatology fieldwork
 How the heck do you study arboreal rainforest primates?

 Four vignettes…
 Social media for spider monkeys

 Mineral licks, predation risk, and safety in numbers

 Patrols, raids, and warfare

 Sex and the single monkey

Presenter
Presentation Notes
So… where are we going with this talk?First, I want to put spider monkeys, our protagonists for the evening, into context as primates…Then, I want to give you a taste of primatology fieldwork… how to primatologists actually go about studying monkeys in the wild?Finally, I’ll give you a few vignettes – a few evocative accounts of particular features of spider monkey behavioral biology -- that are interesting and showcase how our understanding of these features are informed by both traditional observational work AND more modern approaches.
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To get us started, let’s review FOUR KEY FEATURES that distinguish primates, including humans, from other groups of mammals.First, what do you notice particularly conspicuously about this primate? Right, its EYES! Primates rely much more on VISION than other groups of mammals… we have forward facing eyes that allow us to have excellent binocular vision with great depth perception; we also very high visual acuity which allows us to resolve subtle features of shape and expression in the things we’re looking at.Second, check out these HANDS and FEET… compare them with yours. What’s special about them? Drop a pencil in the ground… now pick it up. Can your cat do that? Can a horse? No! We can do this… grab things with an opposable thumb!
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Presenter
Presentation Notes
Third, we’ve got LARGE BRAINS relative to those of other mammals, particularly with respect to the size of our neocortex, the colored parts of the brain associated with executive functions like self control, abstract thought, and perspective taking.Finally, the four interesting feature that distinguished primates as a group from many other mammals is the fact that many primate species live in large, permanent bisexual social groups composed of multiple generations of animals. This means that we have a large, complex, and changing social environment composed of shifting subgroups of friends, relatives, acquaintances, and enemies. This is a photo of geladas in the highlands of Ethiopia and you can see all these little cliques.



[diagram of primate evolution]
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Presentation Notes
This is an evolutionary tree that shows the relationships among the major groups of primates. The critters we are going to be focusing on today are these guys, spider monkeys, that belong to a group of primates called the New World monkeys.It’s worth just mentioning at this point that we are not DESCENDED from monkeys… that’s one of the questions evolutionary anthropologists often get asked about, especially in Texas – “Do you really believe we’re descended from monkeys?!?” Well, no! We ARE primates and we share certain features of our biology with monkeys based on the fact that we are descended from a common ancestor. But we’re NOT descended from monkeys. Rather, both humans (and chimpanzees) and modern monkeys are descended from a common primate ancestor about 36 million years ago!
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Presenter
Presentation Notes
[6.5 minutes]Okay. The New World monkeys we’re going to focus on today – spider monkeys – are part of a group of monkeys that include the largest of the South and Central American primates. 
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Presentation Notes
These monkeys all come from a family called the ATELIDAE.



Prehensile Tail

Presenter
Presentation Notes
They all have in common a particular feature of morphology called a prehensile tail, which can be used to support the full body weight of the animal.



Geographic Range 
of Spider Monkeys

Presenter
Presentation Notes
Among the New World monkeys, our protagonists, the spider monkeys, have one of the most widespread geographic distributions.



Natural History

 Group Composition

 Diet

Photo: Dylan Schwindt, Proyecto Primates

Presenter
Presentation Notes
And we know a good deal about the basic natural history of spider monkeys, based on my research group’s own work and on research that’s taken place at other sites.Spider monkeys live in large multimale-multifemale communities.They are highly frugivorous, which means that they eat mostly ripe fruit; in fact, they are considered ripe fruit specialists. Their diets are EXCEPTIONALLY diverse; in our studies, we have recorded them eating more than 250 different species of of fruits.



Home Range
408 hectares (1008 acres)

N1 km

Presenter
Presentation Notes
They also use really large areas or home ranges! In our study site, the group we have been working with collectively uses an area of over 400 hectares or over 1000 acres.Here’s an aerial view via Google maps of our study site with a 100m by 100 m grid superimposed on it. Each box indicates a cell that members of the group were observed in at a point in time where we collected data sometime during our study.



Home range of “Poto” 
a typical adult male

Presenter
Presentation Notes
Now within this area, different individuals use the study area differently.For example, here I have plotted all of the location records for one particular adult male spider monkey, named Poto, from our main study group.



Home range of “Ana” 
a typical adult female

Presenter
Presentation Notes
By contrast, here is the area used by a single female, Ana.



Sex Differences in Range Size
** P < 0.001, 12 females, 7 males

Presenter
Presentation Notes
If we compare the set of home range sizes for males versus females, there is a very clear difference – males routinely use an area about twice that of females. That sex difference in ranging is another feature of spider monkey natural history.



Natural History
Photo: Dylan Schwindt, Proyecto Primates

 Female dispersal 
and immigrations
 REALLY RARE IN 

MAMMALS!

 “Fission-fusion” social 
associations
 ALSO REALLY RARE IN 

MAMMALS!

Presenter
Presentation Notes
There are two other things that are important to understand about spider monkeys that I haven’t mentioned yet but are worth noting because they are UNUSUAL among primates and among mammals generally.First, FEMALES are the dispersing and immigrating sex.Second, the social associations of spider monkey are extremely FLEXIBLE.[DESCRIBE FISSION-FUSION SOCIALITY]
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Presentation Notes
These patterns of flexible associations are seen in only a handful of other mammals, including certain cetaceans, like dolphins and killer whale, African elephants, and spotted hyenas.



http://www.nature.com/nature/journal/v479/n7372/fig_tab/479182a_F1.html

Presenter
Presentation Notes
Within the primates, fission-fusion patterns are seen most commonly in spider monkeys and chimpanzees, and important point of convergence with that taxon…



http://connecticut.cbslocal.com/2014/02/10/weather-related-conditions-slow-commuter-rail/

Presenter
Presentation Notes
… and in humans. Think about it… your association patterns on a typical day are really flexible. You might have spent the morning at home with family. Then carpooled with other folks to school. Then had a lunch with friends, shifted among classrooms during the day, hung out with your boyfriend or girlfriend after school, went to the gym, then home for dinner, then come to this talk. LOTS of changes in who you are spatially associated with throughout the day.



A Taste of Primatology Fieldwork

http://www.janegoodall.org/media/videos/jane-goodall-retrospective

Presenter
Presentation Notes
[11.5 minutes]Okay, I’ve told you a bit about spider monkey natural history… well how do primatologists actually go about studying monkeys in the wild?Who knows who this is? Right, only the most famous primatologist EVER! The inspiration for literally hundreds of thousands of primate fieldworkers, conservationists, and schoolkids from around the world over the past 55 years and who happened to turn 80 yesterday! Let’s watch a Nat Geo clip introducing her.VIDEO OF JANE GOODALL FROM NAT GEONow for those of you of a certain generation, your impression of what anthropologists and primatologists do is probably shaped by films and filmstrips along the nature of what you’ve just seen. And this is accurate to a large extent… lots of field work in primatology involves just what you’ve seen: a researcher going into a remote environment armed with binoculars, a notebook and pencil, and maybe a poncho to keep off the rain. Plus, a lot of patience and a tolerance for bugs, rain, and humidity. But in the years since Jane Goodall went to Gombe to study chimpanzees field study of wild primates has also changed quite a bit to incorporate new technologies and approaches.






Presenter
Presentation Notes
The situation where I work is a bit different than at Gombe… first, we’re working with an arboreal species in a more humid tropical environment with poorer visibility. We still use binoculars and notebook, but we add a bit of more modern technology into the mix.I’m going to now spend a little time describing the site where I and my colleagues work and introduce you to some of the methods we use.



Tiputini Biodiversity Station
Yasuní Biosphere Reserve, Ecuador

Presenter
Presentation Notes
The field site where I work are located in the far western Amazon Basin, just south of the Equator, in the Yasuni National Park and Biosphere Reserve, which is one of the largest, least disturbed, and ostensibly protected natural areas in the western Amazon.





Presenter
Presentation Notes
The Tiputini Biodiversity Station is located in lowland, lush, tropical Amazonian rainforest, where close to 3 and a half meters of rain fall each year. This is a view out over the Tiputini on a typical sunny day…



Presenter
Presentation Notes
… and this is the same view a few hours later during a typical rainstorm!



Presenter
Presentation Notes
And here’s the view of US on a typical day, giving up on following the monkeys because of rain.



Ateles belzebuth
(white-bellied spider monkey)

Presenter
Presentation Notes
The species of spider monkey my colleagues and I work with is called the white-bellied spider monkey. This is SAMMY, another of the adult males there with LUCAS and POTO on that first patrol we witnessed.



Photos: Viveca Persson; Dylan Schwindt; Delanie Hurst; Tim Laman, National Geographic
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Jaguar
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Presenter
Presentation Notes
Now as a remote primary rainforest site, Tiputini contains vibrant populations of all of the other animals you might expect to find in the jungle, including JAGUAR and PUMA, which are potential predators on spider monkeys and other primates.



Video Clip: Untamed Americas: Forests, National Geographic

Presenter
Presentation Notes
Let me show you a short National Geographic video clip filmed at our site that shows you just how sensitive spider monkeys are to the risk of predation by jaguars and other cats…This is filmed near a MINERAL LICK, which is a site where spider monkeys commonly come to the ground to drink mineral rich water and eat mineral rich clays, but where they are most vulnerable to being attacked by a predator.In watching the film, you’ll also get a sense of some of the other sights and sounds of the rainforest. Pay close attention to the spider monkeys and how individually distinct they are.[POINT OUT ALARM CALLS, PREHENSILE TAIL, ONE OR TWO NAMES, SEE HOW VIGILANT THEY ARE]






Presenter
Presentation Notes
You saw great shots of the monkeys in that video, right? Nat Geo filmmakers benefitted from the six years we spent getting those monkeys habituated, or used to people being around. But that’s NOT what it’s like for us most of the time in the field. Imagine you’re trying to find and follow monkeys when they are up in the canopy. There’s a monkey in this picture… can you spot it?



• Capture animals 
to measure and 
affix collars

Basic Methods:
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Presentation Notes
In order to be able to find and follow monkeys – not just spider but the other species we study as well – we need to capture a couple of them and give them radiocollars so we can track them using technology. To do this we shoot them with a tranquilizer gun, catch them in a net, put on a collar, and release them.



• Follow animals to 
map their travel 
routes and use of 
space

Basic Methods:

Presenter
Presentation Notes
Once they are released, field assistants like Ana here can track them using radiotelemetry which lets up map their travel and use of space.



Behavioral Observations

 Dawn-to-Dusk “Focal Animal” Follows
 All non-juveniles
 Animals individually identified

Presenter
Presentation Notes
Once the animals are habituated and we can follow them with or without telemetry, we can begin taking BEHAVIORAL OBSERVATIONS on them. We do this in the context of full day, dawn to dusk follows of particular focal individuals. That means we try to follow the same animal from when they wake up in the morning to when they go to sleep at night.
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Behavioral Data

 Range use data via GPS fixes
 Subgroup composition (every 15 min)

Fusion When a new member joins the subgroup
Fission When we do not see a member for > 1 hour

 Social interactions involving focal animals
 Aggression, grooming, play, sexual behavior

 Intergroup encounters
 Location, participants, winners, and losers

Presenter
Presentation Notes
So, during our long focal animal follows we certain basic kinds of data.



VIGNETTE 1:
SOCIAL MEDIA FOR SPIDER MONKEYS

Presenter
Presentation Notes
[25 minutes] Now, I’d like to turn and focus on how we combine these basic observational data with OTHER kinds of data, made possible by the use of various different technologies and discuss how, together, they shed light onto different aspects of spider monkey social lives.Vignette #1One of the things I’ve talked about already is how all of the members of a spider monkey group are rarely found in the same place at the same time; in fact… spider monkeys generally travel in subgroups with only 4 to 5 animals on average that encounter one another and reassort their membership 4 or more times per day. This takes place in within an area of over 6 square kilometers! How do they do it?Well, one way they might do it is by posting their status so that others can check in with them and decide if they’d like to meet up... Kind of like you might do when you update your status on Facebook! A monkey might make some kind of signal to POST its status and then other might act upon that information.And what might they use to post this info? Well, the loud call I demonstrated before has some of the characteristics that might make it a good way to post information to others… It is LOUD and it carries a LONG WAYS. It also seems to have a complex acoustic structure that might make it a good marker of individual identity.



– Recordings and 
spectrographic analysis

– Direction of movement and 
changes in subgroup size after 
hearing calls

Presenter
Presentation Notes
To test this idea that long calls might help spider monkeys mediate their social interactions at a distance, my former graduate student, Steph Spehar did an elegant study where, along with our regular data collection regime, she did two things:[1] she collected digital recordings of vocalizations for spectrographic analysisand[2] she made careful observations on how spider monkeys behaved after hearing or giving loud calls. 



Presenter
Presentation Notes
Why recordings? Well, if we’re interested in whether loud calls might truly be used as some kind of post about status, one thing needs to be true about them… they need to be DISTINGUISHABLE from one another… That is, they should convey some kind of information about sex, age, or individual identity.Steph addressed this in two ways using her digital recordings… first, she showed that features of the calls measured off of spectrograms are sufficiently distinct that they can be DISCRIMINATED.For example, here are the two animals’ calls and you can see (and hear) that they are different that you can tell them apart. LISTEN TO THESE CALLS. How are they different?The second thing she did was to perform playback experiments and measure if animals responded differently to calls. She played different males’ and females’ calls back to females. She found, overall, that FEMALES responded strongly to male calls AND that females responded most strongly to the call of one PARTICULAR male.



Direction of Caller

Presenter
Presentation Notes
Steph also took detailed data on what transpired after animal she was following heard a loud call. First, she recorded the animal’s subsequent direction of movement – whether they approached or avoided the call. She also recorded whether the size of the subgroup the animal was increased, decreased, or did not change in the hour after hearing or giving a call.
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Presentation Notes
She found that…First, both males and females tended to APPROACH distant long calls more often than expected by chance.
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She found that…Second, subgroups tended to increase in size within the hour after the animals heard or gave a loud call.Both of these strongly suggest an important role for long-calls in coordinating ranging and grouping behavior in spider monkeys.



VIGNETTE 2:
MINERAL LICKS, PREDATION RISK, and 
SAFETY IN NUMBERS

Presenter
Presentation Notes
[29 – 30 minutes]Vignette #2:Moving on to a second vignette… let’s look at spider monkeys use of mineral licks. Spider monkeys are one of a few species of Amazonian primates that visit mineral licks. Why they do this isn’t really well known, but what’s very clear is that mineral licks are places where they are most at risk from predation. As you saw in the earlier video clip, they are slow and cautious and often spend hours in the trees around and above a mineral lick before descending to the ground.Because of this, it’s hard to observe the animal’s behavior at the licks… especially for groups that aren’t well habituated like the one in the video, which was shot from a blind. So to learn about the monkeys’ behavior at licks, over the past 5 years we have used CAMERA AND VIDEO TRAPS to record animals’ visitations. A camera trap, shown here on the left, is basically a heat and motion sensor designed to snap a photograph of series of photos when it is triggered. The traps can tell who comes to the lick (because we can often recognize the animals individually from their photos), when, and for how long.



Mineral Lick Usage

 Visit licks ~1x/week
 Spend ~3 hours in the lick area, but each 

animal only comes to the ground for only ~2 
minutes

 Visit licks with howler monkeys more often 
than expected

Presenter
Presentation Notes
By monitoring camera traps over these multiple years, we’ve found out the following about spider monkeys’ mineral lick usage…





Presenter
Presentation Notes
Now licks are clearly dangerous areas…. This recent camera trap photo from Manu National Park captured a puma with a tasty red howler in its mouth.We were curious to see how spider monkeys cope with the risk of predation at mineral licks and how their fission-fusion social associations might be related to this. Well, there’s the adage of SAFETY IN NUMBERS… when animals are at risk of being preyed upon, it is often beneficial for them to have others around to help look out for predators or, if your group gets attacked, to maybe be the one eaten instead of you!
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Now recall that during the course of our behavioral follows, we keep a record of the size of the subgroup that we were following… We used a combination of these data, along with data from CAMERA TRAPS, to look at how subgroup size changes in response to the timing of visits to licks. Here, I plot the average size of subgroups in the hours preceding, during, and following a lick visit. Average SUBGROUP SIZE tended to be highest while the animals were at the lick, and increased in the hours leading up to a visit.The takehome message is that spider monkeys seem to get together to visit mineral lick sites AND that they increase their group size even before the visit, probably because of the greater risk of predation at these sites those sites.



VIGNETTE 3:
PATROLS, RAIDS, and WARFARE

http://www.janegoodall.org/media/videos/chimp-patrol
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Presentation Notes
Vignette #3:A third, fascinating behavior of spider monkeys is the one I mentioned at the beginning of this talk – cooperative boundary patrolling by males. This behavior is especially interesting because this is another example of the convergence between spider monkeys and chimpanzees. In fact, Jane Goodall’s early work on the chimps of Gombe revealed that chimps do exactly the same kind of patrolling behavior. Here’s a short clip on chimpanzee patrolling introduced by Jane Goodall herself…






Photos: John Mitani, University of Michigan

Presenter
Presentation Notes
Conspicuous patrolling behavior and even lethal aggression between males of adjacent communities has now been reported for several chimpanzee populations. These photos from John Mitani, a chimp research who works in Uganda, show males lining up on patrol and the aftermath of coming across a solitary male from another community.



Male Coalitionary Aggression

• N = >50 border patrols or IGEs since 2005
• Aggression can escalate and be potentially lethal
• During 2006-2008, our main study group lost 3 fully 

adult males

“Poto”

Adult 
Male
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Presentation Notes
Among the spider monkeys, since 2005, we have now witnessed more than 50 of these events. The conditions are striking… a group of males, sometimes with females associated, sometimes not, will approach the boundary of their range and more vigilantly and quietly along the border or through the area between groups’ ranges. Sometimes, they will encroach into other groups ranges.When spider monkeys encounter males from another group, the escalation can sometimes escalate and we think it can be lethal. Though we have not yet seen any cases of intergroup killing, we have seen males come back from an interaction with another group with wounds on their extremities. And during 2006-2008, our main study group lost three fully adult males who were otherwise in good health, and this coincided with a period of heightened patrolling between our group and other surrounding ones.



MQ-1

MQ-2
MQ-3MQ-4
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In this figure, I have plotted the rough home range I showed you earlier for our main study group, which we call MQ-1, here in purple. I’ve also indicated the rough home ranges of three other groups, whose ranges lie largely outside of the trail system at the site. You’ll see how ranges do not overlap and, in fact, are often separated by space where we very rarely see spider monkeys… we call these demilitarized zone.The dotted lines in the figure are representative examples of five incursions made by males from our main study group into the demilitarized zones or into the home ranges of these adjacent groups.



Male Patrols

“There are some long calls at 
around 7:40 very far north and five 
males fission off  and sprint in that 
direction.  They move very fast only 
stopping to long call.  In far north, 
another Group (MQ-3) also calling! 
At 8:20 the males come into a very 
large tree and stop. They seem very 
vigilant and Juan and Geronimo are 
embracing and growling, and they 
all stare at a nearby emergent tree 
where 3 AM’s from MQ-3 are also 
“resting-vigilant” staring towards 
MQ-1 males. They stare for several 
minutes... At 8:40 the MQ-3 males 
retreat into their home range...”

“The MQ-1 males rest for ~40 
minutes and then at 9:22 begin 
patrolling the southern border of MQ-
3’s territory. The males move very 
silently and only stop for a couple of 
minutes to remain completely silent. 
They actively patrol from 9:22 until 
12:00… They go straight into the 
mineral lick area of MQ-3 and then 
continue moving further east… where 
they stopped to rest.  Only at 17:00 
do they start moving back into their 
home range.”

Presenter
Presentation Notes
I want to share with you the text from the field notes about one of these events that my collaborator, Andres Link, witnessed.



GPS Collars on Males

Presenter
Presentation Notes
Now these patrol events, while not incredibly rare, are still not that common. Starting a couple of years ago, Andres and I conducted a pilot study to see if we could take advantage of new technology to improve our detection of patrols. We thus fitted two males from our main study group with GPS collars… in addition to a radiotransmitter the GPS collar has an on-board GPS that records the location of the wearer at particular intervals. Here’s Poto again, just after he’s been collared. We can then go to the field with another specialized radio receiver hooked up to a laptop computer and download the data about where the animal has traveled. Basically, the monkey can do our follows for us.



Four Patrols or Incursions in the GPS Data

Presenter
Presentation Notes
In this figure, I have superimposed all of the paths that two males, Poto and Nenki, took over the course of about 12 combined months of GPS collar data (the collars were programmed only to be on for about 1 day in 3, so these represent about 150 days of sampling).  Looking at the data, we can see four clear incursions or boundary patrols on four different days. I’ve animated these here…These data demonstrate how technology can improve our ability to collect certain kinds of behavioral data… in this case on rare patrolling events.



VIGNETTE 4:
SEX AND THE SINGLE MONKEY

Presenter
Presentation Notes
Vignette # 4:Finally, I want to spend a bit of time talking about sexual behavior and the spider monkey mating system, which is a bit unusual for primates. As you might imagine, it’s not always easy to observe such intensely private acts as copulations, especially when you are studying a species that spends most of its time in the tops of canopy trees in a rainforest more than 20 m off of the ground! This is a still from the one time we’ve been able to film a glimpse of spider monkey sex. It looks like something you might see on TMZ.



Very low rate (< 5 obs per 1000 hours 
with the monkeys)

Mostly takes place during secretive 
“consortships”

No aggression and no dominance 
hierarchy among males

Sexual Behavior (really hard to see!)

Minimal overt ♂-♂ competition!

Presenter
Presentation Notes
In about 7000 hours of contact time with the monkeys between 2005 and 2011, we recorded a TOTAL of only 32 cases of sexual behavior (or less than 5 cases per 1000 hours). It’s hard to generalize patterns from such a small number of observations, but we can say a FEW things…First, mostly takes place during secretive “consortships” where a male and female move away from all other adults and spend a few hours to a few days on their own.Second, we have never seen any aggression among males over access to mating opportunities. And in fact, we are unable to discern dominance relationships among our study animals.This last point is quite different than what we see in many other primates, like chimpanzees, where males are very competitive with one another within groups.



Copulations by Males
(N = 32 observed events)
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JUAN 0 0

PEDRO 0 0

POTO 1 1 1

GERONIMO 0 0

SAMMY 4 3 1 8 4

LUCAS 4 1 1 6 3

MONO 1 5 1 7 3

ANDREO 5 1 2 8 5

NENKI 1 1 2 2

Presenter
Presentation Notes
Looking at the small set of copulations we have observed in more detail, this figure show how these were distributed across males.  Let me walk you through it. Orange shows when each of 9 adult males present in the group between 2005 and the present were there, and numbers in the cells represent the number of copulations observed by that male during a given year.So, Juan and Pedro and Geronimo were present from the start of the study until 2007… These were the males who disappeared during that epoch of heightened aggression I mentioned.Nenki, by contrast, grew up in the group and only became an adult in 2010.The  final column shows… the number of different females each male was seen copulating with.



Copulations by Males
(N = 32 observed events)
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JUAN 0 0

PEDRO 0 0

POTO 1 1 1

GERONIMO 0 0

SAMMY 4 3 1 8 4

LUCAS 4 1 1 6 3

MONO 1 5 1 7 3

ANDREO 5 1 2 8 5

NENKI 1 1 2 2

Six of nine adult males were 
observed mating at some point…

Presenter
Presentation Notes
Now even in this small set of matings…



Copulations by Males
(N = 32 observed events)
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JUAN 0 0

PEDRO 0 0

POTO 1 1 1

GERONIMO 0 0

SAMMY 4 3 1 8 4

LUCAS 4 1 1 6 3

MONO 1 5 1 7 3

ANDREO 5 1 2 8 5

NENKI 1 1 2 2

No males were observed mating as 
subadults…



Copulations by Males
(N = 32 observed events)
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JUAN 0 0

PEDRO 0 0

POTO 1 1 1

GERONIMO 0 0

SAMMY 4 3 1 8 4

LUCAS 4 1 1 6 3

MONO 1 5 1 7 3

ANDREO 5 1 2 8 5

NENKI 1 1 2 2

And all males seen to mate more than once 
mated with more than one female!

Presenter
Presentation Notes
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Copulations by Females
(N = 32 observed events)
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EVA 3 2 5 4
ANA 0 0
BUKA 0 0
SOFIA 1 1 1
MIKA 2 7 9 3
LUNA 1 4 5 3

OIKAMO 1 1 1
KAUO 1 1 1
NIPA 1 1 1
VITA 6 3 9 4

GISELLA 0 0
ZARI 0 0
EVITA 0 0

Presenter
Presentation Notes
If we turn and look at the distribution of matings across females, we see a similar patterns. Again, you read this figure the same way… all adult females are listed on the lefthand side, the orange bars represent the years a female was in the group, and the right hand columns summarize the total number of copulations seen and the number of males mated with.



Copulations by Females
(N = 32 observed events)
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EVA 3 2 5 4
ANA 0 0
BUKA 0 0
SOFIA 1 1 1
MIKA 2 7 9 3
LUNA 1 4 5 3

OIKAMO 1 1 1
KAUO 1 1 1
NIPA 1 1 1
VITA 6 3 9 4

GISELLA 0 0
ZARI 0 0
EVITA 0 0

All females seen to mate more than once 
mated with more than one male 

Presenter
Presentation Notes
All of the females who were observed mating more than once did so with more than one male.These behavioral observations then point to a situation where BOTH males and females mate with multiple members of the opposite sex.



http://firebirdcrossfit.com/wp-
content/uploads/2013/04/FREE_LOVE_by_The

Ti H b j

Presenter
Presentation Notes
Monkey free love!



IDENTIFYING PARENTS
USING DNA…

Presenter
Presentation Notes
This small number of observations is really not a lot of evidence to go on to make any conclusions about the mating system of spider monkeys… we need other approaches. Fortunately, modern genetic technologies let us DIRECTLY examine patterns of parentage using wildlife forensics. Specifically, if we can get samples of animals that we can get DNA from, we can use that to study who actually reproduces with whom. The trick is to do this NONINVASIVELY, without having to capture any more animals than absolutely necessary.



Presenter
Presentation Notes
To do this, we take advantage of one key tenet of evolutionary biology… EVERYONE POOPS.Poop contains lots of DNA – from stuff an animal has eaten, from its gut bacteria, and from the organism itself as cells from the digestive tract are sloughed of as food moves through.Getting DNA out of poop was a pretty difficult process 10 years ago… but now it’s pretty routine!



Our complicated, 
technical sampling 
protocol…

• Get pooped on!
• Scrape poop off 

shirt/pants/hair

Or…

Presenter
Presentation Notes
You need to use a very complex, technical sampling protocol…



http://blogs.scientificamerican.com/guest-blog/files/2012/08/Dung-beetle.jpeg

Presenter
Presentation Notes
Or… we rob it from these cool little critters called DUNG BEETLES that conveniently roll up a poop bolus for depositing their eggs in.





Winner of the Poop Haiku Contest

Presenter
Presentation Notes
Working with poop inspires our field team to come up with creative ways to pass the time, like…



Presenter
Presentation Notes
It also inspires bored academics to write interesting journal article titles…



Genetic Dataset

 Bring poop to Texas!
 Extract DNA
 DNA “fingerprint” at up to 16 

loci plus a sex typing marker

Combined DNA Index 
System

Presenter
Presentation Notes
Once we have the sample in our (hopefully gloved) hands…



Spider Monkey Paternities

Ana
Anika

Presenter
Presentation Notes
How does this work? We get a sample from a female, like Ana, and any kids that hang out with her, like Anika. We confirm that the kid is the female’s offspring, and then we compare the DNA fingerprint of all males to identify the most likely male sire.



Spider Monkey Paternities

 28 kids born between 1998 and 2011
7 assigned to Poto
6 assigned to Sammy
5 assigned to Juan
4 assigned to Geronimo
3 assigned to Pedro
1 assigned to Mono
2 could not be assigned and mismatched with 

all group males at 4+ loci

Presenter
Presentation Notes
We did this for a total of 28 kids we have samples from who were born in our study population between 1998 and 2011 (some were juveniles or subadults when we started our studies in 2005). Here are the results… multiple adult males have sired kids within the group.



Paternities: Male Perspective
(N = 26 from within-group sires)
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JUAN 5 2 1 1 1 5
PEDRO 3 1 2 3
POTO 7 1 1 2 1 1 1 7

GERONIMO 4 1 1 2 4
SAMMY 6 1 1 3 1 6
LUCAS 0 0
MONO 1 1 1

ANDREO 0 0
NENKI 0 0

Six of nine males who were adults in this 
period sired offspring…

Presenter
Presentation Notes
Looking at these in the same way we looked at COPULATIONS…The ones that haven’t are the two youngest adults (Andreo and Nenki… plus Lucas; my heart goes out to him)



Paternities: Male Perspective
(N = 26 from within-group sires)
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JUAN 5 2 1 1 1 5
PEDRO 3 1 2 3
POTO 7 1 1 2 1 1 1 7

GERONIMO 4 1 1 2 4
SAMMY 6 1 1 3 1 6
LUCAS 0 0
MONO 1 1 1

ANDREO 0 0
NENKI 0 0

…and almost always sired these offspring 
with different females!



Paternities: Female Perspective
(N = 34, with 26 within-group sires and 2 unassigned)
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EVA 3 1 1 1 3
ANA 4 1 1 1 1 4
BUKA 3 1 1 1 ≥2
SOFIA 3 1 1 1 3
MIKA 2 1 1 2
LUNA 3 1 1 1 3

OIKAMO 4 1 1 1 1 ≥2
KAUO 3 1 1 1 ≥1
NIPA 4 1 1 1 1 ≥3
VITA 1 1 1

GISELLA 2 1 1 ≥1
ZARI 0 0
EVITA 1 1 1

UNKNOWN 1 1 1

Almost all of a female’s kids are sired by 
different males!

Presenter
Presentation Notes
Turning to the female perspective…Almost all of a female’s kids are sired by different males.The take home is that this is a very egalitarian mating and reproductive system. Males are siring kids with different females, females are having kids of different males.



Parallels with Chimpanzees

Photo By: Dylan Schwindt, Proyecto PrimatesFrom: Walt Disney Pictures' Chimpanzee (2012)

Presenter
Presentation Notes
Okay, some closing remarks!As I have mentioned a couple of times throughout this talk, studies of common chimpanzees and spider monkeys have revealed some remarkable convergences between these two taxa in many aspects of their behavior, ecology, social systems, and mating systems…



Evolutionary Tree of
Primates

~36MYA

Copyright © 2009 Pearson Education, Inc. 

Presenter
Presentation Notes
And recall, that chimps shared a common ancestor with spider monkeys roughly 36 million years ago



Key Convergences…

 Fission-fusion associations
 Loud, distinctive calls to 

coordinate associations at a 
distance

 Large ranges with little 
overlap between groups

 Female dispersal and 
patrilineality

 Cooperative territorial 
defense, patrolling, and raids 
by males

http://www.aceshowbiz.com/images/still/chimpanze
e-pic01.jpg

Presenter
Presentation Notes
Of the 250+ species of primates, these 2 share…The anthropologist in me makes me also need to point out that many of these feature also characterize many traditional human societies and probably our earliest human ancestors



Take Home?

 Spider monkeys may 
make good models for 
studying the factors 
underlying aspects of 
chimpanzee and early 
human sociality

Photo: Dylan Schwindt, Proyecto Primates

– Flexible association 
patterns

– Female exogamy
– Male bonding
– Patrilineality
– Cooperative range 

defense
– Cooperative male 

aggression against 
other groups

Presenter
Presentation Notes
So for me as an anthropologist – someone who is interested in the evolution of HUMAN BEHAVIOR – it means that even though spider monkeys are only our very distant relatives, they may make good models for studying the factors underlying certain aspects of chimpanzee and early human sociality.Features like… very flexible association patterns, female dispersal or EXOGAMY (marrying outside of your group), male bonding and tolerance, patrilineality, cooperative range defense, and cooperative male aggression against other groups



Photo: Steve Winter, National Geographic

Yasuní: A Global Biodiversity Hotspot
 2,274 species of trees and shrubs
 596 species of birds
 105 species of amphibians; 83 of reptiles; 

383 of fish
 Over 100,000 species of insects per hectare
 204 species of mammals

• Including 25 protected under CITES or listed by 
the IUCN as threatened or endangered

Presenter
Presentation Notes
I want to close with a few final thoughts comments about the beautiful place I have the privilege of working in…The Yasuní National Park and Biosphere Reserve is truly a BIODIVERSITY HOTSPOT of global significance…



http://ngm.nationalgeographic.com/2013/01/yasuni-
national-park/img/22-petroamazonas-road-670.jpg

http://www-tc.pbs.org/prod-
media/newshour/photos/2013/08/05/94287516_slidesho

w.jpg

Presenter
Presentation Notes
As some of you may know, the region – like many other places in the tropics – currently faces threats from various kinds of development activities, particularly the opening of primary forest for petroleum development. With this comes increased colonization, illegal hunting and logging, and habitat conversion for both small scale and industrial agriculture.



Amazon Watch ¡Yasuní Depende de Ti!http://yasunidosinternational.wordpress.com/

Presenter
Presentation Notes
The Ecuadorian government was considering setting aside development in a portion of Yasuni if the international community invested enough money in the initiative, but in the fall of last year, they decided to move forward with plans to further develop certain parts of the park. Local and international environmental groups have responded by trying to organize a national referendum in Ecuador to encourage the government to revisit this decision. The group Amazon Watch recently released this PSA that articulates the importance of Yasuni, and I’d like to leave you all with this…
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Presenter
Presentation Notes
Before I start, though, I’d like to thank all of the wonderful students and field assistants that we’ve had over the past few years that have made some of this research possible.  Our work on spider monkeys is truly a collaborative enterprise, and without them, we wouldn’t have much of the data I’ll be discussing today



Want More Info?

 International Campaign for Yasuní
Foreigners cannot sign the petition for the referendum, but they 
can sign the open letter to President Correa on AVAAZ, Save 
Yasuní, the Last Wonder of the Amazon!

 Mongabay.com – Tropical rainforest conservation 
and environmental science news

 National Geographic – Special article on Yasuní





Dr. Anthony Di Fiore
Anthony Di Fiore is a professor at UT Austin. He conducts 
long-term behavioral and ecological field research on several 
species in the primate community of Amazonian Ecuador to 
investigate the ways in which ecological conditions (such as 
the abundance and distribution of food resources) and the 
strategies of conspecifics together shape primate behavior 
and social relationships and ultimately determine the kinds of 
societies we see primates living in.

Dr. Fiore complements his field studies with molecular 
genetic laboratory work in order to address issues that are 
typically difficult to explore through observational studies 
alone, including questions about dispersal behavior, gene 
glow, mating patterns, population structure, and the fitness 
consequences of individual behavior. 
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