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Introduction

Goals

» The exercise emphasizes the way in which scienceis carried out; experimentation takes places over 2-3
weeks and directly relates to and prepares students for modern research-oriented upper divison
biology courses.

e The theme of this module ties in closdly with the behavioral portion of the lecture mmponent of the
course.

» ThisOlfaction Module (1) exposes sudents to basic questionsin biology 2) gives direct experience with
scientific methods and approaches required to dedl with those questions.

Studies of animad communication provide students with an excellent opportunity to design and conduct
ample, degant andyss of socid behavior. Through the experimental separation of sources of socid stimuli,
the development of appropriate bioassays and the recording of behaviora data and subsequent Stetidticd
andyss, sudents are not only able to gain hands-on experience but also are enabled to understand levels of
inference and types of proof used in science. In the present study, for example, students are unable to see
the pheromone molecules which mediate darm and recruitment, but through experimentation they can gather
data to provide circumgantid evidence of the source of the pheromones which regulate these socid
interactions.

Techniques such as microdissection and extract preparation are also developed through this |aboratory
exercise. Findly, there is excdlent origind literature available to illugtrate the “pioneer” research into the
fiedd of communication, as well as various types of popular articles. In essence, students will in this exercise
duplicate the origind methods used by Edward O. Wilson to determine the origin and effects of
pheromones. We are aso able to bridge chemidiry to allow students to understand the relationship between
molecular structure and function, thus emphasizing an interdisciplinary gpproach. Termites and ants are
chosen because they provide a whole non-endangered organisma mode to incite student interest and are
essy to manipulate and maintain.

Experimental Design
If desired, ingtructor can plan this module for a 3 week time period
Week 1
Students can learn skills in observing socid behavior by working with displays of whole colonies of ants

and termites. They can become familiar with colony organization and inter-colony relaionships including
food sharing and grooming behavior. During this first sesson, students can aso observe prepared
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histologica sections of insect anatomy to become familiar with pheromone sources. Origina and secondary
literature sources can be reviewed with attention to student reporting or research.

Comeback Time: students may complete any aspect of unfinished laboratory and/or plan future
experiments.

Week 2

Students will anesthetize and decapitate Camponotus, Pogonomyrmex, or Formica ants in order to
remove their mandibles and the attached pheromone secreting mandibular gland. Students can crush gaping,
antennae waving, fast running, aggression, hiting, avoidance, touching.

Students can then determine degree of specificity of the darm response of workers by observing the
effect of other chemicds such as ethanol, citrondla, glycera, methyl heptanone, and undecane, and
subsequently account for differences.

Findly, sudents can study trail communication by removing the sting with attached poison and Dufour’s
glands from anesthetized ants. (sudents with bee sting dlergies will not handle ants.) Tralls of each extract
can be drawn and ant behavior from different colonies can be recorded and described.

Comeback Time: to complete unfinished work; written plans of third week’s bioassay for termite trall
pheromones can be discussed with mentor.

Week 3

Based on experience and readings of former weeks, students will devise a bioassay and procedure to
bioassay and identify the source of trall pheromone in the common socid insect the termite, Reticulitermes
flavipes. Thelast hour can be devoted to discussion of individud results.

Comeback Time: written report of results will be completed and submitted.

Materials

Ants

Forceps, Dumont No.5
Formic Acid

1-octanol

Decyl Acetate
Hamilton Syringes
Insect Pins

Aluminum Foil

Saran Wrap

Screen Charge for Logo (for T-shirts used in human odor communication exercise; optiond)
Hamilton Syringes

Petri Dish, 150x25
Microflex Vids, 0.3
Capillary Tubes

Reticle

Huon AD1
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Notes For Instructors

General Tips

1

Always use fresh ants, that is, ants that have been recently isolated from their nests. This is particularly
important in end-of-the-week labs, because ants have been probed and hasded all week. There is
amply no way of liging what ants will be found, because this will depend on where one is in the
US/Canada. People will have to adapt the protocols to their abilities/location.

Don't overfeed colonies; they’'ll get saited and lazy. This is particularly true for the demondtration of trail
communication: wdl-fed ants won't respond to food

If the microsyringes don't work well because they are plugged, and you can’'t fix them, use a

mi cropi ppette.

Deter mination of the Origin of the Trail Pheromone in Reticulitermes Ter mites

1

Obtain a termite (Reticulitermes flavipes) from a sock colony. Termites, unlike ants, have no sting with
associated glands that produce trail substances. Yet the foraging in dl species sudied to date is
coordinated by chemical tralls.

With forceps, decapitate the termite and separate the thorax from the abdomen. Make sure the legs
have been removed. Keep the orientation on the abdomen so that you know the dorsal side from the
ventral. Eviscerate the abdomen so that dl the viscera come out. You can do this by holding the
abdomen (gaster) with one set of forceps and introducing the tip of another forceps onto the cut ends of
the gaster and pulling out the viscera. Pull carefully on the pleura membrane to remove the dorsal side.
Retain the ventra segments of the cuticle as the glands are located here. Place them on a droplet of
sdine in the depression of awax bottom dissecting dish. The sterna gland is located between the fourth
and fifth abdomina segments. It looks like one of the ventral ganglia but is more tranducent, and does
not have any nerve cord associated with it. NOTE: If you cannot separate the sternd gland from the
cuticle, drop the entire preparation into the V-shaped extraction vials.

With the blunt end of aglass capillary tube, grind the preparation in 10 pl hexane. With a pencil, draw
your “V” trails on a paper. With a microsyringe, take up the extract and dispense it (trace) over one
sde of the“V.” The other sde, which will have traced over it only 10 pl hexane, represents the control.
Place the test paper into the termite arena. Place severa (20-30) termites on the paper at the junction of
the control and experimentd trails. NOTE: The above protocol is to be used as the correct “solution”
to the problem presented to the class, which is to determine if trail communication occurs in termites,
and if so, to find the origin of the trall pheromone. You should present this to the class as “Do
subterranean termites use trail pheromones?’

Y ou could stimulate thinking about the problem with the following questions:

a. Doesthe biology of subterranean termites favor the evolution of trail communication? (Colonies are
very large [potentidly millions], and nest in the soil in darkness, they feed on large food sources
such as sumps and fallen trees, which favor cooperative foraging).

b. What smple experiments or observations could be made to determine if trall communication
occurs? (Place [dump] about 50-100 termitesin alarge petri dish [15cm diameter]; soon after, you
will see trails form. Also, you could have smal colonies in sand nests in 15cm petri dishes, kept
overnight without food, which can be offered during lab. Y ou will see recruitment occur.)
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Student Outline
Pre-lab Quegtions: Olfaction and Chemical Communication L aboratory Module

What types of organic compounds might serve as dlarm pheromones?

What is an exocrine gland? Which exocrine glands produce darm and trail pheromones in ants?
What are the differences and smilarities in the structure of odor receptors in insects and vertebrates?
Describe how you would bioassay a chemicd for darm effectsin an insect.

What is Q? What is K? How are they used to study behavioral responses to pheromones?

agrwONE

Olfaction And Chemical Communication
Introduction

Our perception of the world around us is biased by our senses. We humans process information in our
environment through vison, hearing, touch, and smell. The information we detect is used in orientation and
feeding, to name two important contexts, and aso in communicating with other individuals. Human language,
which includes both verba and non-verbd sgnds, is the most frequently used mode of communicating.
Although our olfactory sense today seems to play a minor role in human communication, it is likey thet
during early human higory olfaction was more important. The ancestrd role of olfaction in human
communication is suggested by comparisons with other primate species. Some physicians believe that odors
serve an important function in human psychosexud development, and there have been many new indghts
into human odor communication during the past twenty years. But there are il rdatively few studies of
chemica communications in humans.

In contrast to humans, there are many excdlent studies demondtrating an extreme reliance on odor for
communication in other animas. In fact, chemica sgnding is the oldest and most widespread form of
communication, and has been described in dl phyla with the exception of birds. Some animals perceive
nothing but a chemica world, and dl of ther behavior is regulated by a rdaively smdl number of
subgtances. One group of animals that relies heavily on chemica communication signds, or pheromones, is
insects. Research into insect chemica communication has greetly increased our understanding of anima
behavior, and a large number of pheromones have been chemicdly identified. Some of these chemicals are
used to control pest insect populations in an ecologicdly sound way, with minima environmenta impact
because the chemicals used are specific to a pest species and are not toxic.

Insects that live in colonies have provided modd systems to study chemica communication. Socid
insects (dl ants, dl termites, some bees and wasps) may exist in large groups - often tens of thousands and
sometimes millions - and perform tasks as groups through cooperation among individuals. This cooperative
group behavior arises from the coordination of the actions of individuas, and this coordination is achieved
by chemicds that regulate socia behaviors. For example, in tropica rainforests in the New World, leaf-
cutter ant colonies - which may contain two million individud ants - nest in the soil in a series of
underground chambers. Scout ants search for suitable vegetation to cut and collect to rear fungus to est; a
sngle tree may be the source of much leaf fodder, but it would be inefficient for only a sngle ant to exploit
such arich food source. The scout ants will, however, lay chemicd trails to guide their nestmatesto the tree,
and al will cooperatively cut and harvest leaves. The chemicd tral, or traill pheromone, stimulates ants to
leave the nest and orient to the food. The trail pheromone in this case is methyl 4methylpyrrole-2-
carboxylate (C;HgNO,), which is produced in the poison gland of worker ants and is discharged on the
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ground through ther ging. This trall pheromone has incredible biologicd activity: only 1 milligram of the
pheromone could lead |eaf- cutter ants around the circumference of the earth three times.

Another context of chemicd communication involves alarm signaling. When a colony is disturbed,
workers emit pheromones that evoke alarm behavior in nestmates. Sometimes the aarm behavior shown by
workers is aggressve, and they will begin to attack. On the other hand, some alarm pheromones induce a
“panic’ response, and individuas that detect the sgna will abscond. Different species may show different
adam behavior, even to the same pheromone.

There are few aspects of socid insect behavior that are not mediated by olfactory communication, and
the chemica senses of socid insects are extremey well developed. Consequentidly, many paradigms in
olfactory communication have been established using different species of socid insects. Two groups - the
ants (Order Hymenoptera, Family Formicidae) and the termites (Order Isoptera) are particularly well-
sudied. In contragt, chemicad communication in higher vertebrates, like mammas, is more difficult to sudy
because of the complexity of vertebrate socid behavior and the difficulty in andlyzing therr behavior
experimentdly in the field and laboratory.

In this series of |aboratories we will study olfactory communication. To begin, we will examine olfaction
in humans by looking a the eationship between molecular structure and odor perception and human
response to different chemicas. Then chemicad sgnding will be studied in ants and termites, using an
experimenta gpproach. These latter exercises will demondrate the role of the physica properties of
chemicdls in the evolution of pheromone communication and the measurement of factors important to the
andydis of the biologica properties of chemicas.

Human Olfaction

In humans and in dl animals, odors are detected by chemor eceptors, nerve cdls that are specidized to
percelve chemicals. A chemoreceptor is a neuron that has its cell body in the epithelium of the nose and its
dendrites projected into the mucous layer of the epitheium surface. Chemoreceptor cells depolarize when
odorant molecules bind to sites on the dendrite, and a nerve impulse occurs. Human chemoreceptor cdls
can detect small changes in molecular sructure. For example, changing the position of a group relative to a
double bond can produce very different odor perception. The adehyde citrd-A (geranid) smdlslike lemon,
and the trans isomer citrd-B sméllslike rose.

Humans are able to distinguish thousands of different odors. But do any chemicas play arole in human
communication? The perception of exdtolide & one example often cited to provide evidence of human
pheromones.

In the firgt investigation, you'll collect and evauate data on the perception of exatolide, and discuss the
implications of your data

Detection of exaltolide

Chemicdly, exdtolide is he hydroxy lactone of decanoic acid, or pentadecalactone. Its structure is
shown below.
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Samples of exdtolide and other compounds stored in small glass vias marked C;, C,, and C; are

available from your ingtructor. Each working group of students should receive one set of vids. Open the cap
to each vid and cautioudy take awhiff of the chemica that has been placed within.

What do you smell? Obtain an odor perception data sheet from your ingructor and answer the
questions on the sheet. Note on the sheet your subjective assessment of what you have perceived in each
vid. (That is, “I don't smell anything,” or “I detect the odor of orange rind.”) Use the following semi-
quantitative scale to rate your response. For example:

0 1 2 3 4 5
no odor weak odor  strong odor

Note: You do not need to write your name on this sheet, but do turn it in to your instructor at the end of
the exercise.

Part of the section on human olfaction in this lab module will involve designing experiments to measure
human response to odors. These are the well-known “T-shirt” studies. This project will be done outside of
the lab and will be discussed by your instructor.

Chemical Communication in Social | nsects

Now we take a big legp from humans to insects.

As we sad earlier, many socid insects rely heavily on pheromones to communicate. Each insect in a
colony has the anatomy and physology required to send sgnds as well as the sensory organs and
nuerophysiological responses needed to detect and interpret them. To study chemicd communication in
socid insects, letsfirg find the organs that produce pheromones. After you understand where the glands are
found, and what they look like by viewing diagrams and photographs of histologica sections, you will then
try to find them yoursdf in a live animd. All you need is a good microscope, fine-tipped forceps, steady
hands and good hand/eye coordination, and patience!

Pheromone sources

Pheromones are synthesized and stored in exocrine glands, which vary in podstion and number in
different species. A worker ant, for example, is a sterile femae. In some species, workers have a sting that
they use to defend themsalves (the Pogonomyrmex have one - be careful handling themt!). The ging is an
ovipositor (egg-laying guide) that has evolved into a defensve wegpon. Some pheromone-producing glands
are associated with the sting; others are found near the mandible (another potential defensive weagpon- these
are jaws that are used to bite) or occur between body segments. These glands often secrete darm
pheromones which are chemicas that cause individuas to become darmed and aggressive, or abscond.

Examine the figures of the exocrine gland anatomy of different socia insect species to get an idea of the
location and structure of pheromone producing glands.

Exocrine gland dissections

Using Dumont No. 5 fine-tipped forceps, dissect out the Dufour's and poison gland from the chilled
worker ants (Lasius sp., Myrmica sp., Aphaenogaster, Pogonomyrmex badius, e.g). For each
dissection, grip ether the sting (Pogonomyrmex, Myrmica) or the tip of the gaster (the ant equivalent of
the abdomen; Lasius, Camponotus, Formica) with the forceps while holding the remainder of the gaster
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with a second pair of forceps, gently pull. Place the dissected glands in a smal pool of sdine in a wax-
bottomed dissecting dish. If the dissection has been performed correctly, you should be able to see the
poison gland, the Dufour's gland, and the hindgut, which will gppear asfollows:

poison gland

L.né-t
poison gland

Dufour's gland \
- sting

j};{fr:ur 'e gfﬂ'ﬂd

marndibular gland

To remove the mandibular gland, decapitate a cold-anesthetized ant (any species) and remove a
mandible (“jaw”) by grasping it with a forcep and move it in the opposite direction of its norma movement
(the left mandible should be moved clockwise, the right one counter-clockwise). This procedure isn't easy,
S0 don't get frustrated. Examine the mandible and attached sructures in a pool of sdine as before. You
should see muscle tissue and a sac-like reservoir, which is the gland itsdf. Practice the dissection of
exocrine glands until you are confident you can remove and recogni ze each gland.

Note: Ants is the subfamily Myrmicinae (Aphaenogaster, Pogonomyrmex, Myrmica, Tetramorium,
eg.) have two petiole nodes which diginguish them from ants in the subfamily Formicinae (Camponotus,
Lasius, Formica, Acanthomyops, eg.) having one petiole. The petiole is a body segment found between
the thorax and gaster (abdomen).

Pheromone per ception

The sense organs that detect pheromones are the paired antennae on the insect's head. Each antennaiis
comprised of a bal-and-socket type joint on the head, a long scape, and a series of gpproximately 10
segments miaking up the funiculus.

a) Examine a prepared dide of an antenna of an ant. How does the scape differ from the funicular
ssgments?

b) Observe ants in a plastic observation nest. How are the antennae used? In which socia behaviors are
they involved?

c) Why are the antennae paired? How can such a pair of sense organs be used to sense odors?

d) Compare insect antennae to the nogtrils of a mamma (humans are a good example). How does the
placement of the olfactory receptors differ in the scale of the Sze and location of these sense organs?

€) Examine the drawing comparing the olfactory sense organs of an insect and a vertebrate. What are the
differences and the smilarities?

Pheromone emission

NOTE: Any student with abee-ging dlergy isNOT to handle Pogonomyrmex ants.
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Obtain a smdl worker group of the ants Acanthomyops, Camponotus, and Pogonomyrmex. Grasp
one with a pair of forceps. Cautioudy try to detect any odors that are emitted from the worker you are
holding. Compare the odorants from these species. Are the odors smilar or different?

Behavioral Response to Pheromones

There are a number of ways the behaviord response to a pheramone can be measured. All involve the
use of a bioassay, thet is, atest in which the behavior of alive animd is quantified to determine the effect of
a gimulus such as a chemicad. So, the response of the presence of one anima near another can be
bioassayed, as can the response to the contents of an exocrine gland, a particular fraction of gland extract
on a HPLC (high pressure liquid chromatography) trace, or a synthesized chemica obtained from a supply
house. The first step in andyzing a response to a pheromone, and the smplest procedure, is to describe the
response of individuds to freshly-dissected exocrine gland contents. In effect, you try to duplicate the
natural response using gland secretions.

a. Describe an alarm response under semi-natural conditions.

Alarm behavior occurs when an individua is disturbed by a predator or a collapse of a portion of the
nest. Once adarmed, others may also become darmed. So, an darm response can be propagated through a
colony.

Obtain an artificia nest of ants. Being very careful not to disturb the ants by vibration, or bresthing, use
an gpplicator stick as a probe placing it through one of the holes drilled in the wall of the container. With the
applicator stick, poke one ant, or add an ant of a different species. Describe what happens.

Now you need to quantify the behaviord response you just observed. To do this, make aligt of the
behaviors you see and record their frequency. Hereisalist of behaviorsto help you:

Behavior

Avoidance (ants move away from a simulus)

Antennawaving (lift antennae and move them toward simulus)
Mandibular gaping (open mandibles, asif to bite)

Biting and attack

Fast running (agitated movement through the net)

arwdE

To qudify the response you see, you could rate the response as.
“0" -none of the above behaviors observed

“1" -avoidance and/or antennd waving only

“2" -open mandibles, some agitated movement

“3” -hiting, fagt running

In this scheme, ranking the response from 0-3 lets you quantify wesk to strong alarm responses. For
example, in 5 replicates, you might get scores of 0, 1, 1, 0, 1 when you test one species and scores of 2, 3,
3, 3, 2 when you test another. You could caculate the average response to compare the two species
response (in this case it would be 0.6 vs. 2.6).

b. Induce an alarm response with exocrine gland contents.

Here s the procedure, step by step:
1. Obtanasmdl at colony and ant worker from a stock colony. Any species can be used.
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2. Aneshetize an ant by placing it in the freezer for about 2 minutes. Decapitate the ant and remove a
mandible by grasping it with a fine-tipped forcep and moving it in its opposte direction of movement.
(That is, the left mandible should be moved clockwise, the right mandible counterclockwise).

NOTE: Be extremely careful not to damage the forcep tips!!

3. Examine the mandible and attached structures in a droplet of sadine on a wax bottom dish under the
dissecting microscope. Attached to the mandible you should see muscle tissue and, if your dissection
was successtul, the mandibular gland which will gppear as a sac-like reservair.

4. Remove the mandibular gland with your forceps and crush it on the tip of an gpplicator stick. If you

cannot dissect the gland itsdlf, crush the head on the tip of an applicator stick. Quickly place the gland

(or head) crush 2-3 cm away from workers in your colony. Be careful not to create any disturbance by

touching workers or breathing on the nest. Do you detect any odor?

Record the response of the workersin the colony, (quantify the response) then withdraw the stick.

Wait until the colony is cdm and place a clean gpplicator gtick in the same position in the nest as your

gland crush and record the response. Why do you perform this later experiment?

7. Allow 5 minutes to dgpse and place the gpplicator stick with the gland crush in the colony again and
record the response of workers. Isthere any difference? Why?

8. Repeat the same procedure using a dissected poison gland and Dufour's gland (see section 2 for
dissection procedure). Tabulate your results after you complete dl your bioassays. Compare results
between and within species. Also, test the response of ants to an exocrine gland crush from a different
species (i.e. test the response of Lasius workers to a Myrmica or Aphaenogaster poison gland crush).
Are the darm responses dways the same in different species? You could set up a table to summarize
your data, like this: (see section on previous page for measurement of responses)

o u

Table 1. Average response of two ant species to different gland extracts. Response (recorded on a
scale of 0-3) isgiven asthe average of 5 replicates on each species.

Gland Tested ecies A ecies B
Poison gland from species B 0.26 3.0
Dufour's gland from species B 0.31 24
Control (applicator stick only) 0.0 0.0

Tabulating your datain this way will et you determine if the chemicas in the glands are species- spedific,
that is, eicit a response in only the species that the glands were taken from. The above table suggests that
the pheromones of species B are species-specific; the response of species A was very low in comparison
with that of species B.

Do you think that darm pheromones are species-pecific in animasin generd? Why or why not?

Measuring the chemical and behavioral properties of alarm pheromones.

Imagine that you have a bottle of dimethyl sulfide, aliquid that has an odor like that of rotten eggs, or a
bottle of mixed thioacetates (the defensive secretion of a skunk). At one end of an empty room you open
the bottle. The air in the room is completely till. At the opposite Side of the room you try to detect the odor
of the substance in the bottle. At first you perceive no odor, but over time the odor becomes stronger and
stronger, until.....wow! what a stink!.

Chemicds like dimethyl sulfide and thioacetates are volatile; they evaporate and molecules diffuse into
the ar. Over time, the concentration of these molecules becomes greater, until they findly reech a
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concentration that is detectable by your nose. If you were to try to sense the odorant at 1, 2, 4, and 8
meters from the bottle, you would detect a concentration gradient of molecules. Thet is, a 8 meters, the
odor would be dight, and somewhat stronger at 4 meters. At 2 meters it would be strong and a 1 meter it
might be unbearable. Certainly such a concentration gradient of noxious molecules would affect your
behavior. If you detected the odor of a skunk at a distance, you would probably move to avoid it.

Pheromones, in particular darm pheromones, are aso volatile substances that when emitted from an
exocrine gland diffuse into the air and create a concentration gradient where there are areas of high and low
concentrations of molecules. The highest concentration of molecules will be at the source (an ant's mandible
or the tip of the gaster); a 3-dimensiond “odor sphere’ will form as the pheromone evaporates and diffuses.
The periphery of the odor sohere will have the lowest concentration of molecules.

If the concentration of pheromone molecules within this odor sphere created by pheromone diffuson is
above the threshold number of molecules needed to simulate a behaviord response, it is described as the
active space of the pheromone. You can actudly measure the physical properties of pheromones that
contribute to the structure of the active space, and the number of molecules required to dicit aresponse.

Thisiswhat you'll need to do next.

The emission rate of a pheromone, denoted by Q, tells you the concentration of molecules in the air.
Thevdue of Q will depend upon a number of physica properties such as its molecular weight and dengty.
In this part of the lab you will determine what kinds of chemicals have properties that would alow them to
sarve as darm dgnas. The substances you will test are listed below. Each is from a class of organic
compounds known to serve as an darm pheromone.

a. Emissonrate (Q)

Chemical Formula Class
methyl heptanol CH3(CH,)3COH(CH3)CH,CH3 acohol
ethanol CH3CH,OH acohoal
methyl heptanone  (CH3),C=CHCH,CH,COCHj; ketone
hexane CH3(CH,),CH3 hydrocarbon (alkane)
undecane CH3(CH,)oCH3 hydrocarbon (alkane)
formic acid HCO,H carboxylic acid
decyl acetate CH3(CH2)8C02(CH2)90H3 ester
hexand CgH120 adehyde
citroneld H,C =C(CHg)(CH,)3CH(CH3)CH,CHO  terpenoid
Week 1

First you need to prepare a sample of the substance to be used to measure emisson rate. This sample
will later be used in behaviora bioassays. For each substance, place roughly 3 pl (use a 10 pl Hamilton
701N microsyringe) in a capillary tube (sedled at one end; 1.0 mm inner diameter). Do this under the hood.
Measured from meniscus to meniscus, the droplet in the capillary tube should be about 3-4 mm in length, as
Seen below:

= D
=
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L eave the tubes at constant temperature (25°C). Over the course of the next week, at approximately
one-day intervals (+ 2-4 hours), record the length of the droplet of each substance in each capillary tube
and plot the change in droplet sze (DI) asafunction of time. The plot of D1 will look like this

Lenglh (1) of Droplel in Tubs (mm)

Here are the comeback time exercises for weeks 1-2:

Compare the DI vauesfor the 11 substances. What do these comparisons tell you?

2. Using the CRC Handbook of Chemisiry and Physics to look up the molecular weight and specific
gravity (dendty) of one or two substances. Tabulate this information. The molecular weights and specific
gravitiesfor dl the pheromones in this sudy are listed in the Appendix, but we want you to have anidea
of where you would find such information, so that’s why we direct you to the CRC Handbook firgt.

3. Determine the dope of the curve during days 1- 3. Plot the dope values for each substance as afunction
of the molecular weight of the substance (obtained from the table you prepared under step 2 above).

4. What can you conclude about the volatility of the substances?

Week 2

Now that you have prepared your test source for each chemicd, you can caculate Q, the emisson rate
from the following equation:

2, -3 , , 23
D" p(d/2) " 10 " density” 6.02" 10 molecules/sec.
molecular weight

where Dl isthe rate of decrease in droplet length ,measured in mmy/sec.

Use the lagt two length readings to obtain DI ; d isthe inner diameter of the capillary tube (1.0 mm)
Essentidly, Q tells you how many molecules of chemica are diffusng from the open end of your capillary
tube.

After you caculate the value of Q for each substance, you are ready to determine the behaviora effect
of the chemicds. Use the same behavioral scale developed in part 5.1 to quantify the response for two
species of ants to each of these substances. When you do this, you will be able to cdculate K, the
behaviord threshold.

=

C=

b. Behavioral threshold calculation (K)
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The behaviora threshold is the concentration at which the chemica dicits a response in an animd. The
behaviora threshold, which is abbreviated as K, is caculated to determine if some substances are more
effective than others & causing darm behavior. The vaue of K tdls you if the chemica receptors that
respond to substances are more sengtive to one chemica than another. To cdculate K, use the following
formula

Q ,
— erfc (===
2Dpr | 4Dt
where Q isthe emission rate
D isthe diffuson coefficient of the substance
r isthe distance, in cm, from the tip of the capillary tube to the receptor (the antenna)

t isthe time, in sec., to the onset of the alarm response
erfc isthe complementary error function estimated from the figure in the Appendix.

To conduct your behaviord tests, use groups of ants that are in plastic boxes with smdl holes drilled in
the sides. These holes serve as ports for your capillary tubes; insert the tube, measure the distance (r), then
with a stopwatch time the interva to the response by the ants to the diffusing pheromone. The response may
be as mild as moving the antennae to a quick aggressive response, depending upon the chemica and the
species tested. Test at least two different ant species. Tabulate your results. Be sure to first use a control.
(What should the control be?)

Now calculate K for at least two of the following species and substances:

(Note: different groups of students should choose different pheromones and species; you can then share
results to make comparisons).

K = )

Species Pheromones Diffusion Coefficient (D)
Lasius formic acid 0.18

Pogonomyrmex  methyl heptanone  0.06

Myrmica undecane 0.06

Camponotus

Formica

Acanthomyops

Aphaenogaster

Tetramorium

(You may not have all these species available)

Think about and answer the following questions:

1. How do the K vaues vary for the substances? Are al substances equdly effective a didting a
response? Did workers of some species not respond at al?

2. Based on your answer to question 1, do you think that darm pheromones are species-specific? Explain
your answe.

3. Do you think the chemicd identity of darm pheromones used by a species would give you ussful
information for sudies of systematics?

Week 3 Trail Communication
In addition to communicating larm, many species of socia insects aso communicate information about

the presence and location of new food sources. Because each forager is smdll relaive to the size of the food
items they may collect, it is sometimes more efficient for workers to cooperate during foraging and retrieve
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food sources as a group. Scout workers that explore a colony's feeding area find new food and
communicate information about it's location to other colony members in the nest. Other foragers are derted
by atral pheromone discharged on the ground between the food source and the nest and orient along a
chemicd trall to get to the food. After they feed, they may themsalves reinforce the trail through pheromone
deposition. You can observe this type of recruitment_communication in the laboratory demondration of ant
trail pheromones.

1. Chemical recruitment communication in ants

Offer food (Iml of a 50:50 mixture of honey and water) about 30cm from a nest of ants (Lasius,
Myrmica, etc.) [just don't use Pogonomyr mex-they are seed eatersl].) Describe the behavior you see (i.e.
plot the number of ants a the food source over time and the number of trail-laying ants (can you see the
difference in posture?)

After the honey water is depleted, foraging seemsto “shut off.” Why?

2. Experimental analysis of trail communication in termites.

Termites, like ants, communicate information about the location of food sources by usng tral
pheromones. Y our indructor will arrange ademondration of trail communication in termites (Reticulitermes
flavipes) for you.

Creste a series of experiments that will dlow you to determine if traill communication occurs, and, if so,
what is the source of the trail pheromone used in Reticulitermes. What will you use for a bioassay? How
will you record and andyze data?

Odor CuesUsad in Gender and Individual Discrimination

Many species of mammads, including non-human primates, use pheromones to repd rivas, mak
territories, and signa sexua receptivity. As mammals, humans adso have an array of organs and associated
sructures that would seem to imply that odor cues play some role in socid interactions. For example,
apocrine glands beneath the arms do not produce only sweet, and these glands have their secretions spread
over tufts of hair. Yet such exocrine glands are usudly described as “non-functiond” and the role that smell
playsin human non-verba communication has been consdered to be minimal.

Desgn a study to determine the role of odor in humans. One rdaively smple and interesting experiment
would be to determine if individuds can discriminate the odors of same-sex and different-sex individuds
(i.e, gender can be recognized through odor perception). In your desgn methods, data anadlys's consider
the fallowing.

1. How can odor samples be collected? What is your bioassay of their perception?

2. What factors may influence individua odor? How can you control for their influences?

3. What factors may influence odor perception? How can your experiment be designed to adlow you to
isolate the influence of these factors? Working together in your lab group within your lab section, write
up your experimenta design.
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Odor Perception Data Sheet

Your group has three vids (C4, C,, Cy) that are samples for you to assess olfactorily. For each sample,
use the rating scale in your lab manua and make any subjective notes on what you perceive.

Sample C;
Rating:
Notes:

Sample C,
Rating:
Notes:

Sample C3
Rating:
Notes:

Answer the following questions. Your answers will be used to compile data on the response to the
odorants in the vias. Y ou do not need to give your name.

1. Age
Sex:
Ethnic origin:
Hours of exercise per week:
Doyou eat meat?yes  no_
Do you have apreference for spicy foods?yes  no
For mdesonly:
Weight:
In the past year, did you steadily date one person?yes  no
For femdes only:
Weight:
Time since last ovulation (estimate) days

S e
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Human Olfaction

Age:

Sex:Mde  Femde
Tshirt# Odor
1 Mde Femde Pleasant Unpleasant
2 Mde Femde Pleasant Unpleasant
3 Mde Femde Peasant Unpleasant
4 Mde Femde Pleasant Unpleasant
5 Mde Femde Pleasant Unpleasant
6 Mde Femde Pleasant Unpleasant
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APPENDIX A
Calculations

Sample Calculation of Q

On day 1, a time O, the length of a pheromone droplet in a capillary tube, is 8mm. On day 4, droplet
length decreased to 6mm due to evaporation at the open end of the tube. Thus the rate of evaporation, or
DI, was.

- 2mm (which we want to convert to mmy/sec)
4 days
_2mm
96 hrs.
_ 2mm _ ) "
- 4 = 587 10  mm/sec.
346 " 10 mm

In this example, a substance with a specific gravity (dengity) of 1.0 and a molecular weight of 100 is tested,
and theinner diameter of the capillary tubeis 1.0 mm.

2, 3 , ;4023
DlI“ p(d/2) " 10 " density ~ 6.02 " 10 molecules/sec.
molecular weight

Q=

; -6, ; 2 3 . . 23
_ 58710 (314)° (U2 10~ 10’ 603" 10
100

15
=2.74" 10 molecules/sec.

Sample Calculation of K

Q )
2Dpr | 4Dt

Therefore, we need to know Q, D (the diffuson coefficient of the pheromone), r (the distance of the
pheromone source to the responding animal), and t (the response time).

Assume the pheromone is undecane, which has a diffuson coefficient of 0.06. And your r vaueis2 cm,
and t is 3 seconds. Y ou aso need to know the complementary error function.

K =

erfc (

Firg, caculate r
14Dt
|
r 2 2
= = =235
| 4Dt 4 (0.06)(3) 0.85
Now look at the figure below to estimate erfc r

| 4Dt
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0.0 1.0 2.0 i.0n

>
—\J-l Di
(the vdueis about 10-3)

Next insert the value of Q that you calculated earlier (whichis 2.74 ¥ 10-19) into the equation.

15
2.74" 10 molecules/sec. - 107
2(0.06)(3.14)(2)

, 12 3
=3.63 10 molecules/lcm

Molecular Weight and Density (specific gravity) of Pheromones

Compound Molecular Weight Density
heptanol 130.23 0.8282
ethanol 46.07 0.7893
methyl heptanone 128.21 0.8304
hexane 86.18 0.65937
undecane 156.31 0.74017
formic acid 46.03 1.220

decyl acetate 312.54 0.8586
hexand 98.15 0.8573
citroneld 154.25 0.8573
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APPENDIX B
Supplies
Materials
Ants (Pogomyrnex, etc.) Robins Scientific
Reticulitermes CaodlinaBio F6-59-2234
Forceps, Dumont No.5 VWR Scentific 63039-992
Hamilton Syringes Fisher Scientific 14-824-3
Insect Pins CadlinaBio 65-4300
Aluminum Fall CadlinaBio 71-3210
Saran Wrap CadlinaBio 71-3290
Screen Logo on T-shirts Signature Apparel
Petri Dish, 150x25 Fisher Scientific 08-757-145
Microflex Vids, 0.3 VWR Scientific K-749000
Capillary Tubes VWR Scientific 36984-003
Chemicals
Huon AD1 Northern Products, Inc.
(white fluid to prevent ant escape)
1-octanol Sigma Chemicd O 4500
Decyl Acetate Sigma Chemicd D8759
4 Methyl 3 Heptanol Aldrich Chemicd M4, 830-9
Methyl Heptanone Sgma Chemicd or Aldrich Chemica
Ethanol Sigma Chemicd or Aldrich Chemicd
Hexane Sgma Chemicd or Aldrich Chemica
Undecane Sigma Chemicd or Aldrich Chemica
Formic Acid Sigma Chemicd or Aldrich Chemicd
Citrondld Sigma Chemicd or Aldrich Chemicd
Hexand Sigma Chemicad or Aldrich Chemicd
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