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A Collective and Ongoing Effort by Those Who Love to Study Bees in North America
Last RevisedDctober, 2010

This manual is a compilation of the wisdom and experieneranfy individuals, some of whom are directly
acknowledged here and others not. We thank all of you. The bulk of the text was compiled by Sam Droege at
the USGS Native Bee Inventory and Monitoring Lab over several years frol2@#4We regularly update

the manual with new information, so, if you have a new technique, some additional ideas for sections,
corrections or additions, we would like to hear from you. Please email those to Sam Droege
(sdroege@usgs.qpv, 2dz Oly | faz2 SYFAf {FY AT @&2dz I NB AyidiSNB
bee monitoring and identificatian Many thanks to Dave and Janice Green, Tracy Zarrillo, and Liz Sellers for
their many hours of editing this manual.

"They've got this steamroller going, and they won't stop until

there's nobody fishing. What are they going to do then, save

some bees?" - Mike Russo (Massachusetts fisherman who has

fished cod for 18 years, on environmentalists) - Provided by

Matthew Shepherd
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Where to Find Bees

Bees are nearly ubiquitous; they occur essentially everywhere. However, in any given landscape there are
usually a few good places to collect bees where theycareentrated, diverse, abundant, and easy to capture
and there are many, many places where bees are difficult to find and collect. If you are interested in
biodiversity, and taxonomic surveys, it will be important to discover these hotspots. In NortticAnie

general, good collection locales will be places where floral composition is concentrated or unusual. If you are
unfamiliar with an area then exploring road/stream/river crossings, powerline rghigy, railroad track
rights-of-way, sand andrgvel operations, open sandy areas, and wetlands are good places to start, In areas
with a lot of development, the industrial sector often contains weedy lots and roadsides that also can have
good numbers of bees. Note that just because there arefefudr LI | yiGa o0f 22YAy3 o002 &2dz
mean that there are no or no interesting bees present. A good collecting strategy is to put out bee bowl traps
(see sections below) in the morning, and return to good potential collecting sites that yteduat

morning during mieday.

bSia

Almost any type of insect net will catch bees. However, bee collectors do have preferences. Most people now

use aluminum handled nets rather than wood. Some prefer the flexible strap metal netting hoops, as these

work well when slapping nets against the ground to capture low flying or ground resting bees. Others prefer
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greater the area of capture, howeverrdger hoops are more difficult to swing quickly due to air resistance and

there is more netting to snag on branches.

BioQuip makes a net which is very portable for travel or backpacking. The pole disconnects into 3 small
sections and the hoop can be folded into itself. Additional sections can be added to reach into out of the way
places. Telescoping poles are asailable but must be treated with care or their locking mechanisms will

jam. An inexpensive long pole can be rigged by attaching a net hoop to a section of bamboo with hose
clamps. Aerial nets, rather than beating or sweep nets are normally used attoeihdops. A fine mesh net

bag rather than the traditional aerial net bag can keep the smallest Perdita from escaping.

Netting Technique
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the badk or middle of the pole. Hold the tip of the net lightly against the pole with the hand near the head so

that it does not drag in vegetation. When you start your swing drop the tip of the net.

Bees are best detected by their motion, rather than their sizd shape. The mind detects motion much
faster than it can process colors and shapes into bee/not bee categories. Train yourself to key in on



movement; over time you will become more adept at separating bee motion from plant motion.

Bees are lost whenoy hesitate or check your swing. If you see something that looks like a bee, capture it in
your net. Once in your net you can decide whether or not to keep it. If you spend any significant time thinking
about whether you should or should not swing, tteture opportunity will be missed as the bee will have
moved on.

Always keep a mental check for the presence of thorny plants in the area where you mightfewafiyious
consequences to your net. Additionally, in some areas some plants have seedslimplant themselves
directly into the netting; if that is the case then you might try moving from the usual coarse weave net bag to
the fine weave type that BioQuip sells.

When swinging a net, speed is important as well as fetlmwugh. Bees are vg visual and very fast. If you

are timid in your swing or cut your swing short bees will evade the net. Center your net on the bee if at all
possible even if it means having to plow through some vegetation. When a bee is flying low to the ground it is
better to slap the net over the bee than it is to try to catch it with the corner of your net.

All else being equal, it is better to swing at a bee that is just flying into or away from a flower than a bee that is
actually on a flower. Particularly if yame trying not to damage the plant, a less than vigorous swing of the

net will simply push a bee on a flower under the net and it will fly away afterwards. After some practice you
can bring your net up to a bee on a flower, wait for the bee to leavdltiveer, push the flower out of the way

with your net and still easily capture the bee.

When looking at a clump of flowers that could contain bees staBdekt away. Most people stand too close

to the flowers, which can scare away some of the beesayelinterested in, limit both the number of flowers

(and therefore bees) in your field of view, and limit your depth of field. In this way you can view a large area of
flowers, spot a bee, and either lean forward or take one step to put that bee intongiurlf you have to take

2 steps or more, you are too far away.

On any flower patch, concentrate on the difficult to obtain bees first. In particular, look for bees that are
moving very quickly, from flower to flower, and try to predict where they will move neggtally there is

some pattern to their flight and oftethey will come back to the area after making their circuit. Some of
these individuals never really come to rest and you have to swing ahead of where you think you are going to
catch them. It also pays to look below flower clumps forfigimg bees.Some of these are nest parasites,
while others simply prefer to move between clumps of flower just above the ground or grass.

Open soil of any kind and, in particular, south facing slopes, overturned root masses, clay banks, and piles of
construction dit or sand should be scanned both for bee nests and for low cruising nest parasites. Nest
parasites (in particular Nomada) usually fly just above the soil in erratic flight paths. The best way to capture
them is to slap the entire head of the net oveethee and quickly lift the net bag up while leaving the rim on

the ground. The bee will fly upwards rather than tring to sneak under the rim. Often this can take several
seconds, so patience should be applied.

There are two ways to catch multiple indivals in a net. One way is to turn your net head sideways after
capturing a bee, allowing the net bag to close over the head and hoping that the bee will not find a way out.
The other is to physically hold the bag closed above the tip containing thgha&es in between swinging at

bees, you will be holding the closed net against the pole as you carry it from place to place). In both cases you
will have to periodically snap the contents of the net to the bottom. Do this vigorously or some wasps (in
particular) may not go to the bottom, and you could end up grabbing them through the net with obvious
consequences to your hand.

In general it is easier to see bees through the mesh, if you go into the shade or shade the net with your body.
Some people favagreen nets over the traditional white ones to reduce this phenomenon.

A video that demonstrates how to use a net to collect bees can be seen at:



http://www.youtube.com/watch?v=n6ZFIz3uA7E

Removirg Bees From the Net

Time spent removing bees from the net is time spent not capturing bees; therefore, think about how you are
removing bees from your net to see if you can speed the process up.

In the beginning, there is usually a great fear of beitugpg by your subjects. In reality, in North America, only
Polistes, Vespinae, Bombus, Apis, Pompilids, and perhaps a few of the other wasps have significant stings.
These are large insects and can be readily discriminated. However, even these speciestihg in a net,

unless they are physically grabbed or trapped against the net. Thus, over time you should concentrate on
diminishing your fears, and spend more time sticking your hand and kill jar directly into the net. If you are
putting your neton the ground to remove bees, you are taking too much time. Kill jars should be fully charged
to quickly kill your specimens, and it helps to have multiple jars available (see section on kill jars).

The most efficient means of collecting large numbdrbees is to use vials or containers of soapy water. In
that way you can fill your net with bees and only have to remove them periodically rather than after catching
an individual bee or small number of bees. However, cleaning and processing bedkikiledly requires

some care to do properly (see section on washing and drying bees).

Laurence Packer has gotten to the level where he simply uses his fingers on all bees except bumblebees; he
gets stung, but says it's all very minor, unless he getgstepeatedly on the same spot. Aspirators can also
be used to remove minute bees (suchRexditg if you only have traditional killing jars.

Once you have captured a bee or bees in the net, there are several ways to remove them. In all cases, it is best
to vigorously snap the net to drive the insects to the bottom. You can then safely grab the bag just above
GKSNBE GKS& FINB NBadAy3Io 9SSy GKS tINHSNIFYR Y2NB |
net, due to the bunching of the nihg. If you are timid, are worried about the specimen escaping, or have
numerous insects in the net, you can kill, or at least pacify your catch, by stuffing the specimens and the

netting into your kill jar, closing the lid loosely. Keeping younyatscharged with cyanide or ethyl acetate

will ensure that the specimens quiet down quickly, and you will not waste a lot of time waiting. Once your
specimens are immobilized, you can open up the net and drop them directly into the Kill jar withoyt worr

Most collectors take a more direct approach and bring the open kill jar and its lid into the net, trapping the bee
against the netting. Slapping the hand on top of the kill jar through the netting is at times useful to drive the
bee to the bottom ofthe jar. This can help prevent bees from escaping when you put the cap on. More than
one bee at a time can be put into a bottle this way, but at some point, more escape than are captured. Laying
the net frame on the hood of a vehicle at a spot th&g,fcan help reduce escapes.

Because seeing the bees through the netting can be difficult, (hint: use your body to shade the netting to
better see the bees), some collectors have taken to hanging the net on the top of their head. Use one hand to
hold the net out and up, and then use the other hand to reach in and collect the specimen with the kill jar. Itis
important in this situation to keep holding the net out so the bees move away from your head. Use small
collecting jars, aspirators, or large teégbes that can be handled easily with one hand. Despite having your
hand (and sometimes your head) in the net with the bees, most collectors are rarely stung.

In general, bare hands are recommended when removing bees from nets. Bees and waspmstilhaler
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soapy water makes removal easy, as you can keep well away from the bees. Some people will use gloves, such
as handball gloves, Wwder gloves, latex dishwashing gloves (though stinging can occur through latex), and
goatskin beekeeper gloves.

A video that demonstrates how to remove bees from a net can be seen at:
http://www. youtube.com/watch?v=n6ZFIz3uA7E



http://www.youtube.com/watch?v=n6ZFlz3uA7E
http://www.youtube.com/watch?v=n6ZFlz3uA7E

General Howto Videos on how to work with insect collections are available at:
http://www.bugs.nau.edu/learning _modules.html
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If it is important to keep bees alive or very fresh, bring a cooler of ice or dry ice and two nets. You can
continuously collect bees with one net, and once it is full, place the entire net end into the cooler. If the cooler
is filled with ice, the beewill remain alive but inactive; if the cooler is filled with dry ice, they will freeze. You
can then continue collecting with a second net. Once that one is full, the bees in the first net have already
been chilled or have perished, and you can trandfiemn to jars in the cooler for further storage.
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These systems are particularly useful when working with individual specimens on individual flowers. Pop the
open end of large baggies over flowers with bem them. The bees can then be sealed in the bag and placed

in a cooler of dry or regular ice for preservation until taken back to the $amilarly putting a kill jar over a
flower and tilting the flower into the jar works to preserve the flower.

.8$S8 + I OdzdzY
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Sam Droege asked me to send out a detailed description of the modified leafblower that was used in Michigan
to collect flower visitors, because it may be of irgstrto members of this listserv. Every method used to

collect insects has certain biases, but we found that vacuum sampling ended up collecting similar numbers of
both large and small bees to those recorded during timed observations at the same flowletsgyptrained
individuals. One obvious advantage of vacuum sampling is that it can be conducted by someone with very little
training.

A Stihl leafblower and vacuum converter kit were purchased from a certified Stihl dealer. My colleague, Anna
Fiedler, viho purchased the components and conducted most of the sampling, said it was very easy to
assemble and use. She added two screws a couple inches from the end of the intake tube (not sure if this was
part of the kit or if this was something extra she didhar own), so that she could use rubber bands to hold a
handmade mesh bag (made of-seeum mesh) over the end for collecting the insects. She vacuumed each
1m”"2 plot's flowers for 30 seconds and then while the leafblower was still on, she would quitklye¢he

mesh bag, close it and then place it in a cooler to immobilize the insects in the bag so that they could be
transferred to a ziplock bag without losing any individuals. In this way she could reuse the mesh bag for
another sample on the same daydashe only needed to carry 4 mesh bags.

Here is the link to the actual model leafblower that was usktdp://www.stihlusa.com/blowers/BG55.html

You can find out more details on the natural enemies part of the project via these two references:

Fiedler,A. and Landis, D.A. 2007. Attractiveness of Michigan native plants to arthropod natural enemies and
herbivores. Environmental Entomology 36: 7535.

Fiedler, A. and Landis, D.A. 2007. Plant characteristics associated with natural enemy abundandgat Mich
native flowering plants. Environmental Entomology 36:-888.

The manuscript for the bee part of the project has been published:

Tuell, J.T. and Isaacs, R. (2008) Visitation by wild and managed bees (Hymenoptera: Apoidea) to eastern U.S.
native plans for use in conservation programs. Environmental Entomology 377187


http://www.bugs.nau.edu/learning_modules.html

' y2GKSN) G§SOKYAljdzS F2NJ O2y @SNIAy3a | LIRNIIFo6fS GRdz (o6 dza i
pdf format at our Listserv websitétfp://tech.groups.yahoo.com/group/beemonitoring/file$/

Smaller, Pocket Sized Bee Vacuurhis section was contributed by Cheryl Fimbel, based on the initial
suggestion by Priya Shihani.

| am writing to pass afw a tip that was provided to me by Priya Shihani. She recommended a smalididnd

vacuum unitg the Dirt Devil Detailer (model CV 2000) for vacuuming up small bees and other insects off

flowers. This small vacuum does a fantastic job of scoopingup@ AT S& 2F 6SS FNBY (GKS ay
(Bombus, but perhaps not the queens). It is especially useful for the tiny bees that would get lost in a net, or

are foraging among flower parts that preclude capture with a net. It is ready to use right cifighie as it has

a small flap that comes down to prevent escape by insects when the vacuum motor turns off. It is small

enough to fit in a pocket, and one charge of the battery lasts for weeks. | like carrying two of them in a

WK2f aldSND aparBf SE@AZY KD SHOSHI G GKS NBIFRe (2 ad22L) dzJ |
dedicated to a specific flower species. It is the most fun | have ever had vacuuming (I just hope my house
3dzSada R2y QG y20A0S GKFG YR FE26SNE NBE Of SHYySN GKIy

. §Sa& ¢ KNP dz3 Ror thosey/ire3tityhtdrsNviio do observations of bees on flowers or around nest
sites, the Pentax Papilio 8.5X21 binoculars are ideal. They have high magnification and focus down to 0.5m,
permitting sight identifications andedailed behavioral observations (once you have learned to identify
specimens under the microscope).

Y A £ f- SewsraNcBmpanies make chemical based kill jars which use either ethyl acetate or potassium cyanide
as the killing agent. There are advantaged disadvantages to both types.

Ethyl acetate- Traditional jars are made of glass with a layer of plaster of paris at the bottom. At the start of

the collecting day, pour enough ethyl acetate into the jar so that it soaks into the plaster, but leaves no liquid

on top. If you use the jar regularthen the ethyl acetate will need to be recharged every couple of hours, as

it will evaporate. The advantages of using ethyl acetate are: less toxic than potassium cyanide, not a

controlled substance, and relaxes the specimen, which is useful if thialigmire being pulled. The

disadvantages are: needs to be replenished often (requiring either that ethyl acetate be brought into the field

2N GKFG aS@OSNIt OKIFNHSR {(Afft 2FNB NBYFIAY FF@FAflofSoz
a LJS O A haissyafsignificantly degrades DNA.

Potassium cyanide Most collectors eventually end up using a cyaridsed kill jar. BioQuip makes kill jars

with a hollow plaster top underneath the lid that can be charged with potassium cyanide crystalsveadpowe
cyanide jars can be made from any glass or plastic container. Place a layer of cyanide crystals in the bottom of
the container. Next add a layer of sawdust. Finally, pour wet plaster of paris over the sawdust. Leave the
jars open for a few hoursutside or in a hood, and then close them. Alternatively, a combination of cotton

balls and tightly rolled paper towels can be used in place of the plaster and sawdust. The advantages of using
potassium cyanide are: knocks down insects quickly, doesigmificantly degrade DNA, can remain effective

for over a year, and does not add moisture to the jar. The disadvantages are: is extremely toxic, is a


http://tech.groups.yahoo.com/group/beemonitoring/files/

controlled substance, and can change the color of some bees (particularly yellows become oraulgksbi) r
if bees are left too long in the jar.

/| @8 yARS 2I'NR dzadzZltte& 62N] AYYSRAFGSt& Ay (GKS FASERI ¢
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tubes or narrow vials with a cork top as collecting vials. These are useful when there is a need to keep

collections separated in the field, such as when collecting off different plant species. Tubes can also be

handled easily with one mal while in the net. Vests, aprons, hip packs, and carpenter belts are useful ways to

keep a number of collecting vials handy.

Most people will wrap the bottom of glass jars and vials with duct tape to reduce the chance of breakage in a
fall. AdditionaVy, it is handy to place a bit of paper towel in the bottom of each jar to absorb the extra
moisture and regurgitated nectar from the bees collected.

After bees have been placed into a well charged kill jar, they usually quiet down in just a few selfdahds.
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only very slowly. Usually thirty minutes or so in the kill jar will prevent this.

Soap Jaor Tube- An alternative to chemical basedlkars are containers filled with soapy water (a mix of
water with dishwashing detergent) or alcohol. These are particularly useful for those of you who store
specimens in alcohol, or wash them prior to pinning. The best jars/vials have a tightifittamgl are large
enough to hold a fair number of bees. They should fit in your pants pocket and be easy to hold in one hand
along with the lid. # the vial about half full with soapy water.

The jar will form a constant head of suds while riding around in your pants pocket. Using it in the net has the
great advantage of immediately trapping any insect in the suds, thus permitting you to clean out the net of as
many specimens as you wish. thvik chemical based (cyanide, ethyl acetate) kill jar, you can accumuate 2
specimens with some effort, but at some point, more would be leaving than going in. The soapy jar is
particularly nice when dealing with large, nasty specimens. The Patukdfiatviars using the large centrifuge
tubes, as they slip into the pocket easily.

You have to be a bit more aware of how you carry the jar when open (water seeking its own level and all that),
but such jars can also easily be used to directly collectfdfdwers without a net.

Specimens can be readily left in the soapy water feh@drs and, while a bit soggy, will even last forhiirs

without too much degradation. Afterwards, specimens can be either dried and pinned, drained and put into

alcohol br longterm storage, or drained, wrapped with a piece of cloth (to soak up excess moisture and to

prevent breakage) and frozen in a plastic bag. Specimens look best if cleaned and dried within 24 hours of

capture in bowls or soapy water, if cleaned infng I G St & F FGSNI OF LJG dzNBzZLJpe YS a LISOA
However, this can readily be checked by freezing any specimens that do begin moving.

The advantages of the Soap Jar are:

Don't have to lug toxic chemicals around

Soap and water are readily available

Redgrains specimens immediately

Can collect all specimens in a net at one time
Inconspicuous to the general public

Pollen and gunk are washed off while in the vial
Cheap

= =4 =4 -4 -4 -4 -4

Disadvantages:

1 No pollen analysis



Specimens are wet

Jar needs to be held a bit more ugrigvhen open than a normal killing jar
If cap not on correctly, the water can leak

Specimens have to be dried prior to pinning

=A =4 =4 =4
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(Contributed by Rob Jeanlror those of us that enjoy net collecting, but do not have the time to prepade

pin up our day' s catch the same evening, here is a technique for preserving specimens in a pliable state for
extended periods of time (6 montkisyr or longer if moisture conditions are kept right). This is a simple
technique | learned from Mike Ardeg Natural History Biologist, Missouri Department of Conservation, who
uses it exclusively and rarely pins anything until he runs it through a chlorocresol humidor. The technique
requires: 1.) a pint or quadized plastic container with a tight sealigle a 4 cup or 1 gt Ziploc Twist N Seal
container, but | have used on occasion up to 1/2 gallon sized containers) 2.) paper towels, 3.) chlorocresol (an
antifungal crystalline substance with a sugjie consistency available from Biogtfpm #1182B $18.45/100

grams) (chemically =ghloro-m-cresol or 4chloro-3-methylphenol), 4.) a few strips of duct tape or its

equivalent, and 5) a few drops of water.

To make the humidor, start by putting one rounded teaspoon of chlorocresol in the middle of onge fregzer

towel or two lightweight paper towels. Then fold the paper towel(s) around the chlorocresol so that the
chlorocresol is enclosed in the paper towel(s), and so that the folded paper towel(s) can fit into the bottom of
the plastic container. Tape ¢hoose edges of the paper towel(s) with narrow strips of heavy (duct) tape, using
as little tape as possible. Thus, the container will have a securely sealed, but porous, chlorocresol "packet" at
the bottom.. You should do this under a fume hood or owidoas chlorocresol has a strong smell and it can

be harmful if inhaled or swallowed.

Once the chlorocresol packet is in the container, you simply have to play with the moisture level to get it
perfect. In most cases, keeping the paper towel damp (ndkepis enough to keep the specimens moist

and pliable enough to spread mandibles and pull genitalia, sternites, etc., but you will probably have to
experiment a bit with this before you get it right. Specimens will dry up and become brittle if these is n

enough moisture (but can be rehydrated in a few days usually). If there is too much moisture, hairs will
become matted on specimens and make them harder to identify later. Again, you may have to play around
with the exact moisture conditions for the stainer/humidor you are using. One good thing is that the
chlorocresol goes a long way (10 years or longer according to Mike A.). | have been using this method for two
years and | am still on my original doses of chlorocresol in my humidors (I canittwmoe at all times when
collecting).

After | have the humidor, | can catch specimens on flowers without an immediate need to pin. | can keep each
collection event (different flower species, times of the day, etc.) in separate glassine envelopes or paper
triangles within the humidor. Glassirenvelopes and paper triangles are great to use in this situation because
they are easy to write data on, and because they allow the moisture in the humidor to get to the specimens.
With periodical checking on the moisture levels in the container (I kaebeck mine every week or two),
specimens can last several months to a year according to Mike Arduser. The specimens stay fresh as the
chlorocresol wards off fungal agents. The chlorocresol also seems to relax specimens somehow, which makes
mandible preading and genitalia pulling a little easier in bees.

One caution: pollen loads (particularly apines and panurgines) can become soupy in the humidor and may
inadvertently get stuck or plastered onto other bees. Also, specimens will smell like chémidioresome time
after they come out of the humidor. Good luck and | hope this method saves some preparation time.

Pinning 10Y
¢telLJSa 27F Ly aBEeésiare ushiaffygpinned usihgpid siz&s with size 2 being the most common.

Pin size 1 isrpne to bending when pressed into traditional hardboard lined trays and boxes, but does nicely in
foam units. Pin sizes below 1 should not be used as they are delicate, do not hold labels well, and end up



bending if the specimen is moved or viewed oft&ize 4 is generally too large for anything other than
bumblebees. In humid environments, stainless steel pins should be used to prevent rusting. Student pins
should be avoided as they are cheaply made; the tips bend and the balls come off. Inseahgies

expensive. The cheapest way to purchase them is to order in bulk directly from Czechoslovakia, where
apparently most are made. Some newer inexpensive (same price as European steel pins) stainless steel pins
are now available from China that appearbe of high quality.

¢ N} RA { A 2 ydchniquesiBéss kayi Be pinned directly from the killing jar into boxes, or they can be
washed first. If the bees are dry and not matted down, then pinning directly to a collecting box is best, as it
preserves the pollen load for future analysis and speeds up the entire process. However, if the bees are
matted from too much moisture and regurgitate, wash and dry them using the protocols listed in this manual.
They will result in better looking, easier to i#y specimens. If the pollen load is not going to be analyzed,
then washing the specimens also has the advantage of eliminating the pollen from the scopal hairs and
RAYAYAAKAY3 GKS GRdzaliAySaaed 2F (GKS &ALISOAYSyao

Each person develops his or her own process when pinning bees. Some pin under the microscope, which
usually results in very accurate placement of the pin, but many pin by eye. One technique is to hold larger
specimens between the thumb and forefingetthvihe pin ready in the other hand. Use another finger from
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scutum.

Others pin larger bees using a pair of forceps or tweezers, trapping therereon a foam pad. Expanded
polyethylene foam (often referred to as Ethafoam) or crtisked polyethylene foam (our preferred foam) is
better than polystyrene foam (usually referred to as Styrofoam) for pinning purposes. Styrofoam is not
supportive enaigh; both labels and specimens will bend too much when pinned upon Styrofoam.

Specimens are best pinned through the scutum between the tegula and thémaidThe midline of the
scutum often contains characters that are very useful in identificatidiich can be destroyed by a pin. Most
museums prefer that specimens be pinned on the right side.

For someone new to pinning, use of a purchased insect pinning block is helpful to determine the correct height
a specimen should be placed. With expetigmone can use pieces of foam of the correct depth, or even

adjust specimen height by eye, which will be the quickest. Remember to leave enough room at the top of the
pin so that the specimen can be safely picked up by the largest of fingers. Eqpalfiaim leave enough

room at the bottom for two or more labels and room for the pin to go into the foam of a collection box.

A video that demonstrates how to pin bees can be seen at:
http://www.youtube.com/user/swdroege#p/a/u/1/\V2FSLBQV5L0

Df dzA y3 { Y| tIfspegimaBsale YO8 sfriall to be pinned, they can be placed on a point, glued to the
side of a pin, or attached as minuten double mounts. Reversible glues, sBch 83S NDa Df dz§ DSt =
tacky glue, clear nail polish, shellac, hide glue, and others should be used.

Gluing to points: The use of points is traditional. Points are very small, acute triangles cut from stiff paper
using a special punch, whichrnche ordered from entomological supply houses. Place the pin through the

base of the point. Elevate the point on the pin to the same height as a pinned specimen. Glue the small bee to
the tip of the point, usually on its underside.

Gluing directly tgpins: When gluing a specimen directly to a pin, rather than to a point, the specimen is glued
on its side or the underside between the thorax and abdomen. Again, most museums prefer that specimens
be glued on the right side. Gluing specimens to the sfdbe pin has the advantage of speed, better

prevention of glue hiding useful characters, and a specimen that is easier to view under the microscope. Its
axis of rotation is minimized and the point is no longer there to hide the view or block the 8gbtimens

should be glued to the pin at the same height as those that are traditionally pinned.

Qx


http://www.youtube.com/user/swdroege#p/a/u/1/V2F8LBQV5L0

In the past, we have used white, tacky glue in our lab. This is a thick glue which sets up within seconds. It

allows the glued specimen to be set upright box immediately, without the danger of it losing its placement
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glue appears to be the best gripping, tacky glue.

We now like to use gk gels when pinning bees. Glue gels have a longer work time, dry crystal clear and are
easily reversible. Because the-sgttime is longer than tacky glue, leave the pin resting on the specimen for

at least 510 minutes prior to picking it up. Parchmepaper is very helpful to have around when gluing bees.

It is a silicone impregnated piece of paper that can withstand the heat of an oven but is super slick. It provides
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thing about parchment paper is that dried specimens can be easily positioned on it. They will slide around
without sticking or breaking. We now dump dried specimens onto the paper and pull up the sides, which
causes the spertiens to slide into the center. Once in the center, they are positioned in a line which makes
pinning even more rapid. At this point, you can pin the paper to the top of a large foam board. Place pins
with glue at the proper height onto specimens. Aftiee glue is set, press the pointed tip of the pin with your
finger. This will cause the specimen to rise up, allowing you to grasp the top of the pin and move it into a
collection box.

A video that demonstrates how to glue a bee to a pin can be seen a
http://www.youtube.com/user/swdroege#p/a/u/0/9KfLCmYOKtA

Current BIML techniquesWhile unorthodox, our current process for pinning involves: washing and drying

specimensri the machines listed in this document, placing them in open, labeled Petri dishes and letting them
O2YLX SGSfe& RNE FT2NJ I 6SS{T 2NJY2NBE LINA2N 2 LAYYAyID |
so of drying, the Petri cover is replaced daagded on, and the specimens are stored in their dishes.

When ready to pin, all the specimens are laid out on a large foam pinning board covered with parchment
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Large specimens require larger amounts of glue, and all specimens need to have pin and glue attached to the

body of the specimen rather than to a wing or leg. We use a magnetic pin holder that attaches to the wrist.

These are available hardware stores, online, or in sewing shops. A sawn off section of bolt (we use 2 of

them) is handy to have on the wrist holder, as the threads will separate the pins for easier pick up. We then

run a small line of glue on the side of our thumb orardinger (Thank you Harold Ikerd for this idea) on the

same hand that has the wrist holder.
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paper towel at the bottom, so that the gludoes not dry in the tip. A reverse set of tweezers is used to pick up

a pin by the head or the tip. Itis dipped into the glue line on the thumb at the proper specimen height, and

then placed on the specimen on the pinning board. Because the specimeess dry, care must be taken to

place the pin gently. The pinned specimen is left on the pinning board until the glue sets. With a little

practice, it is easy to achieve pinning rates of 250+ per hour. None of these gizmos are necessary to glue bees
quickly; fingers work nicely without tweezers, glue can be spread directly from the bottle, and pins are very

convenient if stuck into the foam.

After the bees have dried for a couple of hours, they are then transferred to boxes. In some instances, that
transfer can be accomplished efficiently with the attachment of labels, saving another step. Jane Whitaker has
found that magnetizing her tweezers helps in picking up glued specimens on pins.

Minuten double mounts: Minuten double mounts are not used verytexfi, but do create the best looking
mounts. A tiny bit of crosslinked polyethylene foam is pinned to the same height as a regular specimen. A
minuten pin is added to the right side of the specimen and then inserted into the foam block. On the down
side, this takes a lot of time to accomplish.

General Videos on how to mount and work with insect collections are available at:
http://www.bugs.nau.edu/learning_modules.html



http://www.youtube.com/user/swdroege#p/a/u/0/9KfLCmYOKtA
http://www.bugs.nau.edu/learning_modules.html

. §8 _-ZHerB dre aariety of drawers, cabinets, and boxes available to hold specimens. We prefer to use

the simple cardboard specimen box with a completely detachable lid, and an Ethafoam bottom for everything,

except for housing our synoptic collections. These boxestaokable, the date and location can be written

on the outside in pencil and then erased when reused, are relatively inexpensive, and, unlike hinged lid boxes,

are convenient to use in cramped spaces on a desk or worktable. Such boxes can be madatithm sc
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After a batch of specimens is washed, dried and pinned, we place them in a cardboard specimen box. At the
upper left hand corner of the box, a tag with the dapéace, site or batch number is pinned. This tag is usually
the original tag that was placed in a batch of specimens when first captured. Pin a line of specimens to the
right of the tag, and continue running from top to bottom, and left to right, likeoak, until complete. The

next tag is placed immediately thereafter and so forth until the box is filled. In general, it helps if each box
contains specimens from only one region. We label the year across the top of the box, then the month, and
then thelocality, so that we can quickly pick out the box we want.

/ 2y i N2t ¢ Shiple casiBodrdboxes are not pest proof. Dermestid beetles are the primary pest of

insect collections. Fortunately, infestations are usually small, perhaps seeing onelée@tiein a box

scattered here and there. An infected specimen is usually easy to spot, as small black droppings and shed skin
are visible below the specimen. Control and prevention take place, according to the literature, by freezing the
box at-20C (abut zero degrees Fahrenheit) for 3 days, thawing for a day and then freezing for another 3. In a
pinch, kitchen freezers appear to work too. Mothballs and pest strips can be effective, but carry some

apparent health risks with longgrm exposure. Sprinig a good time to freeze your entire collection, as that is
when dermestids appear to be most active. An excellent means of keeping your collection pest free
(particularly if using cardboard boxes) is to keep each box in a large zip lock bag. Nyteitbladuld have let

the specimens dry out thoroughly after pinning (one month or so) before enclosing them in the bag.

In humid conditions (such as July and August in Maryland), unprotected specimens, particularly those just
caught, can turn into balls ofiold. Either take them into an atonditioned space or put them in plastic bags
or tightly closed bins that contain active desiccants. Keeping specimens in a refrigerator or cooler without
moisture control will ultimately lead to mold too.
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Following pinning, labels are produced for each batch of specimens. We use a label generating program
available on thevww.discoverlife.orgveb site. Each batch or site is given a unique site number and each
specime is given a unique specimen number. On each label, the specimen number and site number are
listed, as well as the country, state, county, latitude, longitude, date of collection, and collector. A small data
matrix is present on the label that encode®thpecimen number and permits the specimen to be scanned

with a handheld scanner directly to a database while remaining in the box. These data matrices are included
automatically in the free Discoverlife system (http://www.discoverlife.org/label/) orlmamdded using
commercial software such as BarTender (http://www.seagullscientific.com/).

Dan Kjar has generalized the Discoverlife label program so it will print out on a laser pYiatecan use his
simple web based fornh{tp://bio2.elmira.edu/fieldbio/) by following the link at the bottom of the page for
insect labels. Each label is unique based on the specimen number.

Depending on how many labels you are making and your Internet speed, it will take a little time to build the
label page. 50 labels take about 20 seconds to assemble. The system will be integrated into Discoverlife soon
and when that occurs Dan will annaethat on his site.

In a good museum cabinet, specimens deteriorate only very slowly and can last for well over 100 years. That is
not true of the paper used in making labels. Paper that is not archival or acid free gradually deteriorates.
Fortunatel/, archival paper is readily available in office supply stores. A heavier weight paper is also important
to use so that the label stands up to handling and the pinning process: 65 p®und paper is good label

stock.


http://www.discoverlife.org/
http://bio2.elmira.edu/fieldbio/

Specimen labels are quickly addedspecimen pins by laying them across a piece of Ethafdbenthickness

the desired height of the label on the pin. To increase the durability of the Ethafoam, glue it to a piece of
plywood, which will form a sturdy pinning surface. To manufactysmaing board, smear white or wood glue
across both surfaces, rub together, and then place another (unglued) board on top of the foam. Pile books or
other heavy objects on that board to clamp the foam and board tightly together. Let dry overniglan It c

then be used as is, or the edges can be trimmed with a saw for a nice and tidy look. Labels are oriented along
the same axis as the specimen. Prior to putting labels on specimens, do a quick check to make sure the label
information matches the row tag

Gretchen LeBuhn has a system for making labels in Word, which is explained below.

Open up a new Word document and just type the label as you want to see
it, i.e.,

CALIFORNIA: Napa Co.
Rector Reservoir, 60m

3.2 km NE Yountville
38°26'13"N,12220'57"W

17 March 2002, ex: Vicia sativa
G.LeBuhn, R.Brooks #2002001

As a numbering system, make the bees collected at a single species of plant an individual collection record.
For example, bees collected dficia sativeat Rector Dam are collectigfl and those collected doupinus

bicolorare collection # 2. Keep this system going or some similar system so that you can identify and talk
about each collection separately each year. You can use #2002001 for this year, and then start over next year
with collection #2003001, etc. The point is to adopt some system by which you can talk about any particular
collection event in a mulyear study and that it has a numerical identifier.
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I make a label log which | actually tygieectly into my data base and then extract and put into Word. | cut and
paste a copy of each collection event the number of times needed to label the bees in each lot. | do this in one
long continuous roll. When | am finished, | put it into column fortodit more per page.

Now | have all of my labels duplicated like this:

CALIFORNIA: Napa Co.
Rector Reservoir, 60m

3.2 km NE Yountville
38°26'13"N,122°20'57"W

17 March 2002, ex: Vicia sativa
G.LeBuhn, R.Brooks #2002001
CALIFORNIA: Napa Co.

Recto Reservoir, 60m

3.2 km NE Yountville
38°26'13"N,122°20'57"W

17 March 2002, ex: Vicia sativa
G.LeBuhn, R.Brooks #2002001
CALIFORNIA: Napa Co.
Rector Reservoir, 60m

3.2 km NE Yountville
38026'13"N,122°20'57"W

17 March 2002, ex: Vicia sativa
G.LeBtin, R.Brooks #2002001



The above was for 3 bees collected in Collection #1. Leave a blank line between collection events to see
where each collection event starts.
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set the "Space" (that is space between columns) to 0.00. Check with Print Preview, which is selected after

pulling down the "File" menu. The trick here is to get the columndose @s possible to each other without

any lines wrapping around. Sometimes | can get 9 columns, and other times when the label lines are longer |

can only get 7 columns. 8 columns is my usual maximum column width.

You are done, and can now print ontouy acid free or archival, 100% linen ledger #36 white paper. Cut the
labels out neatly, not leaving white around the edges, and place the labels on the specimens with the top of
the label on the right with the specimen's head going away from you.
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Directions for making specimen labels using Mail Merge in Microsoft Word
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the master database for this. Instead, save a copy of the master database (ex |
Gb{CHnncPpalISOAYSYyYyRFGlFIoFraSycymny[!.9[{é0d L 2dz AK2dz |
information you need on the label (state, county, coordinatekecimal degrees or ldting, site name, date,

collector, unique ID).

Sample label:

USA NJ Mercer Co.

A°M P QT H QH e { GF NJ Se@

15 April 2006 K. Ullmann

ID # 106

Actual size:

USA NJ Mercer Co.

4°M QP H QHu pé { G N Se
15 April 2006 K. Ullmann

ID # 106

(This is just a sangfor formatting purposes and is not accurate at all.)

Now open a blank Word document.
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USA N&County»Co.

«Lat» «Long» «Site»

«Date» «Collector»

ID #«uniguelD»
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Before merging th entire database, try just merging records 1 through 20 to make sure it looks correct. If you
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margins (top, bottom, left, right). Word will awmrrect to the minimum margin size to fit the printer. These

settings should be the most efficient in order to reduce paper use.

Before printing, check the bottom of the columns of labels ochgaage and make sure that your labels are

y2iG aL}X Ad dz)  ONR&aa O2f dzyyao LT GKSe | NBx 2dzaid FRR |
paper. Check the document for any mistakes and fix them. Now you can print on thes€émegincy laél

paper (slightly heavier, acilee papercd K2dz2f R 6S Ay GKS FTAtS T2t RSNA 2y Yeé
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If you have problems with the number formatting not carrying over correctly into Word, take a look at this
website:http://office.microsoft.com/enus/word/HA011164951033.aspx#field%20codes



http://office.microsoft.com/en-us/word/HA011164951033.aspx#field codes

These directions seemed to work all right:

Format currency and other numbers by using field codes
Let'sstart with an example. Say you insert a Price field into a form letter that you're preparing
for a mail merge. In the main document, it looks something like this, where «Price» is the
field:
The gizmo you ordered will cost «Price».
Press ALT+F9, and you'dlee the code behind the field. That code will look like this:
The gizmo you ordered will cost { MERGEFIELD "Price" }.

You can control the formatting of the prices in that field just by typing a few additional
characters (that is, by adding a formattingtsly inside the braces.

To include:

a dollar sign

four digits by default, and a space if the number you're merging has only three digits

two decimal places

and a comma between the first and second numbers

this is what you type (shown in bold) in the fielode:

{ MERGEFIELD "Price"\# $#,###.0Q

When you finish typing, press ALT+F9 to stop looking at field codes. Now when you merge,
all of your prices will be formatted exactly the way you want. (You can use this same
approach with numbers other than psige

Here's a breakdown of the elements in the switch we just used:

Switch

{ MERGEFIELD “Price” \# S# ###.00 }
/ _ﬂ,ﬂ"/’ [ e
1 2 3 4115 b

The name of the field that you inserted into your main document. It corresponds to a column in your Excel
worksheet.

Backslash, which starts the formatting switch.

Definition of theswitcht in this case, to format numbers.



Characters that you want to include for example, & that appears before each price.

The maximum number of digits. If there are fewer digits in a number, Word leaves a blank. Type commas
where you want them to gpear in the number.

Decimal point, which you type where you want it to appear. The zeros specify the maximum number of digits
after the decimal point. If there are fewer digits, Word puts in a zero.

In the See Also box, you will find a link (called NumeRicture field switch) to more
information about formatting numbers by using a switch.

Format dates by using field codes

You can also use a formatting switch to get dates from a Date column in your spreadsheet to
look exactly the way you want in your medggocuments. If you insert a Date field into the
main document and then press ALT+F9, you see this:

{ MERGEFIELD "Date" }

To get all the dates in the merged documents to have the format February 18, 2008
(regardless of how the dates are formatted in thixsheet cells), you can add this formatting
switch (shown in bold) to the field code:

{ MERGEFIELD "Date"\@ "MMMM d, yyyy" }

In the See Also box, you can find a link (called Datme Picture field switch) to more
information about formatting dates by mgia switch.

Determination Labels; These labels are used to write the species name along with the person who did the
identification (the determiner).You can email Sam Droegel(oege@usgs.gp¥or Excel spreadsheethat
will print out blank determination labels that you can modify with your name and date.
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When writing locality or determination labels by hand, archival ink should be used. Rapidographs were most
commonly used in the past, but they have almestirely been replaced by certain technical pens, as
Rapidographs tend to clog when left unused for any length of time. Technical pens in sizes 05 and 001 are the
best and are available in art supply stores and from entomological supply stores. Bleauhey state that

they are using archival ink.
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After the specimens are labeled and those labels checked against the original row labels in the box, the
specimens can be freely moved about for identification. We usually sort and identify only those specimens in
a single box rather than try to merge gp@ens across many boxes. Others color code their projects with
colored pieces of paper placed under the locality label, so that projects can be tracked visually in large groups
of specimens. In this way, multiple projects in multiple states of complet#m be tracked and are less likely

to become entangled.

When identifying specimens, we make a first pass through the box without using a guide. These are taken out
of the box and pinned to a separate foam board. This board is set at a 45 degreaaigteour

microscope. As new species are detected, a determination label is created (available as a modifiable Excel file
from us). The determination label is pinned to the board separately from the specimens, so that it can be
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easily viewed. All ©isequent specimens of that species are then placed to the right of the label. Bees that
cannot be immediately identified are kept separate and identified at the end using computer and paper
guides.

Once bees are all identified, they are placed backtinéir original box. Bees are placed in the box in rows
starting at the upper left corner, and going from left to right, top to bottom with determination labels
interspersed at the beginning of a new group of species. Females are placed so theirdabiibised

vertically and males positioned so that their labels are horizontal. Positioning the sexes this way permits those
who enter the data to quickly ascertain and check the sex without having to check the label.
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In the sysem that we use, each specimen has a scannable matrix on its label. Data entry consists of scanning
each specimen directly from the box into an Access database. The scanner has a feature that sends a linefeed
character at the end of scanning in the numptitus moving the cursor down one line to the next cell where
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feature that permits default values for database fields. Thus, genus and speciekefalits can be set to the

current species being processed, and as the scanner enters a number and drops down a line, the data for the
other fields are automatically entered. Data entry becomes simply a matter of pulling the scanner trigger and
periodially resetting species and sex information either by hand or by changing the defaults. Access has

another nice feature which sets off an alarm or sound if a number is entered twaraething that can easily

happen in a crowded box of specimens.

After the data are entered by one person, another person ciagcks the specimens and the database. After
that final check, the bees are dispersed to final resting spots in museums, sent to other colleagues, or their
pins are recycled for reuse.
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The box you ship tem in should have the followintharacteristics: The specimens should be firmly pinned

into the foam. Cut a piece of cardboard that will fit snuggly inside of the box and rest on top of the specimens.
(Do not use foam fathis layer as it can engulf the tops of the pins and cause problems when removed.) Place
either pinned specimens or empty pins in all four corners of the box to support the cardboard. Some people
will also pin loose cotton wadding in the corners of tlexIso that if a specimen comes loose, it will be

trapped by the cotton. Two pieces of tape can be affixed to the top of the cardboard in such a way as to form
handles that will help remove the cardboard without upsetting the specimens below. Simply/gre end of

the tape to the cardboard and then fold the other end back on itself so the sticky sides meet. If there is space
between the top of the cardboard and the lid of the box, put in some bubble wrap or packing peanuts, so that
when the lid is cleed it slightly compresses the cardboard to the tops of the pins keeping them in place during
travel. Tape the lid of the box closed. Put the box of specimens into a larger box with at least 2 inches of free
space on all sides. Fill the box with packiegnuts, bubble wrap, etc. and ship. In the U.S. we have found
parcel post to work fine, albeit not as fast as Fed Ex or UPS. For valuable specimens all companies provide
tracking and confirmation of receipt services.
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When using bowls or nets, it is easy to quickly amass a large collection of bee specimens. Unfortunately,
unlike most butterflies, bees (even the bumblebees) need to be viewed under a stereo or dissecting
microscope to see the small features that diffetiate among the species. While even inexpensive

microscopes and lights can be of some use, in the long run they lead to frustration. Inexpensive microscopes
usually have poor optics, very low power, small fields of view, difficult to set or fixedttieggid their stands

are usually lightweight and often designed in such a way that makes specimens difficult to manipulate.

Unfortunately, a good microscope is not cheap. New, our experience is that an adequate microscope costs
over $1000, and good oseaun over $2000. That said, microscopes with even moderate care can be seen as a



one time investment. Additionally, because a good microscope has optics that can be adjusted and cleaned
(unlike most inexpensive ones), it is usually safe to buy a usettonditioned microscope from an online

dealer (buyingoffof E @ 2NJ / N} A3Qa [A&d A& Y2NB NRrale | a GKS
many used microscope sites; we have purchased microscopes from several of them, and havedavmaca
experience. Intwo cases, the purchased microscopes had a problem, and in both cases, they were repaired for
free. Usually, used prices are about half the cost of new.

Good stereoscope brands to consider that we have experience with inclucke Zeiss, Olympus, Wild, Wild
Heerbrug, Nikon, and Meiji. We can supply you with some model numbers from our collection, or you can
send us web sites with the microscopes you are considering. We will be glad to give you our impressions. Of
special conigleration are the Bausch and Lomb StereoZoom series. These microscopes have been around for
years, and often form the core of college biology and entomology department teaching labs. These are
adequate to good scopes and we have about 5 in our lab. dteeseadily available used from $56§900

online. Their negatives include a view that is not as good as the better scopes and the zoom magnification is
on the top, rather than on the side. Finally, be aware that many of these scopes only go uptm@dXvith

the standard 10X oculars, though higher powered models exist and higher power replacement oculars are
readily available.

Magnification- Magnification power needs some mention here. Any adequate to good scope will have
variable power settings\We have never seen any instance where the lowest magnification was an issue, but a
useful scope should go up to about 60X power or higher, something that many good scopes do not achieve
with the standard 10X ocular. If the scope does not go to that &igbwer, it is a simple matter to change the
magnification by purchasing a higher power set of ocular pieces (these are the eyepieces that you look into).
Oculars simply slide into tubes on top of the scope and are readily removed (as some of you evhariied

a microscope upside down have found out). However, sometimes there is a set screw that needs to be
released first. That said, replacement oculars, while almost always available for every model and brand, can
be expensive to purchase. Magnifioa is determined by multiplying the magnification of the ocular lens

(this number is listed usually on the side of each ocular piece, but sometimes is found on the top, and is most
commonly 10X) by the zoom or magnification level which is listed ondiv® knob. Note that some
manufacturers list the zoom levels multiplied out with the assumption that you are using 10X oculars.

Most higherend microscopes come with a zoom magnification where all powers are available in any

increment. Insomescopels)2 4 SN&E I NB | @At o6fS 2yfe Ay aitSLao® L
increments to be any major hindrance. | have found, however, that scopes that have the magnification/zoom
feature available on the sides of the scope in the form of a small krekhe easiest and quickest ones to use.

The ones with the knob on top or located as a movable ring around the base of the scope head take more time
to change. Often the magnification is changed several times when viewing a specimen.

Measuring Reticig - Some microscopes come with a measuring reticule in one of the oculars, but most do

not. A measuring reticule is a very small ruler etched into a piece of glass. These are useful for taking precise
measurements or, more often the case, taking relativeasurements. This piece of glass is inserted into the
bottom side of one ocular. All or almost all oculars are built in a way that they can be taken apart for cleaning.
Often there is a threaded tube inside the body of the ocular that holds theteimsplace. If taking one apart,

be gentle as the threads can be delicate. Measuring reticules can be ordered online, or some microscope
dealers will custom make one for you.

Adjusting, Cleaning, and Storing MicroscopeMost good scopes are faidy i dZNR& | yR R2y Qi 32
adjustment without suffering some sort of blow. In our experience, we have come across two primary
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of alignment. Ithe images do not completely align no matter how much you play with the width of

adjustment of the eyepieces, the scope probably has significant problems and will have to be repaired
professionally.

Differential focus is usually something you can $xnall differences in the focal distance of the oculars can be
accommodated by your eyes, but at some point, the eyestrain will become apparent and uncomfortable. In
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most scopes, one or both of the tubes that the oculars slide into are adjustable. fbleaseng eyepieces are

easy to determine as there are zero, plus, minus, and tick marks to align. To adjust the focus so that both
eyepieces are in the same focal plane, place a piece of graph paper or something similar on the base of the
scope and shina good light on it. Adjust eyepieces to zero. If there is one eyepiece that is fixed, then open
that eye and close the other. Change the focus of the microscope so that the grid is in sharp focus. Now close
that eye and open the other. If the gridrist in alignment, then adjust the focus of that eyepiece until it is. If,

as it sometimes rarely happens, after adjusting in both directions, you still cannot get the eyepiece in focus, try
af ARAY3 (KS Se@SLIASOS dzLJ) kely theder éyepiece islth& oné tKdt hins tRieS a y Q
adjusted upwards. If the microscope has set screws, you can use them to fix the height; if not, you will have to
work out some other mechanical means. Usually, however, such an extreme situation intheates

something is generally wrong with the scope or the oculars. You might check the oculars to see if a lens is
loose or if you have mismatched oculars from some other scope.

The objective lens of a microscope almost never needs to be cleaned. Hote/tp lenses of the oculars
often do, particularly if the person using the scope likes to press his or her eyes close and weanp make
(cheap mascara is the worst). We use lens paper and window cleaner as needed. When the scope is not in
use, put amicroscope cover or a large baggie over both ocular lenses to keep the dust out.

Holding Specimens and General Microscope SetiMost people when viewing specimens under the

microscope, place them on a piece of clay, foam, cork, or some sort of stantty Wevoid this, as it is far

faster to view specimens when held in the hands of the observer. To hold specimens, pick up the head of the
pin using the thumb and forefinger of your dominant hand. This allows you to easily spin the specimen around
the axis of the pin. The point of the pin is then either lightly pressed against the middle or forefinger of the
other hand, or held between the thumb and forefinger.

It is important to place the bottom sides of your hands on the base of the microscopest#thiilizes the hand

so the specimen is held steadily even under high magnification. With hands in place, the specimen can be
quickly and efficiently rotated in all directions while the observer looks into the microscope. To take full
advantage of thisghe focal plane of the microscope should be raised such that the specimen is roughly in

focus (usually about 3 inches above the base of the microscope), when the hands are in place. Once this focus
is set on the microscope, it is never moved again, gscaange in focus is accomplished by moving the

specimen rather than moving the focus knob. If the magnification level needs to be changed, the hand holding
the head of the pin can retain the specimen while the other hand changes the magnification withoog

the eyes leave the oculars.

The final part of microscope setup is to adjust your chair or the table holding the microscope such that you do
not have to bend or strain your body to look into the microscope.

Acknowledgements: John Aschigrold Ikerd, Gretchen LeBuhn, Jack Neff, and Karen Wetherill had valuable
additions to this section.
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Bee bowls are small colored plastic bowls or cups that are filled with soapy water. Bees are attracted to these
colors, fly into the wter, and drown. Originally meat trays (a.k.a. pan trap) and 12 oz. salad bowls were used.
Field experience and experiments have demonstrated that bowl size is not necessarily correlated with capture
rate (seehttp://online.sfsu.edu/~beeplot/for several reports that document those results, or contact Sam
Droege and Gretchen LeBuhn for unpublished experiments on such).

.
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Currently, the USGS lab is no longer using bowls at all, but items that are listedl im pl& Y I y dzF I O dzZNB NI

catalogs as soufflé or portion cups, (the type of small plastic cup that potato salad might come in at the deli).
Several manufacturers make such cups, but Solo is the line that most people have experience with. These cups
are usuallytranslucent , which is not at all attractive to bees. However, the Solo 3.25 oz. cup is steep sided,
stable on the ground and does come in white (model number:; p3@807). This particular model works well
because plain white is highly attractive to lsend it also provides a nice base color when painting flourescent


http://online.sfsu.edu/~beeplot/

blue or yellow.

For travel, the Solo 0.75 0z. and 2 0z. cups are nice sizes to carry in your luggage as they minimize water use.
However, they will lose water very quickly in hot, lowntidity environments. The 1 oz. cups are steeper

sided and narrow (and therefore more unstable), however, this model may be worth investigating for use in
desert areas. Surprisingly, loss or upsetting by the wind is rarely an issue with bee bowils.

The whie cups usually need to be ordered by the case from a local Solo distributor (that means about 2500
cups). Other sizes are widely available and very inexpensive online. Solo distributors can be located by calling
1-800-FORCUPS. The solo product lineatay is online and can be viewed atvw.solocups.com The price

for a case of the white bowls is usually in the range of $50 to $85. Do a Google search on the model number
and see what you can find. If you aneai bind, email mesfiroege@usgs.gdand | will send you some at cost.
Party stores are also a possible place to find white bowls and certainly have plenty-iifior@scent colored

bowls to investigate.

PaintingBowls¢ Prior to usingsoufflé cups, colored plastic bowls from party stores or other sources were

used to capture bees. The usual colors were yellow, white, light blue, and dark blue. Those worked well, but
fluorescent yellow and fluorescent blue weiaind to be much more effective in the East (and field

experience indicates the same to be true in the West). However, note that Laurence Packer has found that
cactus bees, especialfacrotera seem to be attracted to dark blue and even red colored béreld bowls
attracted absolutely zero bees in the East). He didn't compare these with fluorescent colors, but both those
colors collected more M. texana than did either white or yellow. A literature is accumulating that indicates
that there are individubspecies preferences in bowl color and that these preferences appear to shift
regionally and perhaps even seasonally.

Commercial fluorescent spray and brush paints vary in their color characteristics and availability by brand and
location. In 2003, we experimented with creating a standardized fluorescent yellow and blue paint from
scratch. The West Coast Risk Reactonfizmy was extremely helpful. They can be contacted (for price and
ordering information, as well as spec sheets that list paint components) at-8@&@®5281) or
(http://www.riskreactor.com/). In 2004, we experimented with some different formulations found a
fluorescent combination from the East Coast Guerra Paint and Pigment that works better than the system we
had earlier tried. The liquid pigments mix much more readily than the dry pigments and their base paint sticks
well to plastic. When ordérg from Guerra (21:529-0628) specify:

9 Silica Flat
M Yellow Fluorescent
9 Blue Fluorescent
Jody has been the person we have worked with.

You can order online at:

http://www.guerrapaint.com/tandc.html
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The ratio is 16 oz. of dye to 1 gallon of Silica Flat Paint. You can mix it with a stick without difficulty.

For future reference, their Fluorescent (watdispersed pigments) formula is:


http://www.solocups.com/
mailto:sdroege@usgs.gov
http://www.guerrapaint.com/tandc.html

1 Water 47.5%
1 Methocel¢ KMScg Thickenerg Methyl Cellulose 0.45%
1 Defoamerc Drew-647 0.80%
1 Tamol 731 Dispersant (soap) 1.25%
1 Flourescent Pigment 50.0%

The formula for the Silica Flat Acrylic La@aint is:

AcrylicLatex

Calcium Carbonate

Kaoling Clay

Tanium Dioxide (I think this should be Titanium Dioxide)

=A =4 =4 =4

No percentages were given and these are only listed as the major components; there are likely to be
surfactants and other things in here as weThe carrier of the dye is not as important as the dye itself.

Most standard types of paint and paint primers do not stick well to plastic (the primer from Guerra does,
however). Many commercial spray paints have added compounds that do help with@ukeglastic.

However, if many bowls are being painted, cans of spray paint become both expensive and wasteful. We have
experimented with using liquid paint in compressed air spray guns, but the paint inevitably clogged the sprayer
(even when thinnedand it was difficult to coat the sides and bottom of bowls uniformly. That said, when it

was working, spraying is fast. If you figure out a good spray system, please let us krbase®jrimers

seem to work the best on plastic, but primers that havehellac base or are formulated for glossy surfaces

may do equally as well. There is a nice spray can primer by Krylon that is specially formulated for use on
plastic called Krylon Fusion Dover White Paint. A white primer provides a good base dhlaréscent

yellow and a gray primer (a paint shop will tint your primer for free) works best for fluorescent blue. Sanding
the bowls also allows paint to adhere better, but this takes a great deal of time.

In 2003, we completed a series of small expents that indicated that the amount of surface area painted on

a bowl did influence the number of bees captured. When completely painted and partially painted bowls were
placed adjacent to one another, the completely painted bowl caught significantlg brews (about 50%

more). It is possible that this effect may diminish if bowls are spaced apart rather than adjacent to one
another.

If using a commercial spray paint, the Krylon brands seems to be composed of the same colors as those from

the paint speialty shops, but this brand can be hard to find in many areas (particularly the fluorescent blue).

Hannah Gaines has informed us that ACE brand fluorescent sprays are manufactured bydgeamg up

additional possibilities. One issue people haad tvith spray paints appears to be loss of longevity of the

plastic. Several have noted that the bottom of the bowls drop out. Best guess at this point is that this may be

due to the paint being too heavily applied and the solvents degrading the plasticgich problem has been

noted with latex paints and bowls have been left outside for many trapping intervals with only gradual fading

and brittleness. Tracy Zarrillo in 2010 noted thatéhé IDyizy { LINI & /+y ¢22t & FNRY ! OS
increases tk ease and consistency of using spray paint and only costs $5.00.

In 2004, a student performed an experiment to test for pigment longevity. She painted a set of 3.25 oz. plastic
bowls fluorescent yellow and fluorescent blue, from two separate pigmentlgpp She left the bowls out in

the sun (empty) for 6 months, starting in early September. Over time, the blues became slightly faded, and
the yellows quite a bit more so; however, both remained pigmented. She mentioned that the fading was only
noticeable after 3.5 months of being out in the sun, and then, only in comparison with bowls that had been
kept indoors. Consequently, it looks like the pigments from Guerra and Risk Reactor are qditeetbagd

will essentially outlast the life of the plds bowl- which became quite brittle towards their end. It would be
interesting to try this same experiment in a rsdmmer southern hemisphere desert to see what the life
expectancy is under those conditions.

How to Set a Bowl TrapA bowl trap is setvhen it is filled with soapy water and left outside. The soap



decreases the surface tension, permitting even small insects to sink beneath the surface. Most insects stop
moving within 60 seconds of hitting the water. However, we have found that if giright away after being
trapped, some will begin to do a slow crawl, if not either placed either in alcohol for several hours, or put in
the freezer prior to pinning. Unpinned insects that do begin to move after being in a bowl never regain full
functionality and usually simply stand or move around only very slowly.

We have found that the amount of water in a bowl does not affect the capture probability. However, in hot
and arid climates, bowls can dry out, if not completely filled, or if the bowl ishadlow. We suggest that

people use Blue Dawn Dishwashing soap. It is readily available and appears to function similar to other
brands. Be aware that citrescented detergents and ammonia mixed with water will decrease the bee catch
compared to othedetergents. Laundry soaps have been tried and do work, but contain so many fragrance
chemicals that we fear that changes in formulation could easily affect the capture rate. We have tried adding
salts, floral oils, sugars, honey, and other compoundtal ltrap water, but found that captures were either

the same or lower than those with Dawn dishwashing liquid. While some bee bowlers add detergent directly
to each bowl, we have found it easiest to add a big squirt of dishwashing liquid directly ltorajgg of water

and pour it from there.

When using bowls in a collecting, rather than an inventory or monitoring situation, it is often convenient to
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to not suffer any substantial deterioration for at least 48 hours, perhaps more. Laurence Packer has found

that propylene glycol can be left in bowls for at least 3 weeks without substantial loss even in early summer in

the low rainfall southern Atcama Desert. A bit of formalin in the bowls decreases the attraction to

vertebrates. Digging the bowl into the substrate may be necessary when bowls are left out this long. When

bowls are placed near the level of the surface tenebrionids, scorpiodshanoccasional lizard may also be

collected in some circumstances. Glycol seems to favor larger rather than smaller bees, so be sure to add

detergent to the soap to decrease surface tension.

Matthew Somers ran some experiments in Ontario that indicated - & G KSNB g+ ayQd | AAIYyAT
the number of bees captured between yellow bowils filled with soapy water versus those filled with propylene

glycol. Interestingly, he found that about 33% of the bees that landed in either fluid would e$eapew,

and that rate apparently varies with species. He also noted that a high proportion of insects were attracted to

the bowils, but either only flew low over them or simply landed on the rim. This was a small pilot study, worth
repeating and expandgmupon.

Propylene glycol is often found at veterinarian supply houses (mostly online), RV centers, swimming pool, auto
and livestock supply stores, and heating and cooling supply houses. Heating and cooling suppliers have glycol
with a few additives, usally come only in blue, but are mostly not diluted with water (which evaporates) . RV

and swimming pool glycol is usually red (the red can be eliminated by adding a tablespoon or two of household
bleach), and are diluted to some unknown extent with wated &hus will need to be recharged.

Veterinarians use food grade propylene glycol and is not diluted and is readily available online, but is more
expensive, but would be the best to use. You can also order large drums of propylene glycol directly with no
added colorants. One common supply company for the basic material is Comstar
(http://www.comstarproducts.comy.

If you have problems with animals getting into your propylene glycol (note: to date, moskepeaye found
propylene glycol not to be of interest to mammals) you might want to add Dentonium benzoate, a bittering
agent used in antifreeze to keep animals away. Itis EXTREMLY bitter and so you should wear gloves when
using it or you will end up taistg it in your food and what you drink (handling this chemical it makes you
realize how easily chemicals can migrate from your hands to your mouth). One of the suppliers mentioned
that a good starting point is 380 ppm; which seems to correspond to a lkw pinch per gallon of liquid.

Several people have tried using urine instead of water in the bowls (bees in tropical areas are often attracted
to urine soaked soils) but no great increase in catch was noted of the few who tried.

Sunny days are best wheetting out bee bowls. The effects of temperature are often unclear, but catch


http://www.comstarproducts.com/

appears to be reduced in the spring if temperatures are in the 50s F, or below, during the day. In the fall,
temperature seems to have less impact. Cloudy days catch few &e@sainy ones never catch bees.

Where to Set a Bowl TrapThe best places to put bee bowls are exposed open settings where bees are likely
to see them (e.g., fields, roadsides, grassy areas, barrens, sand) In North America, this also extends to
deciduous woodlands prior to leaf out. Within these habitatsylsdeft under any dense vegetation (e.g.,

thick cool season grasses, leafy shrubs) will catch few bees. Open warm season grasslands often have good
capture rates of bees if the grass overstory is not too thick. The general rule of thumb is thatahyeasdy

see the bowl, then bees can too. Flowers need not be apparent in an area in order for catches to be quite
high. However, the presence of a superabundant nectar and pollen source (e.g., creosote bush, mesquite, a
field of blooming mustard) ofteappears to lead to low bowl capture rates. All that said, its been the
experience of many that small openings, rabbit paths, trails, open tree canopies etc. can be places where you
will find bees, so experiment even if the habitat is not completely open.

Bowls seem to work in open habitats around the world (e.g., Fiji, Taiwan, Thailand, South Africa, Central
America, and South America). The bycatch in bee bowls can be very interesting, with parasitic hymenoptera,
sphecids, vespids, skippers, thrips, figisd other things that often come to flowers.

In tropical Central and South America, Dave Roubik (Panama), Steve Javorek (Belize), and Gordon Frankie
(Costa Rica) have all noticed that soapy water bowls capture almost no bees in closed canopy oropanopy t
situations (however, more extensive tests are warranted here), but are successful in open habitats. Roubik
also has had good success with capturing stingless bees using a honey solution (or sucrose when honey is not
available), either in bowls or sprag on vegetation.
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Xeromelissinae, some of which are oligolectic, | have often put pans out by suitable looking flowers en route to
a different collecting spt. The success rate has been remarkably high, and | have found males of species only
collected by net as females, and females of species only collected by net as males using this method.

By placing pans adjacent to the flowers visited by oligolecticispelchave managed to collect samples
directly into buffered formalin and absolute alcohol for histology and DNA respectitrelygh capture rates
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In general, mall bees are sampled well in bowls, but larger bees often need to be netted.

Most researchers put bowls out in strings rather than as single bowls. Capture rate per unit of field time is
much higher this way. Once a location has been chosen in whpdhde bowls, it takes relatively little

additional time to place many bowls as compared to just one, particularly when compared to the cost of
traveling to a new place. An internal study available from Sam Droege (sdroege@usgs.gov) indicated that the
variances for characterizing the species richness of a single site may level out are@0dbbivis.

Bowls placed immediately adjacent to one another have been shown to have reduced individual per/bowl
capture rates. Studies in Maryland using 3 sepanatpging webs in open fields showed a distance-df 3

meters to be the threshold below which bowls competed with one another for capture. They did not compete
above that level. In Brazil, additional species were captured when bowls were elevated offind.gn the

Eastern United States, no additional species were captured in elevated bowls and actually, capture rates were
much lower than bowls placed on the ground. In the East, when large black circles were added to the bottom
of cups, catch was decrsed; however, adding small Andresaed markings to a bow! did not change capture
rates.
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monitoring web sitelgttp://online.sfsu.edu/~beeplot). A scheme for replicable monitoring or inventory of

bees over larger landscapes is being developed by Sam Droege (sdroege@usgs.gov). That design will likely
include the superimposing of a grid over the landscaph mimerous individual transects of 338 bowls

taken within each grid in appropriate habitats and used as replicates. Because a completely random or

2 )
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systematic sampling scheme is impossible in most public/private landscapes, an effort will be madalio GPS
points and collect habitat ceariates to permit counts to be adjusted over time.

How to Collect the Bees Once Trappedt each bowl, it is best to remove all moths, butterflies, skippers,

slugs, and very large bodied nbgmenoptera (e.g., grasshpprs and crickets). These groups tend to
contaminate the other specimens when placed in alcohol. Following their removal, the remaining specimens
can be dumped along with the water in the bowl into an aquarium net, sieve, or tea strainer. It is very
important to choose a strainer with extremely fine mesh in order to catch the smallest of bees, some of which
may only be 2dmm. If using an aquarium net, look specifically for brine shrimp rather than regular nets. In
general, most kitchen sieves are tooatcse, while most tea strainers have nice fine mesh. Brine shrimp nets
are our favorites.

Usually researchers pool all the bowls from one transect or plot rather than keeping individual trap data
separate, as handling time increases greatly when collgdtom individual bowls. Many researchers also

wash the soap from their catch in the field using a squirt bottle, however, we have found that not to be
necessary. Most researchers store their catch in 70% alcohol in whirlpaks. We usually use gpptastT s

gather the specimens from the brine shrimp net and then transfer them to the whirlpaks. This works with the
strainer, but not as easily. Alternatively, you can pick out the mass of insects in the net or strainer with your
fingers and dump it intoraindividual whirlpak. However, Frank Parker uses a larger sized whirlpak along with
a small tea strainer and then gives the strainer a sharp rap when in the bag to dislodge all the insects at once.
Others dump specimens directly into mason jars or bEggi

Isopropyl, ethyl, or denatured alcohols are all appropriate for storing insects, but isopropyl should never be
mixed with the other alcohols. You can go to the pharmacy and almost always find pint bottles of ethyl
alcohol, ethanol, or denatured alcoh¢be aware that alcohol names are not consistent). If not readily
available in the store, it is possible to have the pharmacy order what you want. Hardware stores carry gallon
and pint size cans of denatured alcohol. We find that drug store alt®bakier to work with, as it is made

with a smaller amount of methanol.

Often alcohol needs to be diluted to achieve the right percentage (70%). All hardware store alcohol should be
considered to be 95% alcohol. Drug store alcohol can be close tg b00%sually is something less. You will
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Proof is a simple doubling of the percentage. Therefore, 100 proof is 50% alcohol and 190 proof is 95%

alcohol. To dilute from 100% alcohol to 70%, choose a convenient sized container, such as a pint bottle, then

fill it ~70% full with alcohohaR G KS NBad eAGK GF LI g1 SN ¢CKAA YSI adzNE

Miriam Richards from Brock University has found that specimens stored and processed as above retain high
guality DNA for at least several years.

The process for washing bees afteey have been stored in alcohol is illustrated later in this document. The
difference between a good bee collector/researcher and a poor one can be told by how well they wash and
RNE GKSANI 60SSasx a2 R2yQé alAL) GKAa &adSLH

Bob Minckley has found that whereloes collections from individual bowls, it is useful to use clear plastic
fishing lure boxes. The compartments can be numbered and individual bees picked out of bowls by hand and
placed into the appropriate compartment. Afterwards, he freezes the ewmtintainer for at least 10 minutes

to keep anything from r@awakening and then pins them straight from the box. Sometimes these specimens
are more matted than ones that have been properly washed, but most of the time, they are readily identifiable
to species.

Another alternative to Whirlpaks is to dump the catch into small numbered squares of cloth which are rolled
up and rubber banded together. Once back from the field, put them into Ziploc baggies and freeze until you
are ready to pin.



Each bag, fishg box, or cloth should have a tag inside listing the sample location and date written on paper
with pencil. Do not trust any kind of writing to stay on the outside of a Whirlpak bag, as they inevitably get

wet with alcohol or water and the writing willin.
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removing individual bees from individual bowls.

Net Spoon
by David Wilson

Sorting benthic macroinvertebrates from
the tray with forceps is a pain, and often
results in rather badly mauled speci-
mens. With a net spoon, it's much easier
to catch the critters and they are virtually
never damaged.

DAVID WILSON

A Few Little Efficiency Tipd/Ne have found that it is helpful to create your sets of bowls the day before
setting them out. In particular, it is very handy to have an empty, divided flat like those found holding plant
starts at your local nursery, as this holds the separateddi®wls quite nicely. Wire flags (very useful for
refinding your transects when driving at 60 mph) can be set in the passenger foot well. If workindaora 4
car, we have found it fastest to keep the jug of soapy water on the back seat or on thefflbe back seat
behind the driver. While getting out, drivers can grab a set of bowls and a flag in their right hand, open the
door with their left hand, leap out of the car, pivot and grab the jug through the back window and then sprint

To make a net spoon, use an electric
grinder to grind off the bottom of a
plastic picnic spoon, leaving only the
rim. Be sure to wear safety glasses while
grinding. Use waterproof cement to
glue a small piece of fine mesh netting
to the back of the rim. After the cement
has dried, trim excess netting with small
sharp scissors.

David Wilson is a
volunteer monitor
with the Huron River
Watershed Council in
Ann Arbor, Michigan.
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off to put outbowls. By GPSing your transects as you put out bowls you can use the GOTO feature of your GPS

unit to track back to your transect locations that evening or the next day. This is particularly useful when

working in an area with few landmarks.

We have lemed the hard way that getting into and out of the car many times a day while putting out bee
bowls can be hard on the human body. In particular, it is hard on the left leg as it levers you into and out of
the car. That action can lead to some slow heplimuscle strains. The best way to get in is to sit down on the

seat first and then swing both legs over. Getting out is the reverse operation, swinging both legs out and then

standing up.

Glycol Pan or Bowl Traps

(Information Provided by Dave Smig-\WS) As part of a native pollinator inventory, | have been looking for a

reliable pan trap method. I initially used tvamince Solo cups with soapy water at five sites along an



elevational gradient north of Flagstaff, Arizona. In order to increase the tpptyto sample a higher

diversity of species, | decided to leave the traps out for a week. | substituted recreational vehicle antifreeze
grade propylene glycol in 12 ounce plastic bowls since it was obvious soapy water would not last long enough.
Unfortunately, summer temperatures and low humidity caused the bowls to dry up and blow away before a
week had expired (I can make someone a killer deal on a couple thousand 12 ounce plastic bowls).
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blue, fluorescent yellow or left white, is attached to ehalf inch PVC pipe with a fivieach hoop cut from a

plastic culvert pipe (see photo). The stadium cups are very sturdy and are likely to holdadprfgrseason or

two (or three) of sampling. The hoop is attached to the PVC pipe with a bolt and lock nut. The pipe slips over a

piece of rebar set into the ground. The hoop is set high enough so the cup rests about three inches above the

ground. If dsired, a trap number can be written on the white plastic hoop. In order not to confuse the issue

by having insects attracted to the white PVC end up in the blue or yellow cup, | painted the tops of holders the
appropriate color for the cup it would holdlhe top of the pipe is plugged to prevent bees from crawling

down inside and getting trapped.

The cups, filled halfway with the 50% industrial grade propylene glycol (50 Water:50 propylene glycol) easily
lasts for a week. The cups do not sit on the dpatund (air passes under them) and deeper cup lip and deeper
fluid level slows down evaporation. | remove the cup from the hoop and dump the sample into a sieve.
Leftover propylene glycol is collected in a bucket when the sample is poured throughvbe®ie sieve is
dumped into a plastic jar with alcohol. | use an automobile oil funnel to dump the sample into a labeled
Whirl-Pak. Funnels with a wide opening can be found at auto parts stores. | also find that collecting samples
goes much faster itte labels are preut and placed in the Whiffak beforehand.



Flower Traps

Alex{ dzNJhas@eéVeloped a modified bowl trap for squash bees tuispromise for capturing other crop
YR Ff26SNJ aLISOAFAO alLISOASaod 'S gNAGSAY aLQY Ay
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trapping squash bees. It looks like the bee bowls cannot successfully compete with Cucurbita flowers in
attracting bees. Therefore, | thought submerging flowers in cups with soapy water would yield better results.
Because of the size of the flowers, edghe bottom end of a ongallon milk jug. The results were great. In a

field with a high squash bee populations | got more than two dozen males and a couple of female squash bees
in less than two hours attached is the picture. | would like to know ifgshinethod works for any of you that

have CucurbittdNBf 6 SR LINP2SOdad LQY Ffaz2 g2yRSNAYy3a AT &dzoY
monitoring bees for other crops. When trying this method, you should use the least amount of detergent,
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Trap Holders
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although it is blurry) allows me to easily make the proper heggliistment for each cross along the rebar.
Although it might not be pertinent for mass bee trapping, this system presents the following advantages: 1)
allows one to put traps in places where the vegetation is dense and high, while still making the bilbdgwi

bees; 2) there is less chance for the bowls to be overturned by wind or wildlife; 3) saves some time in
measuring and searching for the flat and visible spots where bowls can be placed; 4) require a little less
bending over; 4) the bowls can beapkd as high as 3 feet above the grourtis is based on a 4 foot long

rebar, with one foot being in the ground; 5) the traps are relatively cheap (less than a dollar per trap/4 bowls)
and easy to install and take apart, and can be used over several({fsatsowls might need to be replaced).

Similarly Zak Gezon has developed a trap for wetlantisS & N&A G Sa Y aL Y OFGOKAY3 068
Costa Rica. | had to come up with something similar to Alex to solve a slightly different prdtiiem]|

started sampling the marsh was bone dry, but before long the water level started to rise, so | made PVC
platforms for the bee bowls, as you can see in the attached photos. The platform itself is made of fine mesh so
that if a sudden rain overflow$ie bowls, anything caught up until that point will be caught in the mesh. When
the marsh water level is really low (and therefore the platform is high above the water surface), the wind can
whip the platforms a bit, which is a problem, so | have been thgnkbout drilling the T joint all the

way through so the platform would slide down the PVC pole, and adding a wingnut to the platform so that the
height would be easily adjustable. | added velcro to the platform mesh and to the bottom of

the bee bowils tensure | don't loose any bowls due to wind. One problem | have had is that sometimes birds
land on the platforms and slosh all the soapy water out. | don't have a solution to that problem yet, but | have
only seen it happen twice and | don't think it ha=elp a major issue.

In any case, the platforms were pretty simple to make, are very easy to transport, are (hopefully) durable and
RARy U4l O2ad Iy FNXY FyR I fS3dé



Field Trip Checkilist

Bowls

Plastic Spoon
Brine Shrimp Net
Dawn Dishwashing Liquid
Alcohol

Whirl Paks
Ziplock Bags
Gallon Jugs

5 gallon Water Jug
Aerial Net
Replacement Nets
Killing Jars

Ethyl acetate
Eyedropper
Replacement Net Bag
Location Log
Blank Paper
Sharpie

Pencils

Clipboard

Maps

GPS Unit
Batteries

Charger

Scissors
Tweezers

Det Labels

Paper Triangles
Humidors

.8S az2yAli2NAy3

Hand lens
Reading Glasses
TwoWay Radios
Sun glasses

Hat

Toilet Paper
Matches

Cell Phone
Collecting Permits
Plant ID Material
Technical Pens
Enamel Sorting Pan
Hair Dryer
Pinning Board
Bee Washer Jar
Empty Bee Boxes
Pins

Glue

Boots

Sun Screen
DEET

Drinking Water Bottle
Backpack

Hip Pack

Camera
Collecting Vials
Watch

5A80dzaaA2y [A&G YR 1yy2dy0OSYySyia

If you areinterested in bee monitoring or identification issues, you might want to sign up for the bee
monitoring listserv. It is a good way to alert you to interesting developments.

Email Sam Droegsedroege@usgs.gdto siqn up.

Archives can be read at:

http://tech.groups.yahoo.com/group/beemonitoring/

Quick Bee Survey Protocol
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Setting Out Bowls

1 Put one heavy squirt of dish washing liquid in 1 gallon jug of water (Blue Dawn is the standard, others
are fine as long as they are NOT citbhased or scented). Any soap will do in a pinch.
Place bowls levadn the ground.
Fill each bowl with soapy water about 3/4 or more full.
Bowls can be left out for the middle part of the day or for 24 hours.
Set bowls out in transects with 30 bowls spaced 5 meters apart (pacing is fine) alternating blue,
yellow, and white
1 Avoid putting bowls in any heavy shade, as few to no bees will come to those bidvele does not
have to be flowers nearby to have bees come to bowls, as often there are bees scouting over
flowerless areas.

=A =4 -8 =4

Straining Bowls Strain insects from bowlby dumping water from bowls through the brine shrimp net.

After all bowls are strained, scoop out specimens with a spoon or your fingers, put insects in Whirlpak; fill with
just enough alcohol to cover specimens. Any type of alcohol will do in a dinslially pick up a small bottle

Fd GKS LIKIN)NIFO8XAG aK2dzZ R 0SS T1m: 2N oSGGSN® . Sal
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Add in with Whirlpak a contents label written IDMRKPENCIL on a scraptEAVYaper saying collector, ,
DATE (with month spelled out) and location. It would be useful to show where you collected on a map, but
not absolutely critical.

Remove the air from the whirlpak with your fingers, then roll the dopvn to the level of the alcohol, bend
the ends forward and twist the wires together. Tuck the ends of the wires in to the center of the bag so they
R2yQid L}21S 20KSNJ o6l 3ao

Write down the time and location on another piece of paper so there is a log aff yau have done.
Airplane Travel and Shipping Alcohol Specimens

When traveling with or shipping Whirlpaks of specimens, you should partially drain the alcohol out of the bags
to diminish the possibility of leaking while in transit without affecting tipegservation. Be sure to properly

fold and tie the Whirlpaks as outlined in the section above. Put all the Whirlpacks into a Ziplock bag and then,
into another larger Ziplock bag to make sure nothing leaks. Some paper towels in the outer bag wiéde add
insurance.

t N2OSaaAy3a .SSa GKIFIG 1138 . SSy {(i2NBR Ay ! fO2K2ft

Pinning bees directly from water or alcohol usually results in matted hairs and altered colors, along with a
good coating of pollen, scales, and other detritus picked up from the sample. Weddund that washing and
processing bees using the process listed below will result in well groomed specimens that can exceed the
quality found when handtollected.

We use one of two main approaches to wash bees, using either a strainer or a bee washer to accomplish the
task. Both are explained below.

Strainer Washing Fill your specimen Whirlpak with water and then dump contents into the strainer (tea
strainerswork well because of their fine mesh, brine shrimp nets also have sufficiently small mesh, but it is
more difficult to remove specimens because of the flexibility of the netting).

Either dump the specimens into a beaker or other container containing a ISetAtunt of warm water and
dish washing liquid, or other kinds of liquid soaps, aexy vigorously swirl the specimens around with a stick



or, better, put a lid on the top and shake them & SECONDS

Place specimens back into the strainer and rinsesuap water until no more suds are present. Use your
hand to break the force of the water to protect the specimens.

Rap off loose water and use a towel to blot out as much excess water on the bottom of the strainer as
possible. A cloth towel is moreneironmentally friendly than using a lot of paper towels.

Either squirt 95%+ alcohol onto the specimens, dip the strainer into a bowl of alcohol, or drop them into a jar
of alcohol and blot again.

Dump the specimens ontoset of 36 paper towes andfold the paper towels over the specimens arudl
them around with your finger, pencil, or tweezexsd refold a few timeso remove the bulk of the alcohol.

Fold corners of the paper towel up and shake the specimens around inside to further dry them. %iog sha
once their wings are no longer stuck together or folded up on themselves and all bee hair is nice and fluffy.
Note that you will likely have to hold the corners AND the towel area between the corners in your fingers or
the specimens will jump out wiei you are shaking them.

Note that after the specimens have been dipped in alcohol you can leave them lying on the paper towel for a
OAG 6dzZLd G2 np YAydziSa 2NJ 420 0STF2NB FdzZNIKSNJ FfdzFFAy3

Pin as normal
Note that the paper towels caloe reused many times.

Washing Using a Magnetic StirrerRather than cleaning bees by swirling them around in a jar by hand, we

now use a magnetic stirrer, the same as used in all chemical labs. A small magnet is turned inside a jar or cup
by a magnetiplate. The water, soap, and bees are swirled around as gently or quickly as you wish. It does the
best job of removing pollen, nectar, and gunk on specimens, simply because you can leave it washing for quite
a while without a time penalty. Costs for natirrers are about $100.00 and much cheaper on Ebay.

Avideo that demonstrates how to wash bees can be seen at:
http://www.youtube.com/watch?v=A2ynd12Cc

Bee Washer and DryeWe have found that you can obtain beautifully coiffed hair on even the loAugstd

of bumblebees, if you spend the time shaking them around in a paper towel. Unfortunately, that can take a
while. Most people shake them only until their wings unfatdl then pin them, leaving the specimen less than
presentable. We then have to ID bedraggled specimens which, in the worst cases, can lead to errors in
identification and always leads to a lessening of the aesthetic experience.

That need not be as yowan use a hair dryer and the systeor modification thereofpelow to speed things
up.

You will need the following:

A small clear glass pint or half pint jar (a quart will do) that has a canning jar lid of the kind with a removable
central metal disk.

A section of window screen that will be used to replace the center of the canning jar lid. We use the fiberglass
type, but metal might be ok, though they could be too stiff or may unravel. Note that you can buy loose
fiberglass screen from the hardware staed cut it with scissors.

A hair dryer.


http://www.youtube.com/watch?v=A2y-ind12Cc

Procedure:

Follow the same procedure as listed under the strainer section directly above but just do a quick blot of the
specimens otthe paper towekto get the bulk of the alcohol off.

Dump the specimens from thgaper towel into the canning jar (we use a homemade funnel from the end of a
large plastic soda bottle to help with this.

Put the lid back on the killing jar with the screen in the middle, make sure the screen is snug around the entire
lid. Note that Trag Zarrillo has had good success in extra fluffy bees by adding small rolled up bits of paper
towel in with the specimens.

Turn on hair dryer. We use high heat, although heat is not always necessary, particularly if the specimens are
rinsed in quick evapating alcohol.

Place the jar on its side on the folded hand towel and place hair dryer pointing into the jar as close as possible,
without causing the hair dryer to cut out (usually about 1 inchfis can be hand held or set up in a wide
varietyofwaysi 2 G KI G 22dz R2y Qi ySSR (2 K2fR (GKS of24SNWD

Apparently, as we have found, if you put many hair dryers right up to the screen, they will overheat and turn
themselves off (stick them in the freezer if you want them to come back on quickly).

While drying, shiee the specimens back and forth vigorously, hitting the sides on the towel periodically to
dislodge them if they stick to the glass.

Specimens, when wet, are very flexible and tough, so they can take a moderate amount of bumping around.

Once the specimenrare all loose, shift the jar slightly downward so that the specimens slide towards the
AONBSY YR 6KANI | NRdzyR Ay (GKS RNESNN& 6AYRT O2yiAYydz

Small shorthaired specimens are done once their wings are flexed away from their bodyeindhairs are
not matted. Bumblebees and lofiwpired specimens take longer. Depending upon your hair dryer and your
technique, this may take anywhere from 1.5 to 3 minutes.

Using Compressed AirWe have found that using compressed air results in the quickest drying of wet bees.
When using compressed air, be aware that there can be moisture in the air lines. Run the air wide open for a
few seconds to get rid of any loose moisture. Also be awat at high pressure, compressed air can blow
apart specimens, particularly their abdomen®Direct the air stream to the side of the jar and let it swirl the
specimens around in a vortex (if the pressure is too high or they are bouncing violenthdgrou can rip

some abdomens off)Small specimens with short hair take less than 1 miniBemblebees take about 2

minutes to have all the hair on their thorax fluff up.

Making and Using an Autobeedryerlf you are involved in collecting apdocessing many specimens, you
may want to invest in the creation of an autobeedryer. A slideshow and video that demonstrate how to make
such a device can be seen at:

http:// www.slideshare.net/sdroege/hovio-createan-autobeedryer

http://www.youtube.com/watch?v=935jlJep6go

Tracy Zarrillo notes that if you pin specimens which have been stored in alcohol immediatetiryfig
them, alcohol inside the specimen will leak out and ruin their coiffed hair. She has found that putting them
into achlorocresol humidor for a week before pinning eliminates that problem.


http://www.slideshare.net/sdroege/how-to-create-an-autobeedryer
http://www.youtube.com/watch?v=935jlJep6go
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Leif Richardsonds put together a method of removing most of the mold on bee specimens that have gotten

Y2f Ré RdzS G2 &adG2N}3IS Ay KAIK KdzYARAGE O2yRAGAZ2Yy&D |
you find in a standard insect box; | got mine fromdgip) to fit snugly in a small plastic food storage

container. | wedged this into the bottom of the container, stuck pinned specimens (labels removed) into the

foam, and added warm, soapy water to submerse the bees. With the top on | gently shook thieeofda

about five minutes, then drained it and repeated. | next filled the container with 70% ethanol and shook for

five minutes. | used two additional alcohol rinses, then removed the foam board from the container and used a

hair dryer to dry and flufthe bees.

The bees emerged from this treatment with most of their body parts intact. Some pollen was removed from

scopas. Most of the fungus was removed, but some still clung to hairy places and the tight spaces between

body segments. | think you couldeia soft children's watercolor paintbrush to jab away more of the fungus

during one or more of the rinses. One caveat: the foam board has a tendency to break free and float, causing

the specimens to get pressed up against the top of the container. | thiskcould easily be avoided with the

right container, foam, glue, etc. Finally, the dimensions of the container will determine how many bees you

Oty OtSIy |G 2yS GAYS YR K2g¢g VYdzOK |t O2K2f @&2dz oAt F
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Attimes, there is a need to fBydrate bee specimens in order to remove them from the pin or to pull the
tongue or genitalia (note that pulling open the jaws on specimens is difficult after they have dried, even with
extensive rehydration). Place bees intorehydration container, a humidor or a covered Petri dish with a
moist paper towel inside. It can take anywhere from a few hours to several days for larger specimens to
relax. To prevent mold, add a few drops of ethyl acetate, a few moth ballsaageadose of alcohol in the



water. Thanks to Jack Neff and Jason Gibbs for their contributions on this topic. Laurence Packer notes that
the longer the bee has been pinned the longer it takes to relax and the more fragile it becomes.

LYSELISYaAPREID dfio 5 26y R Cf2NBaOSyd [AIKG {2dNDSa

We have been frustrated by the cost of high quality microscope lights. Even old fashioned illuminators now

cost well over $200.00 and still deliver subpar light compared to that from fiber optic lights. We dextover

that the Gerber LX3.0 LED miniflashlight works extremely well as a microscope light, and Laurence Packer has
discovered that bright compact fluorescent bulbs also work well and provide great surface details. First, about
creating an LED light source¥fo | Ff | aKf AFKGX® ! DSNDBSNJ Ffl akKf AIKiI Aa
head) but produces an impressive amount of light, exceeding all our illuminators and equaling the more

inexpensive fiberoptics.

We found that the flashlight fits very nilgeinto the standard Bausch and Lomb microscope stand's illuminator
hole; a little adjusting up and down, and we had all the illumination we wanted.

As the batteries drain down, the light will dim. When in the field, it is useful to have spare setserfdzatt
charging to replace drained batteries as needed.

In our office and at home, we have converted these flashlights to use household current.

To convert, you will need a wall cube transformer of some kind that converts 120VAC to Direct Current. You
can buy a wall cube at Radio Shack or you may have one around the house. Make sure that the wall cube
converts AC 120V (input) to somewhere arodn8V DC (note, make sure it is not 4.5V AC!!!). Other
flashlights will use other voltages depending on the number and type of batteries they are using. | didn't look
closely the first time | tried this and | ran the light on AC, which worked OK, buglthethimmied around and

was distracting. According to the experts, the LED bulbs are pretty tough. You could likely run them up to
maybe 6V without shaving too much off their life.

German Perilla has created a wonderful power point Howresentationabout converting flashlights into
microscope lights. That presentation is available on the wutb:(/envstudies.org) but be aware that it only
runs under Microsoft Internet Explorer not other browsers. Thedilso available from Sam Droege
(sdroege@usgs.gdwer if you are a member of the bee monitoring listserv
(http://tech.groups.yahoo.com/group/beemonitoring/files/)

We recommend that you use the power point preseidatto convert your flashlight, as the instructions are
AffdzZAGONF SR YR YdzOK Y2NB RSGFAfSR IyR LISNXYIYySyGI odz
wire down to the bottom of the flashlight. Attach a tiny screw to one end of a doweln attach a wire to

that screw and tighten it. Be careful to not let any of the wire touch the wall of the flashlight, or it will create a

short (the body of the flashlight is the negative lead). Tape the wire to the dowel and run the whole thing to

the bottom of the flashlight. For the return, grind off some of the outer nonconductive anodized finish on the

flashlight body, and simply tape the end of another wire to the body. Cut the end of the wall cube off and

attach its wires to the wires coming adf the flashlight. If your first try doesn't work, then switch the wires, as

the polarity may be wrong (this is not supposed to be healthy for the LED, but mine survived). You can then

put a switch in the line if you want, or simply plug and unplug th# eube.

For technical information about other, similar flashlights check out the LED forum at:

http://candlepowerforums.com/vb/index.php

Compact fluorescent bulbs in the 1080 watt equivalentange work extremely well as microscope lights.

They are superior to all other lights for illuminating subtle microsculpture on specimens (and there are very
important in groups like Lasioglossum and Hylaeus). Bulbs can be added to student lampslatirgtiamnps
available from many online stores, as well as well stocked office supply and household goods stores. Note that
these bulbs do produce a lot of heat from the ballast at their base and if the lamp is too restricted (i.e. no holes


http://envstudies.org/
mailto:sdroege@usgs.gov
http://candlepowerforums.com/vb/index.php

at the base othe bell of the lamp), this heat will burn out the electronics of the bulb. As with all light sources,
the closer you can get the bulb to the specimen, the better.

How to Make a Pizza Insect Pinning Box
(Refer to Figure at End of this Section)
Written by Rob Walker and Sam Droege

Because of the volume of insects collected in our lab, we have begun using Pizza Boxes as an inexpensive
alternative to traditional field boxes.

Pros: Inexpensive, saves shelf space, holds more specimens

Cons: Materialbave to be purchased separately and assembled, box not as sturdy as others, pest insects
have greater potential access to specimens

Blank pizza boxes can be ordered online from many sources. Pizza shops may also be willing to donate
cartons. We use creknked polyethylene foam for our pinning base within the boxes, as it seems to have
superior pin holding properties to that of Ethafoam, but either could be used. If you order foam in bulk you
will save a great deal by going directly to a manufactu#e have had good luck with Reilly Foam-834-

M@nn o 2SS KIF@S GKSY Odzi GKS F2FY (2 okyé Ay (GKAO|lySa:

Assembly directions for a standard pizza box

Use a knife, scissors, or paper cutter to cut and separate Section | from Skalond red arrows as shown.
Take Section Il and assemble by taking side flaps A and turning in end tips.

Fold flap B over end tips so that the tabs are securely in the slots provided.

At other end, fold end tips in and fold up flap C.

StapleflapCandtS Sy R GALA G23SGKSNJ a2 GKFG FErL / adleéa
With blade or paper cutter, remove flap D completely from Section I.

Fold up flaps E.

With blade, scissors or paper cutter, cut a square of foam large enougtstaufgly along the box sides B and
C. Leave room enough along the other two parallel sides (sides A) so that the Section | box top flaps (E) will
slide in, keeping the lid edges from flipping into the specimens.

Hot glue the foam to the bédom of the box. We use low temperature glue guns, but have not tested higher

temperature guns to see if they melt the foam. To make sure the glue does not dry before you finish applying,

glue the central third of the foam first and affix it inside thexb@hen lift the sides and glue. Be sure to place a
glue line close to all the edges of the foam.

dzLJN.
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valuable reference book and source for identification kdisstrations, and species accounts. While now
guite expensive to purchase via rare book dealers, it is available as a series of pdf files for free at:
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http://insectmuseum.org/easternBees.php

Noteth § aAdOKSttQa GFE2y2Ye A& 2dzi 2F RIGS® 16t ARSYGA:

referenced against the list of bees of North America availablevaw.discoverlife.organd within the bee
identifications guides located at that same site. You can erefesence names by either going to one of the
genera guides directly or simply typing the name into the search bar on the home page of Discoverlife.

aAlS ! NRdZaASNRa VYSea

Mike Arduser has been puttinggether keys to several genera of bees from the Midwest. Those can be
viewed at:

http://pollinators.nbii.gov/beekeys

Canadian ldentification Guides
[ FdzZNByOS tI O1SNR&a [0 KlIafCdnd® RdzOSR + 3IdzA RS (2 ((KS

http://www.biology.ualberta.ca/bsc/ejournal/pgs 03/pgs 03.html

They also have a nice guide to the families of bees of the world

http://www.yorku.ca/bugsrus/BFoW/Images/Introduction/Introduction.html

And a pictoral catalog of the tribes of bees of the world

http://www.yorku.ca/bugsrus/bee tribes of the world/Bee Tribes.html

A Guide to Identifying Bees Using the Discoverlife Bee Keys

This document provides guidance in the use of the online Discoverlife guides ofTkeyg® instructions are
designed for use with the guides for the genera and species of bees, however, these instructions will largely
hold true for any of the no#bee guides also available at the site. Be sure to also see the section at the end
regardirg the use of already identified specimens. A set of identified specimens can be obtained at no charge
from Sam Droege.

Hint: If you are just beginning to learn how to identify bees we suggest that you look at the glossary of
terms, vocabulary, identification tips, and pronunciation materials thatrwihis manual

All of the Nature Guides are located at:

http://pick4.pick.uga.edu/mp/20q

However, theconsolidated links to the bee guides and associated materials are
at:http://www.discoverlife.org/nh/tx/Insecta/Hymenoptera/Apoidea/

Discoverlife guides differ from traditional dichotomous keys in that characters that help diffetespecies
are evaluated and scored for all or almost all of the species. Think of it as a matrix, with species as rows and


http://insectmuseum.org/easternBees.php
http://www.discoverlife.org/
http://pollinators.nbii.gov/beekeys
http://www.biology.ualberta.ca/bsc/ejournal/pgs_03/pgs_03.html
http://www.yorku.ca/bugsrus/BFoW/Images/Introduction/Introduction.html
http://www.yorku.ca/bugsrus/bee_tribes_of_the_world/Bee_Tribes.html
http://pick4.pick.uga.edu/mp/20q
http://www.discoverlife.org/nh/tx/Insecta/Hymenoptera/Apoidea/
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character states as columns. That matrix is employed by answering questions regarding the presence or
absence of characters farspecimen. As questions are answered the list of possible species is narrowed until,
in most cases, the list resolves to a single name.

On the bee page at Discoverlife there are a series of guides listEhébern North Americabees (states and
provinces east of the Mississippi River). Over the coming years we will expand these guides to include the
western states and provinces. Guides are listed as either implemented or draft. Implemented guides have at
least the wording completed and have gonedhgh several rounds of editing, checking, and testing. These
guides will continue to evolve as new information comes in on species, names, characters, and the addition of
pictures and drawings. Draft guides are potentially useful, but should be usednei@hcaution as they are

still being developed, edited, and validated.

Most guides deal with a single genus of bees. If there are a large number of species present, these guides are
often divided into two guides, one for each sex, as characters useful for identifying species are often
genderspecific.

Hint: If you are unfamiliar with the bee genera we suggest that you start your identification process hy
using the guide to bee genera to divide your collection into genera.

The instructions that follovapply equally to the guide to bee genera or to any of the individual bee genera
guides.
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Each guide has questions on the right, a species list on the left, and navigation tools across the top. The list of
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the list.

Clicking on any pictures present within the guide will display an enlarged or version of the picture. Many
species names can also be clicked on to reveal species specific pictures and often have assdaadeeltaix
on the nature history or identification of that species.

Hint: Answer ANY NUMBER of questions IN ANY ORDER. You do not need to answer all questions| Initially
answer ONLY questions where you are sure about your answer.

Theinitial pagepresents a subset of all the questions in the guide. These questions are both easiest to
understand and most likely to separate out large numbers of species.

There is no need to answer the questions in the order presented.

At least initially, you wifind that there are some questions that are clearer in your mind than others. These
should be answered first.
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We recommend that you spend more time reading and learning about the morphologicakctdarin the
questions before providing your answer, or simply skipping the question.

Not all characters will have been scored for all species. If both sexes are present in a guide then characters
that only apply to one sex will obviously not be scoradtfie other sex. Similarly, if we have been unable to
obtain a specimen of a rare species, we may not be able to score some characteristics from the available
literature. The consequence of this is that any species that has not been scored for agragu@stion will
remain on the list of possible candidate species, regardless of whether it actually has that character or not,

Hint: While using a guide, there are 2 types oésies that remain on the list. 1. Those species that hav
the characters you have indicated. 2. Those species that have not been scored for some or all of th
characters you chose in your answer. The second type of species will stay in the list sitapsebwe do
not have enough information about its characters to eliminate it.

[

11

simply because it cannot be eliminated from the list of possibilities.

Hint: For many characters you are given three or more choices of states. If you are not sure which qgf the
ailrGSa @2dzNJ ALISOAYSyYy Qa OK kdladpdsSiblé ceriedt dombingtiors raRey y QG K
than trying to narrow it to the one that best fits.

w
QX

At any point you can press any of the SEARCH buttons that are located throughout the page. Doing so will
update the species list on the left based on tiaacters you have chosen.

At any point you can also click on the SIMPLIFY button that appears in the left hand column above the species
list. Doing so eliminates both questions and states within questions that do not help resolve the identity of the
spedes remaining on the list. Clicking this button also adds those appropriate questions that were not

included in the initial list of questions present when the guide was first opened. Additionally, hitting the
SIMPLIFY key will also reorder the questaipbabetically.

Both the SEARCH and SIMPLIFY buttons can be clicked as often as you wish. We usually click on the SEARCH
button after answering a question, just to get a sense of the questions that best help eliminate species the
quickestandto make suie K & ¢S KIF @Sy Qi YIRS a2vyS Frdlt SNNEN® 2 ¢
button until you have a reasonably small list of species left or have answered most of the questions you are
comfortable with on the first page. If you hit the SIMPLI&toh earlier in the process it will bring up a

potentially very large list of additional questions, that may not be as useful or as easy to use as the initial ones.

Strategy- Especially when you are unfamiliar with the species within a genus, it isisefyl to take some

extra time to double check your initial identification. In many cases, there will be pictures and extra
information stored as a link to the species nhame. Those can be compared to your specimen (be aware that
males and females oftend& quite different from one another).

The next step to verifying your species ID is to compare your specimen to the complete list of the scored
characteristics of that species. To get a list of those characteristics, click on the MENU link at the ekry to
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the page. At the top of the left hand column, click on the CHARACTERS option. Next, click on the species you
wish to review. Finally, hit the SUBMIT button to get a list of scored characteristics.

One nice feature of the Discoverlife guides is ti@re are many paths to the final answer of correct species

identification. This feature can be exploited when checking your identifications. By hitting the SIMPLIFY

button at the very beginning, you will display ALL the questions for the guides. \Bgrangsa different set of

initial questions, a different species will remain on the list. These new questions and species may expose some
FEl g Ay @2dzNJ AYAGALIET ARSYGATAOFNGAZY G6KAOK gAff 0S02Y!
identification & the end.

Hint: These guides are easier to use than dichotomous keys. However, answering questions incorrectly
will still yield WRONG IDENTIFICATIONS, so be careful and conservative in your answering.

The RESTART link, located at the top of tigepn the header, restarts the guide at the beginning.

Advanced Uses of These Guiddy pressing the MENU link at the top of the page, the simple species list

found normally in the left hand column is replaced with a set of new options used by inds/tmhikling or

SRAGAY3 3IdzARSa® {2YS 2F (GKS&S FSIGdzNBa IINB |faz2 dzaS-
about exploring any of the features found in the MENU page, as only the guide developers have permission to

make permanent changes

The CHARACTERS option will give you the scored characters for any of the species you have checked.
The DIFFERENCES option will give you the differences in scoring among any 2 or more species you click.

Clicking the HAS key restarts the guide but briqmg#LL the characters for that guide in alphabetical order.
Additionally, a new set of-2 buttons has been added at the top of each characters section; the NOT, ONLY,

FYyR 11 { o0dziti2ya 0a2YSGAYSa (GKS bh¢ o tdedeByuttonstbe 0 S { dzNJ
guide acts as it normally does. If, however, you click on the HAS button along with one of the character
atriSaxe KAGGUAYT GKS {9!w/ I odzitd2y éAtt 3ISYSNIdS | f)

that have ben scored as having that character. What will be missing are those species that were never scored
for that character at all. Similarly the ONLY button provides a list of species that have been scored for that
character alone. This means that if a speci@s scored as possibly having all or more than one of the possible
states, it will not be displayed if the ONLY button was clicked. The NOT button provides a list of species have
not been scored for the selected character state(s).

The Discoverlife welte also has a HELP link, which takes you to even more details on some of the more
advanced features.

If you have questions about any the bee guides please contact Sam Droegadabege @usgs.qar
301.497.5840. My lab is open to anyone who would like to come learn to process and identify their collection
of bees. Most of the time we have space, computers, and microscopes available as well as access to our

Final Hint: If you find any errors or can think of a better way to do anything with these guides, please
contact Sam.



mailto:sdroege@usgs.gov
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synoptic collection.

Using Previouslydentified Specimens as an Aid in Learning Your Beathen first starting out, you will learn

how to identify bees far more quickly if you use {identified specimens than if you try to immediately key

out the bees you have collected. Because you ajrdexbw the identity of the specimen, you can track your
progress and reflect on your errors while using the guide and the mind/eye/guide learning loop will take place
more quickly. If you use unidentified specimens, you may find it difficult to initély100% confident that

your id was correct.

There are two ways to approach the situation. One is to use the guides directly. After selecting each state of
each character you believe your specimen expresses from the selections available on the ceaneeater

click the search button. You can then watch the list of matching specimens on the left side of the screen to see
if your species or genus remains on the list. If it does not, you know which state of which character you
entered that lead to the ioorrect match.

Alternatively, you can go to the menu section of the guide and call up the entire list of scored

states/characters of the species or genus you have on hand. Once you are in the menu section, you click the

NI RA2 o6dzid2y ¢¥nSliekithelb@ nexttade Bg@des you vimht to investigate, and finally click

the submit button. All the information for that species will appear onscreen and you can compare every

scored character in the guide to the characters you see on your spectmenfamiliarizing yourself will all the

OKI Ny OGSNAR Ay GKS 3IdzARSO® ,2dz gAft Ffaz FTAYR GKIFG &2
difficult for you to interpret or find, thus helping you decide which characters you will prefeligniise when

keying out that group.

Feel free to contact Sam Droege for a set of identified specimens to use.
Acknowledgements:Many thanks to Liz Sellers for the many helpful edits to this section.
Stylopized Bees

As you identify bees you will, at tirmecome across bees that have an infestation of mites and more rarely
bees that have been parasitized by a Strepsipteran (i.e., stylopi&tdpsiptera is a mysterious order of
unclear position within the holometabolous insects. They are endoparaditesrious other insect orders
including a diverse array of Hymenoptera. Families Andrenidae, Halictidae, and Colletidae are the most
frequently parasitized bees.

One can find male puparia (MP), empty male puparia (EMP) and adult females (F) in beesustRy very

large spherical extrusions, however findings of these are quite rare. More frequently you can find EMP, these
are sometimes hidden and difficult to recognize. In some cases, EMP appears as an obvious deformation. F
cephalothoraces are mosbmmonly encountered in bees and appear as small orange/brown-filate

extrusions that emerge from beneath the rim of the tergites of the abdomen (see figure below). Upon seeing
one you will have the impression of a small head peaking out from beneatfirth Sometimes the apical rim

of the tergite covers most of the parasite's body (in most Halictidae) and will appear almost invisible from the
dorsal view. However, the rim of the tergite is usually lifted upwards and the Strepsipteran can be viewed
whenlooking under the rim.

Strepsiptera can modify not just the morphological features of the site where they are attached, but the
morphological characteristics of the entire bee, including the sexual characters of bees. At times the
characteristics of théee are changed enough to partially disguise the species identity of the specimen.
Deformations occur among all bee hosts, but they are quite rare. Sexual character changes are manipulated by
the parasites and occur only in some groupsost bees of thdamily Andrenidae and some Hylaeus

(Colletidae).
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Jakub Straka, a researcher from the Czech Republic, is working on the taxonomic and ecological facets of
Strepsiptera. He is very interested in collecting host records for this group, parasitism ratepeaimdens for

DNA analysis. If you come across any stylopized specimens in your collecting activities, please contact Jakub
(strakajakub@vol.cz). This group occurs uncommonly, so even single records are of great interest.

Figurec StylopizedAndrenaclarkellacL 1 Q& (G KS LI S NRdzy RSR {(KAy3 LR{1AYy3I 2

Taking Pictures of Bees with the COOLPIX 990
Natalie Allen and Stephanie Kolsklarch 2005

This document covers photography of bees using the COOLPIX 990 digital camera. These canosvas are
readily available and inexpensively oiBEY and other used equipment sites. Their recent model
replacements should also work reasonably well too, although they were not evaluated. The camera settings
and specimen setips were created using a seri@s990 web sites for nature photography, discussions with
Dan Kjar on lighting at Georgetown University, and plenty of trial and error. With thes@$gbu can get
remarkably good photographs of your bees for very little money.

For examples of photogphs taken with the outside satp, see the pictures found on the Coelioxys keys at:
http://pick4.pick.uga.edu/mp/20q Click on the species name to see these pictures; the lists appears when you
hittheide/y G A F& 2NJ OKS O] f A & (i alierdafiajh@sysémé tick éxarSples A Na (i & LISOASaxs
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For examples of photographs taken under the microscope, see the guides for Agapostemon. Click on the
photos of the character states to enlarge them and see the listingh®authorship. Note that on this site

there is a mix of pictures taken by John Pascarella and ourselves. As we progress in our picture taking, more
and more of the guides will be illustrated using these techniques.

Photographing Bees without a Microspe - Photography should take place outside on clear and sunny days
around midday. The sun should be at a ninety degree angle to the photographer and the camera. For best
lighting, we use mirrors to reflect additional light onto the specimen. The perslaingothe mirrors should be

at a 180 degree angle to the sun.

Camera SettingsThe camera should be turned on to MANUAL. The ISO equivalency should be set to 100.
Leave the light balance on AUTOMATIC. The metering method should be set to SPodusThede should
be set at MACRO CLASE. Quality should be placed on FINE.

Display Seup and Procedure for Side and Frontal Shefake a piece of foam board (approximately four by
six inches) and cover it with a piece of aluminum foil that has loeempled and then reflattened. (The
aluminum foil is used to reflect the sunlight onto the underside of the bee.) The foam board should lie flat on
a raised surface with the aluminum foil facing upward. A black foam board about the same size as the base
foam board should be placed vertically so that the tweilsch sides touch one another to form a ninety

degree angle. Place the specimen approximately one inch in from the outside edge ofittat $dng side of

the aluminumcovered foam board, or alub three inches from where the foam board meets the black board.





































































