Survey Protocols for Monitoring Status and Trends of Pollinators
The purpose of this document is to present bee monitoring protocols with options for local implementation for groups that are working with the Food and Agriculture Organization of the United Nations (FAO).  Listed below are the parameters that were used in designing the protocols in this document. 
Survey Target:  Bees (With 90% of the common species having some probability of being detected)

Geographic Coverage:  A region covering approximately 10 – 200 Km2

Goal:  Detect changes in native bee populations

Specific Objectives

1. Survey will be designed to detect trends in bee populations over a 5 year time period (note that by setting our detection period to 5 years mathematically we will have a much heightened ability to detect longer term trends in bee populations (i.e., 10, 25, 50 years out)).

2. Over those 5 years we would like to have the ability to detect a 25-50% decline (approximately 6%-13% annual declines) in species richness, overall abundance of bees, and in at least some of the individual species

3. Our statistical parameters would be alpha = 0.20, analytical technique = sign test and route regression, power > 0.90,

Assumptions

Fluctuations in counts of bees in these study areas will be similar to previously studied populations.  

Choice of Study Area

The specific study area will be determined by the researcher or participant.  Within that study area it must be decided if the entire area is going to be sampled or only parts.  Some examples of partial surveys would be:

A survey of the bees in orchards

A survey of the bees in natural areas

A survey of the bees in urban areas

A survey of the bees along roadsides

A survey of the bees in fields in valley lowlands

All are legitimate targets for investigations; however, statements about trends in bees will be limited to only those targeted areas.  If you survey orchards and find declines in most of the bees there, you cannot say that bees are declining throughout the region, you can ONLY say that they are declining in orchards in the region.

Where Exactly are You Going to Put Your Surveys?

You have 3 choices:

1. You can put them wherever you like

2. You can choose locations randomly

3. You can locate them systematically

The consequences of choice number 1 are that you can only talk about trends in bees on those chosen sites, you cannot extrapolate to locations outside of the those sites.  So, if you are sampling orchards and found bees had declined in those orchards you may say: “Bees have declined at my sampling locations.”  You may not say:  “Bees have declined in orchards in my region.”   Under this choice you severely limit your ability to talk about declines in bees…and that would be too bad.

The consequences of choices number 2 and 3 are the same.  Because you did not predetermine where the samples were going you can say that your sites are representative of the region as a whole and therefore you can make statements like:  “From our surveys we have shown that bees are declining in this region’s orchards.” A much stronger and more desirable statement to make, wouldn’t you say?

There are plenty of text books and web sites that cover how to choose random or systematic locations for a study area.  Refer to them and then show your plan to a statistician for review.  We all make mistakes when setting up monitoring programs and its far, far better to have our mistakes revealed to us by a statistician before we collect our data rather than after.  So, please, make that effort.

What Technique Should I Use to Do My Sampling?

The answer is pan traps;.  You are undoubtedly aware that there are many more ways to catch and sample bees.  Some examples would be netting, trap nests, malaise traps.  Those can all be used as ancillary data, if you like, but please only use them away from your standardized pan traps so they don’t take away specimens from your main survey.  

The exact reasons for these types of pan traps are covered in an accompanying document and will not be covered here because it just takes too long.  
Data to Kept in the Context of Setting Out and Picking up Pan Traps

Site Number 

Site Description (may simply be a site name)

Date Bowls Put Out

Date Bowls Picked up

Time Bowls Put Out

Time Bowls Picked Up

Number of Bowls Missing 

Notes about habitat etc.
What is a Bowl Trap?

Bowl traps are small plastic bowls or cups, colored white, fluorescent blue, or fluorescent yellow.  The bowls are filled with water mixed with a small amount of detergent.  Bees are attracted to the colors (because bees are attracted to the colors of flowers, of course) land in the water and drown.  Normally a bee landing on water would float on the surface tension, but, in this case the soap diminishes the surface tension enough that they sink.

How Do I Use Bowl Traps to Sample Bees?

At an individual location (one of your sampling locations, that is), bowl traps are placed in a line or transect.  Twenty four bowls are used, 8 of each color, and the colors are alternated throughout the transect.  Bowls are placed on the ground 5m apart and are located such that each individual bowl is not hidden by vegetation but left out in the open where a bee can spot it.

Prior to setting out your transect you will have filled a jug with water (see our favorite jug types below) and added a big squirt of dish washing liquid or laundry soap into it.  Note that you can use any type of dish or laundry detergent; just make sure it has NO CITRUS scents added.  Citrus will decrease the number of bees caught. Laundry detergent is generally better as it doesn’t suds up as much.  In North American we generally use Blue Dawn Dishwashing Liquid.

Below are 1 Gallon (3.7L) Plastic Jug Types Ranked in Order from Good to Poor for Pouring Water
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Bee capture rates are the same no matter what size bowls, but we use a 3.25 ounce portion cup (66ml) that is often used in delis and restaurants.  This is a particularly nice size as you can hold a large number of bowls in one hand.  Then as you travel down your transect you can get a bowl ready with your thumb and forefinger and pour the water with the other hand without having to put the bowls on the ground.  This speeds the day up.  Also the smaller sizes have an advantage in that they don’t require you to carry as much water.  

How Long Should Bee Bowls be Left Out?

Bowls can either be left out for any 24 hour period of good weather or placed out prior to 9 in the morning and picked up after 3 in the afternoon.  Bees are most active during the middle of the day and so as long as you sample that active period it doesn’t matter whether you do it over 1 or 2 days.

What Sort of Weather is Appropriate for Surveying Bees?

If the weather is rainy or very cloudy then catch will be minimal.   Consequently, bowl surveys should not be run on those days.  Conditions are good for doing surveys if rain does not threaten and if it is sunny or only partially cloudy.  Rain can be tolerated during the night or, if brief.  However, if rain comes down too heavily it will splash the bee specimens out of the bowl so beware of thunderstorms.  One option might be to put an overflow hole in the top of the pan trap to let water out.

What if Some Bowls are Lost or Destroyed During the Survey?

No problem.  Each time you do a survey you need to record the number of bowls that remained full of water throughout the survey period.  So, if you started with 24 bowls and during the course of doing the survey 1 bowl was destroyed by a lawnmower, 1 bowl was stepped on, 1 bowl couldn’t be found, and 1 bowl was found to not have water in the morning then you would record the presence of 20 active bowls in your survey notes not 24.  During the analysis of your data you and others will divide the numbers of bees you captured by the number of bowls available.
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Getting Your Bees out of Your Bowls

Retrieving a transect of bowls and shifting the bees to a container takes about the same amount of time as setting the bowls out.  For equipment, you will need a small fine-meshed brine shrimp net (sold in aquarium stores, see picture), a spoon, pencil and paper, your data sheet, and a whirl pak bag or some other device for storing bees in alcohol.  You can substitute a fine tea strainer for an aquarium net, but be aware that if the mesh size is too large small bees will fall through the strainer.  Also it’s usually easier to get bees out of an aquarium net than a strainer. 

As you travel along your transect, pick up each bowl and dump the water and its contents into the brine shrimp net.  Do that for all bowls in the transect.  You can do this separately for each color, but that will add GREATLY to the amount of time it takes for you to do a survey and to afterwards process the specimens for only a marginal gain in information.

We suggest that you now bring your empty bowls and your net full of specimens back to your vehicle.  Put the bowls into a box and then use your spoon to extract your specimens from your net.  Spoon the specimens into a whirl pak plastic bag.  Add a small piece of paper written in pencil with the transect number, number of bowls and date on it and put it into the whirl pak.  You might be tempted to write on the whirl pak itself, but such writing often comes off due to the presence of water and alcohol and abrasion with other paks….and then what will you do?  

On your data sheet you should write down the number of bowls missed or destroyed and note the time they were picked up on your data sheet.  We suggest that you do not add any alcohol in the field to the bags, but simply fold them over and put them into a box.  They will keep fine like this and it’s easier to fill all the bags at once back at your headquarters.

Getting Bees Dried and Washed

Bees captured in water and stored in alcohol look terrible and are difficult to identify if they are pinned directly from the alcohol without any processing.  Washing and drying specimens is not difficult or time consuming if you prepare for that before hand.

Here’s what you do.  Open a whirl pak.  Take out the paper tag you put in there and put it in a small box or tray (we use the types of trays used in museum specimen drawers but it really doesn’t matter).  Dump your specimens into a bee washer and following the instructions in the bee washing presentation available at:  (http://www.slideshare.net/sdroege/how-to-wash-bees).

Once the bees are washed they need to be dried.  Several options exist for drying bees and those are explained at:  (http://www.slideshare.net/sdroege/drying-wet-bees).  However, for large operations where thousands of bee specimens will be processed we greatly encourage groups to develop an autobeedrier to save time.  Instructions for the manufacture of such a device can be found at:  (http://www.slideshare.net/sdroege/how-to-create-an-autobeedryer).

Drying out Specimens

Once specimens are surface dried and fluffy they can be placed in the box that has the tag that was pulled initially from the whirl pak.  At this point the specimens can either be looked at immediately by and expert or left to dry further and after a couple of weeks they can be stored in a covered petri dish or another container until ready for identification.  Be sure to read the section below about maintaining low humidity in areas where specimens are stored.

Identifying Specimens

Bee identification is a tricky business and in most circumstances will require sending specimens off to an identification center or a series of experts.  However, in most situations there are a few species of bees that are easy to ID and are very abundant.  Consequently, there is no real need to actually pin these specimens and a great deal of savings can occur if they are processed immediately without first pinning them.  

To most efficiently accomplish this you will first need to assign a site or batch number to the group of bees you are working on.  Batch numbers and databases are covered later on in this document.  You will also need to pull up the Excel spreadsheet that was provided with this document (bee counter) or make one yourself that permits data entry for these bees.  Additionally, we also suggest that you invest in a set of precise flat-tipped, self-closing, reverse tweezers (similar to model TDI SM100-SA at http://www.tdiinternational.com/usr/tweezers/highprecision/reverse.html) as these self-closing tweezers greatly ease the manipulation of dried specimens.  And finally, it will also be of use to have a counter of some kind available.  Either the old fashioned kind such as:
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On to working with a batch of specimens.  If you have not done so already, you will want to put the specimens in a shallow box, tray, or petri dish so you can hold the tray in one hand and manipulate the specimens with your tweezers in the other.  This will allow you to manipulate the tray under the microscope and use the tweezers to pull out and ID specimens.  Set the focal length of the microscope such that the focal length is above the level of the box.  This allows you to pull a specimen out of the box, but the box down and hold and manipulate the specimen under the scope.

Specimens that you id can be put aside either in a sorting tray like the one below:
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or into another tray of your own choosing.  Individual species are assigned to each one of your counter buttons.  The different sexes would also get different buttons.  As you continue to count specimens you click the counter for each species as you come across them.  For those species you are unsure of you would place those on a foam pad for pinning directly or put them into another box for pinning later. 
After the specimens have been sorted then enter the counts for each species/sex into the spreadsheet along with a count of the number of unidentified specimens that will be pinned or pinned later.

The species that have been identified can be pooled together and placed into a petri dish or other container along with their identification tag.  As long as these specimens are kept out of the light, checked regularly for pests, and kept at low humidity then they will remain archived for future researchers use.  In addition to speeding up the process this system lowers costs necessary for pins, insect trays, insect drawers, insect cabinets, and large amounts of humidity controlled storage space.

Pinning up the Remaining Specimens

So, now that you have greatly reduced the number of bees that need to be pinned you can place the remaining specimens on a foam pad such that they are either upside down or on their sides.  For pinning we recommend using number 2 pins.  If the specimens have been dried for about 2 weeks even the largest bees (at least in North America) can be glued to pins rather than pinned through their bodies.
(Warning: if you are processing specimens immediately after they have been washed and dried then you will find that the large specimens are too heavy to say glued to a pin and will pull away.  You can pin them in the traditional manner or wait until they are dried in a couple of weeks.)
Gluing while not traditional for larger specimens has several advantages over pinning. 

· It doesn’t permanently damage the integument

· It permits more of the specimen’s scutum to be visible

· It permits the processing of dried specimens without rehydrating (and further damaging)

· It’s much faster  

As an example of how fast this technique can be we ran 5 trials to see how much time it took to go from unpinned bees to bees on pins and in rows in a specimen box.  The table below is in the number of Bees Per Hour.

Trial  BPH

1
240

2
264

3
308

4
248

5
288

Mean
270
The glues used should be reversible and can either be hide glue, white glue, tacky glue (a form of white glue with greater immediate grabbing power), and, our favorite, school glue gel.  Hide glue usually has to be specially ordered and so is not often used.  White and tacky glues are readily available in arts and crafts stores.  School gels are available in most stores selling equipment for children.  School glue gel, while not quite as tacky as tacky glues, have the nice advantage of a long open work time, meaning that once the glue is laid out for pinning it doesn’t dry as quickly as the others, which means you don’t have to keep opening up the glue bottle while pinning.  

OK, so the process of gluing goes something like this.  Take an insect specimen tray (or anything else that has a moderately thin edge that will elevate a line of glue), dump a series of pins into the bottom (its easier if there is no foam in the bottom), and then run a line of glue along the top of one edge of the tray’s side.  Pick up a pin with your reverse tweezers (or use your fingers if you don’t have reverse tweezers) and dip one side of the pin into the glue at the proper height.  Use more glue for a large specimen, less for a smaller one.

What is the proper height, you say?  There must be room above the bee for someone to easily pick up the pin with out snapping off the antennae and there must be room below the pin to hold 1 or more labels.

OK, back to pinning… Take your pin and place the glued side onto either the side or the underside of the bee.  It doesn’t matter which side you glue the specimen to the pin on as both sides are the same and it takes too much additional time to glue specimens only on one side or the other.  (However, note that some museums require that bees only be glued on one side or the other). When gluing to the underside, the optimal place to glue the specimen would be to the thorax or the even better the joint between the thorax and the abdomen.  The angle of the legs often dictates where the pin will most easily go.

After leaving the pins lay on the specimens for a few minutes they can then be moved to temporary storage boxes.  To move them, simply press the tip of the pin with your finger into the foam and the head to the pin will elevate allowing you to pick up the specimen.  Also note that for very small specimens the glue is of sufficient immediate strength that the pin need only be touched to the specimen and then moved to its resting place in the box.

Labeling Specimens

There are a number of ways to generate labels for specimens.  Some people use Word (font size 4 usually) others use Excel, Access, or proprietary programs.  Here are the commonalities necessary for a good label.

· It should have an unique specimen ID number that links you to the database record for that specimens

· The paper used should be thick (40-65# cardstock is good) and should be acid-free or archival in quality

· The size should be such that the label does not extend greatly to either side of the specimen and therefore take up too much shelf space (20mm X 8mm)

· That label should have Country, Region, City (or location or Park), collection date (with the Month not abbreviated as a number) , latitude and longitude, collector

· Optional would be a scannable bar or matrix code that permits the specimen number to be scanned in

A program to consider is free and available at Discoverlife:

http://www.discoverlife.org/label/
The nice thing about this program is that in addition to generating your labels it also generates your database records.  Site information is entered first.  The program generates a unique site ID for each site you enter.  From that site information labels are generated.  For each of the labels you request a unique specimen number is generated and embedded in the label on a scannable data matrix.  

Foam Boards for Labeling and Sorting

Labels can added to a pinned specimen using the traditional pinning block, but a much faster method is to use closed cell or cross-linked polyethylene foam to set the label height (note that Styrofoam or polystyrene does not supply enough support for a paper label). To make a foam pinning board, simply glue a piece of foam to a thin board (plywood works well, regular wood often adsorbs too much moisture from the glue and will warp…at least for a time) or a piece of thick plastic.  White glues work quite well.  Be sure to place another board on top of just glued foam and add weight to that board to increase the adhesion of the glue while drying.  After the glue has dried (2 days should be fine) you can trim the edges with a saw to make things neat and tidy.  The USGS lab uses these boards for a variety of activities and finds that boards of the following dimensions are most useful:  50cm X 30cm, 25cm X 25cm, 20cm X 12 cm.  The thickness of the foam should be approximately the height of the labels, but better to thick than too thin.

After cutting out your labels lay them out on the board and then spear them with your pinned specimens.  The body of the specimen should parallel the long axis of the label.  Once labeled, the specimens can be sorting or you could be sorting them as you label them.

Identification Process

Once labeled then specimens can be easily grouped and moved.  Most people working on bees first morpho sort (simply sorting into groups by what they look like without knowing their names) or sort by family and then genus.  
A user-friendly key to the families of bees is available at http://www.yorku.ca/bugsrus/BFoW/Images/All_C1/BFoW_All_C1.htm. 

As the identification expert looks at specimens they can put individual species into trays or simply pin them into boxes with identification labels (also called determination labels) starting new rows or sections.  It is easiest to have a determination label precede the row or section of specimens so that the person doing the data entry can clearly see the name of the species they will be entering.

Another useful and time saving technique is to orient female specimens vertically in the box or tray and males horizontally.   In that way the person doing the identifications does not have to write out another label for a different sex, the person doing the data entry need only read the species name, and the person doing the checking afterward can quickly and visually determine if the sex information has been entered correctly.

Data Entry Database and Maintenance

Now that you have a box of bees with identifications on them, it’s time to enter the data.  For large collections, the data will ultimately have to go into a database system.  However, if more convenient, data can be entered initially into excel and then uploaded into a database system.  There are many ways to put together a database system and since everyone has their favorites we will only cover what data fields need to be present somewhere in the system and then some general hand-waving about managing such systems.

Core Fields

Country

Region

Locality

Site Number 

Date and time when the trap or collecting event started

Date and time when the trap or collecting even was picked up or stopped

Latitude 

Longitude

Indication of how precisely the Latitude and Longitude were determined

Collector

Genus

Species

Who identified the specimen

Date the identification took place

Who entered the record

When the data were entered

Notes field for weather, conditions, problems encountered, flowers blooming etc.

Unique number for the collecting event

Unique number for the individual specimen

Some Possible Optional Fields

Type of trap

Habitat

Physiographic Province

Flower information if you are collecting off of flowers

Some Database Suggestions

After your data are entered you need to examine the box of specimens and compare it to the database records as a double check.  Many errors occur when people enter their data.  It is also useful to set up a query to do a count of the different kinds of species in your database.  By doing this the computer will count as a different “species” things that have an extra space, subtle letter changes, and capitalization problems.

Backup your data.  Backup your data.  Backup your data. And store that backup away from your building or send it to another country.

Maintaining Your Collection of Specimens

Specimens will degrade if exposed to UV light, pests, and excess humidity.  Humidity can be controlled by using air conditioners in humid environments.  Light can be controlled by keeping specimens in closed cabinets and boxes (note that UV light can come though most glass and is also generated by florescent lighting).  Pests can be controlled by periodically freezing the collection (3 days at -10C) and by keeping the specimens in tightly fitting museum drawers and cabinets or by keeping them in smaller cardboard specimen boxes but enclosed in large resealable plastic bags (such as Ziploc bags).[image: image8.bmp]
