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Section 1

GETTING STARTED

© John Baker

Since 2004, the USGS has been collecting and identifying the bee
diversity of Maryland. Interest in native pollinators of Maryland
began with concern over honey bee declines and the need to better
understand how native pollinators could support the state’s
pollination demands. Interest has greatly increased as a condition
termed “Colony Collapse Disorder”, or “CCD”, has threatened to
destroy much of the Country’s beekeeping industry. In partnership
with the Xerces Society for Invertebrate Conservation and the
University of Maryland, with funding from the United States
Department of Agriculture, this project is now moving to promote
pollinator education and to develop a citizen-science program

The transport of pollen between flowers is an essential function of insect pollinators.

Section 1 – Getting Started

© John Baker

Bees are an amazingly diverse and very important group of insects,
yet they remain poorly understood. When most people hear the
word "bee," a single species comes to mind, Apis mellifera
Linnaeus (the European Honey Bee), a species that is not even
native to the United States. However, in Maryland, there are more
than 400 species of non-Apis bees (also referred to as “native”,
“solitary” or “wild” bees) that are extremely important pollinators
of crops, garden and nursery flowers, wildflowers and trees.
Conservatively, three out of every four plants on Earth depend on
bees for pollination, including nearly 70% of all crop species.
About one-third of a typical human diet depends directly or
indirectly on insect pollination. Without insect pollinators, we
would not be able to produce apples, almonds, blueberries, squash,
and many other fruits, vegetables and nuts.
Bees are the most important group of insect pollinators, responsible for pollinating
many different crops and wildflowers.

designed to train others to collect the information we need to better
understand and appropriately protect Maryland’s diverse
pollinators.
There are an estimated 400-450 species, or kinds, of bees in
Maryland. Some of these bee species can only be identified by
specialists who look at traits and characteristics that are difficult to
see, especially without a microscope. There are only a handful of
taxonomists in North America who can accurately identify these
bees to the species level! However, with a little practice and
guidance, Citizen Scientists can learn to identify the most common
bee species and "species-groups" (generally, sets of related species)
found in the gardens, fields, and forests of Maryland. In a similar
study in California, paired data collection suggests that the diversity
measured by easily identifiable species and species groups
correlates with the data collected by bee experts.
This Citizen Scientist Monitoring Guide was developed specifically
for the purpose of training Citizen Scientists. It includes an
introduction to identifying bees, in general, as well as identifying
bees at a “species-group” level. The final section outlines the
procedures for collecting observational data. The data generated by
this project, specifically, will help gauge the value of different
plants and plant communities as food resources for Maryland’s
bees.
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How to Monitor and Observe Pollinators
There are many different species of insect pollinators, including
bees, butterflies, moths, wasps, beetles and true bugs. This
monitoring protocol will allow you to measure both the diversity
(different kinds) and abundance (number of each kind or of all
kinds) of bees that are present on the habitat you are monitoring,
and how the composition of those pollinators change over time.
There are many potential uses for this kind of information,
including: quantifying the effectiveness of efforts to promote
pollinator populations in gardens and yards; understanding the
pollinator requirements of crops dependant on insect pollinators; or,
simply, identifying the types of bees present on a particular habitat.
This information will aid in generating guidelines on how to
enhance pollinator habitat by improving or planting additional floral
resources. Long term monitoring will allow us to assess how
management practices are affecting local pollinator communities.
There are many ways to monitor pollinators, but most often
specimens are collected or observed visiting flowers. In this
program, we will not be collecting the insects, only observing them.
Here, we present the necessary procedures designed to train the
Citizen Scientist to:

Throughout the process, we will be evaluating the effectiveness of
these guidelines to train Citizen Scientists to accomplish the goals
outlined above. Important in this process is feedback from you, our
Citizen Scientists, as you work through the material and begin to
record observations. The data you collect and the feedback you
provide will be important as we continue to develop a deeper
understanding of our pollinators.

© Leo Donovall Pennsylvania Department of Agriculture

Select monitoring locations and collect habitat information.
Identify pollinator species-groups.
Record observational data on floral visitations.

•
•
•

Monitoring of pollinators usually requires nothing more than careful observation of what
the insects are doing and what they look like. By following the same procedures each
time, you can begin to develop a valuable record of how insects are using your garden.

!
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It is sometimes difficult to tell flies, wasps, and bees apart. Furthermore, some bees look very similar to each
other, but are in fact different species. Remember when identifying insects that it is much better to identify
bees accurately at a coarse taxonomic level than to identify them inaccurately at a fine taxonomic level.
When in doubt, identify only to the level you are confident, and add notes to describe the insect further, as
necessary.

Maryland Native Bee Survey: Citizen Scientist Pollinator Monitoring Guide

Observing Insects Visiting Flowers

•
•

•

•

Only collect data on floral visitors.
Look at all flower types.
Be careful not to disturb insects visiting flowers before you get
a chance to observe them well.
Avoid sudden movements and do not stand too close to the
flower you are observing.
Insects respond to shadows passing overhead by moving away;
walk so that your shadow trails you, rather than advances in
front of you.
Observe and identify insects as best you can; even noting
whether a visitor is a honey bee, native bee, fly or wasp is
useful information.
Bee species can be difficult to tell apart. As we are
particularly interested in monitoring native bees it is important
to distinguish, at minimum, honey bees from native bees. (See
the example data sheets, pages 32 and 33)

1. Remember to only observe and identify insects visiting the
reproductive parts of the flower.
Pollinating insects will be collecting either pollen or nectar. It can
be difficult to observe this on very small flowers. In this case,
observe the floral visitor's behavior and do your best. You do not
need to identify or make notes on animals sitting on petals, leaves,
stems, etc., or visitors flying around the area.

Stigma
Stigma

© John Baker

•
•
•

Anther
Anther

Pollen on bee
Visiting
Visiting

© John Baker

Before you begin monitoring your property it is important to know
how to make observations and how to identify floral visitors. Much
of this guide focuses on the latter, but it is important to keep the
following points in mind when collecting observational data on
floral visitors:

Not visiting
Not visiting

Sometimes you need to look inside deep flowers, too. For example,
in Maryland, bees may be foraging in the center of the cone-shaped
flowers of squash (Cucurbita sp.) or bindweed (Convolvulus
arvensis; also known as morning glory).

© John Baker

2. Remember to look at all flower types.

Look deep inside flowers for small insects
Look inside deep flowers for small insects

© John Baker Pennsylvania Department of
Agriculture

In addition, bees may visit flowers that are less noticeable to people
– such as flowers that are quite small or green – so try not to focus
on only one or a few flower types.

Section 1 – Getting Started
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Section 2

IDENTIFYING FLORAL VISITORS
Bees, in general, are the best pollinators; they have evolved to be
the most efficient pollen transporters. However, some birds, bats
and other rodents, flies, wasps, butterflies, moths, beetles, and bugs
visit and pollinate flowers, as well. For this reason it is important to
note all floral visitors.
Identifying butterflies and moths or a spider from a bee is simple.
Separating bees from wasps or flies – especially those that mimic
bees or wasps – can be harder. The following pages give more
Head

information on how to identify the principle groups of pollinators
and key characteristics to look for when identifying specific bee
groups.
But first, let's focus on bees. To help you get to know a bee, take a
look at the diagram below, on which the major body parts have
been labeled. On the next page you will find more about the key
characteristics of bees.

Thorax

Abdomen

Four Wings
(2 pairs)*
Antenna

Ocelli (3)

Compound Eye

Front Leg

Middle Leg

Hind Leg

* It can be difficult to see all four wings because sometimes the wings are folded on top of each other.

!
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A NOTE ABOUT STINGS
There is always a risk of being stung when working with and around bees (and wasps). Most bees are not
aggressive and only sting if handled improperly; you will rarely be stung while simply observing bees. If,
however, you happen to be stung while in the field, try to identify the type of bee (or wasp) stung you and let
someone know so that they can help watch for symptoms. Most people have mild reactions to bee stings and
exhibit a reaction only at the site of the sting (mild swelling, redness, itchiness and/or mild pain). Symptoms of
a serious reaction include swelling elsewhere on the body, vomiting, dizziness, hoarseness, thickened or
slurred speech, or difficulty breathing, and should receive prompt medical care from a physician. If you
suspect you have an allergy to bee stings, consult your doctor and ask about an EpiPen®.

Maryland Native Bee Survey: Citizen Scientist Pollinator Monitoring Guide

Identifying Bees
Key characteristics:
•
Bees have four wings (two pair; difficult to see when folded
•

over the body).
Bees have long, elbowed antennae.

•

Bees have large, well separated eyes with three small eyes

•

(or “ocelli”) on top of the head.
Bees are more robust (i.e. rounder bodies) than wasps and

•

flies; abdomen usually broad near thorax (vs. most wasps).
Most bees are hairy-bodied, with multi-branched hairs

Often
have rounder bodies
More
robust

(resemble pipe-cleaners or brushes) for carrying pollen.

Have antennae
that are long and elbowed
Antennae
long, elbowed
Can carry
loads
Females
carrylarge
loads of
pollenof pollen

© John Baker

Size: Range from 2 to 25 mm (less than 1/8 inch to 1 inch) or more.
Body Color: Can be black, brown, orange, yellow, red, or metallic
blue, green, or copper-colored.
Stripes: Body color (exoskeleton) or hair colors (yellow, orange,
white, black or brown) can form stripes.

©John Baker

Female bees can carry large loads of pollen, either on their
legs or on their abdomen in a “scopa”.

•

Hairy
body
Hairy
body

© John Baker

© John Baker

Four
wings
Four
wings

Bees are an incredibly diverse group of insects. Some look very "bee-like" (hairy with
black-and-yellow stripes), but many are brightly colored.

!

Male bees are often less hairy than female bees, often have longer antennae, and rarely carry pollen. Only
females forage on flowers to collect pollen to bring back to their nests.

Section 2 – Identifying Floral Visitors
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Non-Bees: A Quick Reference

Butterfly

© John Baker

Butterflies and Moths

© John Baker

Birds

Moth

© John Baker

© John Baker

Flies (detailed on page 10)

Other (beetle, bug, etc.)

Beetle

© John Baker

© John Baker

Wasps (detailed on page 11)

True Bug
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© Leo Donovall/Maryland Department of Agriculture

© John Baker

Spiders

Flies vs. Bees
Key characteristics:
•
Flies often have short thick antennae (sometimes difficult to
•

Short, thick antennae

see).
Flies often have large eyes near the front of their head

•

antennae.
Flies only have two wings (one pair).

•
•

Flies are usually less hairy than bees.
Flies can hover (most bees are not able to hover).

•

Flies do not carry large loads of pollen although some grains

© Leo Donovall Maryland Department of Agriculture

usually converging (coming together) on top of the head,
almost touching; small eyes (“ocelli”) on front of head, above

may stick to their bodies.

Large eyes near front of head
Two wings (one pair)

© John Baker/Maryland Department of Agriculture

Size: Range similar to bees: tiny, small, medium, or large.
Body Color: Can be black, brown, red, orange, yellow, creamywhite or metallic blue, green or coppery.
Stripes: Can have stripes, usually from body color (exoskeleton);
some look like bees (i.e. mimics)!

Some flies can be very bee-like in appearance. This is a drone fly (Eristalis tenax), a
honey bee mimic, and like the honey bee, an introduced species from Europe.

Section 2 – Identifying Floral Visitors
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© David Inouye

Less hairy

Little or no pollen
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Wasps vs. Bees

Size: Similar in size to bees and flies, but wasps that resemble bees
are often larger.
Body Color: Can be black, brown, red, orange, yellow, pale to
creamy white, or metallic green, blue or coppery.
Stripes: Can have body stripes (exoskeleton), that closely resemble
a bee (close relatives often are difficult to tell from bees until
seen under a microscope); stripes and markings usually not
from hair patterns.

Four
wings
(folded
lengthways)
Four
wings
(folded
lengthwise)

Look tough (narrower body, pinched abdomen)
Narrower body, abdomen more constricted near thorax

© John Baker Maryland Department of Agriculture

Key characteristics:
•
Wasps, like bees, have four wings (two pairs; often folded
lengthways).
•
Wasps usually narrower-bodied than bees, with the abdomen
more obviously constricted near the thorax.
•
Wasps are usually not obviously hairy.
•
Wasps are often long-legged.
•
Wasps can have bright markings or stripes on their bodies
(exoskeleton); stripes and marks usually not from hair patterns.
•
Wasps do not carry pollen loads.

©John Baker

Stripes
markings
on exoskeleton
Stripes
areand
colors
on their exoskeleton,
not hairs(not hair patterns)

Wasps are often described as appearing "more tough" or "more rugged" than bees.

Do
notnot
carry
pollen
loads loads
(some grains
to body)
Do
carry
pollen
(somestuck
grains
stuck to body)
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© John Baker Maryland Department of
Agriculture

Less hairy
Not as hairy

Section 3

UNDERSTANDING BEES
Introduction
If you see that a floral visitor is carrying clumps of pollen on its
body, this visitor is likely a bee. Female bees collect pollen from
flowers to bring back to their nests, where they pack it into brood
cells for their larvae (i.e. young bees) to feed on. For this reason,
their bodies are highly adapted to be very efficient pollen
transporters.

The characteristics that will be covered in this section are:
•
Body size and shape
•
Body coloration
•
Body hair distribution
•
Location of scopa
•
Body stripes
•
Antennal length

In this section, we will examine some of the characters that will
help you to identify bees visiting flowers. For most bees, we will
only be able to identify to a larger group (i.e., family, genus, species
groupings) or to a body-type.

Bees: Body Size

Bees: Body Shape

The size of the bee is often a great initial separator, especially
when combined with other characters.

Some species groups are consistent in body shape.
What shape is the bee?

What size is the bee?

Extra
Large

Narrow
Medium

Broad/
Robust

On
the
Narrow

Small
Tiny

© John Baker

Large

Robust
Almost no hairs

© John Baker

On its legs

Section 3 – Understanding Bees
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Bees: Body Coloration
Color can be assigned in two ways with bees: 1) body surface
(exoskeleton) color and 2) hair color. We will refer to bee color in
both contexts, as necessary. In general, look at the overall color
pattern to begin to make broad classifications.

A

© John Baker

What colors are present on the bee (body and hair)?
•
Metallic or non-metallic
•
Hair color vs. body color
•
General distribution of colors (thorax, head, abdomen)

Brown

Yellow

Metallic green

©John Baker

© John Baker

© John Baker

Whitish stripes

© John Baker

Black

© John Baker

Metallic blue
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Bees: Distribution of Hair
The pattern of hair distribution is an important tool for
identification. Some bees are “fuzzy”, with the entire body covered
in hairs. Others are sparsely covered in hairs or hairs are covering
only certain areas of the body.
Which body regions are covered in hair?
•
Thorax and abdomen thickly covered
•
Thorax thickly covered, abdomen sparse or in bands
•
Body appears nearly hairless

Bees: Location of Scopa
The scopa, or “pollen basket”, is an area of densely arranged, often
highly-branched hairs that are modified for transport of the “pollen
load”, or packet of collected pollen. The scopa is only present on
female bees and is most often located on the hind legs, resembling
pipe cleaners or bottle brushes. For others, the scopa is on the
underside (or bottom) of the abdomen or completely absent. If
unsure, look for an area with lots of pollen packed against the body.
Where is the scopa (pollen basket) located?
•
Hind legs or underside of abdomen or absent

Thorax thickly covered and abdomen sparse or in bands

On its legs

Appears nearly hairless

Scopa lacking

© John Baker

© John Baker Maryland Department of Agriculture

© John Baker

© John Baker

© John Baker

On the underside of its abdomen

© John Baker

Thorax and abdomen thickly covered

Section 3 – Understanding Bees
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Bee: Body Stripes
Bees are often identified by the pattern of stripes, or bands, of
colored hair or exoskeleton markings. The region or relationships
of these stripes to one another are distinguishing features for
species and species groups.

© John Baker

On its abdomen

© John Baker

On its thorax

Does the bee have stripes on its body?
Brown
•
Hair or exoskeleton markings
•
Pattern (color, location of bands or marks)

Bee: Antennal Length
Grey
Antennal length is important for distinguishing sex: males have
longer antennae (literally, one segment longer – 12 for females, 13
for males). In general, bees have “short” antennae. However, one
group is called the “long-horned” bees, because they have longer
antennae than normal.

© John Baker

Short

© John Baker

Long

Metallic green
How long are the antennae?
•
Long or short
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Section 4

A GUIDE TO THE DIFFERENT GROUPS OF BEES
There are more than 400 species of bees in Maryland. This guide
will help you identify some of the common bee groups you will see
in your garden. The photos on this page illustrate some of the
diversity of these bees.
Remember, this guide is not exhaustive, so if you observe a bee
that is not does not fall into an identified species-group note the
bee as "Other bee" and describe the bee thoroughly in the
observational notes. Even if you can’t identify the bee precisely, it
is important to document that it was observed.

Keep in mind the characteristics that will help you identify your
bees (refer to Section 3: Understanding Bees, pages 12-15):
abdomen
•On itsBody
size, shape and coloration
•
Distribution of body hairs
•
Type and pattern of stripes
•
Location of scopa
•
Antennal length
Bumble bee

In particular, it is important to distinguish the honey bees, which
are non-native, from the native bees. Whenever possible, attempt
at minimum, to distinguish honey bees from the rest of the bee
categories. So, study the "honey bee” page carefully.

© John Baker

Honey bee

© John Baker

Small carpenter bee

© John Baker

Metallic sweat bee

© John Baker

© John Baker

Leafcutter bee

Section 4 – A Guide to the Different Groups of Bees
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Groups of Floral Visitors
Bird (p. 9)
Butterfly or Moth (p. 9)
Fly (p. 10)

Non-Bee

Wasp (p. 11)
Spider (p. 9)
Other – Bug, Beetle, etc. (p. 9)

Honey Bee (p. 18)
Bumble Bee (p. 19)
Large Carpenter Bee (p. 20)
Scopa on
hind legs

Hairy Leg Bee (p. 21)
Large Dark Bee (p. 22)
Small Dark Bee (p. 23)

Dark Sweat Bee (p. 23)
Yellow-faced Bee (p. 24)
Small Mining Bee (p. 24)

Green Sweat Bee (p. 25)

Small Carpenter Bee (p. 24)

Bee

Dark Hairy Belly Bee (p. 26)
Scopa on
underside of
abdomen

Metallic Hairy Belly Bee (p. 27)

No Scopa

!
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Cuckoo Bee (p. 28)

NOTE: Identify bees to the most specific group you are comfortable with; knowing both what type a bee is and
what it is not is valuable information. For example, if you do not know the type of bee you see, but you know that
it is not a honey bee, note only that “it is not a honey bee”. In Some case (e.g. bumble bees) it will be possible to
distinguish species within a bee group (even if you cannot comfortably identify to species, identify that it is a
“bumble bee”.
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Honey Bees
When most people hear the word “bee”, it is the honey bee that
comes to mind.

Striped abdomen

Fuzzy thorax

Key Characteristics
•
Size and Shape: Medium to large, moderately robust.
•
Color: Orange-brown to nearly black.
•
Hair: Fuzzy thorax and head, legs and abdomen less hairy.
•
Stripes: Abdomen tri-toned, with black, pale and orangebrown stripes of hair and body coloration.
•
Scopa: Enlarged, flattened hind legs; hairless in the center.
•
Antennal Length: Short.
•
Notes: Makes a buzzing sound when flying; the only bee with
“hairy eyes”.
Approximate size range:

Caution:
There are some flies and wasps that mimic honey bees. For flies:
look for two wings (one pair), small antennae, big eyes, and skinny
hind legs. For wasps: look for nearly hairless body with
exoskeletal (body) markings rather than markings made by hair
patterns.

© John Baker

Important:
During monitoring, distinguishing between honey bees and the rest
of the bee categories is the most important observation you can
make.
Hind legs enlarged and flattened, shaped to carry pollen

Color variation: dark to pale

© Scott Bauer/USDA-ARS

© John Baker

Drone Fly: a honey-bee mimic

One pair of wings (i.e. 2 wings)

Section 4 – A Guide to the Different Groups of Bees
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Bumble Bees
Key Characteristics
•
Size and Shape: Medium to very large, robust.
•
Color, Hair and Stripes: Body black, with yellow, black, and,
sometimes, orange hair stripes over thorax and abdomen.
•
Scopa: Hind legs enlarged and flattened; hairless in center.
•
Antennal Length: Short in females (the majority of bumble
bees encountered), long in males.
•
Notes: Make a low buzzing sound when flying; painful sting
that does not linger.

Bombus vagans

© John Baker

Approximate size range:
Caution: There are a number of flies and other bees that mimic
bumble bees. Look for a completely hairy abdomen and large hind
legs, usually with short antennae.

Bombus perplexus

Bombus fervidus

Bombus impatiens

© John Baker

© John Baker

© John Baker

© John Baker

Bombus griseocollis
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Large Carpenter Bees

Key Characteristics
•
Size and Shape: Very large and robust.
•
Color and Hair: Shiny black abdomen, thorax black with
yellow/light hair; males with a yellow spot on face.
•
Stripes: None.
•
Scopa: Hind leg enlarged, covered with a brush of thick hair
(scopa) throughout (compare with “Bumble Bees”, page 19).
•
Antennal Length: Short.
•
Notes: Only one type (species) in Maryland: Xylocopa
virginica (Linnaeus); often found in residential areas around
exposed wood (decks, porches, trim, wood piles, etc.); males
territorial (may buzz by your head); will “hover” for short
period of time, “staring you down”. While male carpenter
bees are territorial, they cannot sting and female carpenter
bees rarely sting.

Black, shiny abdomen (appears hairless)

© John Baker

Large carpenter bees look like less hairy bumble bees, with a
shiny, nearly hairless abdomen.

Males with a yellow spot on the face

Approximate size:

Section 4 – A Guide to the Different Groups of Bees
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Comparison Note: Carpenter bees and bumble bees look very
similar. Note the larger head, shiny and relatively hairless
abdomen, fuzzy legs (particularly the female) and yellow spot on
the face (male only). Carpenter bees nest in wood, like your deck
or porch, while bumble bees nest in underground burrows and
cavities.
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