The African bee has expanded its range in the U.S. to the extent that its presence impacts a significant
number of beekeepers, and all beekeepers need to be well informed about it. Mea McNeil articulately
reviews the biology and sociology of their presence in a witty and adventurous account that is delightful
to read. More than any other article I have read, Mea's account reflects the thoughts and concerns that
all beekeepers share, and the best answers that science and experience can provide. Her story is woven
into the fabric of the Marin County Bee Club, a group of beekeepers who gather in a barn rather than a
motel meeting room or conference center to share their enjoyment of all things connected to bees. Mea
first submitted the article to me to fulfill the requirements for a Master Beekeeping Program she
participated in. I encouraged her to publish
her work for all beekeepers to enjoy. Mea's
article is well-researched and accurate, and a
great source of factual information, but the
best part is that it is written through the eyes
of every beekeeper.
Synopsis, Parts I-III: The Marin Beekeepers
have been watching the slow northern
progress of the AHB into California. These
articles explore their question: How far north
will the bees come? The uniqueness of their
huge population expansion is matched only
by the small genetic influence that European
bees have had on them. Numerous genetic
adaptations have given the African bees
advantages.

Part IV
The Great Slowdown
After moving through Mexico at about 240 miles a year, the AHB slowed its migration
when it entered the U.S. to about 135 miles a year. Then the expected overland spread into the
Southeast and north into California stalled.
“I was quite surprised that the bees just sat there. They didn’t
move. It is a puzzle,” said geneticist Deborah Smith of the University of
Kansas.
“No one knows why they have slowed down in California,” said
Eric Mussen of The University of California at Davis. “We have just
found one here, one there; no horror stories.”
I called Paul Jackson, the Texas Chief Apiary Inspector, to ask his
opinion.
He believes that varroa mites have negatively impacted the
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Taylor of the
University of Kansas adds that the
bees are running into less supportive
habitats. Kirk Visscher is at the
Universit y o f California at
Riverside, which is well within the
AHB zone; he cites more limited
nesting opportunities. In Central
California there are vast agricultural
areas with no resources other than
the short bloom period of each
monoculture. In addition, Mussen
remarked, “Insecticides kill swarms.
Our bloom is poisoned all over.”
Rob Page of Arizona State
University Page offers “a wild
guess,” that Varroa and the
competition from greater density of
beekeepers in California are factors.
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found at about 37 degrees N inland in Madera and near the coast in Prunedale.) “The lull may
be temporary, and they may step up again when climate conditions change,” he says.
The slowdown coincides with remarkably fewer reports of stinging incidents, a fact
observed by both Mussen, whose office receives such reports in California, and USDA
researcher Gloria De Grandi Hoffman in Arizona. One theory is that the public may be better
informed, since earlier incidents often involved ill advised disruption of the bees with rocks or
even firemen’s hoses.
Suki Glenn of Glenn Apiaries said, “San Diego is so saturated
with AHB we don’t know why the bees are becoming less aggressive.
Perhaps it is because California has so many European bees, and
Africanized swarms are being killed,
not tolerated.” In contrast, John Goit,
a commercial beekeeper for 25 years,
finds the AHB “take all the joy out of
it”; in the desert area of Lancaster
they are “absolutely vicious.” He is
quitting the business.
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have been mentioned as possible
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more northern latitudes.”
Africanization in California has not affected the total
economic bottom line for beekeepers, according to Mussen.
Each year, people from the California Department of
Food and Agriculture (CDFA) troll along California roads with
nets to pick up samples of foragers. They send possible AHBs to
Scott Kinee, who tests bee genetics for the CDFA. When I called
him, he told me that the mitochondrial DNA (from the queen) is
unaltered from the original
queens in Brazil in the
African bees he has
examined.
He has
identified six new finds as
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August 2006 -- most along
the coast in San Luis Obispo County. The northernmost
find, in Monterey County, came from a swarm in a wall
carried west from Hollister, by a beekeeper who is
reported to have said “I just figured they were nasty
The Glenns carefully mark
bees.”
their breeder queens.

Speculation on the AHB situation has become so drawn out over the years that bee
scientists Adrian Wenner, of U.C. Santa Barbara, and Mussen were reduced to joking about it:
Wenner said, “They reached Southern California and they just mellowed out.”
“That’s the best explanation I’ve heard,” replied Mussen.
How to Know What We Have
Morphometrics
We in Marin County know now that we are at the upper limits or in a transition zone for
AHB in our Northern California apiaries. Since we have a good chance of encountering the
bees we need to know how to identify them. The most common way is the no-duh method: to
find oneself running for cover, pelted with bees. But European hives can be hot as well. There
is the darker color sometimes, smaller size, and, if you stick around to look, smaller comb cells.
Morphometrics, identification by a series of
body measurements, is a technique dating from 1903.
African bees have a number of measurable
differences including: overall size, number of hamuli
(tiny hooks that hold fore and hind wings together in
flight), width of basitarsus (a leg segment), diameter
of ocelli (three small eyes), counted bristles on wings,
angles between wing veins, size of hind leg and third
sternum. If you haven’t seen these things under a
microscope, it’s worth a wondrous look.
The measurements though are tedious, and the
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Smith says “The quick and dirty test FABIS is in fact
quite good. It looks at characteristics on the wing. It is faster, easier, and cheaper, but doesn’t
give as much information.” It can be easily learned and readily performed. Bees not identified
by FABIS can be measured further. A wing, and if necessary, a hind leg, can be mounted on a
slide with tape, mounted on a 35 millimeter slide and projected onto a wall at a standardized
distance and measured by a meter stick.
Steve Sheppard of the University of Washington
used morphometrics to examine the original migration of
AHB into Texas. He measured 35 characteristics, which
were put into a computer to segregate the bees from EHB.
With those segregated as African, he ran about 400
mtDNA tests, finding that about 7% actually had
European mtDNA. “It was one snapshot from the leading
edge,” he said.
An advertisement for “Holy-Land
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angles between veins on the forewings of 100 samples.
Tests for some enzymes and for certain hydrocarbons in the cuticle or exoskeleton have
been used for identification as well.

A Closer Look: DNA testing
The discovery of DNA by Watson and
Crick took place just a few years before Kerr’s
queens arrived; the bees spread as the
understanding of DNA evolved. When the first
genetic tests could be done to determine the
mtDNA of the New World African bees,
“Everyone expected mixing”, said Smith, “We
were surprised at the purity.”
Not all African mtDNA is the same.
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from more than a single sub-Saharan African
subspecies. In testing bees in Argentina, he
found over 25% of the African mtDNA present was derived from African bees other than A. m.
scutellata. This additional genetic thread also occurred in bees from Spain (A. m. iberica) and
Morocco (A. m. intermissa) and was likely brought to the New World by early settlers.
In addition, Sheppard collected European bees from across the U.S. in 1993-94 and
found that the first wave of African bees had long before arrived. He identified mtDNA from
Egyptian honey bees (A. m. lamarckii) in about 2% of the colonies that were tested. He
explained that eight subspecies were introduced into the
United States, with Apis mellifera mellifera, the feisty
German black bee, brought among the first. African
mtDNA entered with bees from Southern Spain, the
original Sicilian bee and North Africa. The aggressive
Moroccan A.m. intermissa was once sold in this country
as “the Punic bee; the most wonderful race of bees on
earth.” Sheppard calls them “The worst bees I ever
saw.”
Another consideration is that the famous
Highland originals came from a region in Africa where
mated European queens were often imported and yellow
drones sometimes seen.
A wide population of AHB near the California
border was recently analyzed. David Nielsen, an
entomologist at the University of California at Davis,
participated in a study to assess the genetics of
Africanized bees on the Sonoran Desert in 2005. Worker
bees were collected from 54 sites over a 3,325 square
mile area. Test results for the mtDNA showed no
relationship between the percentage of African DNA
Two ads selling “Punics” or A.m. Intermissa and geographic elevation or proximity to fields: 86.9%
African mtDNA, 5.6% Western European, 4.1% Eastern
reprinted from 1890’s American Bee Journals. Henry Alley and E. L. Pratt claimed to European and 3.4% North African A.m. lamarckii -be the first U.S. bee-keepers to successfully 90% total African mtDNA.
import and breed this race.

In California, bees identified by morphometrics or behavior can be submitted by county
agriculture commissioners to the CDFA lab in Sacramento for mtDNA testing if necessary.
When it comes to the need to measure wings, we are in luck here in Marin; our ag
commissioner Stacey Carlsen is an entomologist and bee specialist who would just as soon be
looking into a microscope. This winter he will teach the Marin Beekeepers how to identify bees
by FABIS.
SNP, Snap the Answers at Last
A sophisticated technique is now used to study the molecular mechanisms that underlie
the social behavior in bees. A Single Nucleotide Polymorphism (SNP, pronounced “snip”) is a
small genetic change within a DNA sequence that can identify a gene. Testing for honey bee
SNPs can be done using something called Illumina bead array technology, and the go-to man is
Charles Whitfield in the Department of Entomology at the University of Illinois, Champaign
Urbana, Institute for Genomic Biology. Deborah Smith has just received preliminary SNP data
on the grouping of Old World subspecies. “Astonishingly, yes, they group together -- Italians,
Carniolans and so on,” she said.
“A group of researchers has taken 1500 nuclear markers from the honey bee genome
project from different subspecies and discovered that the African group is quite separate. But it
is more closely genetically related to the West European group of bees than it is to East
Europeans.” The West Europeans include the Old English black bees, French and Spanish bees
– all of which can have nasty tempers; the East Europeans are our most commonly managed
bees including Italians and Carniolans.
At last all of the DNA samples from earlier studies can be revisited with this
technology, and clear identifications will emerge. Ah, not so fast. The technology is very
expensive. At a dime per genotype, it costs $92 per bee, and a whole population has to be
sampled over passing time to get an accurate picture.
The Process of Hybridization
We at the waiting end of the AHB expansion are especially interested in the process of
hybridization.
Orley Taylor took a long series of samples in Northern Mexico in 1990-93, the results of
which are unpublished. He put traps out and made monthly collections over three years. He
found pulses of European DNA, and a month or two later they were all gone. He observed two
such pulses every year. Smith called it “better than a snapshot or even a large sampling of a
population,” which taken at one time or another could lead to a snap judgment.
Smith conjectures: “Bees worldwide had started down the long path to becoming
separate species through isolation, before being moved by people. They are interfertile, but they
are not completely compatible… The question is how fit are these hybrids? As they have come
up, not very. Now some hybrids may be more fit in a different habitat.
In the wild they are acting like creatures that are not as competitive -- until they get into
temperate zones, where having a flood of European genes may be a good thing.
“But I’ll bet there is not much hybridization. I would be surprised that if they ever come
into a temperate habitat that there would be as much as 30% European DNA. I’d lay my money
on seeing more from Western Europe than Eastern Europe. It’s a guess but an educated guess.”

Left: Ben Oldroyd and researchers on the Yucatan study lowering a swarm trap for collection.
Right: Ben Oldroyd sampling bees for the AHB study in Yucatan, Mexico.

On first expansion, both Eastern and Western European nuclear and mitochondrial
markers are found in the feral population, along with African markers. Over five to ten years
African markers predominate, with the frequency of Eastern European markers typically
decreasing, with geographical variations, to less than 10%. In contrast, the more closely related
West European markers have stayed relatively constant, at 16-30%, throughout the range of
AHB in the Americas. That suggests that these markers may not have been accumulating
gradually but may have entered the population in Brazil and have been carried along. In any
case, the collective frequency of all European alleles rarely exceeds 30-35%, even in regions
where prolonged contact between the races or large areas of managed colonies make
hybridization especially likely.
Thirty-five years after A. m. scutellata entered Brazil, 100% of hived feral swarms
carried African mtDNA. De Grandi Hoffman said she considers feral bees in Arizona 100%
African, by morphological and mtDNA measures. “Although substantial hybridization occurs
when African bees invade areas with European populations, over time European characteristics
tend to be lost. Throughout most of its range in the New World, the invading honey bee
population has remained essentially African in its nesting biology, swarming and absconding
behavior, foraging and diet selection, and mtDNA characteristics.”
Prior to their arrival in Yucatan, the northward-expanding population of African bees
had encountered few managed European bees, and less feral population. The Yucatan Peninsula
supported one of the highest densities of European apiaries in the world before the AHB
invasion. A 1998 study in the Yucatan (Clarke et. al.) found a “stable introgression of European
nuclear alleles” with hybridization throughout the whole zone.
Ernesto Guzman, now at the University of Guelph, reports that through the Mexican
government and private queen producers, production of European queens in the Yucatan has
now more than doubled, although requeening was at just 10% before the AHB arrived. There is
also a breeding program selecting queens by honey yield; the top 15% of those queens are
selected for behavior. Among these, queens with longer forewing lengths (at least 9.1 mm) are
selected as breeding stock. The degree of Africanization of the selected bees appears to have
declined. Colonies have lower defensive scores, larger average forewing length measurements,
and there has been a decrease in the number of stinging incidents involving these colonies.
I asked Ben Oldroyd of the University of Sydney, who participated in the Yucatan
survey, about the temperament of the hybrid bees. He responded in a word: “nasty.”

Samples taken in Texas in 1991 to 2001 and tested by microsatellite analysis (Pino et.
al.) found 25-37% European introgression. Notably, the study found that although maternal
gene flow was the primary driving force of feral Africanization, drones were the leading edge
entering managed populations. The researchers did not rule out the possible complete
assimilation of the European genome.
Smith said, “Most of the markers are a
flag that gives a history but may not have
anything to do with behavior or physiological
traits -- commonly called ‘junk DNA’. But those
markers do not come alone.” In the end, “It makes
very little difference whether the bees have
Caucasian, Carniolan, or any other markers. What
makes a difference is the preponderance of
African genes, and the related African
behaviors.”
De Grandi Hoffman said, “The European
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invasion could represent selectively neutral
alleles that have ‘hitchhiked’ with advantageous African traits and may reflect little about the
selective mechanisms that have shaped genetic structure.
“If the displacement of European bees arises in part from competitive superiority, then
greater gene flow between the populations should occur in transition zones between tropical and
temperate habitats. But even in hybrid zones in Argentina and areas of Peru and in higher
elevations of the Andes Mountains -- in areas where hybridization and introgression of
European genes have been particularly likely -- European mitotypes have dropped to low
frequencies in the feral population. And European mitotypes that persist are of Western rather
than Eastern European origin.”
What’s left to hope for? There is natural selection, artificial selection and genetic drift.
After all, these behaviors have evolved. We don’t have a million years, but perhaps we can act
as selective agents. Taylor says, “There is every reason to believe that we can select to
minimize aggressive behavior, but it won’t be done with hybridization.”
David Fletcher writes, “There is only one viable solution: to accept that the neotropical
African bee will be here to stay and to institute a selective breeding program.”

