Journal of Apicultural Research 31(3/4): 141-148 (1992)

Genetic
characterization of
the bees of
Kangaroo Island,
South Australia’

BeNJAMIN P OLDROYD**; WALTER S SHEPPARD®;
J ANTHONY STELZER®

2USDA-ARS Honey-Bee Breeding, Genetics and
Physiology Laboratory, 1157 Ben Hur Road,
Baton Rouge, LA 70820, USA

°*Bee Research Laboratory, Building 476 BARC-
E, Beltsville, MD 20705, USA

(Received 4 September 1992,
accepted subiject to revision 22 December 1992,
accepted for publication 4 March 1993)

'All editorial functions for this paper, including the selection of
referees, have been undertaken by staff at IBRA headquarters
‘Present address: Department of Genetics and Human
Variation, La Trobe University, Bundoora,

Victoria 3033, Australia

©1993 IBRA

SUMMARY

On Kangaroo Island, South Australia, an intro-
duced population of Apis mellifera ligustica has
reputedly not hybridized with other A. mellifera
subspecies due to isolation. Bees were collect-
ed from each of 24 Kangaroo Island colonies
to confirm their subspecies. Electromorph rel-
ative frequencies for the Kangaroo Island pop-
ulation were: malate dehydrogenase enzyme
system, Mdh® = 0.13, Mdh® = 0.11 and Mdh'®
= 0.76; esterase system, Est'® = 0.95, and
Est™ = 0.05. Such frequencies are similar to
A. m. ligustica populations from southern Italy,
but dissimilar to populations from northern
Italy. Morphology of Kangaroo Island bees is
similar to A. m. ligustica reference specimens.
Mitochondrial DNA restriction mapping sug-
gested that the Kangaroo Island population is
of A. m. mellifera origin. It is concluded that
available reference material is inadequate to
conclusively determine the racial origin of the
Kangaroo Island population, but that recent
hybridization has not occurred.
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INTRODUCTION

On Kangaroo Island, South Australia, an introduced
population of honey bees has been protected from
hybridization with other bees by the Ligurian Bee Act
of 1886 and a 20 km stretch of ocean. The bees are
reputedly ‘pure’ Italian Apis mellifera ligustica. There
are several accounts as to how the bees came to the
island. Eckert (1958) stated that Italian bees from
Queensland were taken to the island in 1884 and
that subsequent importations were made directly
from Naples shortly afterwards. Hopkins (1886)
reported that the bees were initially imported from
italy and established at Brisbane in Queensland dur-
ing the period 1880-~1883. A colony of these bees
was taken to Kangaroo Island in 1883. Both reports
concur on the approximate date of importation and
the fact that the bees were not imported directly
from ltaly but spent some time at least on the main-
land where A. m. mellifera had been established
some 60 years previously in 1822 (Hopkins, 1886).
However, Woodward (1993) suggests that some
‘black bees’ (presumably A. m. mellifera) were pre-
sent on the island before introduction of the bees
from Italy, and that some of these were still present
on the island up until the 1960s.

Reports of their fine apicultural characteristics and
the doubtful but intriguing possibility that these bees
are the only ‘pure’ random mating population of A.
m. ligustica left in the world has stimulated consid-
erable scientific and apicultural interest (Woodward,
1993). Various private individuals and the South
Australian Department of Agriculture have propagat-
ed the bees from time to time and sold them
throughout Australia. Eckert (1958) visited the island
and was sufficiently impressed with the bees to
attempt to import some into the United States.
Ruttner (1976) examined the morphology of spec-
imens from three Kangaroo Island colonies and
compared them with specimens collected in Italy,
concluding that the Kangaroo Island bees showed
the “typical morphological characters of ligustica
bees from Italy”. Woyke (1976) examined the pop-
ulation genetics of sex determination in this popu-
lation that had been isolated for over 100 years, not-
ing reduced brood viability due to a low number of
sex alleles.

Whether or not these bees are indeed A. m. ligustica
or a synthetic that includes some A. m. mellifera
ancestry from the 19th century or from more recent
illegal imports from mainland Australia is of consid-
erable interest. If the bees are a direct lineage from
italy, then they represent an important reference
population for studies of racial variation in honey
bees. In this study we address this problem by com-
paring morphological, mitochondrial DNA (mt DNA)
and enzyme polymorphism data from Kangaroo
Island bees with reference populations reported from
Europe.

MATERIALS AND METHODS

Kangaroo Island lies at 137°E, 36°S, south of
Adelaide, Australia. It is 145 km long with an area of
4 405 km®. Feral and domestic honey bees are
abundant. Bees from 24 colonies evenly distributed
across the island were collected in liquid nitrogen
and alcohol. Bees were collected from domestic
colonies, many of which were abandoned (19
colonies), from recently hived swarms (five colonies)
and one feral colony. Samples were shipped by air
to Baton Rouge, Louisiana, USA, where the frozen
samples were then stored at -70°C.

Total nucleic acid was extracted from three
degastered bees per sample with a protocol similar
to Sheppard and McPheron (1991: 92). Each sample
of three bees was ground with a pestle on ice in 1
mi of solution A (10 mm tris-HCI [pH 8], 60 mm NaCl,
10 mm EDTA, 5% sucrose) in a 15 ml Corex tube.
Then 1 ml of continuously stirred solution B (300 mm
tris-HCI [pH 8], 20 mm EDTA, 1.25% SDS, 5%
sucrose + 16 pl diethyl pyrocarbonate) was added
and the preparation left on ice for 15 minutes fol-
lowed by one phenol extraction, one phenol/chio-
roform extraction and one chloroform extraction. An
equal volume of TE (10 mm tris-HCI, 0.1 mm EDTA,
pH 8) was then added to the aqueous layer. DNA
was then twice precipitated on ice for 30 minutes
with 0.05 volumes 3 M sodium acetate and 2.5 vol-
umes of cold absolute ethanol, and pelleted by cen-
trifugation at 12 000 rpm for 30 minutes at 4°C. The
final pellet was rinsed with 200 pl of cold 80%
ethanol, air-dried, and resuspended in 150 pl of TE.

Aliquots (16 pl) of DNA were digested with restriction
enzymes using buffer and incubation conditions
specified by the manufacturers (Sigma Chemical Co,
St Louis, MO, USA; Bethesda Research
Laboratories, Gaithersburg, MD, USA). Fragments
were separated on 1% agarose gels run at 25-30 V
overnight.

Ali 24 colonies were surveyed with EcoR |. Mt DNA
fragments were visualized and photographed under
ultraviolet light with ethidium bromide staining
(Maniatis et al., 1982: 162). Since there is an excess
of same-sized mt DNA fragments compared with
other DNAs, mitochondrial bands show up clearly
with this procedure.

One sample was chosen to create a restriction map
for comparison with those previously published
(Smith & Brown, 1990; Cornuet & Garnery, 1991).
The 15 restriction enzymes (Acc |, Ava |, Bcl, | Bgl
ll, EcoO 108, EcoR |, EcoR V, Hinc I, Hind Ill, Nde
I, Pstl, Pvu ll, Spe |, Xba | and Xho I) used by Smith
and Brown (1990) were used to digest the DNA both
singly and in all possible combinations. Digests were
run with a 1 kb ladder (Bethesda Research
Laboratories, Gaithersburg, MD) A/Hind Il and
9X174/Hae |l as size standards. Gels were vacuum
blotted onto Biosbrane nylon membranes according
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TABLE 1. MDH allozyme frequencies in popuiations of European honey bees

*Sheppard and Berlocher (1985)

*Gartside (1980) (frequencies computed by Sylvester, 1986)
“Sylvester (1976)

*Contell et al. (1977)

*Cornuet and Louveaux (1981)

’Sheppard and Berlocher (1984)

*Sheppard (1988)

*Badino et al. (1985)

by queen genotype (Sylvester 1986: 196).

Race or Locality Number of Allelle frequencies Reference
description colonies Man® Mdn™ Mdh™

ligustica Italy 412 0.8 0.03 0.2 !

ligustica ltaly 5 0.6 0.1 0.3 2
ligustica Australia 4 0.7 0.1 0.2 ®
ligustica USA 24 0.7 0.1 0.2 ¢
ligustica Brazil 34 0.7 0.2 0.1 s
ligustica italy 8 0.7 0.0 0.3 ¢
mellifera Norway 6 0.04 0.8 0.1 !
mellifera France 14 0.0 1.0 0.0 8
mellifera France - 0.0 1.0 0.0 !
Commercial USA 25 0.6 0.2 0.2 8

Feral Australia 4 0.2 0.5 0.3 s

Feral USA 7 0.3 0.6 0.1 4

sicula W Sicily - 0.01 0.03 0.9 s

? Kangaroo Is 23 0.1 0.1 0.8 this study

'Badino et al. (1983) (number of colonies computed by Sylivester, 1986)

These frequencies are all based on worker allele frequencies. Where colony sample size is small these estimates are heavily biased

TABLE 2. Pairwise squared Mahalanobis distances among group centroids. Groups are A. m.
mellifera and A. m. ligustica reference populations and the Kangaroo Island population.

From population
Kangaroo Island

Squared distance to:

A. m. ligustica A. m. mellifera

Kangaroo Island 0
A. m. ligustica 43.47
A. m. mellifera 67.43

31.81 58.10
0 73.32
54.7 0

to the manufacturer’s (Stratagene, La Jolla, CA,
USA) recommendations and hybridized (50°C, 25%
formamide) with *P-nick-translated probe made
from honey bee mt DNA twice purified on a CsCl
gradient (Sheppard et al., 1991) to visualize the
mtDNA. We were able to resolve fragments as small
as 500 kb on most gels. Calculation of map dis-
tances was assisted by reference to several known
sites from the Smith and Brown (1990) map, and the
use of the ‘Map’ computer program (Intelligenetics,
Mountain View, CA, USA).

Population frequency of three electromorphs of the
malate dehydrogenase (MDH) and esterase-1 (EST)
proteins were estimated using starch gel elec-
trophoresis (Sheppard, 1988). Ten bees were sam-
pled from each of 23 (one colony sample was not

available) colonies for MDH, and five bees per
colony for EST.

Reference data sets for A. m. ligustica and A. m.
mellifera morphologies were obtained from N
Koeniger, Institut fur Bienenkunde, Oberursel,
Germany. The characters used in this study are
given in figure 1. Data were provided representing
20 bees from each of five colonies from both races.
From these reference data sets, a discriminant func-
tion was computed, which was then used to classify
the bees of Kangaroo Island. Ten Kangaroo Isiand
bees were measured from each of the 24 colonies.
The Kangaroo Island morphologies were also com-
pared with those of three Kangaroo Island colonies
published by Ruttner (1976).
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FIG. 1. Morphological measures used in this study.

A. Forewing lengths L = length; W = width; a = length of the cubital vein; b= length of the cubital vein.
B. Forewing angles 29-34 = angles formed by veins of the forewing. C. Hindleg lengths FL = femur
length; TL = tibia length; BW = basitarsus width; BL = basitarsis length. D. Fourth sternite WW = wax
mirror width; WL = wax mirror length; SL = sternite length.
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TABLE 3. Morphological measurements (mean = s.d.) (mm for lengths, degrees for angles) of
A. m. mellifera and A. m. ligustica from reference collections, bees collected from Kangaroo
Island in 1991 (this study), and from Kangaroo Island in 1974 (data of Ruttner, 1976).
Characters are defined in figure 1.

Character Reference collections Kangaroo island

A.m.mellifera A.m.ligustica 1991 1974

n=295 n=100 n =236 =60

N=5 N=5 N=24 N=3
Femur length 2.71 £ 0.05 2.66 + 0.05 2.61 +0.06
Tibia length 3.31+0.07 3.23+0.06 3.11+0.09
Trochanter length 2.10+ 0.06 2.08 + 0.05 2.01 £ 0.05
Trochanter width 1.15 £ 0.05 1.15+ 0.04 1.10+ 0.05
Sternite length 2.87 £ 0.08 2.76 £ 0.06 2.77 £ 0.07
Wax mirror length 1.48 £ 0.05 1.33 £ 0.06 1.34 £ 0.06
Wax mirror width 2.54 + 0.07 2.36 £ 0.07 2.33+0.07
Forewing length 9.34+0.13 9.20+ 0.13 9.09+0.17 9.08 £ 0.11
Forewing width 3.10+0.06 3.20+ 0.06 3.13+0.07 3.08 £ 0.07
Cubital vein A 0.46 + 0.05 0.52 £ 0.04 0.53 £ 0.05 0.53 £ 0.04
Cubital vein B 0.25 + 0.02 0.21 £ 0.02 0.24 £ 0.02 0.23 £ 0.02
Angle 29 32.36 £ 2.59 30.48 + 1.98 31.24+1.75 31.57+2.55
Angle 30 103.91 £ 4.93 107.63 £ 5.32 107.58 + 5.26 105.45+6.35 -
Angle 31 103.70 £ 3.23 98.25 + 3.17 100.51 £ 3.39 100.17 £ 3.91
Angle 32 18.26 + 1.00 23.40+1.73 22.00 + 1.34 21.83+1.22
Angle 33 99.15 £ 3.21 93.41 + 2.37 94.06 + 2.65 94.52 + 2.45
Angle 34 46.30 + 3.04 52.25 + 2.90 52.72 + 2.96 52.05 + 3.41
Number of hamuli 19.94 £ 2.95 21.26 + 1.35 2180+ 1.45
N = number of colonies; n = number of individuals

RESULTS show that high frequencies of the Mdh® dllele are
Mitochondrial DNA normally associated with A. m. mellifera populations

All colonies surveyed with the EcoR | restriction
enzyme displayed the mt DNA banding pattern
associated with A. m. mellifera (Sheppard et al.,
1991). The restriction map of the mitochondria of
colony 22 is very similar to maps derived from
European A. m. mellifera (Smith & Brown, 1990;
Cornuet & Garnery, 1991; Garnery et al., 1992).
Differences include an additional Hind Ill site at 6.5
kb, the absence of one of the Bcl | sites at approx-
imately 7.5 kb and some variance in the position of
the Nde i sites (figure 2). However the map of colony
22 is much closer to published A. m. mellifera maps
than to A. m. ligustica maps, indicating a clear A. m.
mellifera mitochondrial lineage for the bees of
Kangaroo Island.

Allozyme variation

The three common malate dehydrogenase electro-
morphs (designated Mdh®, Mdh* and Mdh'";
Sheppard & Berlocher, 1984) are present at frequen-
cies of 0.13, 0.11 and 0.76 respectively in the
Kangaroo Island population of bees. For compari-
son, MDH electromorph frequencies from previous
studies are summarized in table 1. Those reports

and high frequency of the Mdh® allele with A. m.
ligustica populations.

Only two esterase electromorphs were detected in
the Kangaroo Island population: the Est' allele
(Sheppard & Berlocher, 1985; medium allele of
Badino et al., 1985) is present at a frequency of 0.95,
while the Est'® (Sheppard & Berlocher, 1985; fast
allele of Badino et al., 1985) is at a frequency of 0.05.

Morphology

A two-group (A. m. mellifera and A. m. ligustica) dis-
criminant function was computed from the reference
population morphology data. Equal variance/covari-
ance matrices were assumed. A cross validation
study was conducted on the reference data in which
each individual bee was held out while an indepen-
dent discriminant function was computed. No ref-
erence bees were incorrectly classified by any of the
192 discriminant functions produced in this manner.
Alll posterior probabilities were 1.0 for each correctly
classified bee. Thus, the function unambiguously
separated the reference populations.

When the Fisher discriminant functions were applied
to the available 236 Kangaroo island bees, 232
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FIG. 2. Restriction map of the mitochondrial
genome prepared from Kangaroo Island bees
(colony 22 of this study). The Pvu | site is the
arbitrary starting point used by Smith and
Brown (1990), and Cornuet and Garnery (1991).

(98.3 %) were more similar to the A. m. ligustica ref-
erence specimens than to the A. m. mellifera refer-
ence specimens. These results were confirmed by
the Mahalanobis distances among the group cen-
troids. The Mahalanobis distance from the Kangaroo
Island group centroid to the A. m. ligustica centroid
was approximately half that of the distance to the
A. m. mellifera centroid (table 2). The reference pop-
ulations were very different from each other for many
of the characters studied (table 3), and the Kangaroo
Island population was more similar to A. m. ligustica
than to A. m. mellifera for all characters studied
except forewing width, length of cubital vein b and
angle 29 (table 3). Further, the bees are yeliow, pig-
mentation generally associated with A. m. ligustica
and not A. m. mellifera.

The Kangaroo Island specimens examined by
Ruttner (1976) appear to be very similar to the pre-
sent collection (table 3).

DISCUSSION

After reference to previously published reports our
data suggest that the bees of Kangaroo Island: (1)
have mitochondria of A. m. mellifera origin (Smith &
Brown, 1990; Cornuet & Garnery, 1991; Garnery et
al., 1992); (2) have MDH electromorph relative fre-
quencies typical of African subspecies (Sylvester,
1982; Nunamaker 1984), A. m. sicula from Sicily
(Badino et al., 1984, 1985) or A. m. ligustica from
southern ltaly (Badino et al., 1984); (3) have EST
electromorph relative frequencies typical of A. m.
ligustica, but dissimilar to those of A. m. sicula
(Badino et al., 1984, 1985); (4) have morphology
more similar to A. m. ligustica than to A. m. mellifera,
but not inconsistent with A. m. sicula (Ruttner 1988:
249).

Several explanations for these apparently contradic-
tory results can be hypothesized. First, intra-racial
variation in mitotypes present in A. m. ligustica may
be greater than previously thought, and the mitotype
usually associated with A. m. mellifera may also be
present in some A. m. ligustica populations which
have not yet been surveyed in Italy. Second, genetic
drift or selection may have caused genetic changes
in the Kangaroo Island population away from the
ancestral type. Third, the population may have been
established from A. m. mellifera/A. m. ligustica
hybrids in the first place. Four, contemporary pop-
ulations of A. m. ligustica may now be so hybridized
(Badino et al., 1984, 1985) that they bear little resem-
blance to the ancestral type such as that found on
Kangaroo Island. Five, the historical record may be
inaccurate, and the bees may have been brought
from a region other than ltaly. Six, the sanctuary may
have been contaminated by illegal imports.

The historical record suggests that the bees intro-
duced to the island were not imported directly from
Italy but spent at least some time on the mainland.
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At that time, the majority of the Australian honey bee
population was probably A. m. mellifera (Hopkins
1886; Goodacre, 1935) presumably carrying A. m.
mellifera mitochondria. If the imported queens were
replaced by supersedure or reproductive swarming
while on the mainland, then the bees of Kangaroo
Island would be expected to be a synthetic of A. m.
mellifera/A. m. ligustica origin. Since honey bee
mitochondria appear to be exclusively maternally
inherited (Meusel & Moritz, 1990), the likely outcome
of such hybridization would be the establishment of
an A. m. ligustica mitotype on the island. Thus such
ancestral hybridization seems an unlikely explana-
tion of these observations. Note, however, that under
certain conditions of natural selection, rare mitotypes
can rapidly spread through a population (Moritz &
Meusel, 1992). This may have occurred with the A.
m. mellifera mitotype if it was introduced along with
a genotype favoured by natural selection.

The uniformity of mitotypes across the island sug-
gests that recent illegal importations to the island (if
these have occurred) have not substantially affected
the population gene pool. Further, although his sam-
ple size was small, the good agreement of Ruttner’s
(1976) data and that of our study suggest that recent
hybridization has not occurred.

Genetic bottlenecks, in which effective population
size is reduced to a very low level, can lead to a loss
of heterozygosity and genetic drift, processes that
can radically alter population gene frequencies
(reviewed in Falconer, 1981). The population of
honey bee colonies on Kangaroo Island was certain-
ly small upon establishment, and it is possible that
this bottleneck may have caused the high frequency
of the MDH'® allele. However, there is reason to
doubt that the genetic bottleneck was very severe
for the Kangaroo Island population. in experimental
and simulation studies, Leberg (1992) demonstrated
that bottlenecks reduce allelic diversity more than
heterozygosity, and that if N, > 6 during the bottle-
neck radical changes in gene frequency are unlikely.
The presence of at least three electromorphs of
MDH, and two electromorphs of EST suggests that
an extreme bottleneck has not occurred in the
Kangaroo Island population. Further, the historical
record suggests repeated introductions of bees to
the island. Thus genetic drift seems an unlikely
cause of the dissociation between mitotypes and
electromorph relative frequencies. Note, however,
that Woyke (1976) could identify only six sex alleles
in the island’s honey bee population, suggesting that
some restriction of population size has occurred.

The morphological data suggest an A. m. ligustica
origin of the Kangaroo Island bees. Although the
Kangaroo Island bees were much more similar to A.
m. ligustica (nearly all specimens fell within the range
of the reference population) than to A. m. mellifera,
discriminant function analysis was able to separate
Kangaroo Island specimens from A. m. ligustica ref-

erence specimens (table 3). The limited size of the
reference collections means that the range of intra-
racial variability was not well represented. In the
absence of a more extensive reference collection,
it seems reasonable to conclude that the bees are
morphologically A. m. ligustica.

The origin of the bees on Kangaroo Island must
unfortunately remain equivocal. Contemporary sur-
veys of presumptive A. m. ligustica honey bee pop-
ulations in Italy and elsewhere have not revealed the
presence of a mitotype associated with A. m. melli-
fera (Smith & Brown, 1990; Cornuet & Gamery, 1991;
Garnery et al., 1992) that we found on Kangaroo
Island. An extensive contemporary survey of bees
from Italy might reveal a regional population with
mitotypes, MDH frequencies and morphologies sim-
ilar to the Kangaroo Island population. On the other
hand, extensive importation of bees into Italy from
the United States and elsewhere means that the
results of contemporary surveys need to be treated
with caution. However, our study does suggest that
intra-racial variance in honey bee mitochondrial DNA
restriction maps and MDH allele frequencies may be
larger than previously thought. Therefore each alone
cannot usually be regarded as completely diagnostic
of racial origin without additional corroborating evi-
dence. ‘
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