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Abstract—Morphometric techniques, DNA mitochondrial cytochrome c oxidase subunit 1 gene
(COI) barcoding, and microsatellite flanking region sequences were used to assess the reliability of
suggested morphological characters in distinguishing the green apple aphid (Aphis pomi De Geer)
from the spirea aphid (Aphis spiraecola Patch), and to assess variation within these species. Both
molecular approaches clearly distinguished two groups corresponding to the morphologically
defined species. Differences in the length of the distal rostral segment and the number of lateral
tubercles were found to be robust indicators of species membership, performing as well as
multivariate approaches. Among A. pomi samples, microsatellite flanking region sequences
were relatively uniform, whereas A. spiraecola exhibited much variability, which suggests that
North American populations of the latter species are genetically much more complex.

Résumé—Des techniques morphométriques et l’utilisation de codes à barres d’ADN de COI
et de séquences de la région flanquante des microsatellites nous ont servi à évaluer les
caractères morphologiques qu’on a proposés pour distinguer le puceron vert du pommier
(Aphis pomi De Geer) du puceron de la spirée (Aphis spiraecola Patch), et à déterminer la
variation au sein de ces espèces. Les deux approches moléculaires permettent de distinguer
clairement les deux groupes qui correspondent aux espèces définies morphologiquement. Les
différences dans la longueur du segment distal du rostre et le nombre de tubercules latéraux
sont des indicateurs robustes de l’identité spécifique; l’utilisation de ces caractères fonctionne
aussi bien que les méthodes multidimensionnelles. Les séquences de la région flanquante des
microsatellites sont relativement uniformes chez A. pomi, mais elles sont très variables chez
A. spiraecola, ce qui laisse croire que les populations nord-américaines de cette dernière espèce
sont génétiquement beaucoup plus complexes.
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Introduction
The green apple aphid (Aphis pomi De
Geer) and the spirea aphid (Aphis spiraecola
Patch) (Hemiptera: Aphididae: Aphidinae) are
economically significant pests of apple (Malus
Mill., Rosaceae) in the Pacific Northwest and
elsewhere (Lowery et al. 2006). Aphis pomi is
distributed across the Northern Hemisphere
and was first noted in North America in
Pennsylvania in 1844 (Foottit et al. 2006).
Although originally described from Maine,
United States of America (Patch 1914), and
collected in Colorado as early as 1907 (Gillette
1910), A. spiraecola is apparently of eastern
Asian origin and is now found throughout the
world (Blackman and Eastop 2000). Aphis
pomi completes its entire life cycle, including
sexual stages, on apple and related Rosaceae.
In eastern Asia and in North America,
A. spiraecola alternates between certain species of Spiraea L. (Rosaceae) as winter hosts
and various secondary hosts (including apple),
but in most of the world it is entirely asexual
on the secondary hosts.
It appears that A. spiraecola has recently
begun to displace A. pomi as the major pest of
apple, particularly later in the growing season,
in some areas of the United States of America
(Pfeiffer et al. 1989; Brown et al. 1995). The
two species differ in susceptibility to pesticides
registered for use against aphid species on
apple, with A. spiraecola up to four times less
susceptible than A. pomi (Lowery et al. 2005,
2006). Also, because A. pomi overwinters on
apple, dormant oil treatment will reduce
populations of overwintering eggs, but
A. spiraecola is unaffected because the overwintering eggs are on Spiraea. Because of
these biological and life-cycle differences
between the two species, management regimes
differ significantly. Accurate identification of
these species is therefore essential to the effective management of Aphis species on apple.
Aphids are subject to wide morphological
variation due to environmental effects, exhibiting broad ranges of body size and subtle
allometric relationships among body parts.
These factors often make discrimination
between species difficult. The two apple aphid
species are morphologically similar and have

often been confused in the past. Many North
American records of A. pomi may in fact
apply to A. spiraecola (Halbert and Voegtlin
1992; Blackman and Eastop 2000). Singh and
Rhomberg (1984) analyzed allozyme variation
among samples of ‘‘A. pomi’’ in southern
Ontario and distinguished two non-interbreeding subpopulations, one of which was
likely A. spiraecola. Halbert and Voegtlin
(1992) examined specimens from across North
America and developed morphological characters to differentiate the two species.
In this study, variation among Aphis L.
samples from apple was investigated and
the reliability of the morphological discriminants suggested by Halbert and Voegtlin
(1992) was assessed using three separate
approaches. Anonymous nuclear DNA
sequences for regions adjacent to dinucleotide
tandem repeats (microsatellite flanking region
(MFR) sequences) were used to assess variation in biparentally inherited DNA. It has
been demonstrated that DNA barcoding using
the 59 terminus of the mitochondrial cytochrome c oxidase subunit 1 gene (COI)
(Hebert et al. 2003) is an effective standardized approach to the characterization of a
wide range of organisms (Hajibabaei et al.
2007), including insects (Floyd et al. 2009). A
previous study (Foottit et al. 2008) showed the
utility of COI barcodes for identifying species
of Aphididae. In the present study, the ability
of DNA barcodes to consistently identify
these two species was investigated. Multivariate morphometric analyses may be used
to represent multidimensional patterns of
variation among specimens (Sorensen and
Foottit 1992). We examine a number of metric
characters using multivariate methods to
assess variation within and between samples
of A. pomi and A. spiraecola.

Material and methods
Collections and slide-mounting
A series of samples of A. pomi and
A. spiraecola on apple from southern British
Columbia (primarily the Okanagan Valley),
north-central Washington State, and New
York State were collected into 95% ethanol
between 1999 and 2001. Additional collections
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Fig. 1. Map of North American sampling localities ( , Aphis pomi; #, Aphis spiraecola).

were made from Australia, New Zealand,
several Pacific Ocean states (Guam, Marshall
Islands, Palau), southern Ontario, Hawai’i,
North Carolina, Vermont, Wisconsin, and
England and from various host plants. Series
from each collection were slide-mounted in
Canada balsam using techniques described by
R.G. Foottit and H.E.L. Maw (http:www.
zoology.ubc.ca/,mawe/bcaphids) for measurement and as vouchers for DNA samples,
and deposited in the Canadian National
Collection of Insects (Agriculture and AgriFood Canada, Ottawa, Ontario). Collection
localities are listed in Table 1 and mapped in
Figure 1.
For preliminary species identification, characters in Halbert and Voegtlin (1992) were
used.
MFR sequences
Sequences for three MFR sequence loci
(AP5, AP22, and AP28) designed for this study
(Lushai et al. 2004) were obtained using the
primer sets listed in Table 2. Polymerase chain
reaction (PCR) products were sequenced
directly using the DYEnamic Sequencing Kit
(GE Health Sciences, Birmingham, United

Kingdom) and dye-labeled custom primers
for both forward and reverse strands, followed
by simultaneous bidirectional electrophoresis
on a LI-COR/NEN Global IR2 automated
sequencing system (LI-COR Biosciences,
Lincoln, Nebraska).
A neighbour-joining algorithm (Saitou and
Nei 1987) based on uncorrected pairwise
distances, as implemented in PAUP*
(Swofford 2002), with insertion/deletion
events recoded as a fifth state, was used to
illustrate and examine patterns of variation
among samples. Representative sequences for
each observed haplotype for each locus have
been deposited in GenBank (accession Nos.
GQ1601832GQ160431).
COI (DNA barcodes)
Single aphid specimens were transferred to
coded 96-well lysis plates and sent to the
Biodiversity Institute of Ontario, University
of Guelph, Guelph, for DNA extraction and
sequencing. Standard protocols (Hajibabaei
et al. 2005; deWaard et al. 2007) were
employed for DNA extraction and amplification, sequencing of the 59 end of the COI
barcode region, sequence editing, and alignment.
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Table 1. Localities where Aphis pomi and A. spiraecola were sampled, and analyses used (microsatellite
flanking region (MFR) sequence, mitochondrial cytochrome c oxidase subunit 1 gene (COI) barcoding, and
morphometric techniques).

Canada
British Columbia
Armstrong*
Belcara Regional Park [ex Rosa L.]
Cawston (four sites)
Cranbrook [ex Spiraea]
Keremeos (three sites)*
Kelowna (five sites)
Kelowna (two sites)
Okanagan Falls
Oliver
Penticton [ex Spiraea]
Summerland (AAFC-PARC; four sites)*
Summerland (AAFC-PARC; six sites)*
Summerland (AAFC-PARC) [ex Spiraea]
Summerland (two sites)
Summerland (two sites)
Vancouver [ex Photinia Lindl. (Rosaceae)]
Vancouver (two sites)
Vancouver (UBC) [ex Pyracantha M. Roem.
(Rosaceae)]
Vancouver (UBC) [ex Gaultheria L. (Ericaceae)]
Vancouver (UBC) [ex Holodiscus (K. Koch)
Maxim. (Rosaceae)]
Vernon
Williams Lake
Winfield (two sites)
Nova Scotia
Barrachois
Wentworth
Ontario
Malakoff
Orient
Ottawa
Yonge Mills
Quebec
Stanstead
United States of America
Hawai’i
Kauai [ex Bougainvillea Comm. ex Juss.
(Nyctaginaceae)]
Kauai [ex Mussaenda L. (Rubiaceae)]
Kauai [ex Scaevola L. (Goodeniaceae)]
Hawai’i (Kona) [unknown host]
New York
Arcade
Arcade
Bainbridge

Aphis species

MFR
sequence

Barcode

Metric

pomi
spiraecola
pomi
spiraecola
pomi
pomi
spiraecola
pomi
spiraecola
spiraecola
spiraecola
pomi
spiraecola
pomi
spiraecola
spiraecola
pomi
pomi

6

6
6
6

6

6
6
6
6
6
6
6
6
6
6
6

6
6
6
6
6
6
6
6
6
6
6
6

6

6
6
6
6

6
6

spiraecola
spiraecola

6
6

pomi
spiraecola
pomi

6
6

pomi
pomi

6
6

spiraecola
spiraecola
pomi
pomi

6

6

pomi

6

6

6
6

6

6
6
6

spiraecola

6

spiraecola
spiraecola
spiraecola

6
6
6

pomi
spiraecola
spiraecola

6

6
6
6

6
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Table 1 (concluded).
Aphis species
Bethany
Endwell
Hornell
Oneota
Oswego
Owego
Randolf
North Carolina
Shooting Creek
Vermont
Newbury
Newbury [ex Spiraea]
Rutland
Rutland
Washington
Brewster
Esbach [ex Vaccinium L. (Ericaceae)]
Grandview
Lake Chelan (two sites)
Leavenworth (Prey Orchards)
Moses Lake
Oroville
Oroville
Quincy
East Wenatchee
Wenatchee (two sites)
Wisconsin
Menomonie
Australia (Canberra)
Guam [ex Chromolaena DC. (Asteraceae)]
Marshall Islands (Majuro) [ex Ixora L. (Rubiaceae)]
New Zealand (Lincoln (Lincoln University))
[unknown host]
Palau (Airai) [ex Chromolaena]
Palau (Koror) [ex Colocasia Schott (Araceae)]
United Kingdom (Harpenden (Rothamsted
Experimental Station))

spiraecola
spiraecola
spiraecola
pomi
spiraecola
spiraecola
pomi

MFR
sequence

6
6

Barcode
6
6
6
6
6
6
6

spiraecola
spiraecola
spiraecola
pomi
spiraecola
spiraecola
spiraecola
spiraecola
pomi
spiraecola
spiraecola
spiraecola
pomi
spiraecola
spiraecola
spiraecola

Metric

6
6
6
6
6

6
6
6

6

6

6

6
6
6
6

6
6
6
6

6
6
6

spiraecola
spiraecola
spiraecola
spiraecola
spiraecola

6
6
6
6
6

spiraecola
spiraecola
pomi

6
6

6
6

6
6

6

Note: An asterisk denotes a site where field-collected and reared specimens were both measured; otherwise, samples were
field-collected. The host plant is Malus sp. (orchard apple and ornamental crabapple) unless otherwise indicated (AAFCPARC, Agriculture and Agri-Food Canada, Pacific Agri-Food Research Centre; UBC, University of British Columbia).

Total DNA was extracted from individual specimens and the primer pairs LCO1490_t1 and
HCO2198_t2 (for sequences see Table 2; documentation is available on BOLD_ the Barcode of
Life Data System (Ratnasingham and Hebert
2007), ‘‘Published projects / View all primers’’
links) were used to amplify an approximately
700 base pair DNA fragment of mitochondrial
COI, which was subsequently sequenced in both

directions using either M13F or M13R (for sequences see Table 2; see also BOLD) to yield a 658
base pair sequence. All sequences obtained in this
study have been deposited in GenBank (accession Nos. FJ9984912FJ998605) and are also
accessible on BOLD (http://www.barcodinglife.
org, ‘‘Published projects/Aphis spp. on apple’’
link). Additional sequences from Foottit et al.
(2008; http://www.barcodinglife.org, ‘‘Published
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projects/Barcoding the Aphididae’’ link) were
included to give a wider geographic perspective
(GenBank
accession
Nos.
EU7014762
EU701477 andEU7014922EU701504). Nucleotide sequence divergences were calculated using
Kimura’s two-parameter model of base substitution (Kimura 1980; for justification for use of
the model with barcode data see Hebert et al.
2003), and neighbour-joining as implemented in
PAUP* (Swofford 2002) was used to visualize
the distance matrix.
Morphometrics
Nineteen continuous variables (Table 3,
Fig. 2) were measured on slide-mounted
specimens by means of a Reichert Polyvar
Met microscope (Leica Microsystems, Wetzlar, Germany) with a drawing tube to project
the specimen image onto a Sigmascan II
digitizing tablet (SummaSketch II, Summagraphics Corporation, Seymour, Connecticut).
Data were captured using custom software.
Two (for apterae) or four (for alatae) discrete
(count) variables were also recorded. Fiftynine alate and 155 apterous individuals
of A. pomi and 20 alate and 54 apterous
individuals of A. spiraecola were measured.
For bilaterally paired continuous features,
the left side was measured preferentially
unless the feature was missing or otherwise

unmeasurable. After initial examination of
pairwise correlations among variables, we
selected eight (apterae) or nine (alatae) of
the continuous characters for subsequent
analyses (indicated by an asterisk in Table 3)
because of a high correlation of the rejected
variables with body length. Principal components analysis (PCA) (SAS Procedure PRINCOMP; SAS Institute Inc. 2003) was carried
out on all specimens using the final eight or
nine continuous variables to determine the
main components of variation in the morphological data. The three setal measurements
were considered somewhat unreliable, owing
to foreshortening of some measured setae
because setal orientation in slide mounts
is not always perpendicular to the optical
axis. Thus, PCA was repeated with the three
setal measurements deleted. Canonical discriminant analysis (CDA; SAS Procedure
CANDISC; SAS Institute Inc. 2003) based
on the nonsetal retained variables, using
species as a classification variable, was
applied to the samples to examine the contribution of the retained variables to species
discrimination.
Other characters
The degree of pigmentation of the wing
veins of each alate specimen was subjectively

Table 2. Microsatellite flanking region sequences and COI barcode primers for Aphis pomi and A.
spiraecola.
Primer
Locus
AP5
AP22

AP28
COI

Name

Type/direction

Sequence (59239)

AP5SR-1F
AP5SR-1R
AP221f
4r
2f
5r
AP28F-3F
AP28F-3R
LCO1490_t1

PCR and sequence/forward
PCR and sequence/reverse
PCR/forward
PCR/reverse
Sequence/forward
Sequence/reverse
PCR and sequence/forward
PCR and sequence/reverse
PCR/forward

HCO2198_t1

PCR/reverse

M13F
M13R

Sequence/forward
Sequence/reverse

AGCGCGAGAATTTGTTGATTG
GCGTATAGTCTTAGGCAGGCAC
AAGAGAAATGAAAATGTGCTAACG
CGTCCTCGTCATCCTTCGG
CAAAAGTTTGCTAATTATTTGTTGG
CGTTGTAGTCGTTGTTCTTGCC
ACCTTCCACAGTAACAAAAACTCG
CTGCTACATGTATATGCTGCTGTAC
TGTAAAACGACGGCCAGTGGTC
AACAAATCATAAAGATATTGG
CAGGAAACAGCTATGACTAAACTTCAGG
GTGACCAAAAAATCA
TGTAAAACGACGGCCAGT
CAGGAAACAGCTATGAC
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Table 3. Variables measured on Aphis pomi and A.
spiraecola.
Continuous measurement
1*
Body length (to apex of anal plate, i.e.,
excluding cauda)
2*
Distal rostral segment length
Hind leg:
3
hind-femur length
4
hind-tibia length
5
hind-distitarsal length
6*
Siphuncular length
Cauda:
7*
caudal length (from apex of sinus)
8*
caudal-sinus length
9*
Abdominal tergum 8 setal length
Head setae:
10*
posterior submedian seta of vertex
11*
anterior submedian seta of vertex
Antenna:
12
pedicel (segment 1) length
13
scape (segment 2) length
14
segment 3 width at base
15
segment 3 length
16
segment 4 length
17
segment 5 length
18
segment 6 base length (to distal margin of
primary rhinarium)
19 (*)
terminal process length
Discrete variable
1
No. of caudal setae
2
No. of lateral tubercles on abdominal
segments 225 (total for both sides;
excluding tubercles on segments 1 and 7,
which are always present)
3
No. of rhinaria on antennal segment 3
(alatae only)
4
No. of rhinaria on antennal segment 4
(alatae only)
Note: An asterisk denotes a continuous variable that
was retained after initial analysis in order to exclude
highly correlated characters. The terminal process (No. 19)
was retained for alatae only.

classified as light or dark as described by
Halbert and Voegtlin (1992).

Results
MFR sequences
Data for all three MFR loci were obtained
for 54 samples identified as A. pomi and 28 as
A. spiraecola. Observed variation in the three
loci among analyzed samples is summarized in

Table 4. A total of 24 variable sites were
observed within the combined total of 1680
bases examined, yielding 26 observed genotypes in the concatenated data. The heterozygous samples observed were unambiguously
explained as combinations of haplotypes
observed in homozygous samples. The dominant haplotype of AP5 in A. pomi was found
in two samples of A. spiraecola. No other
haplotype of any locus was shared by the two
species: one of the three remaining haplotypes
of AP5, one of six AP22 haplotypes, and two
of four AP28 haplotypes were found only in
A. pomi samples and the remaining haplotypes
only in A. spiraecola. The neighbour-joining
tree based on pairwise distances among
samples for pooled data (Fig. 3) reflects this
dichotomy, with data falling into two discrete
clusters corresponding to the two morphologically defined species. Aphis pomi is relatively
uniform, with 87% of samples having identical
sequences for all three loci. The remaining 23
observed genotypes are distributed among the
28 A. spiraecola samples, i.e., almost every
sample of this species has a unique genotype.
Two subclusters are apparent among
A. spiraecola samples (root nodes at A and B
in Fig. 3). Among group-A samples, 8 of 10
are from eastern North America, while among
group-B samples, all but 1 are from western
North America.
COI (DNA barcodes)
COI barcode data for 76 specimens of
A. pomi and 56 samples of A. spiraecola are
summarized in the neighbour-joining tree in
Figure 4. The two species form distinct
clusters with a mean divergence of 5.0% (range
4.8%25.1%) corresponding to about 30 base
changes. All A. pomi samples are identical.
The majority of A. spiraecola specimens,
including samples from British Columbia,
Ontario, Washington, New York, Wisconsin,
Hawai’i, Vermont, Australia, and the various
Pacific island states (Guam, Palau, Marshall
Islands), also constitute a single haplotype;
only one specimen from New Zealand, two
from New York, and three from British
Columbia differ from the common type by
one to three base changes (maximum pairwise
within-species divergence 0.62%).
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Fig. 2. Characters of Aphis pomi and A. spiraecola measured. A32A6, antennal segments 326; a8s, setae of
abdominal tergum 8; vsa, anterior submedian setae of vertex of head; vsp, posterior submedian setae of
vertex. Lateral tubercles on abdominal segments 1 and 7 (indicated by numerals) are not included in lateral
tubercle counts. Rhinaria on antennal segment 3 are not shown.

Morphometrics
Summary statistics for the retained continuous variables and discrete variables are given in
Table 5 (apterae) and Table 6 (alatae). Also
included is the length of the hind tibia, because
this is highly correlated with overall body length
but is easier to measure accurately in poorly

mounted specimens. One derived measurement,
total caudal length (apical part plus sinus), is
also given. All alate specimens of A. spiraecola
available for measurement were from reared
material (collections are listed in Table 1);
measurement summaries for reared alate specimens of A. pomi are given separately.
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Table 4. Observed variation among samples of Aphis pomi and A. spiraecola for each locus and for
concatenation of all loci within individuals.

Locus
AP5
AP22
AP28
Total

Sequence
length (bp)
700
500
480
1680

No. of variable sites*

No. of observed
haplotypes

+
+
+
+

4
6
3
23{

3
10
5
18

2
2
2
6

No. of observed genotypes{
6
8
4
26

(4 + 2)
(6 + 2)
(3 + 1)
(17 + 8)1

Note: All observed individuals heterozygous at a locus were explainable as combinations of haplotypes observed in
individuals homozygous for that locus.
*Values in parentheses show single nucleotide changes + insertions/deletions.
{
Values in parentheses are homozygous + heterozygous.
{
Of a total 72 possible combinations.
1
No individual was heterozygous at more than one locus.

Projections of apterous specimens onto the
first two principal component (PC) axes, with
points labeled according to prior species
determinations, are shown in Figure 5 (A:
with setal measurements, the first two components representing 62% of total variation; B:
without setal measurements, representing 85%
of total variation). Although PCA makes no
a priori assumptions about assignment to
class, the species are distributed differently.
In the analysis with setal lengths included,
PC1 (see Table 7) is apparently a generalized
size component (all contributions positive).
PC2 is dominated by variation in setal length,
with contrasts to rostral length. As noted
above, an unknown proportion of this variation in setal length may in fact be attributed
to measurement error due to foreshortening in
the optical plane. If these variables are
omitted, the species are clearly separated, with
the main contribution to PC2 being contrast
in lengths of the distal rostral segment and
siphunculus.
On average, apterae of A. spiraecola are
smaller, with shorter siphunculi, and the
apical part of the cauda is longer (Table 5).
Note that when the traditional measurement
of caudal length (total length in Table 5, base
of sinus to apex of apical part) is used, mean
caudal lengths are almost identical, but the
cauda of A. spiraecola is longer relative to
body length (13.5% vs. 11.8%). The setae of
specimens of A. spiraecola are longer relative
to body size, but mean absolute setal lengths
are very similar in the two species. There is

considerable overlap in the above measurements. However, length of the distal rostral
segment is usually sufficient to distinguish the
species, with only slight overlap between the
ranges of values for A. spiraecola and A. pomi
(see Table 5). On apple, total number of lateral
tubercles is also a fairly robust indicator of
species; in general, the diameter and degree of
projection from the body surface of these
tubercles are also greater in A. pomi. However,
some specimens collected on Spiraea (not
included in the set of measured specimens)
had up to four fairly large tubercles similar to
those of A. pomi, although rostral length and
DNA barcode data indicate that these specimens belong to A. spiraecola, as expected
from the host association. Siphuncular length
varies seasonally (Fig. 6, Table 5), decreasing
between June and September, and then increasing. Differences in siphuncular length between
species show less overlap if time of year is
considered.
In preliminary CDA, the contribution of
setal measurements to discrimination of the
two species was negligible. Standarized coefficients from a reanalysis of the remaining
retained variables are given in Table 7. As
would be expected from the univariate difference in rostral lengths, this variable predominates in CDA, while contrast (opposite sign,
similar magnitude) between siphuncular length
and length of the apical part of the cauda also
contributes to separation of the groups.
Ordinations for first two components of
PCA for alatae, with and without setal
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Fig. 3. Neighbour-joining tree of concatenated microsatellite flanking region loci for Aphis pomi and A.
spiraecola. A, cluster of A. spiraecola consisting mainly of samples from eastern North America; B, cluster
of A. spiraecola samples mostly from western North America.

E 2009 Entomological Society of Canada

488

Can. Entomol. Vol. 141, 2009

Fig. 4. Neighbour-joining tree for COI barcode sequences for Aphis pomi and A. spiraecola.

measurements (accounting for 72% and 88%
of total variation in the respective analyses),
are given in Figure 7, and contributions of

variables in Table 8. As for apterae, distributions of the two species differ within the
pooled pattern of variation.
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Table 5. Summary statistics for all retained variables for apterae of Aphis pomi and A. spiraecola.
Aphis pomi
n
Body length
Hind-tibia length
Distal rostral segment length
Siphuncular length
Overall
May
June
July
August
September
October
November
Cauda
No. of setae
Total length
Length of apical part
Length of sinus
Setal length
Anterior vertical
Posterior vertical
Abdominal tergum 8
Abdominal tubercle count

Mean

Aphis spiraecola

Range

SD

n

155
155
155

1759
848
139

1242–2460
639–1087
120–156

255
102
7

155
26
19
60
27
10
4
8

386
372
470
413
301
329
435
356

167–562
225–487
349–562
271–518
167–481
208–395
363–494
247–471

86
77
52
67
74
59
55
83

54

155
153
153
153

15.6
205
128
77

10–21
112–276
68–201
44–111

2.1
24
19
10

54
54
54
54

129
128
122
154

26
26
30
5.25

16–53
17–57
15–52
1–7

6
6
8
1.06

Mean

54 1523
54 696
54 110

Range

SD

1010–1939
458–959
94–123

220
130
8

266

134–377

58

2
34
8
6

253
286
264
173

253–342
209–377
216–304
134–210

63
45
27
30

4

208

153–270

59

10.4
203
141
64

7–14
122–255
91–177
42–99

1.8
28
21
10

15
15
12
50

27
27
31
0.24

18–41
18–41
20–46
0–2

0.65

Note: Length measurements are in micrometres.

As with apterae, the body, siphunculus, and
rostrum are shorter in alatae of A. spiraecola
(Table 6). Also as with apterae, the overlap in
rostral lengths is minimal: the distal rostral
segment exceeded 110 mm on only a single
specimen of A. spiraecola, well below the
minimum value for A. pomi (121 mm). Furthermore, the siphunculus of only one specimen of A. spiraecola exceeded 182 mm in
length, whereas that of only one specimen of
A. pomi was less than 195 mm. Unlike in
apterae, caudal length relative to body length
in alatae is similar (about 10%) in the two
species. Also, mean length of setae is less
in alatae of A. pomi, the reverse of the
pattern in apterae. The difference in number
of lateral tubercles is pronounced: none of
the measured specimens of A. spiraecola had
any lateral tubercles on abdominal segments
225.
CDA on nonsetal variables (see Table 8)
shows that rostral and siphuncular lengths
both contribute strongly to discrimination of

the species and both show contrast with length
of the apical part of the cauda.
Pigmentation of wing veins did not correspond entirely to species determinations based
on other characters. All ‘‘dark’’-veined individuals were assigned to A. pomi, based on
other criteria, but some ‘‘light’’-veined specimens also appeared to belong to A. pomi,
based on both morphological criteria and
DNA barcodes. The ‘‘light’’-veined A. pomi
specimens did not appear to be teneral, based
on pigmentation in the rest of the body.

Discussion
All three approaches indicated the same
partitioning of samples into two groups
corresponding to the two species, A. pomi
and A. spiraecola. The discriminating morphological criteria suggested by Halbert and
Voegtlin (1992), with the exception of wingvein pigmentation, are supported by the
results of the present study. The length of
the last rostral segment and the number of
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Table 6. Summary statistics for all retained variables for alatae of Aphis pomi and A. spiraecola.
Aphis pomi
n
Body length
Overall
59
Reared
12
Hind-tibia length
Overall
59
Reared
12
Distal rostral segment length
Overall
58
Reared
13
Antenna terminal process
Overall
58
Reared
12
Antennal rhinaria
Segment 3
59
Segment 4
59
Siphuncular length
Overall
59
Colony
12
Cauda
No. of setae
58
Total length
58
Length of apical part
58
Length of sinus
58
Setal length
Anterior vertical
53
Posterior vertical
54
Abdominal tergum 8
58
Abdominal tubercle
59
count

Mean

Range

Aphis spiraecola
SD

n

Mean

Range

SD

1686
1534

1272–2087
1272–1837

228
157

20

1326

1092–1686

168

878
780

659–1074
659–965

99
77

20

636

529–877

87

138
132

121–171
121–142

12
6

20

100

310
303

256 –368
256–356

23
26

20

251

7.7
0.8

5–11
0–4

1.2
0.9

20
20

6.5
1.0

89–122*

210–305
4–9
0–3

8

27
1.7
1.1

279
240

172–351
173–306

44
37

20

154

125–221

24

14.6
165
98
67

10–19
104–201
61–126
42–82

2.1
20
19
10

20
20
20
20

9.5
131
81
49

8–11
106–166
57–104
37–63

1.0
18
12
6

20
20
20
20

23
24
30
0

15–44
15–43
20–40

6
7
5

30
32
38
5.06

15–55
17–59
21–61
1–6

7
7
8
0.90

Note: Length measurements are in micrometres. All A. spiraecola were collected from colony material. Results for
reared A. pomi are given separately.
*Of the 20 specimens, 19 fall in the length range 89–110 mm.

lateral tubercles on the abdomen are generally
reliable in separating the species on apple.
However, these characters are difficult to
observe when sorting unmounted material.
In this case, preliminary sorting of apterae
based on length of the cauda, specifically the
apical portion, is feasible, and use of a
threshold value of 2.45 for the ratio of
siphuncular length to caudal (apical part)
length (normally less than 2.45 for A. spiraecola) provides greater accuracy. Sorting of
alatae on the basis of vein pigmentation can
be misleading, owing to ‘‘light’’-veined individuals of A. pomi, but most alate specimens of
A. spiraecola have a siphuncular length less

than 200 mm and thus can usually be
recognized. Seasonal variation in siphuncular
length is not a problem when contemporaneous samples are compared, but care must
be taken when examining material collected at
different times of the year.
The COI barcode sequence is uniform
within species (maximum divergence 0.62%),
while a sequence divergence of 5% between
species provides a clear distinction between
the two. Technological advances in rapid
recognition of fixed sequence differences
provide the potential for developing an easy
and reliable method for unambiguously
identifying populations in pest-management
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Fig. 5. Ordination onto the first two components of principal component analysis for apterae of Aphis pomi
and A. spiraecola including setal measurements (A) and excluding setal measurements (B). Data points are
labeled according to preliminary species determination ( , A. pomi; #, A. spiraecola).

N
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Fig. 6. Siphuncular lengths for field-collected apterae of Aphis pomi and A. spiraecola through time and
for laboratory-reared specimens. Data points are labeled according to preliminary species determination
( , A. pomi; #, A. spiraecola).

N

situations. Previously, identifications of aphids
have been based on adult characters. Use of
barcodes would allow identification of immature forms and overwintering eggs.

Lowery et al. (2005) noted the need for
further information on the distribution,
abundance, and biology of these two
species for the development of an effective

Table 7. Contributions to the first two principal components (PC) for principal components analysis
and standardized coefficients for canonical discriminant analysis for apterous individuals of Aphis pomi and
A. spiraecola.
A

Body
Distal rostral segment
Siphunculus
Cauda
Apical part
Sinus
Anterior vertical seta
Posterior vertical seta
Abdominal tergum 8 seta

B

C

PC1

PC2

PC1

PC2

Standardized canonical
discriminant coefficient

0.484
0.307
0.482

20.142
20.353
20.217

0.512
0.418
0.525

0.185
20.517
20.012

20.086
2.160
0.530

0.357
0.444
0.174
0.168
0.234

0.068
20.064
0.532
0.599
0.396

0.257
0.469
—
—
—

0.816
20.176
—
—
—

20.816
20.069
—
—
—

Note: A, principal components when setal lengths are included; B, principal components when setal lengths are
excluded.
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Fig. 7. Ordination onto first two components of principal component analysis for alatae of Aphis pomi and
A. spiraecola including setal measurements (A) and excluding setal measurements (B). Data points are
labeled according to preliminary species determination ( , A. pomi; #, A. spiraecola).

N

E 2009 Entomological Society of Canada

494

Can. Entomol. Vol. 141, 2009

Table 8. Contributions to the first two principal components (PC) for principal components analysis
and standardized coefficients for canonical discriminant analysis for alate individuals of Aphis pomi and
A. spiraecola.
A

Body
Distal rostral segment
Siphunculus
Cauda
Apical part
Sinus
Terminal process
Anterior vertical seta
Posterior vertical seta
Abdominal tergum 8 seta

B

C

PC1

PC2

PC1

PC2

Standardized canonical
discriminant coefficient

0.367
0.394
0.398

20.247
20.028
20.187

0.403
0.430
0.443

0.472
20.200
20.146

20.352
1.183
1.556

0.364
0.368
0.350
0.261
0.216
0.245

20.228
20.002
20.025
0.758
0.515
20.103

0.388
0.398
0.384
—
—
—

0.578
20.071
20.615
—
—
—

20.713
0.138
0.004
—
—
—

Note: A, principal components when setal lengths are included; B, principal components when setal lengths are excluded.

pest-management strategy. The results for the
MFR sequences suggest that A. pomi is relatively uniform throughout North America. In
contrast, A. spiraecola samples are relatively
diverse, which may indicate multiple introductions as a consequence of international trade
in ornamental plants. In particular, samples
from eastern and western North America
exhibit differences in observed frequencies of
the various haplotypes. The greater host range
of A. spiraecola may also contribute to the
evolution and maintenance of genetic variability in this species. This difference in
genetic diversity suggests a potential for
greater variation in biological characteristics
among populations of A. spiraecola than
among those of A. pomi.
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