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ABSTRACT

Recent aphid-vectored viruses in the northeastern U.S. led to extensive surveys of aphid 
(Hemiptera: Aphididae) species composition. We report the species composition and rich-
ness of alate aphids associated with processing snap bean (Phaseolus vulgaris L.; Fa-
bales: Fabaceae) agroecosystems from field surveys conducted during 5 yr in New York 
and 3 yr in Pennsylvania. Rates of species accumulation were similar between the 2 
states, and asymptotic, suggesting reasonably adequate sampling intensity. Our results 
suggest that about 95 to 100 aphid species are present as alates within these agroeco-
systems, a surprisingly high percentage (~14 to 18%) of the total aphid richness. Host 
records suggest that 61% of the alate aphid species we collected from pan traps placed 
within snap bean fields were dispersing through this agroecosystem, originating from 
woody plants in the surrounding landscape. We compiled this information with a recent 
study of aphid species composition from peach orchards and an exhaustive inspection 
of museum samples, and present an updated list of the aphid species in Pennsylva-
nia.

Key Words: Aphis glycines, host, pan traps, peach, Phaseolus vulgaris, virus-vec-
tors

RESUMEN

Los virus recienes transmitidos por áfidos (pulgones) en el noreste de los EE.UU. resultó 
en un sondeo amplio de la composición de las especies de los áfidos (Hemiptera: Aphidi-
dae). Se reporta la composición y riqueza de especies de áfidos alados asociados con el 
agroecosistema de la habichuela procesada (Phaseolus vulgaris L.; Fabales : Fabaceae) 
de estudios de campo realizados durante 5 años en Nueva York y durante 3 años en 
Pennsylvania. La tasa de acumulación de especies fue similar entre los 2 estados y asin-
tótica, lo que sugiere la intensidad del muestreo fue razonablemente adecuada. Nuestros 
resultados sugieren que aproximadamente 95 a 100 especies de áfidos están presentes 
como alados dentro de estos agroecosistemas, un porcentaje sorprendentemente alto (~ 
14 a 18 %) de la riqueza total de los áfidos. Los registros de los hospederos sugieren que 
el 61 % de las especies de áfidos alados que recogimos en las trampas de caída colocadas 
dentro de los campos de habichuela se dispersaba a través de este agroecosistema, pro-
cedentes de plantas leñosas en el área alrededor. Hemos recopilado esta información con 
un reciente estudio sobre la composición de especies de áfidos en los huertos de durazno 
y una inspección exhaustiva de especimenes depositados en museos. Se incluye una lista 
actualizada de las especies de áfidos en Pennsylvania.

Palabras Clave: Aphis glycines, hospedero, trampas de caída, durazno, melocotón, 
Phaseolus vulgaris, vectores de virus

Aphids are a small, but diverse group of in-
sects with an origin in the Jurassic and a total 
of 4800 species world-wide (Grimaldi & Engel 
2005; Dixon 1985a; Dixon 1985b). They are 

primarily phloem feeders and when present 
in high densities can damage their host plant. 
Aphids excrete excess carbohydrates from their 
diet of phloem sap, providing a nutrient-rich 
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substrate for sooty mold fungi to grow. Sooty 
mold can be a major problem in a number of 
agricultural crops because the mold can either 
render produce unmarketable or reduce plant 
quality of the commodity. Aphids are also im-
portant vectors of viruses that can kill their 
host plant or substantially reduce crop yield 
and quality (Agrios 2005). Some viruses are 
transmitted by aphids in a non-persistent, sty-
let-borne manner. They are obtained quickly by 
their aphid vector during short tasting probes, 
adhere to the stylet lining by binding to helper 
component proteins or directly to the stylet, and 
remain there until they are flushed out during 
another tasting probe (Ng & Falk 2006). Non-
persistently transmitted viruses can be vectored 
by alates, sometimes by multiple aphid species 
(Gildow et al. 2008) regardless of whether or 
not there is reproduction on the plant host, and 
the epidemiology of these viruses can be influ-
enced heavily by the alate aphid community.

Several viruses of this type have been intro-
duced recently, or increased in frequency, in the 
northeastern U.S. One, plum pox virus (PPV), 
threatened the stone fruit industry following 
its arrival in the U.S. This virus causes sharka 
disease in parts of Europe and South America 
where it is endemic (Roy and Smith 1984; Ro-
sales et al. 1998). Type D isolates were detected 
in the U.S. in Pennsylvania in 1999 (Damsteegt 
et al. 2001), and surveillance and eradication 
efforts of this invasive species included destruc-
tion of approximately 23% of the non-cherry 
stone fruit orchards of Pennsylvania (Wallis et 
al. 2005). As part of these efforts, studies were 
conducted to determine the potential aphid 
species that might serve as reservoir or route 
of transmission in the region where this virus 
was first detected (Wallis et al. 2005). Soon 
thereafter, in the early 2000s, Northeastern 
and Midwestern U.S., snap bean crops (Phaseo-
lus vulgaris L; Fabales: Fabaceae.) had virus-
like symptoms (leaf mosaic and blistering, de-
formed pods) and experienced dramatic yield 
loss (Larsen et al. 2002). Among the viruses 
detected were alfalfa mosaic virus, bean com-
mon mosaic virus, bean pod mottle virus, bean 
yellow mosaic virus, clover yellow mosaic virus, 
clover yellow vein virus (ClYVV), cucumber mo-
saic virus (CMV), tobacco streak virus and white 
clover mosaic virus (Grau et al. 2002; Larsen et 
al. 2002; Shah et al. 2006). CMV was the most 
prevalent virus detected in these snap bean 
fields (Larsen et al. 2002; Shah et al. 2006). As 
is the case with PPV, CMV is transmitted by 
aphids in a non-persistent, stylet-borne manner 
(Nault 1997). CMV-infected plants were often 
found in clumps in snap bean fields, which were 
consistent with aphid-initiated virus epidemics 
(Shah et al. 2005). CMV epidemics also occurred 
more frequently in New York than in Pennsyl-

vania. The CMV epidemics coincided with the 
appearance of a newly invasive aphid, Aphis 
glycines Matusmura (Nault et al. 2009), and as 
was the case with stone fruit, the threat of viral 
epidemics led to extensive surveys of the alate 
aphids species composition in the affected crop.

These recent surveys of aphid collected from 
snap bean fields in Pennsylvania and New York, 
and peach orchards in Pennsylvania, were quite 
extensive. Also from Pennsylvania, J. O. Pepper 
specialized in aphid identification and actively 
collected them for most of the 20th century. 
His collections centered at his home in cen-
tral Pennsylvania (State College) and included 
much of the surrounding forest and farmland. 
The bulk of his collection is housed in the Frost 
Entomological Museum (University Park, Penn-
sylvania), and he also contributed slides to the 
United States National Collection (Beltsville, 
Maryland). Pepper (1965) reported 345 species 
in a published list of the aphids of Pennsylvania 
and their host plants. To date, this is the most 
comprehensive published list of aphids for the 
state. However, since taxonomy and systemat-
ics are in flux, the names that Pepper published 
are currently out of date and in need of revision.

The purpose of this study was to identify the 
species composition and estimate aphid spe-
cies richness in snap bean agroecosystems in 
the northeastern states from field surveys, and 
generate a current list of aphid species in this 
region using field survey data, literature, and 
an examination of the J. O. Pepper aphid col-
lection.

MATERIALS AND METHODS

Detailed methods for alate aphid collection in 
snap bean fields in Pennsylvania and New York 
were published in Nault et al. (2009). To sum-
marize, we used water pan traps baited with a 
green ceramic tile (Webb et al. 1994) and filled 
with a 20% propylene glycol solution in snap 
bean fields in both states from 2002 – 2006 in 
NY and 2004 – 2006 in PA. Traps were installed 
in a total of 56 fields in western NY (12 each 
yr, except for 2004 which had 8 fields) and 18 
fields in Centre county PA (6 each yr). The traps 
in Centre County formed an approximately 40 
mile transect in the southern portion of the 
county roughly following state routes 45 and 
192. The traps were checked weekly for aphids 
from the early trifoliate stage (early to mid Jul) 
until field harvest. Collection methods in the 
peach (Prunus persica (L.) Stokes; Rosales: Ro-
saceae) orchard are documented in Wallis et al 
(2005), and also used the water pan traps bait-
ed with a green tile. Trapping occurred during 2 
yr in 2 orchards in central Pennsylvania.

For both studies, aphids were removed 
from pan traps and then stored in 70% etha-
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nol (EtOH), then transferred to potassium 
hydroxide and heated for 1 h or until clear. 
Cleared aphids were rinsed for 10 min each in 
a sequence of 95% EtOH, absolute EtOH, and 
clove oil. Once rinsed, each aphid was placed on 
a drop of Canada balsam on a glass slide and 
positioned to expose diagnostic features before 
a coverslip was placed on top. Aphids collected 
in New York were identified by R. Eckel (RVWE 

Consulting, Frenchtown, New Jersey), whereas 
those from Pennsylvania were identified by W. 
Sackett and A. Bachmann using keys by Smith 
et al. (1992) and Blackman & Eastop (2000). 
Voucher specimens are located at the New York 
State Agricultural Experiment Station in Gene-
va, New York, and the Department of Entomol-
ogy, Pennsylvania State University, University 
Park, Pennsylvania.

Species rarefaction curves were calculated 
for the Pennsylvania and New York collections 
individually and for both states combined using 
EstimateS (Colwell 2005).

A complete list of aphids from Pennsylvania 
was compiled using the J. O. Pepper Aphid Slide 
Collection, which is housed at the Frost Ento-
mological Museum (University Park, Pennsyl-
vania), as well as species recorded in Pepper 
(1965). We searched the slide collection in ad-
dition to using Pepper (1965) because Pepper 
continued to collect aphids and make slides into 
the late 1980s, but did not publish any updates 
to his original 1965 paper. Because the collec-
tion and Pepper (1965) contained aphid species 
names from the early 20th century, we consult-
ed 2 online aphid databases to ensure that the 

TABLE 3. NEW APHID RECORDS FROM PENNSYLVANIA RE-
PORTED IN NAULT ET AL. (2009) AND/OR WAL-
LIS ET AL. (2005), BUT NOT FOUND IN PEPPER 
(1965).

Species Nault et al. Wallis et al.

Acyrthosiphon kondoi
Aphis glycines
Aphis lugentis
Aphis (Protaphis) middletonii
Aphis pulchella
Nearctaphis clydesmithi
Tetraneura nigriabdominalis

TABLE 4. SPECIES IN SIX SUBFAMILIES OF THE FAMILY APHIDIDAE OCCURRING IN PENNSYLVANIA.

Subfamily Tribe Species

Anoeciinae Anoecia corni
Anoecia cornicola
Anoecia oenotherae
Anoecia setariae Gillette & Palmer

Hormaphidinae Cerataphidini Cerataphis lataniae (Boisduval)
Hormaphidini Hamamelistes spinosus Shimer

Hormaphis hamamelidis Fitch

Mindarinae Mindarus abietinus Koch

Phyllaphidinae Phyllaphis fagi (L.)
Stegophylla quercicola (Monell)
Stegophylla quercifoliae (Gillette)
Stegophylla quercina Quednau

Pterocommatinae Fullawaya terricola (Hottes & Frison)
Plocamaphis flocculosa Weed
Pterocomma bicolor
Pterocomma medium Baker
Pterocomma populifoliae (Fitch)
Pterocomma smithiae

Saltusaphidinae Saltusaphidini Iziphya flabella (Sanborn)
Iziphya vittata Richards
Strenaphis elongate (Baker)

Thripsaphidini Allaphis verrucosa (Gillette)
Subsaltusaphis virginica (Baker)
Thripsaphis ballii (Gillette)
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final list used the most current nomenclature 
(Aphid Species File – http://aphidspeciesfile.
org, accessed 22-IV-2012 and Aphids on the 
World’s Plants - http://www.aphidsonworld-
splants.info/, accessed 1-XI-2013). We combined 
our findings from the Pepper collection material 
with the results of our pan trapping study and 
Wallis et al. (2005) to create a more current list 
of the aphids of Pennsylvania (Tables 3–11).

RESULTS

In snap bean fields in New York and Penn-
sylvania, a total of 8,821 aphids were identified, 
with 7,484 from New York and 1,337 from Penn-
sylvania. A total of 97 species were caught; 71 
from New York and 41 from Pennsylvania. We 
were unable to identify only 254 (2.8%) of the 
aphids. Of the aphids captured, those species 
representing 1% or greater of the total number 
caught in either state are listed in Table 1 (orig-
inally published in Nault et al. 2009) with their 
abundances. A comprehensive list of all aphid 
species found in Pennsylvania and New York 
snap bean fields is shown in Table 2 along with 
their host associations based on Blackman & 
Eastop (1994, 2000, and 2006). From this host 
information we estimated that 61 percent of the 
species dispersing through snap bean fields in 
both states were most likely coming in from the 
surrounding forests as their hosts are woody, 
not herbaceous, species (Fig. 1).

Species accumulations followed asymptotic 
patterns (Fig. 2) suggesting reasonably ade-
quate sampling of the aphid species present as 
alates in commercial snap bean fields. Overall, 
there were fewer aphids collected in Pennsyl-
vania, but based on the rarefaction curve there 
were a similar number of total species repre-
sented in a sample of the same number of in-
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Fig. 1. Proportion of aphids from the pan trapping 
collection in Pennsylvania and New York that use her-
baceous plants, trees, or crops as primary hosts. Host 
associations for North America characterized from 
Blackman & Eastop (1994, 2000, 2006).
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dividuals (Figs. 2 and 3, at 1,250 individuals 
there would be 45 species sampled in Pennsyl-
vania and 50 in New York). Based on the his-
torical collections reported by Pepper, there 
are approximately 350 aphid species in Penn-
sylvania. Historical reports in Leonard (1963) 
suggest that there are approximately 430 aphid 
species in New York.

Combining the list of aphids collected from 
snap bean fields, peach orchards and those pub-
lished by J. O. Pepper in 1965, we developed 
a new, more comprehensive list of the aphids 
present in Pennsylvania. We found 7 species 
present in our collections that were not present 
in the slide collection housed in the Frost Ento-
mological Museum (University Park, Pennsyl-
vania) or published in Pepper (1965) (Table 3). 
One of these aphids, Aphis glycines Matsumura, 
was introduced to the US around the turn of the 
21st century and is now widespread through-
out the Midwest, Northeast and southeastern 
Canada (Ragsdale et al. 2011).

DISCUSSION

Our passive trapping in snap bean fields 
alone yielded a surprisingly high percentage of 
the species present throughout Pennsylvania 
and New York (~14% and ~18% respectively). 
Our sampling method concentrated on only one 
habitat (commercial snap bean fields), but did 
intercept aphids moving from the surround-
ing forests and hedgerows. The high degree of 
landscape heterogeneity and crop diversity in 
the trapping areas includes plant species that 
serve as hosts for many of the aphid species 
that represented less than 1% of the total cap-
ture (Pfleeger et al. 2006). These aphids were 
captured in very small numbers (mostly single-
tons), and are not important contributors to the 
plant virus epidemics reported by Wallis et al. 
(2005) and Nault et al. (2009).

Of the aphids we captured, 2 species were 
especially notable; Therioaphis trifolii Monell, 
which comprised 31.8% of the identified aphids, 
and A. glycines which represented 18.2 % of the 
identified aphids. Both of these aphids were 
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TABLE 9. SPECIES IN THE SUBFAMILY DREPANOSIPHINAE 
OCCURRING IN PENNSYLVANIA.

Drepanaphis 
acerifoliae

Drepanaphis 
nigricans

Drepanaphis 
spicata Smith

Drepanaphis 
carolinensis

Drepanaphis 
parva Smith

Drepanosiphum 
platanoidis

Drepanaphis  
kanzensis Smith

Drepanaphis 
sabrinae Miller

Shenahweum 
minutum (Davis)

Drepanaphis 
monelli Davis

Drepanaphis 
simpsoni Smith
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introduced to North America (A. glycines from 
Asia and T. trifolii from Europe) and were quite 
destructive to crops immediately after their in-
troduction (in soybean and alfalfa, respective-
ly). Aphis glycines continues to cause signifi-
cant economic damage in soybean (Ragsdale et 
al. 2011). While not known to colonize Phaseo-
lus spp., both species are competent vectors of 
the legume strain of CMV (Gildow et al. 2008).

The intermittent appearance of CMV in cen-
tral Pennsylvania snap bean crops could be 
influenced by a unique agricultural landscape. 
Agricultural fields are located in valleys bor-
dered by the low, but steep, forested ridges of 
the Appalachian Mountains. The ridge and val-
ley system might be acting like a barrier, keep-
ing CMV out for most of the season. We did not 
search for a CMV reservoir outside of testing 
a few alfalfa fields, which were also negative 
for CMV. It is possible, that much like our A. 
glycines population, legume strains of CMV 

may be transient. If this is the case, migrating 
aphids may be scrubbed of virions when they 
land in one of the many bordering forests con-
taining many non-host plants.

The Pepper (1965) aphid list in addition to 
the Pepper slide collection allowed us to com-
pile a comprehensive list of the aphids present 
in Pennsylvania, but the nomenclature was in 
need of updating. Our efforts to update the no-
menclature, and incorporate our more recent 
sampling efforts, resulted in a modern list of 
aphids of Pennsylvania that includes recently 
introduced species.
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