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Abstract.—During 2003–2006, a general aphid survey was conducted in the
Great Smoky Mountains National Park in the American states of Tennessee and
North Carolina. The project was undertaken within the context of the All Taxa
Biodiversity Inventory and funded by Discover Life in America. In all, 121 aphid
species were documented. When present, attendant ants were also collected and
identified, as were the aphid host plants. The aphids, their attendant ants, and host
plants are listed here. In addition, a checklist of the plants of the park and a catalog
of the aphids of North America were cross-referenced to create a list of aphids not
actually found but likely present in the Great Smoky Mountains National Park,
increasing the number to 206. Finally, we used Chao1 statistical techniques to
estimate the total number of aphid species based on our sampling to date. These
produced estimates of 201–214 species.
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The All Taxa Biodiversity Inventory
(ATBI) of the Great Smoky Mountains
National Park (GRSM) was initiated in
1997 with the aim of cataloging the
diversity of all life within the park
(Nichols and Langdon 2007). Insects
and other arthropods have constituted a
significant portion of the ATBI (Sanders
et al. 2010) due to their tremendous
species diversity. To date, however, no

studies have reported on aphids (He-
miptera: Aphididae).

Aphids are phloem-sucking insects
with over 4,500 species worldwide
(Remaudière and Remaudière 1997).
Most species are strongly host-specific
(Dixon 1987) and many are tended by
ants: the aphids provide nutrient-rich
honeydew in return for protection from
predators and parasitoids (Way 1963).
Given the high plant diversity in GRSM
(over 1,300 species; Jenkins 2007) and
the otherwise biologically rich nature of* Accepted by Michael W. Gates



the park (Nichols and Langdon 2007), a
large number of aphid species are likely
present. Historically, few aphid collec-
tions have been made in the park, and
these were restricted to a few localities.
The study presented here is the first
systematic survey of the aphids of
GRSM.

MATERIALS AND METHODS

A general survey of the aphids of the
park was initiated in late spring 2003
and continued with sampling in the
spring and summer of 2004, fall of
2005, and spring 2006. A cumulative
total of 46 days were spent collecting at
115 sites. Because host identity is
important in identifying aphids, sam-
pling was mostly done by visual
inspection of plants, and the aphids
were removed by hand. In order to
collect grass-feeding aphids, which may
be hidden within the thatch of a field, a
modified leaf-blower was used to aspi-
rate insects into a net. In some cases,
the aphids were then allowed to self-
sort onto their preferred host in a cage
containing multiple potential hosts, but
in other cases, no clear host association
was made. A beating sheet was used
occasionally to sample aphids on trees
and shrubs, especially conifers.

The aphids, and when tended, their
attendant ants, were collected into 95%
ethanol. A cutting of the host plant was
pressed and dried. Geoposition coordi-
nates were recorded with a hand-held
GPS unit. Aphids, ants, and plants were
brought back to the laboratory for
processing and identification. Approxi-
mately 1,100 aphids were mounted to
microscope slides and 144 ants were
pinned.

Aphids were identified by CF using a
large volume of literature sources. Most
helpful were the host-based keys by
Blackman and Eastop (1994 and 2006).
Other important resources were those
by: Boudreaux and Tissot (1962),

Corpuz-Raros and Cook (1974), Eastop
(1971), Heie (1979), MacGillivray
(1958), Pepper and Tissot (1973),
Richards (1968a, b, 1972), Robinson
(1985, 1986, 1987), and Quednau
(1999, 2003). Ants were identified by
NJS using standard resources (e.g.,
Creighton 1950, Fisher and Cover
2007, MacGown et al. 2007).

A complete set of aphid specimens
from every collection were deposited in
the insect collection of the Illinois
Natural History Survey, Champaign,
IL (INHS). Some duplicates were
selected to form synoptic collections
deposited in the insect collection of the
Great Smoky Mountains National Park,
Gatlinburg, TN and the Aphid Collec-
tion of the National Museum of Natural
History, Beltsville, MD. The ants and
some of the plants were deposited at the
INHS. The insects were databased and
their data made available on the Dis-
cover Life in America (DLIA) ATBI
and INHS insect databases (www.
dlia.org, www.inhs.uiuc.edu).

During the course of the project, it
became clear that many species actually
present within GRSM would not be
found. In order to form an estimate of
the number of likely but unconfirmed
species, we cross-referenced a list of
North American aphids (Smith and
Parron 1978) with a checklist of the
plants of GRSM (Great Smoky Moun-
tains Natural History Association
2004). If the typical host of an aphid
species, listed by Smith and Parron
(1978) as occurring in either North
Carolina or Tennessee, was known to
be present in GRSM, that species was
added to the inferred checklist of the
aphids of GRSM. Aphid names occur-
ring in the literature were updated with
reference to Aphid Species File (Favret
2009), ant names were checked with
Antbase (Agosti and Johnson 2005),
and host names were checked with the
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USDA Plants database (USDA, NRCS
2009).

We estimated the asymptotic number
of aphid species (the total number had
sampling gone to completion) in GRSM
by calculating the Chao1 estimate of
species richness (Chao 1984) as SChao1

¼ SObs þ F1
2/2F2, where SObs is the

number of species observed, F1 is the
number of singletons, and F2 is the
number of doubletons. We calculated
the Chao1 estimate in two ways. First,
we used the number of sites as samples.
So a singleton would be a species that
occurred at only one site, and a
doubleton a species that occurred at
two sites. Second, we used the number
of days as samples. In this case, a
singleton would be a species that was
collected on only one day, and a
doubleton would be a species that was
collected on only two days. Finally, we
estimated the number of sites or days
that would be required to fully sample
aphid diversity in GRSM following the
procedure outlined in Chao et al.
(2009).

RESULTS AND DISCUSSION

Over the course of four field seasons,
121 aphid species were documented in
GRSM (Table 1). The full complement
of collection data, including geoposi-
tion coordinates, locality and date of
collection, collector and host, are avail-
able on the searchable databases
(www.dlia.org, www.inhs.illinois.edu).
All but two species are represented by
specimens deposited in museums. The
remaining species, Grylloprociphilus
imbricator (Fitch) and Prociphilus tes-
sellatus (Fitch), were sighted and pho-
tographed by Jason Love of the Great
Smoky Mountains Institute at Tremont.
These two species are distinct and
accurate identifications were straight-
forward. The observed aphid data are
comparable to other surveys of homop-
terous insects in GRSM. Fifty-three

species of treehopper and 97 species
of planthopper were observed and
recorded (Wallace et al. 2003, Gonzon
et al. 2006, respectively).

The list of 121 species includes one
Capitophorus, two Drepanaphis, and
one Tuberculaphis species that were not
identifiable. Listed in Table 1, they
represent species clearly not listed by
name, and are possibly new to science.
Not listed in Table 1 are specimens
from one collection of Hyperomyzus,
nine of Macrosiphum, one of Monel-
liopsis, one of Myzus, one of Nasono-
via, five of Rhopalosiphum, and three of
Uroleucon. Specimens of these latter
seven genera remain unidentified for a
variety of reasons: a lack of host plant
data, specimen damage, or an inade-
quate resolution of their taxonomy and
cryptic morphology. Furthermore, it
was not possible to confirm that these
latter species were not otherwise al-
ready recorded in the list.

Beyond the 121 listed and confirmed
species, an additional 85 are likely
present in the park, as inferred by
cross-referencing aphid and plant lists
(Table 1). However, well over half of
the observed aphid species were not on
the inferred list, suggesting that the
estimate of 206 species is conservative.
The Chao1 estimate of species richness
based on the number of sites visited
suggests that the total number of aphid
species in GRSM might be 214. To
comprehensively sample GRSM aphid
species would require sampling at an
additional 1,123 sites. The Chao1
estimate of species richness based on
the number of sample days suggest that
there might be 201 aphid species in
GRSM, and sampling all of the species
would require an additional 470 days.
The three methods of estimating the
total number of species in GRSM
produced remarkably similar estimates
(201, 206, and 214), and both estimates
of required additional sampling are
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ö
v
e

&
D

.
L

ö
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roughly ten times the actual sampling
(115 actual versus 1,123 estimated
sites; 46 actual versus 470 estimated
days).

A side-by-side comparison of the
inferred and observed checklists sug-
gests future study of particular taxa.
Chaitophorus, Myzocallis, Pemphigus,
and Pleotrichophorus are four genera of
relatively host-specific aphid species.
Only a small number of species of these
genera were actually collected, but they
contain a large number of species
whose hosts are known to occur in the
park. Future targeted collecting of
species of these four genera should
focus on all the GRSM species of Salix,
Populus, Quercus, and Achillea (wil-
lows, poplars, oaks, and yarrow, respec-
tively). The genus Uroleucon needs a

significant amount of revisionary taxo-
nomic work. The inferred and observed
lists each contain 20 species, and when
combined indicate 30 species at GRSM,
making it the most speciose aphid
genus in the park. This diversity may
simply be a result of historical reliance
on host plant data to describe species.
Host based keys (e.g., Blackman and
Eastop 2006) permitted the identifica-
tion of 20 observed species, but contin-
ued preliminary study suggests that a
number of these are synonyms. In
contrast, the observed list for species
of Cinara is over twice as long as the
inferred list, reflecting the first author’s
taxonomic expertise.

Aphid species exhibit the full range
of ant tending, with some species
obligately tended, some never tended,

Fig. 1. Diagram of trilateral associations between aphids, their attendant ants, and their host
plants.
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and some facultatively tended (Stadler
and Dixon 2005). Ten species of ants
were found tending 20 species of aphids
(Figure 1). Unfortunately, ants were not
always systematically collected during
the project, so the recorded associations
are an undercount. Aphis coreopsidis
(Thomas) had the greatest variety of
ants tending it, despite it being recorded
with ants on only one host plant species.
Of the four ant species found tending A.
coreopsidis, two of them were exclusive
to it, not being found tending any other
aphid species. In contrast, Formica
subsericea Say was found tending seven
aphid species, Prenolepis imparis (Say)
tended six, and Crematogaster lineolata
(Say) tended five.

Several aphid-host associations bear
mentioning because of their uniqueness.
Aphis illinoisensis Shimer was found
feeding on Aureolaria laevigata (Raf.)
Raf., a member of the Scrophulariaceae
(figwort family). This host, a perennial
herb, is a new host record for A.
illinoisensis and is a far departure from
its typical use of Vitis spp. as host, a
perennial vine in the Vitaceae (grape
family). Aulacorthum solani (Kalten-
bach), a polyphagous aphid, was found
on 32 different host plants representing
16 families. Of particular note was a
colony of A. solani feeding on Con-
opholis americana (L.) Wallr., a para-
sitic perennial herb found on the roots
of several kinds of oaks and a member
of the Orobanchaceae (broomrape fam-
ily).

Finally, five aphid species found in
GRSM were previously known only
from western North America or Canada
(Blackman and Eastop 1994, 2006):
Cinara engelmanniensis (Gillette and
Palmer), C. vandykei (Wilson), Schizo-
lachnus flocculosus (Williams), Sito-
bion pterinigrum (Richards), and Uro-
leucon hieracicola (Hille Ris Lambers).
These Smoky Mountain records may
represent relict populations, or perhaps

sibling species of their western and
northern counterparts.

Taken together, our work on aphid
diversity in GRSM, and the aphid
associations with both their host plants
and their attendant ants, provides an
important baseline for studying changes
in the distribution and abundance of
these important species as a result of
habitat modification and climatic
change. Importantly, we have also
suggested several important lines of
future research.
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