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Abstract

The list of crane flies (Diptera: Ptychopteridae, Tipuloidea, Trichoceridae) known from Great
Smoky Mountains National Park is updated. Sampling in association with the All Taxa Biodiversity
Inventory of Great Smoky Mountains National Park resulted in the addition of 107 new Park
records, bringing the current list to 250 species. This species assemblage is much richer than those
of surrounding areas, although similar in composition. Total richness is estimated to be between
450 and 500 species for Great Smoky Mountains National Park.
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Introduction

Crane flies (Diptera: Tipuloidea) are a diverse array of small (3 mm) to large (> 50 mm)
delicate, long-legged flies of the families Cylindrotomidae, Limoniidae, Pediciidae, and
Tipulidae. This exceedingly rich superfamily contains approximately 15,000 described
species worldwide (Byers 1996, Oosterbroek 2005), with about 1,600 species known from
the Nearctic Region (Borror et al. 1989, Oosterbroek 2005). Young and Gelhaus (2000)
have documented that crane fly diversity may represent nearly 2% of the entire organismal
diversity of an area. The ecological diversity of crane flies is seen in the range of habitats
used by the various species of this group. Crane fly larvae occupy a wide range of aquatic,
semi-aquatic, and terrestrial habitats, including streams and seeps, mosses and liverworts,
burrows in the leaves of plants, thin films of water trickling over vertical rock faces, dry to
soggy decaying wood, rich organic to dry sandy soils, fungi, accumulations of detritus,
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ZOOTAXA

and even nests of birds and mammals (Alexander 1919, Alexander and Byers 1981,
Gelhaus 2002). Adults can be found at all times of the year, with Nearctic activity
concentrated in the late spring and early fall. Adult emergence may extend over two to six
months, or an entire population may emerge during a period of two weeks or less
(Pritchard 1983). Adult life span may last no more than a few weeks (Alexander 1919),
with adults generally staying in close proximity to their larval habitat (Barnes 1925,
Rogers 1933, Freeman 1968, Merritt and Lawson 1981).

The last large-scale effort to document the species of crane flies of Great Smoky
Mountains National Park (GRSM) of western North Carolina and eastern Tennessee was
conducted more than 60 years ago by Alexander (1940, 1941). At that time, much of the
210,000-ha park was in the early stages of re-growth, following extensive deforestation
that had resulted from the logging and settlement of the area prior to the establishment of
the National Park in 1934 (Pyle 1988, MacKenzie and White 1998). Alexander
documented 165 species, including 26 newly described species. A subsequent listing of
the known crane fly species of GRSM was compiled by Hynes (1996), who updated the
taxonomy and added 14 species. The majority of species had been collected in late spring
and early summer. Since attaining National Park status, regeneration in GRSM has
continued unabated. Presently, 95% of the area is now covered by forest (Sharkey 2001).
GRSM boasts a diverse array of forest communities (White et al. 2003), having 1,637
species of vascular plants including 130 native trees species (Sharkey 2001), and is
recognized as possessing the greatest organismal diversity of any National Park in the
United States (Boetsch et al. 1998).

The All Taxa Biodiversity Inventory (ATBI) of GRSM is an ambitious effort begun in
1997 with a goal of documenting the organismal diversity found within the boundaries of
the Park (Sharkey 2001). The scientific program for the ATBI (White and Morse 2000)
envisions parallel traditional and structured sampling approaches. Traditional sampling
involves the activities of taxonomic authorities, students, and volunteers collecting by
means of insect nets, light traps, searches of optimal habitats, “bioblitzes”, and other
traditional techniques. Structured sampling, on the other hand, involves the use of
identically configured plots set up with bulk samplers, such as Malaise traps, pitfall traps,
and other devices. A pilot study to evaluate the structured sampling program began in
October of 2000. The crane flies collected during this two-year study are presented here to
update the previous species list.

Methods

Insects were collected between October 2000 and October 2002 with 22 Townes-style
Malaise traps (Townes 1972) located on 11 1-ha ATBI reference (dets “Site
Descriptions”). The Malaise traps were placed within each plot in obvious flight corridors
or in specific microhabitats. Specimens were collected into 70%-90% ethanol. Malaise
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traps were operated year-round, with collected material retrieved approximately every tw@OTAXA
weeks by research staff, GRSM park staff, and numerous volunteers. Collected materi
were taken to laboratories at Twin Creeks Natural Resource Center or to the University of
Tennessee, where crane flies were separated from other arthropods. Flies were sorted and
preserved in 95% ethanol. Specimens were identified to species, using standard taxonomic
references (Alexander 1919, 1920, 1940 1941, 1942; Byers 1961, 1983; Tangelder 1983;
Oosterbroek 1984; Young 1987). When necessary for the purpose of identification, male
genital structures were cleared by immersing removed genitalia in a warm 5% potassium
hydroxide solution for five minutes followed by rinsing in ethanol. Voucher specimens
collected during this investigation are housed in the entomology collections of the
University of Tennessee and the natural history collection of Great Smoky Mountains
National Park.

Additional species records were obtained from the species list complied by Hynes
(1996), GRSM crane fly species lists compiled by ATBI collaborators, and sampling
conducted during the environmental impact assessment of Ravensford tract, GRSM
(Morse et al. 2002).

Species collection curves were created for each Malaise trap and each plot by plotting
the number of species collected at each site against specimens collected (Willott 2001).
Potential species richness for GRSM was estimated using EstimateS Version 6 (Colwell
1997) for all traps combined. Distributions for each species were determined to be
widespread (ranging from Florida to Canada and considerably westward), northern
(appearance in TN/NC is southernmost extent of range), southern (range radiates from the
southern US and typically extends into the tropics), or TN/NC (species is known only from
the Tennessee/North Carolina area). Species were categorized as aquatic (lotic or lentic
habit), semi-aquatic (seeps, springs, bogs, aquatic margins, or saturated earth or wood), or
terrestrial (dry soils, wood, leaf litter, non-water saturated habitat).

Taxonomy and species range information is based on Oosterbroek (2005), where crane
flies are recognized as Tipuloidea and comprised of the families Cylindrotomidae,
Limoniidae, Pediciidae, and Tipulidae. The families Ptychopteridae, Tanyderidae, and
Trichoceridae, referred to as primitive crane flies, phantom crane flies, and winter crane
flies, respectively, have historically been included in crane fly studies and were
additionally investigated here. Subspecies classifications were not included for discovered
species due to questions of taxonomic validity.

Site descriptions

The eleven ATBI research plots used in this study were chosen to represent a cross-section
of the habitat types found in GRSM. They are listed here with a short description of each
habitat type based on the NatureServe International Classification of Ecological
Communities applied to GRSM (White et al. 2003).
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Albright Grove (35.7333 N-83.28056 W, 1034 m elevation) is located in the
northeastern area of GRSM and situated in one of the largest tracts of remaining old-
growth forest on the east coast of the United States. The forest isTisuilee canadensis
Engelm— Halesia tetrapter&llis — (Magnolia fraseriWalt — Fagus grandifoligEhrh) /
Rhododendron maximuflrinnaeus/ Dryopteris intermedigWilldenow) alliance, with a
Southern Appalachian Acid Cove forest (silverbell type) community type.

Andrews Bald (35.53889 N-3.49417 W, 1757 m elevation) is a Southern Appalachian
Grassy Bald, Danthonia compressaAustin herbaceous vegetation alliance. The
surrounding forest is a mixture of red spru@écéa rubraSarg.) and Fraser firApies
fraseri (Pursh).

Brushy Mountain (35.67667 N-83.43083 W, 1467 m elevation) is a Southern
Appalachian Laurel Bald. This community type occurs along ridges and steep rocky slopes
at mid-elevations (1219-1524 m) in the southern Blue Ridge. This community results from
secondary succession following logging, fire, windfall, or landslide, and is naturally
maintained through these same processes.

Cades Cove (35.59251 N-83.84376 W, 457 m elevation) is a large open field in the
western end of GRSM that was originally cleared for agricultural use by early settlers, but
now is an abandoned agricultural field dominatedHegcuespecieswith sparse native
grasses, woody shrubs, and trees, with a surrounding Cove Hardwood forest. The National
Park Service now maintains this area as open grassland through periodic burning.

Cataloochee (35.58639 N-83.08167 W, 1382 m elevation) is a High-Elevation Red
Oak Forest (deciduous type) in ti@uercus rubraLinnaeus forest alliance. Red oak
dominates the canopy, while the subcanopy is compriséaaf rubrumLinnaeus llex
montana(Torr. and GreypndHamamelis virginiand.innaeus.

Clingmans Dome (35.56028 N—-83.49528 W, 1944 m elevation) is the highest point in
Tennessee and the second highest point east of the Mississippi River. This high-elevation
plot is a representative of the southern Appalachian fir forest (deciduous type), which is
dominated by Fraser fipies fraserPursh) and red sprucBi¢ea rubenssarg.).

Goshen Prong (35.61056 WN-83.54278 W, 895 m elevation) was heavily deforested
by logging and settlement. The re-grown forest in the large cove in which this plot is
located represents a rich montane Southern Appalachian Cove Harestendron
tulipifera Linnaeus —Tilia americanavar. heterophylla(Vent.) —Aesculus flavaAit. —

Acer saccharunkinnaeus forest alliance.

Indian Gap (35.61083 N—-83.44361 W, 1672 m elevation) is located in one of the least
common forest communities in GRSM, the high-elevation Southern Appalachian Beech
Gap Community in th8etula alleghaniensiBritton —Fagus grandifolisEhrh. -Aesculus
flava Ait. forest alliance. These stands are dominated by American béegug
grandifolia) and are limited to areas over 1,370 m elevation. Beech gaps typically occur on
north facing, steep slopes and on the north and northeast sides of gaps.
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Purchase Knob (35.59194 N-83.06028 W, 1529 m elevation) is in the NortheraooTAxa
Hardwood forest community, similar to that of forests in the northeastern United State
The forest canopy is comprised of yellow bir@efula alleghaniensjs American beech
(Fagus grandifoli3, and yellow buckeyeMesculus flava

Snake Den Ridge (35.74333 N-83.22000 W, 993 m elevation) shares much in
common with Albright Grove. Both are classified as Southern Appalachian Cove Forest
(Silverbell type) and have been relatively undisturbed by settlement or logging. Snake Den
Ridge differs from Albright Grove in being much more dominateddiygacanadensis
Carr. (Linnaeus). Additionally, the topography of this plot is different, as it is located on a
moderately steep talus slope.

Twin Creeks (35.68500 N-83.49900 W, 594 m elevation) is classified as Early
Successional Appalachian Hardwood foréstiodendron tulipiferaforest alliance. This
community type is found at elevations below 914 m in areas that had been impacted by
heavy settlement, farming, or logging. Forest canopy is dominatedirlmdendron
tulipifera and Acer rubrumwith understory vegetation variable in composition, but often
comprised of various vining species.

Results

Two years of continuous sampling resulted in the collection of 9,319 crane fly specimens
representing 176 species in 52 genera and 6 families (Table 1), bringing the total number
of crane flies known from GRSM to 250 species. One-hundred thirteen species known to
exist in GRSM were recollected during this study, while 72 species previously known to
GRSM were not recollected. Site-specific collection results can be found in Petersen
(2002). In all, traps were operated for a total of 15,626 trap days, with 0.011 new species
collected per trap day. Seventy species were recorded from GRSM for the first time,
including two species new to science (Petersen and Gelhaus 2004). Forty-two percent of
the crane fly species collected in this study have unknown larval stages. Of those collected
for which the larval stages are known, species previously known to occur in the Park were
approximately equally distributed between aquatic, semi-aquatic, and terrestrial habitats,
while species new to the Park were largely terrestrial.

Species accumulation curves at all traps, plots, and all traps combined did not reach an
asymptote (Fig. 1), indicating incomplete species accumulation at all levels investigated.
Species richness estimators for all traps combined showed a range of between 201
(Bootstrap) and 262 (Jacknife 2) species and averaged 228 species among all estimators.
Combining all presently authenticated identifications brings the species list for GRSM to
250 species (Table 1). Regional records of crane flies from the Cumberland Plateau of
Tennessee (Rogers 1930), the mountains of western North Carolina (Alexander 1941), and
the vicinity of Mountain Lake, Virginia (Byers 2002), include more than 200 species not
presently known from GRSM. Considering these species as potential Park inhabitants, the
actual crane fly diversity of GRSM may be as high as 450-500 species.
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TABLE 1. Crane flies of Great Smoky Mountains National Pa&KBI sampling conducted
October 2000-2002 by site (AB=Andrews Bald, AG=Albright Grove, BM=Brushy Mountain, CA=
Cataloochee, CC=Cades Cove, CD=Clingmans Dome, GP=Goshen Prone, IG=Indian Gap,
PK=Purchase Knob, SR=Snake Den Ridge, and TC=Twin Creeks). Species indidatedrbyon

the Hynes (1996) list but not collected during the ATBI, anddicates species collected during
other sampling. Taxonomy is as presented by Oosterbroek (2005), with family names in bold.

AB AGBMCACCCDGP IG PK SR TC

Cylindrotomidae (1 species)
Liogma nodicornigOsten Sacken) X X X X
Limoniidae (149 species)

Antocha (Antocha) biarmatalexandeth

Antocha (Antocha) obtugdexandero

Antocha (Antocha) opalize@3sten Sacken X

Antocha (Antocha) saxicol@sten Sacken X X
Atarba (Atarba) picticorni®Osten Sacken X X X X X
Austrolimnophila (Austrolimnophila) toxoneu¢@sten Sacken) X X X X X X X
Cheilotrichia (Empeda) stigmaticasten Sacken X
Chionea (Chionea) scité/alker
Chionea (Chionea) valgHarris
Chionea (Chionea) wilsorByers

X X X X
X X X X
X X X X
X X X X

Cladura flavoferriugenigOsten Sacken
Dactylolabis (Dactylolabis) cubitali@Osten Sackert)
Dactylolabis (Dactylolabis) hudsonio&lexander

x
x
x
x
x
x

Dactylolabis (Dactylolabis) montanalexander X

Dactylolabis (Dactylolabis) pemeticadlexander X
Dicranomyia (Caenoglochina) apicata subapicétdexanderh

Dicranomyia (Dicranomyia) adirondacensidexander X

Dicranomyia (Dicranomyia) breviven@sten Sacken X

Dicranomyia (Dicranomyia) distan®@sten Sacken

Dicranomyia (Dicranomyia) distendehsindstrom X

x

Dicranomyia (Dicranomyia) diviséAlexander) X X X X X X X X
Dicranomyia (Dicranomyia) gladiatoDsten Sacken X

Dicranomyia (Dicranomyia) humidicolgOsten Sackert)

Dicranomyia (Dicranomyia) immodes@sten Sackeh

Dicranomyia (Dicranomyia) pudicoidéélexanderh

Dicranomyia (Dicranomyia) stultéOsten Sacker)

Dicranomyia (Erostrata) globithora®sten Sacken X X X
Dicranomyia (Glochina) libert®Dsten Sacken X X X X X X X X
Dicranomyia (Melanolimonia) morioide8sten Sackeh

Dicranomyia (Melanolimonia) spiniferAlexander X X

...... continued on the next page
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AB AGBM CA CCCDGP IG PK SR TC

Dicranomyia (Numantia) fusc@eigen) X X X X

TABLE 1 (continued)

Dicranoptycha acanthophalluslexander X
Dicranoptycha els@\lexander

Dicranoptycha german®sten Sacken X X
Dicranoptycha septemtrionislexander X X X X
Discobola annulatgLinnaeus)

Discobola nigroclavatdAlexander) X X X X X X
Elephantomyia (Elephantomyia) westwo@diten Sacken

Eloeophila aprilinaOsten Sackeh

Eloeophila johnsonf{Alexander) X
Eloeophila seticelluldAlexanderh

Eloeophila solstitaligAlexander) X
Epiphragma (Epiphragma) fasciapenttay) X X X X X X X X X X
Epiphragma (Epiphragma) solatriOsten Sacken) X X

Erioptera (Erioptera) megophthalm@alexander

Erioptera (Erioptera) septemtrionalislexandeth

Erioptera (Erioptera) vespertin®sten Sacken h

Erioptera (Mesocyphona) caliptei@ay X

Erioptera (Mesocyphona) needhaAlexandeth

Erioptera (Mesocyphona) parvasten Sackeh

Eugnophomyia luctuos@sten Sacken) X
Euphylidorea albipeglL.eonard) X X X
EuphylidoreacherokeensigAlexander)h

Euphylidorea lutegDoane)

Euphylidorea niveitarsigOsten Sacken) X X X
Geranomyia divers@Osten Sacker)

Geranomyia rostratéSay) X

Gnophomyia tristissim@sten Sacken X X X X X

Gonempeda nyctofglexanderh

Gonomyia (Gonomyia) bidentatdexander X

Gonomyia (Gonomyia) subciner&sten Sackeh

Gonomyia (Lipophleps) manésten Sacken X
Gonomyia (Lipophleps) sulphurel@sten Sackeh

Helius (Helius) flavipegMacquart)h

Hexatoma (Eriocera) albitarsi€Osten Sacken) X X
Hexatoma (Eriocera) auratéDoane)h

Hexatoma (Eriocera) brachycef®sten Sacken) X

...... continued on the next page
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ZOOTAXA TABLE 1 (continued)

AB AGBMCACCCDGP IG PKSR TC

Hexatoma (Eriocera) brevioricornislexander X X X X X

Hexatoma (Eriocera) cinere@lexanderh

Hexatoma (Eriocera) fuliginosgDsten Sackert)

Hexatoma (Eriocera) tristifAlexanderh

Hoplolabis (Hoplolabis) armat®sten Sackeh

Limnophila (Arctolimnophila) subcostatalexander) X
Limnophila (Dicranophragma) angustukdexanderh

Limnophila (Dicranophragma) fuscavoriasten Sacken X X X X
Limnophila (Idiolimnophila) emmelinAlexander X

Limnophila (Lasiomastix) macroce(&ay) X

Limnophila (Lasiomastix) tenuicorn@@sten Sacken X
Limonia indigengOsten Sacken) X X X X X X X
Limonia macateefAlexander)

Limonia maculicostgCoquillett) X X X

X x x X

Limonia parietina(Osten Sacken) X X X X
Limonia tristigma(Osten Sacken)
Lipsothrix sylva(Alexander)

x
x
x

Metalimnobia (Metalimnobia) cinctipdSay)
Metalimnobia (Metalimnobia) fallagJohnson)
Metalimnobia (Metalimnobia) immatur@sten Sacken)

X X x X

Metalimnobia (Metalimnobia) triocellatéOsten Sacken)
Molophilus (Molophilus) fultonensislexander

X X X X
x

X x X X o x X x

x x X X

X X X X s X o

Molophilus (Molophilus) hirthipenni@Osten Sacken)
Molophilus (Molophilus) perflaveoluslexander X

Molophilus (Molophilus) cramptorilexanderh

Molophilus (Molophilus) pubipenni®©sten Sackert)

Neocladura delicatulgAlexander) X X X X X X X X X X X

Neolimnomyia (Brachylimnophila) brevifur¢@sten Sackert)

Neolimnophila appalachicolalexander X X

Neolimnophila ultimgOsten Sacker)

Neolimonia rara(Osten Sacken) X X X X
Ormosia(Oreophila) parvialaPetersen and Gelhaus X

Ormosia (Ormosia) adirondacensidexanderh

Ormosia (Ormosia) arcuatéDoane)h

Ormosia (Ormosia) bilineat®ietz X

Ormosia (Ormosia) carolinensislexander X X
Ormosia (Ormosia) harrisonianalexander X

...... continued on the next page
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TABLE 1 (continued)

AB AGBM CA CCCDGP IG PK SR TC

Ormosia (Ormosia) holotrichigOsten Sacken)

Ormosia (Ormosia) hubbelihlexander
Ormosia (Ormosia) lillian&Alexander

X

Ormosia (Ormosia) monticolgDsten Sacken) X

Ormosia (Ormosia) romanovichiamdexander

Ormosia (Ormosia) serridenslexanderh

Ormosia (Ormosia) tennesseenlexander

Ormosia (Ormosia) townegilexander

Ormosia (Paraormosia) nigripiléOsten Sacken)

Ormosia (Paraormosia) palpaliBietz

Ormosia (Paraormosia) pygmdAlexander)

Paradelphomyia (Oxyrhiza) ameanus (Alexander

Paradelphomyia (Oxyrhiza) minutéslexander)h

Paradelphomyia (Oxyrhiza) pleural{Bietz) h

Pilaria tenuipegSay)

Prionolabis mundgdOsten Sacken)
Prionolabis politissimgAlexander)
Prionolabis rudimentigAlexander)
Prionolabis rufibasigOsten Sacken)
Prionolabis terebrangAlexander)
Prionolabis walleyi(Osten Sacken)
Prolimnophila areolatgOsten Sacken)

Pseudolimnophila (Pseudolimnophila) australiexander

Pseudolimnophila (Pseudolimnophila) contemf@aten Sacken) X

Pseudolimnophila (Pseudolimnophila) inorng€sten Sacken)

Pseudolimnophila (Pseudolimnophila) luteipenf@@sten Sacken)

Pseudolimnophila (Pseudolimnophila) noveborace@sisxander)
Rhabdomastix (Sacandaga) fladexander)
Rhabdomastix (Sacandaga) bracyneAtexanderh

Rhabdomastix (Sacandaga) hansal@xanderh

Rhabdomastix (Sacandaga) margadtiexanderh

Rhipidia (Rhipidia) bryantdohnson

Rhipidia (Rhipidia) domestic@sten Sacken

Rhipidia (Rhipidia) fideliOsten Sacken
Rhipidia (Rhipidia) maculatdleigen
Rhipidia (Rhipidia) shannomlexander
Scleroprocta apicaligAlexander)

X X X X

X

X X X X

X X X X

X X X X

X X

X X X X X X

X x X X

X
X
X X X X X

X

X X X X X
X X X X X

X X X X X X X X
X X
X

...... continued on the next page
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TABLE 1 (continued)

AB AGBM CA CCCDGP IG PK SR TC

Scleroprocta innocen@sten Sacker)

Shannonomyiéenta Alexander X
Symplecta (Symplecta) cat\&alker) X X X X X X X X X X X
Tasiocera (Dasymolophilus) ursiri@sten Sackert)

Teucholabis(Teucholabis) immacula&exanderh

Trimicra pilipes(Fabricius) X

Ulomorpha pilosellaOsten Sacken) X X X X X
Ulomorpha rogersellailexander

Pediciidae (19 species)

Dicranota (Eudicranota) catawbiensfdexandeth

Dicranota (Paradicranota) eucerAlexander X

Dicranota (Plectromyia) confus@lexanderh

Dicranota (Rhaphidolabina) flaveol@sten Sacken) X

Dicranota (Rhaphidolabis) hickman@dexanderh

Dicranota (Rhaphidolabis) persimili;\lexander)h

Dicranota (Rhaphidolabis) rubesce(lexander)h

Pedicia (Pedicia) albivittaValker X X X X
Pedicia (Pedicia) margarit@\lexander X X X X X
Tricyphona (Pentacyphona) autumnalilexander

Tricyphona (Pentacyphona) huffé&lexander) X

Tricyphona (Tricyphona) auripenn{©sten Sacken)

Tricyphona (Tricyphona) gigantg@lexander) X X X

x
x
X
x

Tricyphona (Tricyphona) inconstaf®sten Sacken)
Tricyphona (Tricyphona) katahdillexander
Tricyphona (Tricyphona) vernali®sten Sacken) X X
Tricyphona (Tricyphona) calcgOsten Sackert)

Ula (Ula) elegan®Osten Sacken X X X X X X

Ula (Ula) pauperaOsten Sacken X X X X X

Ptychopteridae (3 species)

Bittacomorpha clavipeBabriciush

Bittacomorpha jonedilJohnsonh

Ptychoptera rutocinctdeigen X
Tipulidae (73 species)

Brachypremna dispeller{§Valker) X
Ctenophora (Ctenophora) apicatsten Sacken X X
Ctenophora (Ctenophora) nubeculsten Sacken X X
Dolichopeza (Dolichopeza) americahieedham X X X

...... continued on the next page
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TABLE 1 (continued)

AB AGBM CA CCCDGP IG PK SR TC

Dolichopeza (Oropeza) caroludexander
Dolichopeza (Oropeza) johnsone(lalexander)
Dolichopeza (Oropeza) obscu¢dohnson)
Dolichopeza (Oropeza) sessidexanderh
Dolichopeza (Oropeza) subalbip&khnson)
Dolichopeza (Oropeza) subvenosiexandeth
Dolichopeza (Oropeza) tridenticulatdlexander
Dolichopeza (Oropeza) walleghlexander)h
Leptotarsus (Longurio) minimyglexander)
Leptotarsus (Longurio) testacelsewh
Nephrotoma calinotdDietz) h

Nephrotoma cingulatéDietz)

Nephrotoma euceré_oew)

Nephrotoma ferrugineéFabricius)h
Nephrotoma gnatéDietz)

Nephrotoma incurvélLoew) h

Nephrotoma macrocergsay)

Nephrotoma subaltern@osterbroelh
Nephrotoma tenuid_oew) h

Nephrotoma virescer{toew)

Tanyptera (Tanyptera) dorsal{gValker)
Tipula (Arctotipula) williamsianalexanderh
Tipula (Lindnerina) illinoiensiAlexander
Tipula (Lindnerina) senegAlexander

Tipula (Lunatipula) apicalit.oew

Tipula (Lunatipula) atreiePetersen and Gelhaus
Tipula (Lunatipula) dupleXValker

Tipula (Lunatipula) flavibasig\lexander
Tipula (Lunatipula) fuliginosgSay)

Tipula (Lunatipula) mallochAlexandeth
Tipula (Lunatipula) monticol#lexander
Tipula (Lunatipula) submaculatacew
Tipula (Lunatipula) translucid®oaneh
Tipula (Lunatipula) tuscarord\lexanderh
Tipula (Lunatipula)valida Alexanderh

Tipula (Nobilotipula) collarisSay

Tipula (Nobilotipula) nobiligLoew)

X
X X
X
X
X X X
X
X
X X
X X
X
X

X X X X
X X X X
X

X X

continued on the next page
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TABLE 1 (continued)

AB AGBM CA CCCDGP IG PK SR TC

Tipula (Nippotipula) abdominaliéSay)h
Tipula (Platytipula)cunctansSayh
Tipula (Pterelachisus) angulatzoew
Tipula (Pterelachisus) coleanalexander

Tipula (Pterelachisus) entomophthorA&xander

Tipula (Pterelachisus) margaritAlexanderh
Tipula (Pterelachisus) penobscatexander
Tipula (Pterelachisus) trivitatt&ay

Tipula (Savtshenkia) fragilisoew

Tipula (Savtshenkia) ignobillsoew

Tipula (Schummelia) friendilexander
Tipula (Schummelia) hermannidexander
Tipula (Schummelia) stenorhabédéexander
Tipula (Trichotipula) algonquirilexander
Tipula (Trichotipula) oropezoidedohnson
Tipula (Trichotipula) stonefAlexander
Tipula (Trichotipula) unimaculaté_oew)
Tipula (Triplicitipula) integraAlexander
Tipula (Triplicitipula) triplexWalker

Tipula (Triplicitipula) umbrosd_oew

Tipula (Vestiplex) loniventrisoew

Tipula (Yamatotipula) aprilingAlexander
Tipula (Yamatotipula) brevifurcatalexanderh

Tipula (Yamatotipula) calopteroidédexanderh

Tipula (Yamatotipula) catawbian&lexanderh
Tipula (Yamatotipula) cayugalexanderh
Tipula (Yamatotipula) furcaValker

Tipula (Yamatotipula) iroquoiglexander
Tipula (Yamatotipula) nephophikslexanderh

Tipula (Yamatotipula) noveboracengitexanderh

Tipula (Yamatotipula) tephrocephalaew
Tipula (Yamatotipula) tricoloFabricius
Trichoceridae (5 species)

Trichocera bimaculatdValker
Trichocera brevicornif\lexander
Trichocera fattigianaAlexander
Trichocera garrettiAlexander
Trichocera heimaligDe Greer)

X X X

x

X
X X X X
X
X
X
X
X
X X
X
X X
X
X X
X
X
X
X X X X X

X X X X X X

X X X X X X X

12 © 2005Magnolia Press

PETERSEN ET AL.



ZOOTAXA

g

B
200 A) 100 )
180
160 80
140
120 60
100
80 40
60 , .
All Cambined 10 e Combined
40 o Limoniidae o MTO1
20 v  Tipulidae v MT02
0 0 T T T —
0 o 2000 4000 6000 8000 10000 O 500 1000 1500 2000
50 - so, D
a0 40
B 30
. —
)
8, 0 20
N .
e Combined
10 o MTO3 10
MT04
0! . . r . v 0
0 100 200 300 400 500
E)
100 50 -
30
60
/ -
a0
¢+ Combhined
20 o NRO7
v VRO3
&
0 ’ . . . 0 . . : . .
0 200 400 600 300 1000 o 100 200 300 400 S0
Specimens

FIGURE 1. Species accumulation curves). All traps; Limoniidae, TipulidaeB) Twin CreeksC)
Cades CoveD) Indian GapE) Purchase KnolF) Cataloochee. Plots in Figs. 1B-F are presented
as specimens collected in each Malaise trap and for traps at each plot combined.
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FIGURE 1. ContinuedG) Andrews BaldH) Brushy Mountainl) Clingmans DomeJ) Albright
Grove.K) Snake Den Ridgé.) Goshen Prong. Plots 1G-L are presented as specimens collected in
each Malaise trap and for traps at each plot combined.

The GRSM crane fly fauna is strongly influenced by the presence of species that have
widespread distributions that were found across the elevation gradient of the Park (Table
2). Species that radiate from a southeastern distribution comprised a much smaller
proportion of the total species encountered, and are more commonly encountered at lower
elevations. The higher elevations have a greater percentage of species with northern
distributions and species endemic to the mountains of Tennessee and North Carolina.
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TABLE 2. Range distributions of species collected during ATBI sampling. Information is listed forzooTAxA
all species collected, those found only at upper elevations (>1500 m), and those from only lowg¢ )
elevations (< 1000 m), and is shown as percentages with actual numbers in parentheses. Range
distributions are based on Oosterbroek (2005).

Range All Species Upper Elevations Lower Elevations
Widespread 41% (72) 37% (11) 47% (18)
Northern 40% (71) 40% (12) 24% (9)

Southern 12% (20) 3% (1) 26% (10)

TN/NC 7% (13) 20% (6) 3% (1)

TABLE 3. Larval condition of species found in Great Smoky Mountains National Park. Percent of
species representing each state are listed for species collected during the ATBI, those collected
during the ATBI and new to the Park, and those from Hynes (1996).

Larval state ATBI ATBI new Hynes
Aquatic 18% 14% 23%
Semi-aquatic 16% 8% 21%
Terrestrial 25% 36% 17%
Unknown 41% 42% 39%

Collections of adult crane flies (Tipuloidea) indicated two major periods of species
emergence during the year: a spring emergence from April to June and a fall emergence
from July to October. Species collected across the elevation gradient typically showed up
in trapping earlier at lower elevations than at higher elevations. Trichoceridae adults were
collected from October through April with greater numbers collected at middle and lower
elevations. Phenology diagrams depicting species-specific emergence patterns for all
crane flies collected during the ATBI can be found in Petersen (2002) or at
www.ent.iastate.edu/dept/research/systematics/tipulidae/.

Discussion

A major goal of the ATBI is to identify all forms of life within the borders of Great Smoky
Mountains National Park. Towards this end, this sampling has nearly doubled previous
knowledge of crane fly species richness in the Park. The documented crane fly community
of GRSM now stands as the richest fauna in the southeastern United States. The lack of
sampling completeness at individual traps, as well as all traps combined, indicates that the
species richness documented here is an underestimate. The estimate provided by the
species-collection curves is seen as an underestimate due to the observation that numerous
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ZOOTAXA microhabitat types such as seeps, springs, stream margins, and bogs were under sampled

using this protocol and the avoidance of traps by larger flies (Petersen, personal
observation). Direct comparisons cannot be made between the previous sampling
conducted by Alexander (1941, 1942) because of differences in sampling protocols;
however, the large number of species not recollected during this work indicated either a
possible shift in the species assemblage found here or an indication that additional habitats
will be needed to be sampled to ascertain the true assemblage of GRSM.

The observed crane fly fauna of the surrounding areas and the inability to saturate a
collection curve after this intensive sampling lends support to our conjecture that the
actual richness of GRSM may be as much as doubled when it is more fully known. While
an estimate of between 450 and 500 species is likely, continued sampling in those as-yet
uninvestigated areas, such as the southeastern region of GRSM, may result in an even
greater richness than is proposed here. Additional sampling within GRSM should
concentrate on the spring and fall seasonal peaks in emergence, the surprisingly rich
summer fauna in the higher elevations (>1,500 m), and in under-collected areas such as the
southwestern region of the Park, and in microhabitats such as seeps, springs, and bogs.

A paucity of information on the larval habitats of many crane fly species hinders our
ability to explain why this area achieves such high species richness. However, both the
diversity of habitat types known to be used by the crane fly fauna and the diversity of
habitats offered in this sanctuary are extensive. Distributional ranges of collected species
indicate that the elevation gradient of the mountains contributes to the observed richness.
The Park’s location in the southeastern United States gives it a generally mild climate with
abundant moisture and a long warm season. The elevation gradient and topographic
complexity of the Park have resulted in the development of a myriad of microclimatic and
habitat types that span almost the entire range of climatic and habitat types found in the
entire Appalachian Mountain range. The resulting fauna is one comprised of a mixture of
species, with a high proportion of species with southern Nearctic distributions at lower
elevations and an increase in species with a northern Nearctic distribution in the upper
elevations.
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