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 ABSTRACT
 A 2002-2004 survey for dragonflies and damselflies covered the wetlands of the Potomac Gorge (from Theodore Roosevelt Island to
 Bealls Island), the C&O Canal National Historical Park (from Bealls Island to the mouth of Antietam Creek), Harpers Ferry National
 Historical Park and Rock Creek Park; four units of the National Park System. The information was augmented with data collected from a Potomac River Odonata survey done in 1994-1995 from the District/Maryland Line to White’s Ferry. Additional Potomac
 River records collected in the 1990s and all known historical odonate records covering these areas were also compiled. Adults, cast
 skins, and larvae data were included in the 2002-2004 survey. In total, one-hundred one (101) species of dragonflies and damselflies were found to utilize habitats within these units of the National Capital Region. In addition, a new species of dragonfly
 (Ophiogomphus sp. not yet described) was found during the survey. Forty-five (45) of the species found are identified as of
 conservation importance due to rarity in at least one, or more, of the political entities of the District of Columbia, West Virginia, Maryland, or Virginia; all of which have boundaries within the surveyed area. Therefore, nearly 45% of the odonate species found
 within the surveyed area are of known conservation importance. All data collected (except for historical records) were entered into an
 ACCESS database for current and future data manipulation. Over 104,000 identified individual odonates with date, location, and other relevant information are contained within the ACCESS database. Flight periods of rare crepuscular dragonflies and emergent
 times/ maiden flights of rare riverine dragonflies were identified to minimize the risk of these rare odonates from potential future management for West Nile Virus. Butterflies and tiger beetles were also recorded during the survey. Historical records were
 incorporated to provide a complete up-to-date list of butterflies and tiger beetles found in each of the surveyed areas.
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 provided expertise in creating posters, reports, and graphs associated with the study.
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 species of dragonflies from the Potomac River.
 Special acknowledgments go to Christina Wright (NPS), Sarah Bishop (Partners-in-Parks), Dave Czaplak (field
 biologist), Nick Donnelly (dragonfly specialist), Steve Roble (Virginia DNR), Mike May (dragonfly specialist), Oliver
 Flint (Smithsonian), Nancy Adams (Smithsonian), Karen Sheffield (Riverbend Park), Mark Southerland (Versar, Inc.),
 Jennifer Wykle (West Virginia, DNR), Bill Hebb (NPS), Dianne Ingram (NPS), Stephanie Mason (Audubon Naturalist
 Society), Chris Fleming (botanist), Dale Nisbet (NPS), Carol Di Salvo (NPS), Melissa Kangas (NPS), Fred Kelley
 (Versar, Inc.), Chris Lea (NPS), Susan Rudy (NPS), Jim Sherald (NPS), Jil Swearinger (NPS), Pat Durkin (butterfly
 specialists), Bill Yeaman (NPS) and my sincere apologies to the many others who I inadvertently forgot to list.
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 INTRODUCTION This report meets the contract goals by providing a general overview and a detailed discussion of the study. In addition
 to this report, the following were provided to meet contract goals: a CD containing the database (ACCESS), a checklist
 covering the dragonflies and damselflies of the Potomac River wetlands (Theodore Roosevelt Island to and including
 Harpers Ferry); another checklist for Rock Creek Park; and a pamphlet-sized field guide for identifying the fifteen most
 common and conspicuous odonates in the National Capital Park region. Voucher specimens collected during the
 survey were also provided.
 The main objectives of this three year project were twofold: to obtain baseline odonate information for its inherent
 natural resource management value, and to provide resource managers with scientific information/data on which to
 base management decisions in the event that West Nile Virus (WNV) or other mosquito borne diseases should threaten
 public health possibly requiring suppression efforts using pesticides or alteration of habitat. The project provides the
 National Park Service (NPS) with previously unavailable information on the dragonflies and damselflies so that future
 management practices can be developed or modified to reduce the risk to these species and their habitats from pesticide
 spraying and other park activities, and to better address threatened and endangered species issues in Harpers Ferry
 National Historical Park (HAFE), C&O Canal National Historical Park (CHOH), George Washington Memorial
 Parkway (GWMP) and Rock Creek Park (ROCR).
 The study covered Rock Creek Park, HAFE (West Virginia, Maryland, and Virginia sections), the Potomac Gorge
 (Theodore Roosevelt Island to Bealls Island; including property managed by GWMP, CHOH, District of Columbia,
 Maryland and Virginia), and the CHOH (from Bealls Island to Antietam Creek; including the Potomac River and
 McKee Beshers Wildlife Management Area which are managed by the State of Maryland). This included all permanent
 and temporary wetland habitats including the Potomac River, the C&O Canal, marshes, seeps, ponds, and tributaries
 within the boundary of each park. Four of the five physiographical provinces of the Potomac River Basin fell within
 the survey area (NPS and TNC, 2001). These included the Coastal Plain Province in part (Theodore Roosevelt Island
 to Little Falls), Piedmont Province in total (Little Falls to Point-of-Rocks), Blue Ridge Province in total (Point-of-
 Rocks to Harpers Ferry), and the Ridge and Valley Province in part (Harpers Ferry to Antietam Creek).
 The National Capital Region (NCR) manages 25% of the District of Columbia, including the major wetlands. The
 Region also manages other major parks such as the Chesapeake and Ohio Canal National Historical Park and Harpers
 Ferry National Historical Park outside of the District. The NCR hosts 20% of the total NPS annual visitation and is
 surrounded by one of the most rapidly developing areas of the country (NPS, 2002). West Nile Virus has been
 perceived as a threat to public health in the Washington, D.C. area. Efforts are underway to monitor for the vectors and
 the disease throughout the NCR. With the continued presence of infected birds, the virus is considered established in
 the Washington, D.C. area.
 Odonate (dragonflies and damselflies) species are currently at risk from a number of environmental threats, including
 habitat destruction and contamination. During emergence, dragonflies are especially vulnerable to contact biocides and
 other environmental pollutants because their exoskeletons have yet to harden and fail to provide even a minimum level
 of self-protection (Corbet, 1999). The risk from contact biocides could increase if West Nile Virus control programs
 were initiated within the National Parks or adjacent to the Parks. Other risks include the more routine use of biocides
 needed for day-to-day operations or for management of invasive species. The potential exists for adverse effects to
 dragonflies in general and to state/District identified rare, threatened, and endangered species in particular. This report
 identifies the rare odonates in each of the National Parks and provides the emergence times and places they are most
 vulnerable. The study also provides critical odonate life history information for park managers to use when/if
 determining time periods that would present the least adverse affects due to a pesticide application or habitat
 modification.
 Previous inventory and monitoring projects at the Harpers Ferry National Historical Park, Chesapeake and Ohio Canal
 National Historical Park, George Washington Memorial Parkway, and Rock Creek Park have not included dragonflies
 and damselflies. Odonates, being the first trophic level insect predators for many aquatic ecosystems, are keystones in
 the mid-Atlantic Region. They provide a source of biological information that can be used for the conservation,
 planning, and management of freshwater ecosystems. Information on their presence and function within the parks is
 important if an ecosystem approach to management is to be implemented.
 Odonates are excellent indicator species. The odonate species community composition of a given aquatic environment
 reflects the overall health of that system (Corbet, 1999). Changes in aquatic systems are quickly reflected in changes in
 the odonate species composition; often at faster rates than can be monitored for most other plant or animal groups.
 This is not surprising since it is well documented that other arthropod taxa respond in the same way for terrestrial and
 aquatic systems (Kremen et al, 1993; Thorp and Covich, 2001). Having a baseline survey provides a clear indicator of
 the current health of the various aquatic systems within the parks and provides an excellent tool for monitoring or
 determining future changes within that aquatic environment.
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 Dragonflies and damselflies comprise a significant faunal component of aquatic environments. Eastern North America
 is one of six global hotspots of dragonfly biodiversity (Carle, 1982). This diversity is related to the presence of a high
 number of endemic species, many of which are endangered or threatened. At this time, the National Park Service’s
 Nationwide Inventory and Monitoring Program does not normally monitor odonates or other invertebrates. Dragonflies
 and damselflies, however, are becoming of interest for amateur naturalists (e.g., birders). For these reasons, odonates
 are among the parks most important resources ecologically, scientifically, and educationally.
 One of the most critical emerging issues in the protection of odonates, along with other invertebrates within these
 National Parks, is the potential need to reduce public health risks from West Nile Virus (WNV). West Nile Virus is a
 mosquito–borne virus in the genus Flavivirus. Serologically it belongs to the Japanese encephalitis virus antigenic
 complex, which includes St. Louis encephalitis. West Nile Virus is endemic to western Asia, Africa, and southern
 Europe. West Nile Virus was first recorded in the Western Hemisphere in the late summer of 1999 in New York City.
 Ultimately, this establishment resulted in over 60 cases of illness and 7 fatalities. Because of the significant health risk
 to humans, mosquito control activities, including broadcast applications of insecticide, were implemented in New York
 City. Later in the summer of 2000, West Nile Virus was discovered in the Washington D.C. area when several dead
 crows in the area tested positive for the disease. By the beginning of 2003, WNV had been recorded in 44 states and
 the District of Columbia with 4,156 reported human cases. The fatality rate for human cases is around 7 percent (CDC
 et al, 2003).
 West Nile Virus or another mosquito borne disease may continue to pose a threat to public health in the Washington,
 D.C. area. Possibly in the near future, there may be pressure from the general public demanding mosquito spraying in
 order to reduce the risk (perceived or actual) for WNV. The National Park Service is therefore concerned about the
 overall lack of baseline information on the non-target arthropods inhabiting park areas and the adjacent Potomac River.
 In the event that mosquito management is proposed a scientific rational decision making process should be undertaken
 to examine the facts and risks to counter/challenge perceived public concerns. The baseline information of odonates
 hence provides a very valuable tool to park managers. Documentation showing the number of rare species that could be
 affected by an application of insecticide could be used to argue against scientifically unfounded treatment. Equally
 important is that if application of insecticides does become justified, from a public health standpoint, that information is
 available on non-target arthropods of concern, so that the NPS can best implement the control program to maximize
 efficiency and minimize unwanted impact.
 METHODS Field excursions were organized to provide maximum coverage of the diverse aquatic habitats at the parks at different
 times of the year and under various weather conditions. Field data collected were mainly from the identification of
 imagoes (adults) and exuvia (the cast skin remains left by emerging adults). Some larval sampling was also conducted
 on a limited basis. Collecting was necessary to provide voucher specimens, but was done only when necessary. With
 some exceptions, mature adults were identified using binoculars or by capturing and releasing individuals using an
 insect net. One individual adult, per species, was collected and preserved as a voucher specimen during the course of
 the study when feasible (if they could be caught).
 Cast skins (exuvia) were collected and identified to species in the laboratory. As these empty insect shells are very
 ephemeral their removal from the parks had little or no impact on the ecosystem in question. The presence of cast skins
 provided the emergent times and distributions of some of the rare species whose adults otherwise are difficult to locate
 in the field. Only a few representative cast skins were kept for identification reference or for their scientific importance
 during the study. The rest were discarded after the identifications had been made.
 Juvenile, freshly-emerged teneral damselflies are soft and non-descript until they mature. On a warm spring or summer
 day, some common damselfly species emerged in the hundreds to thousands from the Potomac River. Unfortunately,
 these teneral damselflies can only be identified in the laboratory. In addition, these soft-bodied specimens make poor
 museum specimens. Representative samples of teneral damselflies were collected for identification to establish
 emergence times of the common resident species. These were normally discarded after identification.
 Total numbers of exuvia and imagoes of each species identified during a field excursion were recorded along with the
 date, time, weather conditions, location, and when appropriate, additional biological information. Only those
 individuals actually seen and identified were counted. Each positive identification of an individual dragonfly was
 recorded as a single data point.
 In coordination among Versar, Inc., NPS, Audubon Naturalist Society, and Partners-in-Parks, a volunteer program was
 put together for the 2003 and 2004 seasons by Sarah Bishop (President of Partners-in-Parks) and the Principal
 Investigator to collect dragonfly cast skins. A couple of thousand cast skins were collected by 23 volunteers within the
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 study area during the 2003/2004 field season. The cast skins were sent to the Principal Investigator to be identified to
 species and were added to the records.
 The Principle Investigator previously conducted a detailed survey of the dragonflies and damselflies of the Potomac
 River and the CHOH from Edwards Ferry to Plummers Island from 1994 through 1996 (Orr, 1995, 1996a, 1996b). The
 data acquired during that three year survey were added to this study to provide as comprehensive a product as possible.
 Relevant information while in the field was saved to a tape recorder. The saved information was transferred to
 standardized log sheets after returning to the laboratory to ensure consistency in recording field data. Odonate data
 points were later entered into a database designed by the Principle Investigator using ACCESS (recommended by the
 NPS). The ACCESS database contains the basic data collected from the study. It currently contains more than 104,000
 data points on individual odonates covering the 101 species found within the National Capital Parks during the survey.
 The database was designed so that queries can be made for any or a combination of the following: 1) date, 2) genus
 name, 3) species name, 4) common name, 5) number of adults, 6) number of larvae, 7) number of cast skins, 8) whether
 tenerals or juvenile adults were present (period of time when most susceptible to aerial pesticide application), 9)
 whether mature adults were present, 10) whether a voucher specimen was taken, 11) preferred larval habitats of the
 species, 12) larvae ecological mode-of-existence, 13) endangered or threatened species status (Maryland, DC, Virginia,
 West Virginia) and 14) the GPS location. Separate tables were created in the database for the 1994-1996 study and the
 2002-2004 study, but tables were made fully relational so that single queries across both tables could be run.
 Butterflies and tiger beetles were not collected, but were netted, identified and released. Their presence was recorded.
 RESULTS The database contains the backbone of the information from the study. The data contained within the fourteen cross-
 referenced data fields will provide information for additional scientific papers and provide basic biological information
 for future management decisions. All of the information used to develop the odonate tables in this report were from
 data contained in the database.
 Because of the extensive amount of information collected during the survey, the results section consists of summary
 tables and graphs. Tables 1 and 2 cover the entire surveyed area. Tables 2 through 6 cover, respectively, the Potomac
 Gorge, C&O Canal NHP, Harpers Ferry NHP and Rock Creek Park. Table 7 and Graph 1 cover rare odonate species
 information from Rock Creek Park important for the management/discussion section of this report. Graphs 2 through
 6 plot the emergent times of rare riverine dragonflies along the full length of the Potomac River surveyed. This
 information is important for the discussion of WNV.
 Table 1 lists the 101 species known from the surveyed area by scientific name (genus & species columns), common
 name, preferred larval habitat and adult flight period. Larval habitat information, when not derived directly from the
 study, was obtained from Merritt and Commins (1996). Common names for dragonflies are from Needham et al,
 (2000) and those for damselflies are from Westfall and May (1996). The adult flight period data is a combination of
 the cast skin and adult data contained within the survey’s database. When only a single occurrence (date) was recorded
 the year is also included. In addition, for species known only from historical records (not contained in the database),
 the year that it was last reported is provided. This information was obtained from Orr, (2001), Donnelly, (1961), and
 Needham, et al, (2000).
 TABLE 1: DRAGONFLIES AND DAMSELFLIES BY SCIENTIFIC NAME,
 COMMON NAMES, LARVAL HABITAT, AND ADULT FLIGHT PERIOD
 GENUS SPECIES COMMON NAME LARVAL HABITAT ADULT FLIGHT PERIOD
 PETALTAILS
 Tachopteryx thoreyi Gray Petaltail Seeps 5-Jun to 11-Jun
 DARNERS
 Aeshna mutata Spatterdock Darner Ponds 6-Jun-03 Aeshna umbrosa Shadow Darner Ponds, Marshes, Bogs 15-Jul to 2-Nov
 Aeshna verticalis Green-striped Darner Ponds, Marshes, Bogs 23-Oct-01
 Anax junius Common Green Darner Ponds, Marshes, Pools 29-Mar to 16-Oct
 Anax longipes Comet Darner Ponds, Marshes, Pools 22-May-94
 Basiaeschna janata Springtime Darner Rivers, Streams 20-Apr to May-22
 Boyeria vinosa Fawn Darner Rivers, Streams 3-Jun to 13-Oct
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 GENUS SPECIES COMMON NAME LARVAL HABITAT ADULT FLIGHT PERIOD
 Epiaeschna heros Swamp Darner Swamps 9-May to 26-Aug
 Gomphaeschna furcillata Harlequin Darner Swamps 23-Apr to 25-Apr
 Nasiaeschna pentacantha Cyrano Darner Ponds, Swamps 17-May to 31-Jul
 CLUBTAILS
 Arigomphus villosipes Unicorn Clubtail Ponds 25-Jun-94
 Dromogomphus spinosus Black-shouldered Spinyleg Rivers, Streams 18-May to 14-Sep
 Erpetogomphus designatus Eastern Ringtail Rivers 1-Jun to 8-Oct
 Gomphus abbreviatus Spine-crowned Clubtail Rivers 1-May to 12-May
 Gomphus exilis Lancet Clubtail Rivers, Streams, Ponds 4-May to 2-Jul
 Gomphus fraternus Midland Clubtail Rivers 5-May to 16-Jun
 Gomphus lineatifrons Splendid Clubtail Rivers Historical (date unknown)
 Gomphus lividus Ashy Clubtail Rivers, Streams 16-Apr to 6-Jun
 Gomphus quadricolor Rapids Clubtail Rivers 21-May to 6-Jun
 Gomphus vastus Cobra Clubtail Rivers 26-Apr to 17-Jul
 Gomphus ventricosus Skillet Clubtail Rivers Historical (1915)
 Gomphus viridifrons Green-faced Clubtail Rivers 5-Jun to 11-Jun
 Hagenius brevistylus Dragonhunter Rivers, Streams 21-May to 20-Sep
 Ophiogomphus rupinsulensis Rusty Snaketail Rivers 25-May to 6-Jun
 Ophiogomphus sp. (new) Potomac Snaketail Rivers 20-Apr-02
 Progomphus obscurus Common Sanddragon Rivers Historical (1913)
 Stylogomphus albistylus Eastern Least Clubtail Rivers, Streams 15-May to 1-Jun
 Stylurus amicola Riverine Clubtail Rivers Historical (1951)
 Stylurus laurae Laura's Clubtail Rivers 30-Jun to 19-Jul
 Stylurus plagiatus Russet-tipped Clubtail Rivers 2-Jul to 7-Sep
 Stylurus spiniceps Arrow Clubtail Rivers 14-Jun to 16-Oct
 SPIKETAILS
 Cordulegaster bilineata Brown Spiketail Seeps, Streams 10-May-00
 Cordulegaster erronea Tiger Spiketail Seeps 13-Jun to 11-Aug
 Cordulegaster obliqua Arrowhead Spiketail Seeps, Streams Historical (1915)
 Cordulegaster maculata Twin-spotted Spiketail Seeps, Streams 28-Apr-90
 CRUISERS
 Didymops transversa Stream Cruiser Rivers, Streams 20-Apr to 21-May
 Macromia alleghaniensis Allegheny River Cruiser Rivers 15-May-02
 Macromia illinoiensis Swift River Cruiser Rivers 18-May to 26-Aug
 Macromia taeniolata Royal River Cruiser Rivers 14-Jun to 26-Aug
 EMERALDS
 Epitheca cynosura Common Baskettail Ponds, Swamps 26-Apr to 22-Jun
 Epitheca princeps Prince Baskettail Rivers, Ponds 25-May to 26-Aug
 Epitheca spinosa Robust Baskettail Ponds, Swamps 23-Apr-02
 Neurocordulia obsoleta Umber Shadowdragon Rivers 13-May to 22-July
 Neurocordulia yamaskanensis Stygian Shadowdragon Rivers 16-May to 30-July
 Somatochlora linearis Mocha Emerald Streams, Rivers 13-Jul-03
 Somatochlora tenebrosa Clamp-tipped Emerald Streams 2-Jul to 13-Jul
 SKIMMERS
 Celithemis elisa Calico Pennant Marshes, Bogs 24-May to 21-Jul
 Celithemis eponina Halloween Pennant Marshes 15-Jul to 25-Aug
 Celithemis fasciata Banded Pennant Marshes 23-Jun-96
 Celithemis verna Double-ringed Pennant Ponds, Marshes 24-May to 23-Jun
 Erythemis simplicicollis Common Pondhawk Ponds, Marshes 27-Apr to 7-Oct
 Libellula axilena Bar-winged Skimmer Pools, Swamps 6-Jun-03
 Libellula cyanea White-spangled Skimmer Ponds, Marshes 24-May to 28-Aug
 Libellula deplanata Blue Corporal Ponds, Marshes 23-Apr to 5-Jun
 Libellula incesta Slaty Skimmer Ponds, Marshes 8-Jun to 29-Sep
 Libellula luctuosa Widow Skimmer Ponds, Marshes 25-May to 3-Oct
 Libellula lydia Common Whitetail Ponds, Pools, Swamps, Marshes 23-Apr to 3-Oct
 Libellula pulchella Twelve-spotted Skimmer Pools, Marshes 24-May to 19-Sep
 Libellula semifasciata Painted Skimmer Seeps, Marshes 31-May to 19-Jul
 Libellula vibrans Great Blue Skimmer Ponds, Swamps 16-May to 4-Sep
 Pachydiplax longipennis Blue Dasher Ponds, Marshes, Pools, Swamps 21-May to 14-Sep
 Pantala flavescens Wandering Glider Pools, Ponds 20-Apr to 13-Oct
 Pantala hymenaea Spot-winged Glider Pools, Ponds 9-May to 31-Aug
 Perithemis tenera Eastern Amberwing Pools, Ponds 8-Jun to 3-Oct
 Sympetrum ambiguum Blue-faced Meadowhawk Pools, Marshes 1-Oct-94
 Sympetrum internum Cherry-faced Meadowhawk Marshes 21-Jul to 24-Sep
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 GENUS SPECIES COMMON NAME LARVAL HABITAT ADULT FLIGHT PERIOD
 Sympetrum rubicundulum Ruby Meadowhawk Marshes 24-Jun to 31-Jul
 Sympetrum vicinum Autumn Meadowhawk Ponds, Marshes, Bogs 29-Jun to 18-Oct
 Tramea carolina Carolina Saddlebags Pools, Ponds 25-Aug to 1-Oct
 Tramea lacerata Black Saddlebags Pools, Ponds 25-May to 24-Sep
 JEWELWINGS
 Calopteryx maculata Ebony Jewelwing Rivers, Streams 4-May to 14-Sep
 Hetaerina americana American Rubyspot Rivers 23-May to 9-Nov
 Hetaerina titia Smoky Rubyspot Rivers Historical (1961)
 SPREADWINGS
 Archilestes grandis Great Spreadwing Streams 7-Sep to 16-Oct
 Lestes australis Southern Spreadwing Ponds, Bogs, Marshes 17-Apr to 1-Oct
 Lestes forcipatus Sweetflag Spreadwing Ponds, Marshes 16-Jul-94
 Lestes inaequalis Elegant Spreadwing Marshes, Swamps, Ponds Larvae only
 Lestes rectangularis Slender Spreadwing Marshes, Pools, Swamps, Ponds 25-May to 8-Oct
 POND DAMSELS
 Amphiagrion saucium Eastern Red Damsel Bogs, Seeps 23-Jul-94
 Argia apicalis Blue-fronted Dancer Rivers 1-Jun to 18-Oct
 Argia fumipennis Violet Dancer Rivers, Streams, Ponds, Swamps 26-May to 4-Sep
 Argia moesta Powdered Dancer Rivers 17-May to 18-Oct
 Argia sedula Blue-ringed Dancer Rivers 2-Jun to 8-Oct
 Argia tibialis Blue-tipped Dancer Rivers, Streams 25-May to 17-Aug
 Argia translata Dusky Dancer Rivers, Streams 7-Jun to 8-Oct
 Chromagrion conditum Aurora Damsel Marshes, Swamps 25-May-95
 Enallagma aspersum Azure Bluet Ponds, Marshes 11-Jul-04
 Enallagma basidens Double-striped Bluet Ponds, Marshes 22-Jun to 21-Sep
 Enallagma civile Familiar Bluet Ponds, Marshes, Pools, Rivers 5-May to 9-Nov
 Enallagma divagans Turquoise Bluet Rivers, Streams 29-May to 19-Jun
 Enallagma durum Big Bluet Rivers 4-Jul to 21-Sep
 Enallagma exsulans Stream Bluet Rivers, Streams 9-May to 16-Oct
 Enallagma geminatum Skimming Bluet Ponds 21-May to 13-Aug
 Enallagma signatum Orange Bluet Ponds, Marshes 25-May to 26-Aug
 Enallagma traviatum Slender Bluet Ponds, Marshes 18-Jun to 19-Jul
 Ischnura hastata Citrine Forktail Marshes, Bogs, Seeps 9-May to 4-Sep
 Ischnura kellicotti Lilypad Forktail Ponds 16-Jul-94
 Ischnura posita Fragile Forktail Ponds, Swamps, Marshes, Pools 16-Apr to 13-Oct
 Ischnura ramburii Rambur's Forktail Marshes, Ponds 25-Aug-02
 Ischnura verticalis Eastern Forktail Marshes, Ponds 27-Apr to 21-Sep
 Table 2 shows the number of data points (individuals) encountered at each general location during the combined 1994-
 1996 and the 2002-2004 surveys. Table 2 also identifies those species which are state identified as endangered (S1),
 threatened (S2), or no longer present (SH). Those cells within the table labeled “H” represents historical records of
 species that are not contained within the database but are recorded in earlier scientific literature.
 TABLE 2: DRAGONFLIES AND DAMSELFLIES BY GENERAL
 LOCATION AND STATE RANK
 COMMON NAME STATE RANK ROCK CREEK
 # DATA POINTS POTOMAC GORGE
 # DATA POINTS C&O POTOMAC # DATA POINTS
 HARPERS FERRY # DATA POINTS
 TOTAL SPECIES #DATA POINTS
 PETALTAILS Gray Petaltail S2 (MD), DC H 5 6 0 11 DARNERS Spatterdock Darner S1(MD), S2(VA) 0 0 0 1 1 Shadow Darner H 7 2 5 14 Green-striped Darner S2(MD), S1(VA) 0 0 2 0 2 Common Green Darner 12 279 123 17 431 Comet Darner S3(MD), S2(VA) 0 1 0 0 1 Springtime Darner 0 12 35 2 49 Fawn Darner 2 4 20 0 26 Swamp Darner 10 49 62 5 126 Harlequin Darner S3(MD) 0 3 2 0 5 Cyrano Darner S3(MD),(DC), S2(VA) 1 39 1 0 41
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 CLUBTAILS Unicorn Clubtail 0 0 1 0 1 Black-shouldered Spinyleg 0 218 898 127 1243 Eastern Ringtail S2(MD) 0 20 92 4 116 Spine-crowned Clubtail SH(MD), S2(VA) 0 1 0 1 2 Lancet Clubtail 0 12 4 6 22 Midland Clubtail S2(MD), S1(VA) 0 1 61 1 63 Splendid Clubtail SH(MD) 0 0 H 0 0 Ashy Clubtail 0 3 29 115 147 Rapids Clubtail S1(MD), S1(VA) 0 1 9 0 10 Cobra Clubtail S3(MD) H 634 1939 13 2586 Skillet Clubtail SH(MD), S1(VA) 0 H 0 0 0 Green-faced Clubtail S1(MD), S2(VA),
 S3(WV) 0 0 3 0 3
 Dragonhunter 3 20 17 3 43 Rusty Snaketail S2(MD) 0 0 13 0 13 Potomac Snaketail S1(P)(MD) 0 0 1 0 1 Common Sanddragon S3(MD) 0 H 0 0 0 Eastern Least Clubtail S3(MD) 0 7 5 0 12 Riverine Clubtail SH(MD), S1(VA) 0 0 H 0 0 Laura's Clubtail S2(MD), S2(VA) 0 2 6 0 8 Russet-tipped Clubtail 0 13 2 0 15 Arrow Clubtail 0 234 755 61 1050 SPIKETAILS Brown Spiketail S2(MD) 0 0 1 0 1 Tiger Spiketail S2(MD), S2(P)(DC) 10 1 0 0 11 Arrowhead Spiketail S2(MD), S2(VA) 0 0 H 0 0 Twin-spotted Spiketail 0 1 0 0 1 CRUISERS Stream Cruiser 0 14 10 1 25 Allegheny River Cruiser S2(MD), S2(VA) 0 H 1 0 1 Swift River Cruiser 5 90 63 13 171 Royal River Cruiser S3(MD) 0 19 4 1 24 EMERALDS Common Baskettail 0 51 16 57 124 Prince Baskettail 1 128 30 35 194 Robust Baskettail S2(MD), S2(VA) 0 0 2 0 2 Umber Shadowdragon S3(MD), S2(VA), DC H 200 261 21 482 Stygian Shadowdragon S2(MD), S1(VA) 0 36 13 0 49 Mocha Emerald S3(MD) 1 H 0 0 1 Clamp-tipped Emerald S3(MD) 1 1 0 0 2 SKIMMERS Calico Pennant 0 H 14 232 246 Halloween Pennant 0 1 21 9 31 Banded Pennant S3(MD) 0 H 1 0 1 Double-ringed Pennant S2(MD), S2(VA) 0 0 1 0 1 Common Pondhawk 2 1282 229 1051 2564 Bar-winged Skimmer S3(MD) 0 0 H 1 1 White-spangled Skimmer 3 3 59 0 65 Blue Corporal 0 1 2 0 3 Slaty Skimmer 8 188 29 10 235 Widow Skimmer 1 337 108 57 503 Common Whitetail 241 334 342 304 1221 Twelve-spotted Skimmer 14 41 30 16 101 Painted Skimmer 0 8 48 0 56 Great Blue Skimmer 27 20 64 5 116 Blue Dasher 32 1586 1229 446 3293 Wandering Glider 10 8 6 3 27 Spot-winged Glider 51 31 11 20 113 Eastern Amberwing 1 495 63 46 605 Blue-faced Meadowhawk S3(MD) 0 0 3 0 3 Cherry-faced Meadowhawk
 S2(P)(MD) 0 1 0 3 4 Ruby Meadowhawk H 0 357 0 357 Autumn Meadowhawk 0 18 21 0 39 Carolina Saddlebags 0 0 2 0 2 Black Saddlebags 0 102 11 25 138 JEWELWINGS Ebony Jewelwing 724 71 255 2327 3377 American Rubyspot H 3488 2821 13819 20128 Smoky Rubyspot SH(MD) 0 H 0 0 0
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 SPREADWINGS Great Spreadwing S3(MD) 0 10 1 0 11 Southern Spreadwing 2 0 36 1 39 Sweetflag Spreadwing S3(MD) 0 H 1 0 1 Elegant Spreadwing 0 1 0 0 1 Slender Spreadwing 0 3 12 4 19 POND DAMSELS Eastern Red Damsel S3(MD) H 4 0 0 4 Blue-fronted Dancer 596 2787 2192 4941 10516 Violet Dancer 92 132 2 90 316 Powdered Dancer 1 1695 3870 17913 23479 Blue-ringed Dancer S3(MD) 0 54 91 3106 3251 Blue-tipped Dancer 7373 36 29 4 7442 Dusky Dancer 54 42 438 335 869 Aurora Damsel S3(MD) 0 0 1 0 1 Azure Bluet S3(MD) 1 0 0 0 1 Double-striped Bluet 5 0 6 1 12 Familiar Bluet 680 29 1610 584 2903 Turquoise Bluet S3(P)(MD) 0 4 0 0 4 Big Bluet S3(MD) H 25 2817 0 2842 Stream Bluet 80 2373 755 5088 8296 Skimming Bluet 0 185 0 12 197 Orange Bluet 0 78 9 0 87 Slender Bluet S3(MD) 0 0 30 0 30 Citrine Forktail 1 7 4 0 12 Lilypad Forktail 0 0 1 0 1 Fragile Forktail 81 2037 954 574 3646 Rambur's Forktail 0 0 1 0 1 Eastern Forktail 1 86 49 48 184 TOTAL BY LOCATION 10127 19709 23125 51564 104525
 Table 3 contains the data points (# of individuals) found within the Potomac Gorge by specific location. The “Other
 Sites” column contains the data points found outside of the four locations specifically targeted during the survey but
 within the boundaries of the Potomac Gorge.
 TABLE 3: DRAGONFLIES AND DAMSELFLIES OF THE POTOMAC GORGE
 COMMON NAME
 THEODORE ROOSEVELT
 ISLAND # DATA POINTS
 CHAIN BRIDGE FLATS
 # DATA POINTS
 PLUMMERS ISLAND
 # DATA POINTS
 GREAT FALLS PARK INCLUDING RIVERBEND PARK
 # DATA POINTS
 OTHER SITES (Various Locations)
 # DATA POINTS
 TOTAL SPECIES
 # DATA POINTS
 PETALTAILS
 Gray Petaltail 0 0 0 5 0 5 DARNERS
 Shadow Darner 0 2 1 3 1 7 Comet Darner 0 0 0 0 1 1 Common Green Darner 0 81 8 151 39 279 Springtime Darner 0 0 2 7 3 12 Fawn Darner 0 1 0 3 0 4 Swamp Darner 0 3 17 13 16 49 Harlequin Darner 0 0 0 3 0 3 Cyrano Darner 0 10 1 16 12 39 CLUBTAILS Black-shouldered Spinyleg 2 2 21 165 28 218 Eastern Ringtail 0 2 0 14 4 20 Spine-crowned Clubtail 0 0 0 1 0 1 Lancet Clubtail 0 2 0 4 6 12 Midland Clubtail 0 0 0 1 0 1 Ashy Clubtail 0 0 0 2 1 3 Rapids Clubtail 0 0 0 0 1 1 Cobra Clubtail 2 1 6 616 9 634 Dragonhunter 0 0 3 15 2 20 Eastern Least Clubtail 0 1 0 6 0 7 Laura's Clubtail 0 0 0 2 0 2 Russet-tipped Clubtail 0 5 0 7 1 13 Arrow Clubtail 1 0 1 217 15 234
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 COMMON NAME
 TURKEY RUN
 # DATA POINTS
 CHAIN BRIDGE FLATS
 # DATA POINTS
 PLUMMERS ISLAND
 # DATA POINTS
 GREAT FALLS PARK INCLUDING RIVERBEND PARK
 # DATA POINTS
 OTHER SITES (Various Locations)
 # DATA POINTS
 TOTAL SPECIES
 # DATA POINTS
 SPIKETAILS
 Twin-spotted Spiketail 0 0 0 1 0 1 Tiger Spiketail 0 0 0 0 1 1 CRUISERS
 Stream Cruiser 0 1 0 8 5 14 Swift River Cruiser 0 6 12 64 8 90 Royal River Cruiser 0 0 0 19 0 19 EMERALDS
 Common Baskettail 0 13 0 15 23 51 Prince Baskettail 0 42 8 46 32 128 Clamp-tipped Emerald 0 0 0 0 1 1 Umber Shadowdragon 0 0 109 78 13 200 Stygian Shadowdragon 0 0 1 35 0 36 SKIMMERS
 Halloween Pennant 0 1 0 0 0 1 Common Pondhawk 15 933 66 137 131 1282 White-spangled Skimmer 0 0 0 3 0 3 Blue Corporal 0 0 0 0 1 1 Slaty Skimmer 1 46 20 75 46 188 Widow Skimmer 0 13 82 83 159 337 Common Whitetail 4 72 63 136 59 334 Twelve-spotted Skimmer 0 27 0 12 2 41 Painted Skimmer 0 8 0 0 0 8 Great Blue Skimmer 0 7 0 7 6 20 Blue Dasher 2 859 76 503 146 1586 Wandering Glider 0 5 0 1 2 8 Spot-winged Glider 8 17 0 1 5 31 Eastern Amberwing 6 30 101 245 113 495 Cherry-faced Meadowhawk
 0 0 0 1 0 1 Autumn Meadowhawk 0 2 0 16 0 18 Black Saddlebags 4 43 1 24 30 102 JEWELWINGS
 Ebony Jewelwing 30 6 0 24 11 71 American Rubyspot 15 6 1704 65 1698 3488 SPREADWINGS
 Great Spreadwing 0 8 2 0 0 10 Elegant Spreadwing 0 1 0 0 0 1 Slender Spreadwing 0 3 0 0 0 3 POND DAMSELS
 Eastern-red Damsel 0 0 0 0 4 4 Blue-fronted Dancer 50 46 707 1269 715 2787 Violet Dancer 0 83 9 10 30 132 Powdered Dancer 0 62 477 705 451 1695 Blue-ringed Dancer 1 0 19 18 16 54 Blue-tipped Dancer 0 4 8 19 5 36 Dusky Dancer 0 6 2 34 0 42 Familiar Bluet 8 7 1 2 11 29 Big Bluet 0 1 2 22 0 25 Stream Bluet 4 165 762 687 755 2373 Skimming Bluet 0 19 43 20 103 185 Turquoise Bluet 0 2 0 0 2 4 Orange Bluet 0 38 17 5 18 78 Citrine Forktail 0 7 0 0 0 7 Fragile Forktail 6 1066 338 225 402 2037 Eastern Forktail 0 43 2 3 38 86 TOTAL BY LOCATION 159 3808 4692 5869 5181 19709
 Table 4 contains the data points (# of individuals) found within the C&O Canal from Bealls Island to Antietam Creek
 by specific location. The “Other Sites” column contains the data points found outside of the four locations specifically
 targeted during the survey but still within the boundaries of the C&O Canal NHP area.
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 TABLE 4: DRAGONFLIES AND DAMSELFLIES OF THE C&O CANAL
 COMMON NAME
 MCKEE-BESHERS WMA
 Montgomery, Co. # DATA POINTS
 MONOCACY AQUADUCT
 Frederick, Co. # DATA POINTS
 LANDER BOAT LAUNCH Frederick, Co.
 # DATA POINTS
 DARGAN BEND BOAT LAUNCH Washington, Co. # DATA POINTS
 OTHER SITES (Various
 Locations) # DATA POINTS
 TOTAL SPECIES
 # DATA POINTS
 PETALTAILS
 Gray Petaltail 0 0 0 0 6 6 DARNERS
 Shadow Darner 2 0 0 0 0 2 Green-striped Darner 2 0 0 0 0 2 Common Green Darner 77 31 2 0 13 123 Springtime Darner 0 13 5 0 17 35 Fawn Darner 1 0 11 0 8 20 Swamp Darner 13 8 24 17 0 62 Harlequin Darner 0 2 0 0 0 2 Cyrano Darner 0 0 1 0 0 1 CLUBTAILS
 Unicorn Clubtail 1 0 0 0 0 1 Black-shouldered Spinyleg 113 256 174 127 228 898 Eastern Ringtail 53 7 15 0 17 92 Lancet Clubtail 2 0 1 1 0 4 Midland Clubtail 2 13 31 7 8 61 Ashy Clubtail 7 4 5 0 13 29 Rapids Clubtail 0 0 8 0 1 9 Cobra Clubtail 902 150 629 11 247 1939 Green-faced Clubtail 0 0 1 0 2 3 Dragonhunter 0 6 5 3 3 17 Potomac Snaketail 0 0 0 0 1 1 Rusty Snaketail 1 0 0 0 12 13 Eastern Least Clubtail 3 0 0 2 0 5 Laura's Clubtail 1 0 0 1 4 6 Russet-tipped Clubtail 1 1 0 0 0 2 Arrow Clubtail 220 166 153 28 188 755 SPIKETAILS
 Brown Spiketail 0 0 0 0 1 1 CRUISERS
 Stream Cruiser 0 4 2 0 4 10 Allegheny River Cruiser 0 0 0 0 1 1 Swift River Cruiser 27 13 6 7 10 63 Royal River Cruiser 3 0 0 0 1 4 EMERALDS
 Common Baskettail 4 2 1 0 9 16 Robust Baskettail 0 2 0 0 0 2 Prince Baskettail 2 8 5 4 11 30 Umber Shadowdragon 4 50 26 122 59 261 Stygian Shadowdragon 2 4 1 1 5 13 SKIMMERS
 Calico Pennant 14 0 0 0 0 14 Banded Pennant 1 0 0 0 0 1 Halloween Pennant 15 6 0 0 0 21 Double-ringed Pennant 1 0 0 0 0 1 Common Pondhawk 189 15 6 1 18 229 White-spangled Skimmer 59 0 0 0 0 59 Blue Corporal 1 1 0 0 0 2 Slaty Skimmer 29 0 0 0 0 29 Widow Skimmer 82 14 3 1 8 108 Common Whitetail 120 54 88 27 53 342 Twelve-spotted Skimmer 26 0 0 1 3 30 Painted Skimmer 48 0 0 0 0 48 Great Blue Skimmer 7 36 9 0 12 64 Blue Dasher 1192 2 10 15 10 1229 Wandering Glider 4 1 1 0 0 6 Spot-winged Glider 1 0 0 0 10 11 Eastern Amberwing 51 0 9 0 3 63 Blue-faced Meadowhawk 3 0 0 0 0 3 Ruby Meadowhawk 357 0 0 0 0 357 Autumn Meadowhawk 11 0 0 0 10 21 Carolina Saddlebags 1 1 0 0 0 2 Black Saddlebags 4 3 0 0 4 11
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 COMMON NAME
 MCKEE-BESHERS WMA
 Montgomery, Co. # DATA POINTS
 MONOCACY AQUADUCT
 Frederick, Co. # DATA POINTS
 LANDER BOAT LAUNCH Frederick, Co.
 # DATA POINTS
 DARGAN BEND BOAT LAUNCH Washington, Co. # DATA POINTS
 OTHER SITES (Various
 Locations) # DATA POINTS
 TOTAL SPECIES
 # DATA POINTS
 JEWELWINGS
 Ebony Jewelwing 0 19 222 7 7 255 American Rubyspot 103 1604 1024 6 84 2821 SPREADWINGS
 Great Spreadwing 0 0 0 0 1 1 Southern Spreadwing 36 0 0 0 0 36 Sweatflag Spreadwing 1 0 0 0 0 1 Slender Spreadwing 10 0 2 0 0 12 POND DAMSELS
 Blue-fronted Dancer 160 1149 457 122 304 2192 Violet Dancer 0 0 2 0 0 2 Powdered Dancer 266 947 843 1410 404 3870 Blue-ringed Dancer 13 5 0 2 71 91 Blue-tipped Dancer 0 5 1 0 23 29 Dusky Dancer 0 1 6 430 1 438 Aurora Damsel 1 0 0 0 0 1 Double-striped Bluet 5 0 1 0 0 6 Familiar Bluet 18 564 1025 3 0 1610 Big Bluet 0 2808 9 0 0 2817 Stream Bluet 153 58 104 309 131 755 Slender Bluet 30 0 0 0 0 30 Orange Bluet 7 1 0 1 0 9 Citrine Forktail 4 0 0 0 0 4 Lilypad Forktail 1 0 0 0 0 1 Fragile Forktail 747 128 13 16 50 954 Rambur's Forktail 0 1 0 0 0 1 Eastern Forktail 34 1 3 2 9 49 TOTAL BY LOCATION 5248 8164 4944 2684 2085 23125
 Table 5 contains the data points (# of individuals) found within the Harpers Ferry NHP by specific location. The
 “Other Sites” column contains the data points found outside of the four locations specifically targeted during the survey
 but within the boundaries of Harper Ferry NHP.
 TABLE 5: DRAGONFLIES AND DAMSELFLIES OF HARPERS FERRY NHP
 COMMON NAME STATE RANK
 JACKSON'S RIGHT FLANK
 (Jefferson Co. WV) # DATA POINTS
 SHORT HILL (Loudoun Co. VA) # DATA POINTS
 MARYLAND HEIGHTS
 (Washington Co, MD) # DATA POINTS
 SHENANDOAH RIVER
 (Jefferson Co. WV) # DATA POINTS
 OTHER SITES (Various
 Locations) # DATA POINTS
 TOTAL SPECIES # DATA POINTS
 DARNERS
 Spatterdock Darner S1(MD), S2(VA)
 0 0 1 0 0 1 Shadow Darner 0 0 2 3 0 5 Common Green Darner 7 0 0 6 4 17 Springtime Darner 0 0 0 0 2 2 Swamp Darner 0 4 1 0 0 5 CLUBTAILS
 Black-shouldered Spinyleg 0 12 0 71 44 127 Eastern Ringtail S2(MD) 0 2 0 1 1 4 Spine-crowned Clubtail SH(MD),
 S2(VA) 0 0 0 0 1 1
 Lancet Clubtail 6 0 0 0 0 6 Midland Clubtail S2(MD),
 S1(VA) 0 0 0 0 1 1
 Ashy Clubtail 115 0 0 0 0 115 Cobra Clubtail S3(MD) 0 10 0 0 3 13 Dragonhunter 0 2 0 1 0 3 Arrow Clubtail 0 8 1 30 22 61 CRUISERS
 Stream Cruiser 1 0 0 0 0 1 Swift River Cruiser 0 5 0 4 4 13 Royal River Cruiser S3(MD) 0 0 0 1 0 1 EMERALDS
 Common Baskettail 23 1 0 33 0 57 Prince Baskettail 0 8 0 26 1 35 Umber Shadowdragon S3(MD),
 S2(VA) 0 17 0 0 4 21
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 COMMON NAME STATE RANK
 JACKSON'S RIGHT FLANK
 (Jefferson Co. WV) # DATA POINTS
 SHORT HILL (Loudoun Co. VA) # DATA POINTS
 MARYLAND HEIGHTS
 (Washington Co, MD) # DATA POINTS
 SHENANDOAH RIVER
 (Jefferson Co. WV) # DATA POINTS
 OTHER SITES (Various
 Locations) # DATA POINTS
 TOTAL SPECIES # DATA POINTS
 SKIMMERS
 Calico Pennant 232 0 0 0 0 232 Halloween Pennant 0 0 0 9 0 9 Common Pondhawk 87 0 0 352 612 1051 Bar-winged Skimmer S3(MD) 0 0 1 0 0 1 Slaty Skimmer 0 0 0 2 8 10 Widow Skimmer 18 0 2 37 0 57 Common Whitetail 145 7 15 86 51 304 Twelve-spotted Skimmer 11 0 0 5 0 16 Great Blue Skimmer 0 3 0 0 2 5 Blue Dasher 42 0 3 400 1 446 Wandering Glider 2 0 0 1 0 3 Spot-winged Glider 3 0 0 5 12 20 Eastern Amberwing 0 0 0 46 0 46 Cherry-faced Meadowhawk
 S2(MD) 3 0 0 0 0 3 Black Saddlebags 0 0 0 24 1 25 JEWELWINGS
 Ebony Jewelwing 2242 4 0 8 73 2327 American Rubyspot 0 8 0 13768 43 13819 SPREADWINGS
 Southern Spreadwing 0 0 1 0 0 1 Slender Spreadwing 3 0 0 1 0 4 POND DAMSELS
 Blue-fronted Dancer 4 104 0 783 4050 4941 Violet Dancer 89 0 0 1 0 90 Powdered Dancer 0 2100 22 7292 8499 17913 Blue-ringed Dancer S3(MD) 0 0 0 3106 0 3106 Blue-tipped Dancer 3 0 0 1 0 4 Dusky Dancer 0 32 0 195 108 335 Double-striped Bluet 1 0 0 0 0 1 Familiar Bluet 8 0 0 534 42 584 Stream Bluet 0 10 0 4476 602 5088 Skimming Bluet 0 0 0 12 0 12 Fragile Forktail 133 0 5 436 0 574 Eastern Forktail 4 0 0 43 1 48 TOTAL BY LOCATION 3182 2337 54 31799 14192 51564
 Table 6 contains the data points (# of individuals) found in Rock Creek Park. Historical records, marked with “H”,
 were not found during the survey period.
 TABLE 6: DRAGONFLIES AND DAMSELFLIES OF ROCK CREEK PARK
 COMMON NAME STATE RANK LARVAL HABITAT # DATA POINTS
 PETALTAILS Gray Petaltail S2 (MD), DC Seeps H DARNERS Shadow Darner Ponds, Marshes, Bogs H Common Green Darner Ponds, Marshes, Pools 12 Fawn Darner Rivers, Streams 2 Swamp Darner Swamps 10 Cyrano Darner S3(MD),(DC), S2(VA) Ponds, Swamps 1 CLUBTAILS Cobra Clubtail S3(MD) Rivers H Dragonhunter Rivers, Streams 3 SPIKETAILS Tiger Spiketail S2(MD), S2(P)(DC) Seeps 10 CRUISERS Swift River Cruiser Rivers 5 EMERALDS Prince Baskettail Rivers, Ponds 1 Umber Shadowdragon S3(MD), S2(VA), DC Rivers H Mocha Emerald S3(MD) Streams, Rivers 1 Clamp-tipped Emerald S3(MD) Streams 1
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 COMMON NAME STATE RANK LARVAL HABITAT # DATA POINTS
 SKIMMERS Common Pondhawk Ponds, Marshes 2 White-spangled Skimmer Ponds, Marshes 3 Slaty Skimmer Ponds, Marshes 8 Widow Skimmer Ponds, Marshes 1 Common Whitetail Ponds, Pools, Swamps, Marshes 241 Twelve-spotted Skimmer Pools, Marshes 14 Great Blue Skimmer Ponds, Swamps 27 Blue Dasher Ponds, Marshes, Pools, Swamps 32 Wandering Glider Pools, Ponds 10 Spot-winged Glider Pools, Ponds 51 Eastern Amberwing Ponds, Pools 1 Ruby Meadowhawk Marshes H JEWELWINGS Ebony Jewelwing Rivers, Streams 724 American Rubyspot Rivers H SPREADWINGS Southern Spreadwing Ponds, Bogs, Marshes 2 POND DAMSELS Eastern Red Damsel S3(MD) Bogs, Seeps H Blue-fronted Dancer Rivers 596 Violet Dancer Rivers, Streams, Ponds, Swamps 92 Powdered Dancer Rivers 1 Blue-tipped Dancer Rivers, Streams 7373 Dusky Dancer Rivers, Streams 54 Azure Bluet S3(MD) Ponds, Marshes 1 Double-striped Bluet Ponds, Marshes 5 Familiar Bluet Ponds, Marshes, Pools, Rivers 680 Big Bluet S3(MD) Rivers H Stream Bluet Rivers, Streams 80 Citrine Forktail Marshes, Bogs, Seeps 1 Fragile Forktail Ponds, Swamps, Marshes, Pools 81 Eastern Forktail Marshes, Ponds 1 TOTAL # DATA POINTS 10127
 TABLE 7: RARE DRAGONFLIES DATA POINTS FROM ROCK CREEK PARK
 COMMON NAME NUMBER OF DATA POINTS TOTAL
 10-Jul-01 17-Jul-01 10-Jun-02 13-Jun-02 20-Jul-02 13-Jul-03 11-Jul-04 21-Jul-04 11-Aug-04 NUMBERS Cyrano Darner 1 1 Tiger Spiketail 2 1 2 1 2 1 1 10 Georgia River Cruiser* 1 1 Mocha Emerald 1 1 Clamp-tipped Emerald 1 1 Azure Bluet 1 1 * The Georgia River Cruiser is a subspecies of the Swift River Cruiser, and listed by Virginia as “of conservation concern”
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 GRAPH 1: FLIGHT PERIOD OF THE TIGER SPIKETAIL AT ROCK CREEK
 PARK
 Flight Period of Tiger Spiketail
 by half month intervals at Rock Creek Park
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 CAST SKIN RESULTS FROM RIVERINE RARE DRAGONFLIES
 The numbers of cast skins collected along with the dates collected were extracted from the database for eight species of
 riverine dragonflies listed, or are candidates for listing, as S1, S2, or SH by State Heritage Programs. These species
 comprised the Green-faced Clubtail (1 cast skin on 11-Jun-02), Spine-Crowned Clubtail (1 cast skin on 12-May-04),
 Allegheny River Cruiser (1 cast skin on 15-May-02), Eastern Ringtail (93 cast skins -- see graph 2), Laura’s Clubtail (8
 cast skins -- see graph 3), Midland Clubtail (5 cast skins -- see graph 4), Umber Shadowdragon (495 cast skins -- see
 graph 5), and the Stygian Shadowdragon (43 cast skins -- see graph 6). For those in which multiple skins were found
 graphs are provided to show the range of dates and peak of emergence times.
 GRAPH 2: EMERGENCE TIMES FOR THE EASTERN RINGTAIL
 Eastern Ringtail
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 GRAPH 3: EMERGENCE TIMES FOR LAURA’S CLUBTAIL
 Laura's Clubtail
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 GRAPH 4: EMERGENCE TIMES FOR MIDLAND CLUBTAIL
 Midland Clubtail
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 GRAPH 5: EMERGENCE TIMES FOR UMBER SHADOWDRAGON
 Umber Shadowdragon
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 GRAPH 6: EMERGENCE TIMES FOR STYGIAN SHADOWDRAGON
 Stygian Shadowdragon
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 DISCUSSION
 BIODIVERSITY CONSIDERATIONS: In total, one-hundred one (101) species of dragonflies and damselflies were found to utilize habitats within the study
 area. In addition, a new species of dragonfly (Ophiogomphus sp. not yet described) was found during the survey.
 Forty-five of the species found are identified as of conservation importance due to rarity in at least one, or more, of the
 governing entities of the District of Columbia, West Virginia, Maryland, or Virginia; all of which have boundaries
 within the surveyed area. Therefore, nearly half of the odonate species found within the surveyed area are of known
 conservation importance.
 This wealth of species is impressive from a biodiversity standpoint. Although not within the scope of this report, my
 feeling is that the NPS units along the Potomac River corridor may possess the highest level of diversity for odonates of
 all the National Parks in the United States. Equally impressive is the high numbers of odonate species that have been
 identified as of conservation importance on State Heritage lists of threatened or endangered species. This attests to the
 uniqueness and importance of the Potomac River as a biodiversity resource. At present, the Potomac River corridor is
 highly regarded for its diversity of plant species. With these preliminary invertebrate records it should be clear that the
 unique biological value of the NPS sections of the Potomac River corridor and its tributaries is much greater.
 The Potomac River, its tributaries, and associated wetlands have undergone irreversible changes in the past couple of
 centuries. The pre-Columbian odonate composition of the river will never be known but likely included some of those
 species which are currently found on the river. The apparent loss in the past 50 years of species known only from
 historical records, include the Common Sanddragon and Smoky Rubyspot from the Potomac River; and the Gray
 Petaltail, Cobra Clubtail, Umber Shadowdragon and American Rubyspot from Rock Creek Park. These losses attest
 that changes are still taking place. The ubiquitous mounds of shells from the introduced Asian Clam on the Potomac
 and Shenandoah Rivers further attest to the profound changes that have occurred to the biota of these rivers.
 The growing urban/suburban environment has been devastating to the region’s small streams and seeps that feed into
 the Potomac River. Those species that require these habitats such as spiketail and petaltail dragonflies were present in
 good historical numbers. Based on the current survey these species appear to be extremely rare or absent, or are so
 widely dispersed that maintaining their small isolated populations into the future is questionable. Unless there is a
 change in the current trend of continued degradation of these small streams and seeps these dragonfly species will
 likely be lost from all or large sections of the Potomac River Corridor.
 The periodical cicada emergence occurred in 2004. The presence of these large insects coincided with the emergence
 of many of the dragonflies along the Potomac River. The emerging cicadas quickly satiated those predators (mammals,
 birds, insects, etc.) that normally feed on the emerging dragonflies, thus greatly reducing predation pressure of many
 rare dragonflies. Details were published in Orr (2004).
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 FIELD COLLECTION CONSIDERATIONS: The first year of the study (2002) had extremely low levels of rainfall and reduced flow rates over the NCR (MARFC,
 2005). Low water levels provide excellent opportunities for field work by making the rivers accessible, increasing the
 chance for collecting cast skins (which otherwise would wash back into the river during a rain), and by concentrating
 adults around the limited breeding sites. The second year of the study (2003) had record levels of rainfall, followed in
 2004 by another significantly above normal year of precipitation (MARFC, 2005). During the 2003 and 2004 seasons
 the Potomac River was dangerously high throughout much of the year and was therefore much more difficult to sample
 than the 2002 season.
 The cast skin data collected by the Partners-in-Parks volunteers greatly enhanced the project by providing important
 information on locations and times of emergence that otherwise would have gone unrecorded. It also demonstrates that
 monitoring the aquatic health of the NCR parks by the collection of dragonfly cast skins through the use of volunteers
 is possible. Details on number of volunteer hours, numbers of cast skins found, and the names of the participants are
 provided in Appendix 4.
 DATABASE CONSIDERATIONS: The number of data points recorded in the ACCESS database for each species does not represent an absolute
 (statistically valid) measurement of the abundance of that species. However, it does provide a reasonable
 approximation of relative abundance of the species, provided the limitations of the data gathering method are taken into
 consideration. These limitations are:
 • Some species were so abundant that actual numbers seen could not be reasonably counted. In these cases the
 estimated minimum number that was seen was recorded. Therefore, for very abundant species the data points
 underestimate the number of individuals. For species like the American Rubyspot, Powdered Dancer and
 Stream Bluet which are often present in large numbers along the Potomac River, daily number estimates of
 adults seen might have been under counted by as much as a third or more in the database.
 • For rare or unusual species that were carefully monitored and had small adult populations, the data points
 overestimated the number of individuals when compared to the other species represented in the database.
 This occurs because the same individual might have been counted as a new data point on sequential field
 days or because the uniqueness of the species warranted repeated visits to their breeding sites, thus increasing
 the chance of encounters. Examples are the Gray Petaltail and the Tiger Spiketail.
 • Chance findings of synchronous emergence of some species increased the number of data points compared to
 similar species in which their mass emergence times were missed. Examples are the Cobra Clubtail and
 Arrow Clubtail.
 • Those species that are inconspicuous or small (e.g. Fragile Forktail or Citrine Forktail) or species that are
 difficult to separate from other similar, more common, species on the wing (e.g. Allegheny River Cruiser or
 Robust Basketail) are underestimated by the number of data points compared to those species that are very
 conspicuous on the wing (e.g. Swamp Darner or Common Green Darner).
 • Because the cast skin data points contained in the database came mostly from the edge of the Potomac River
 this favored those species that left cast skins that were easy to find and favored stretches of the river whose
 banks could be searched in safety. Examples include the Umber Shadowdragon and the Black-shouldered
 Spinyleg.
 The database contains useful information for making comparisons between locations, species and dates. However, in
 general it should be kept in mind that when comparing numbers of data points between species that those species with a
 high number of data points are likely underestimated while those with very low data points are likely overestimated
 when compared against each other.
 Because of these limitations, the database should be used with the understanding that it is a compromise of quantitative
 and subjective measurements and should be interpreted as general information. The information would not be expected
 to capture minor fluctuations in the adult population but does provide enough rigor to yield insight into the general
 abundance of the species. The data collection and storage method that was developed and used for this study was
 designed to maximize the survey needs of the study. It was not designed as a monitoring tool despite the fact that many
 of the same fields used in this database would be the same as those used in a rigorous monitoring program.
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 POTENTIAL WEST NILE VIRUS MANAGEMENT IMPACTS ON RARE
 ODONATES: West Nile Virus is normally acquired by humans from the bite of one or more infected mosquitoes. Although thirty-six
 species of mosquitoes are known to harbor the virus, only three species Culex pipiens, Culex quinquefasciatus, and
 Culex restuans appear to be competent enough vectors to be of management concern in the North-Eastern and Mid-
 Atlantic regions of the United States. Culex restuans is the major vector for spreading the virus between birds, while
 Culex pipiens and C. quinquefasciatus are more general in their selection of blood hosts and are responsible for the vast
 majority of human cases (CDC et al, 2003). It is unlikely that the Park Service would attempt to manage the movement
 of the virus between birds, but only the movement of the virus to humans. Therefore, Culex pipiens and C.
 quinquefasciatus would likely be the target mosquitoes.
 Both Culex pipiens and Culex quinquefasciatus are, to some extent, domestic species. Their preferred larval habitat is
 dark to semi-dark still water often with a high organic (e.g., sewage) component. The females prefer to lay their eggs
 in either man-made containers (e.g., barrels, cans, old tires, etc.) or man-made impoundments (e.g., catch basins,
 construction ponds, ditches, etc.) (James and Harwood, 1969; Horsfall, 1972). Both species are most active as adults
 during the late evening and early morning. Thus it is at these times that they most likely will come in contact with
 humans.
 The CDC’s guidelines for the surveillance, prevention and control of WNV (CDC, 2003) recommend, if warranted by a
 surveillance program, three combined approaches to the control of WNV. These are 1) source reduction, 2) larviciding,
 and 3) adulticiding.
 If adherence to the CDC’s recommendations on control is followed, source reduction and larviciding will have
 negligible impact on odonates of conservation interest within the NCR as long as it is directly targeted to the larval
 habitat of these two mosquitoes. The reason for this is that the larval habitats for the odonates of concern are rivers,
 streams, or clean-fresh water seeps. These are not aquatic habitats that favor Culex pipiens or C. quinquefasciatus.
 Those odonate species that might share the same habitat as these mosquitoes are generalists whose larvae are found in a
 variety of lentic environments, and are very abundant and widespread species. If the CDC guidelines and the EPA
 label for the larvacides are followed, the impact on those odonates present would not be significant enough to warrant
 concern for any state listed, or proposed listed, dragonfly. This is regardless of the type of currently recommended
 larvacide used. For the same reason as just stated, a control program using source reduction would also not threaten
 any of the larval habitats of the odonate species of concern.
 Adulticides present a greater risk. Most likely the application would be an Ultra-Low-Volume (ULV) spray from either
 a ground or air vehicle. The spray would likely consist of a non-persistent general insecticide (e.g., malathion) and be
 dispersed during the flight period of the target mosquitoes in an area where potential human contact with infected
 mosquitoes is high. Therefore, urban to semi-urban locations adjacent to the Parks would most likely be targeted and
 applications would likely be conducted during the evening (most common), night, and early morning to match the
 mosquitoes’ active period. The low volume of the contact insecticide used is most lethal when the mosquitoes (and
 other insects) are in flight and not resting. Since the adult Culex are crepuscular/nocturnal and often are active at the
 tree canopy level (CDC, 2003), the applications could extend to the riparian zones of the Parks adjacent to the main
 urban/residential area of treatment.
 Toxicological studies on adult dragonflies from the effects of mosquito-targeted ULV sprays are limited and do not
 allow one to draw reliable conclusions from them. However, since these insecticides are not specific to mosquitoes, it
 can be safely assumed that saturation of the ULV spray could kill or impair dragonflies to the point of reducing their
 survival ability. Fortunately, the vast majority of odonate species in our area are diurnal and thus the adults would be at
 rest during the application of the ULV spray. These adults would likely have minimal contact with the pesticide and
 therefore, proper ULV application would not likely cause a significant population-level impact on these species.
 However, there are three major exceptions. The Shadowdragons (Neurocordulia obsoleta and N. yamaskanensis) are
 crepuscular (unique for dragonflies) and would be present at the tree canopy level within the Potomac River riparian
 zone, likely feeding, in part, on Culex mosquitoes at the time of ULV application. Furthermore, both Shadowdragon
 species are identified as species of conservation concern in Maryland, Virginia, and the District. In Maryland, the
 Shadowdragons are currently found only along the Potomac River Corridor. Historical records from Rock Creek of
 Neurocordulia obsoleta are known, but it is unlikely that they exist there presently. They are curiously absent from the
 Shenandoah River, or are in such low numbers that none were found during the survey. The flight period of the
 Shadowdragons along the Potomac River is from mid-May to the end of July.
 Another exception is during the emergence and maiden flight of a number of state listed, or candidate listed, species of
 dragonflies (mostly clubtails) from the Potomac River. These species normally emerge in the dark (in an evolutionary
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 response to diurnal predators -- mainly birds) and fly away from the water into the surrounding vegetated areas. These
 young adults have yet to harden their exoskeletons which make them susceptible to contact insecticides. Each of the
 state identified species of concern emerge at slightly different times during the year but continuous overlap of peak
 emergence periods occur from early May to the end of June for the Potomac River (graphs 2-6). This range should be
 extended earlier by one month due to the finding of the young adult Potomac Snaketail on April 20, 2002. Even though
 only a single record of this species exists, it is reasonable to assume that since it was young that it emerged from the
 Potomac only a couple of days prior to capture. It is also important to note that the larval distribution of this species is
 a complete unknown. Assuming that the point location of the only recorded adult marks the center of its larval range is
 not justified. To provide protection for this, the rarest, and only dragonfly species restricted just to Maryland, it should
 be assumed that emergence takes place in early to mid-April, and that until additional survey work is completed the
 whole length of the C&O Canal be included. All of the discussed dragonfly species do have somewhat disjunctive
 distributions along the river but this is likely based upon slight changes in river flow rates and other dynamic
 physical/biological characteristics which vary from year to year. Therefore based upon cast skins and freshly-emerged
 adults, the full length of the Potomac River, from at least Chain Bridge Flats and upstream to as far as the Potomac
 River was sampled during this study, needs protection from early April through the end of June.
 The final exception is the Tiger Spiketail (Cordulegaster erronea) of Rock Creek Park. This species, within the
 District of Columbia, is near extinction and reduction of even a few individuals should be avoided. The areas of West
 Spring, Holly Spring, and likely other small clean-water springs and seeps within the Park should not receive ULV
 applications between May 15 and Aug 15. These dates are based on table 7 and graph 1, which represent mature adults
 at the breeding sites and the logical assumption (but not yet based on data) that adults first start to emerge around the
 latter part of May.
 Decisions regarding ULV applications during the periods and locations mentioned above need to take into
 consideration the potential impact to these state-identified dragonflies. It also needs to be emphasized that odonate
 species should not be used as a surrogate for all non-target insects when considering WNV control. The Potomac and
 the Shenandoah Rivers and their tributaries are rich in aquatic insects covering a number of different orders of insects.
 The number of stoneflies, caddisflies, and midges emerging from these rivers is in the millions and many are likely
 more susceptible to WNV control methods than dragonflies and damselflies. It should be noted that
 Chironomid/Chaoborid midges are a major component of the food web in the Potomac River and are closely related to
 mosquitoes in morphology and behavior (except they don’t bite). These midges outnumber mosquitoes hundreds of
 times over along the C&O Canal and are likely to be, or even more so, vulnerable to ULV treatments than Culex.
 The adults of aquatic insects comprise a major portion of the food base for adult odonates. Reduction in the odonates
 food source due to ULV applications could hypothetically effect odonate species which otherwise might not be harmed.
 The extent that this would occur is unknown. In addition, the riparian zone along the Potomac River is home to
 numerous terrestrial night flying insects including some of the regions more impressive Silk Moths such as the Imperial
 Moth and the Luna Moth (see Appendix 3). These non-odonate insects need to be considered if planning for a
 crepuscular or nocturnal ULV application.
 POTOMAC GORGE NOTES (Roosevelt Island to Bealls Island): This report contains records of 69 species of odonates, 61 species of butterflies, and 2 species of tiger beetles from the
 Potomac Gorge. The biological uniqueness of the Potomac Gorge, as well as its history, is well reported (NPS and
 TNC, 2001). In spite of this, aquatic invertebrates, a significant component of the ecology of the river, are poorly
 studied.
 Chain Bridge Flats is the biological hot spot for the Potomac Gorge when it comes to dragonflies and damselflies. The
 wetland and aquatic habitats include the river proper, pot holes in the scoured zone, forested seeps, beaver ponds, plus
 many other semi-micro wetland areas that make Chain Bridge Flats of national biological importance. As unique a
 treasure as Chain Bridge Flats is, much of the wetlands are under considerable stress. Poor water quality from the
 District entering the wetlands is the main threat resulting in the impact to large sections. Restoring good water quality
 will, in many cases, take time and resources – but not always. Especially disturbing was the leakage of liquid sewage
 from the central pipe located directly under Chain Bridge in 2002. The presence of the sewage in the marsh removed
 all but a small handful of the odonate pond species when compared to adjacent ponds where the sewage was not
 present. It is also important to realize that the presence of liquid sewage would invite an increase in utilization of the
 site by Culex mosquitoes.
 The small streams and seepage areas feeding into the Potomac River historically (based on Smithsonian specimen
 records) were populated with Spiketails and the Gray Petaltail. The Gray Petaltail was last recorded in the District in
 1898 and currently exists in the Potomac Gorge area only as a small isolated population at a seep just inland from the
 Widewater section of the C&O canal. However, it should be noted that these Gray Petaltails have been observed only
 twice; in 1994 by the Principle Investigator and in 1998 by Olin Allen (NPS). Spiketails also have been greatly
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 reduced with only isolated individuals currently sighted during the past decade. These seeps and small streams are the
 most impacted of the wetland systems within the Gorge.
 Plummers Island is historically one of the most surveyed locations along the Potomac River and one of the most
 extensively studied areas in North America. Prior to 1994, seventeen odonate species were recorded from Plummers
 Island. Twelve survey trips to Plummers Island in 1994 increased the total to forty-two odonate species. What is most
 interesting is what was recorded historically but is currently absent. Not finding the Gray Petaltail and the Twin-
 spotted Spiketail in 1994 was expected because of the degradation of the areas small streams and seeps, but why the
 riverine species Smoky Rubyspot (last record 1960s) and the Common Sand Dragon (last recorded 1913) are gone are
 complete mysteries. Both of these species should still be present since their habitats appear to be intact. Details of the
 Plummers Island study can be found in Orr (1995).
 There are historical records of the Skillet Clubtail (1914 and 1915) from Great Falls from the Virginia side of the river.
 Unfortunately, in spite of extensive collections of cast skins from this area, it was not found. This species is currently
 not recorded for Maryland.
 C&O CANAL NHP NOTES (Bealls Island to Antietam Creek): Historical odonate records were nearly non-existent for this portion of the Park. Nearly all the pre-2002 records were
 sight and/or photographic records by David Czaplak; a well known Naturalist in the Mid-Atlantic region. One
 exception is the published record of Gomphus lineatifrons by George Bick, a well known odonate expert.
 Historical records and personal communication with Nick Donnelly (who collected dragonflies on the Potomac in the
 late 1950’s and early 1960s) suggested that Midland Clubtails were at times common along the Potomac River possibly
 at some locations equaling the number of Cobra Clubtails. Currently, the Midland Clubtail is far less common and
 more restricted in distribution than the Cobra Clubtail and is found mostly between the Potomac Gorge and Harpers
 Ferry. The highest concentration of emerging adults observed was from the mouth of the Monocacy River (5-May-
 2002). Cast skins collected along the Potomac River by Partners-in-Parks’ volunteers contained only a couple Midland
 Clubtails, far fewer in number than expected based on the number of adults encountered. This might indicate that the
 Midland Clubtail is currently utilizing the mouths of large to moderate-sized tributaries entering the Potomac River and
 not the Potomac River proper. If this is so, this might be a significant change from forty years ago and an indication
 that this S2 (Maryland)/ S1 (Virginia) species may be in a serious decline.
 The Allegheny River Cruiser is a species which has nearly disappeared from the lower Potomac River since the early
 1960s (Donnelly, 1961) when it regularly occurred as far down as Great Falls. This species still flies along the
 Potomac River near Little Orleans (Allegany County) but only one was recorded (a cast skin from Violette’s Lock)
 during the course of the survey. The reason for the reduction in numbers of the Allegheny River Cruiser from the
 survey area is not known but is of concern.
 The finding of the Potomac Snaketail is the most important find in the NPS 2002 survey. This is an undescribed
 species currently known only from a single male collected on 20-April-2002, at 11:10 AM, near the north edge of the
 C&O Canal NHP line and the railroad property at mile 46.9. GPS readings were N 39o 15.818’ and W 077o 31.293’.
 There are no additional specimens (or visual sightings) of this dragonfly despite extensive attempts to find other
 specimens over the three years of the survey. It was photographed in the field to record actual colors (Photo 1) and
 later taken to the Smithsonian Institute to have it photographed using a montage imaging camera (Photo 2). The male
 was still soft (not mature) when captured thus indicating that it had recently emerged from the Potomac River. It was
 allowed to harden for a day before preserving.
 The following is a brief description of the Potomac Snaketail. The specimen measured: Length = 46mm, Abdomen =
 32 mm, HW = 26 mm. The left hind wing has an anal loop of 2 cells with a short appendage (vein) while the right HW
 does not have a distinct anal loop. The labrum and anticlypeus are white around the edges and muffled gray internally.
 The postclypeus is greenish except for upper lateral yellow edges, which bleeds over onto the otherwise greenish frons.
 Occiput is bright yellow with a long black row of hairs along the dorsal ridge. The thorax has the dorsal carina
 prominent -- highest near middle with a black tipped ante-ala-crest on an otherwise reddish brown dorsal carina. The
 mid-dorsal stripe is reddish-brown and prominent; widest anteriorly. The humeral and antehumeral strips are barely
 separated but never touch. The antehumeral strip is not complete at the dorsal end. The humeral strip is complete. A
 prominent interpleural stripe extends dorsally to, and slightly curves around the spiracle. The metapleural stripe is
 prominent and complete. The thoracic stripes are reddish-brown. The tarsus are black. The tibia are black with no
 yellow ridge on any tibia. Femora about 50/50 black (apically and dorsal) and yellowish brown (mostly apically and
 ventrally). The auricle is yellow. The dorsums of A3-8 have diminishing basal yellow triangles with a short dorsal
 yellow line continuing for a short distance. The yellow spot on the dorsum of A9 is square shape. A10 is all yellow.
 A3-8 are black on the dorsal-lateral 2/3 of each segment as seen from a lateral view. The abdominal appendages are
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 dull, light yellowish/brown, and match the description of Ophiogomphus susbehcha in Vogt and Smith, (1993). The
 epiproct is much longer than the cerci. The epiproct has a conspicuous dorsobasal protuberance which is not present in
 other species belonging to the “mainensis” group of eastern North American ophiogomphids. This dragonfly keys to
 Ophiogomphus susbehcha (Wisconsin Snaketail) in existing keys. Ophiogomphus susbehcha is considered one of the
 rarest dragonflies in the world with a restricted range along the St. Crox river drainage in Minnesota and Wisconsin. It
 was described in 1993 (Vogt and Smith, 1993).
 PHOTO 1: POTOMAC SNAKETAIL ON DAY OF CAPTURE
 PHOTO 2: POTOMAC SNAKETAIL’S POSTERIOR APPENDAGES
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 The Potomac Snaketail was compared to the Holotype male and three Paratype males of O. susbehcha in the National
 Collection at the Smithsonian. The visual differences in size between the Potomac Snaketail and the Holotype male
 and the three Paratype males of O. susbehcha was significant, much more so than the 50 to 52mm lengths of the O.
 susbehcha species and the 46mm length of the Potomac Snaketail would suggest. Clearly the Potomac specimen is a
 much smaller, less massive Ophigomphus than the Wisconsin Snaketail. In general however the Potomac Snaketail
 was structurally closer to the four specimens of O. susbehcha in the National Collection than any other species of
 Ophiogomphus.
 The only differences in body markings were very slight and could easily be explained because the Potomac Snaketail
 specimen was still young when captured; compared to the completely mature O. susbehcha specimens picked as the
 types. Specifically, the Potomac Snaketail when compared to the O. susbehcha had slightly lighter colored eyes; upper
 2/3 of the femurs were lighter in color; and the dorsum of A10 more yellow towards the anterior base. But the overall
 color/markings on the abdomen and thorax were similar.
 The secondary genitalia were indistinguishable and matched Figure 236(i) in Needham et al, (2000). Also the superior
 appendages were very close. The large dorsal protuberance just anterior to the lateral projections on the epiproct,
 which sets O. susbehcha apart from other Ophiogomphus species, was similar. The lateral projections of the epiproct
 were distinctly more pronounced on the Potomac specimen than on the O. susbehcha types while the sharply up-turned
 ends of the epiproct were identical. The Potomac specimen did differ from the types in that between the upturned end
 and the lateral projections of the epiproct an additional bump (small protuberance) was present. This could be seen on
 the type specimens but it was not as large or as distinct as on the Potomac Snaketail. This protuberance was
 reminiscent of what is seen on some O. mainensis. The cerci were identical in shape and length to O. susbehcha except
 that the distribution of the small black pimples were more irregular (not so much in a line) on the Potomac Snaketail.
 All of the species of Ophiogomphus in the National collection were carefully compared to the Potomac Snaketail to
 make sure that nothing was missed. Special effort was spent comparing the various species cerci and epiproct with that
 of the Potomac Snaketail. Ophiogomphus susbehcha was the only species that came close to matching the Potomac
 Snaketail. Particular attention to specimens of O. mainensis and the two subspecies of O. incurvatus were undertaken.
 The possibility that the Potomac Snaketail was one of these two species in which the cerci were deformed (not fully
 extended) had been brought to my attention. However, the O. mainensis and O. incurvatus specimens never showed
 the large epiproct dorsal protuberance anterior to the lateral projections that was so obvious on the Potomac specimen
 and the O. susbehcha types. In addition, there was no indication of deformity with the abdominal appendages on the
 Potomac Snaketail.
 Because the Potomac specimen is distinctly smaller in size, with a much earlier emergence date, a long distance from
 St. Crox river drainage, and has differences in the abdominal appendages from O. susbehcha my conclusion is that this
 is most likely a separate species or at least a distinct new subspecies of O. susbehcha. I would prefer not to describe a
 new species based on just one specimen. Additional surveys for this species will take place in 2005 and 2006 through
 Maryland’s DNR in the hopes of acquiring additional specimens so that the Potomac Snaketail can be successfully
 described in the near future.
 HARPERS FERRY NOTES: Of the four National Parks surveyed, I had the most difficulty finding odonate historical records for Harpers Ferry.
 West Virginia heritage records showed two species of damselflies reported for Harpers Ferry NHP. Virginia and
 Maryland heritage records did not have any records from Harpers Ferry. Therefore, the total historical records that I
 could find for Harpers Ferry NHP were the American Rubyspot and Blue-fronted Dancer (Wykle, 2002))
 Shenandoah River and Flowing Springs are wetland systems which were not duplicated elsewhere in the survey and
 thus were unique to the study. These were the main focus at Harpers Ferry in 2002. Maryland Heights was targeted in
 2003. Short Hill was the focus during the final year of the survey. The Potomac River was sampled periodically along
 the Virginia shore (Short Hill and Potomac Wayside) and the West Virginia shore. Odonates on the Maryland
 shoreline adjacent to Maryland Heights were reported as belonging to the C&O Canal NHP. Admittedly this was a
 purely subjective call since one could watch a half-dozen large dragonfly move from the state of Maryland property
 (Potomac River), over the C&O Canal NHP and fly up the hill side at Maryland Heights (Harpers Ferry NHP) and
 return along a similar route in just a few seconds.
 JACKSON’S RIGHT FLANK was targeted because the property is proposed as a future acquisition to Harpers Ferry
 NHP. In addition to its historical value and in its productivity as crop land (corn) it also harbors an impressive array of
 biological diversity.
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 The wetland system of Flowing Springs is dominated by beavers and in 2002 appeared to be in flux – much more so
 than in other beaver streams. Why the beaver dam system was so dynamic in 2002 is not known but it might be due
 either to an increase in the beaver population or due to the extensive 2002 drought. The largest marsh-like area
 adjacent to Flowing Springs changed from being extensive in the spring to no standing water at all by the end of July.
 This might, in part, have been due to a lowering of the ground water level but the main reason was that a new beaver
 dam upstream restricted the entry of water into the wetland.
 This wetland system may have been in flux for a longer length of time than just the 2002 season. Dragonflies of the
 genus Sympetrum (Meadowhawks) are good indicators of the stability and type of wetland system in our area. The
 common species that dominates permanent open pond/marsh environment in our area was absent; as was the common
 species than requires temporary pool or pond environments. However, the more generalist dragonfly, Cherry-faced
 Meadowhawk, was present. A reasonable interpretation is that the wetland has been oscillating over the past few years
 thus not providing either a stable permanent pond/marsh or a strictly temporary pond/marsh environment but one that
 changes its integrity on a year or multi-year bases.
 Flowing Springs is dominated by two closely related species of spring emerging clubtail dragonflies, Gomphus lividus
 (Ashy Clubtail) which prefers the flowing parts of the stream, and Gomphus exilis (Lancet Clubtail) which likes the
 slower sections maintained behind the beaver dams. Although this separation was evident there was a lot more mixing
 of the two populations (I often found cast skins of the two species adjacent to each other) than experienced on other
 beaver streams. This also indicates that the flow rate regime of the stream itself was in an uncharacteristic flux.
 Flowing Springs faired well during the 2002 drought and always maintained its stream characteristics. The main
 dragonflies of Flowing Springs proper were the Ashy Clubtail (spring only), Lancet Clubtail (spring only), Ebony
 Jewelwing, Violet Dancer and Blue-tipped Dancer, while the adjacent marsh was dominated by the Common Whitetail,
 Twelve-spotted Skimmer, Common Pondhawk and the Blue Dasher.
 THE SHENANDOAH RIVER turned out to be surprisingly different than the Potomac River. The rare clubtails and
 shadowdragons (state identified species of concern) of the Potomac were all but absent from the Shenandoah, while the
 Blue-ringed Dancer which is less common than other Dancers on the Potomac River reached high numbers on the
 Shenandoah River (see tables 4 and 5). In addition, the Shenandoah River, during the 2002 drought, was impacted
 much more than the Potomac River and lost much of its integrity as a river by late July, resulting in an influx of pond
 dragonflies and damselflies (capable of surviving decreased oxygen levels) that are not normally associated with river
 systems. The Potomac River during the same period also suffered low water levels but not anywhere near the extent of
 the Shenandoah.
 The difference between the Shenandoah River and the Potomac River at Harpers Ferry is intriguing since they are
 adjacent to each other and appear reasonably similar at first glance. Why does the Potomac River have a much
 healthier assemblage of rare river odonate species than the Shenandoah? Whatever the difference between the two
 rivers is, it is the difference between having these rare gomphid and shadowdragon species and not having them. The
 differences between the two rivers are not likely due to a toxin or some other contaminate in the Shenandoah because
 the total biomass and total numbers of odonate species were as high or higher (because of the influx of ubiquitous
 common pond species) in the Shenandoah than the Potomac River. This would not occur if a contaminate was the
 cause. The Potomac, however, is better able to maintain those rare dragonflies that are strictly river species. The
 answer to this riddle must be a physical cause (or combination) like minimal flow rates, scouring, water temperature,
 oxygen levels, river depth, etc. The cause of the absence of the rare riverine dragonflies from the Shenandoah would
 be good to know because future water removal from the Potomac River due to the demand of an increasing human
 population could hypothetically drop the Potomac River level low enough to impact its rare clubtails and
 shadowdragons.
 MARYLAND HEIGHTS is mostly hilly topography with limited wetlands and most of the dragonflies encountered
 had flown in from the Potomac River. A small creek provided some odonate habitat but most of the focus for
 Maryland Heights was a small spring-fed pond [N 39o 20.019’ and W 077o 43.781’]. The pond caught my eye on the
 first visit (13-April-2003) because of the unusual thick-sheets of blue-green algae and the presence of Spotted
 Salamander eggs. Later in the year, a male Bar-winged Skimmer established territory on the pond. The Bar-winged
 Skimmer is S3-listed in Maryland and this was the only location where it was found at Harpers Ferry NHP during the
 survey.
 The presence of a single healthy male Spatterdock Darner was most unexpected. This was the only one seen during the
 entire survey throughout all the Parks. It was encountered flying around the edges of the pond on 6-June-2003. This is
 one of the rarest Darner species in Maryland (S1). It was obviously a dispersal male since the small pond did not have
 floating plants which are required by this species for oviposition. I never encountered any wetlands that would likely
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 support a population of Spatterdock Darners either at Harpers Ferry or the adjacent section of the C&O canal. Where it
 came from, and how far it flew to get there, is a mystery.
 SHORT HILL has the most extensive seeps and small spring habitats at Harpers Ferry NHP; it also has a healthy
 natural shoreline with the Potomac River. This section of Harpers Ferry did not get the attention from the survey that it
 deserved. The seep/spring habitats appear ideal for Spiketail species and possibly the Gray Petaltail. Although none
 were found, the presence of other species indicated that these wetlands were in prime health. Short Hill likely contains
 a number of biological wonders, including odonates, which have yet to be recorded.
 ROCK CREEK PARK NOTES: Of the four National Parks surveyed I had the best success in finding historical records for Rock Creek Park. It is also
 likely that additional records exist of which I am unaware. At or before the turn of the last century Rock Creek Park
 was surveyed for many taxa of animals, including butterflies. I could not locate any specific records of tiger beetles in
 Rock Creek Park but as a whole the Washington D.C. area was well represented in the literature. There were also a
 number of dragonfly and damselfly records found in the Smithsonian collection. The historical information provides
 an unique window into the changes that have occurred within Rock Creek Park within the past 150 years.
 Rock Creek Park has only a couple small pond-like habitats. Because of this, many of the common pond species found
 outside the Park were either absent or in low numbers during the survey. These pond odonates are very common and
 from a conservation point-of-view the Park need not be concerned about this. However, if pond or marsh habitat is
 restored to parts of Rock Creek Park these common pond species would quickly increase in numbers.
 CHANGES IN ROCK CREEK PARK: Based on the historical records gathered for this study, it is apparent that
 considerable change has taken place in Rock Creek proper over the past 150 years. Species like the Aaron’s Skipper
 (Poanes aaroni), Cobra Clubtail (Gomphus vastus), Umber Shadowdragon (Neurocordulia obsoleta), Grey Petaltail
 (Tachopterx thoreyi) and most likely other historical species that require habitats that are no longer present in the Park
 are likely gone forever. It also appears that historically a healthy marsh-like habitat existed along, or adjacent to, Piney
 Run which is either gone or is now present only as small remnant patches near the head of Piney Run near the flood
 gates.
 More interesting is that there are no historical records of the most abundant odonate species currently in the Park, the
 Blue-tipped Dancer (Argia tibialis). This species occurs in Rock Creek where thousand of individuals per field day
 were seen during the 2002-2004 survey. Moreover, the American Rubyspot (Hetaerina americana) was historically
 recorded along Rock Creek but is likely gone along with the Cobra Clubtail and the Umber Shadowdragon. The
 American Rubyspot likes open (sunny) areas with high oxygen content. The Blue-tipped Dancer prefers closed (shady)
 areas and is much more tolerant of moderate or low oxygen content. Rock Creek has changed dramatically in the past
 150 years. The odonate species that I listed above that are currently absent from Rock Creek proper are still present on
 the Potomac River and would move upstream and utilize Rock Creek again if conditions allow. Any plan for
 improving the water quality of Rock Creek could use the American Rubyspot, Cobra Clubtail, and Umber
 Shadowdragon for monitoring success; you could not ask for a better set of indicator species.
 Historical records include the Gray Petaltail (Tachopteryx thoreyi) last found in the District at Rock Creek Park in
 1898, the Tiger Spiketail (Cordulegaster erronea) a 1922 record from the District, and the Arrowhead Spiketail
 (Cordulegaster obliqua) last seen in the District in 1921. These species utilize seeps and small permanent clean-water
 rivulets. Rock Creek still has a small number of seeps/rivulets still intact – possibly the last in the District.
 Unfortunately, only a small, very-stressed remnant population of Tiger Spiketail was located at Rock Creek Park. The
 other two species could not be located and might no longer be present.
 TIGER SPIKETAIL (Cordulegaster erronea) within Rock Creek Park is a noteworthy occurrence. This large
 attractive yellow and black dragonfly is listed in Maryland as state rare. Its larval requirements of tiny, unpolluted,
 permanent, spring-fed, deep-shaded rivulets with sandy bottom limits its numbers in the mid-Atlantic region. It is
 unlikely that the Tiger Spiketail exists elsewhere in the District outside of Rock Creek Park. Table 7 and graph 1
 contains additional information on the Tiger Spiketail found in Rock Creek Park.
 The adults of this species have been seen at least since 2001 along West Spring, Holly Springs, Golf Course Run, and
 Maintenance yard run. However, this species has likely been a resident of Rock Creek Park since pre-Columbian
 times.
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 PHOTO 3: TIGER SPIKETAIL MALE ON TERRITORY
 PHOTO 4: TIGER SPIKETAIL HEAD
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 In 2002, extreme drought condition occurred within the region. By mid-August, potential larval habitat had been
 eliminated along Golf Course Run and reduced to 75 feet at Holly Springs and 50 feet at West Springs. Even within
 these limited lengths of creek it was patchy with much of the distance with little or no surface flow. In addition, bird
 predation on adult odonates was extreme during the drought conditions. Although, I never observed a bird take a Tiger
 Spiketail, by mid-August all adult odonates, of all species, had been removed from Holly Springs and West Springs by
 bird predation (mainly Acadian Flycatchers and Eastern Phoebes). No Tiger Spiketails were observed in 2003 despite
 much effort to find them. It was of great relief to find adults again in 2004. Since it is likely that the larval
 development requires two years in our area the data might reflect that the population for odd-year emergence (e.g.
 2003, 2005 etc.) might have been pushed out of existence within the Park due to the drought and that only the even-
 year emergence population (e.g. 2002, 2004, 2006 etc.) survives at Rock Creek Park. Monitoring the adults in future
 years would be needed to prove or discard this assumption.
 The Rock Creek Park’s Tiger Spiketail population is very small and likely stressed. Only a few adult males (no
 females) were seen during 2002 and 2004 seasons (again none in 2003) and most of these observations could have been
 of repeated visits of the even fewer individuals than the data points suggest (single males have been known to patrol a
 particular stream for up to 34 days in a row). It is also speculative, but reasonable, that the mature (final year) larvae
 are feeding on salamanders found within these small runs during early spring just before they emerge into adults.
 How large of a population truly exists at Rock Creek Park, and their likelihood of continued existence within the park
 might be determined by larval sampling of the springs, or mark and release of adults. However, as much as this
 information would be useful, sampling of larvae or adults could impact an already significantly stressed population. A
 voucher specimen has already been collected and other adults have been photographed, so additional verification is not
 needed. Additional removal, or tagging, or netting, of adults or larvae is not recommended. Visual monitoring of the
 adults is alright and recommended since it can be done without impact to the dragonflies.
 RECOMMENDATIONS
 1) If treatment for WNV is required it should only be done based on presence of virus and the presence of the Culex
 mosquito species of concern. Treatments should follow the CDC et al, (2003) guidelines.
 2) Larval treatments should selectively target known locations where Culex species have been shown to be present.
 Wide dispersal of larvicides within the Parks is not recommended or justified.
 3) ULV treatments for adult mosquitoes should be discouraged between early April to the end of July along the full
 surveyed length of the Potomac riparian zone and from May 15 to August 15 from selected springs (Tiger Spiketail
 habitat) within Rock Creek Park.
 4) The Tiger Spiketail at Rock Creek Park justifies monitoring annually. Visual identification of the adults at selected
 springs within the Park would take little effort and time. No additional Tiger Spiketails should be netted, marked, or
 sampled. No larval inventories should be allowed.
 5) The headwaters of West Springs in Rock Creek Park maintains the best larval habitat for Tiger Spiketail in the
 District. However, the headwaters are regularly trampled by dogs during the late spring and summer; which seriously
 compromises the habitat. At a minimum, a sign should be placed at the spring head stating that this is a sensitive
 habitat and please do not disturb. Better yet would be to place a low U-shaped fence around the upper 30-50 feet of
 West Springs (plus the sign). The position of the fence would have to be placed so as not to interfere with the flight
 pattern of the breeding adults; but that would not be difficult.
 6) The Potomac Snaketail is only known from a single male. It is not yet described and will likely remain so until
 additional specimens have been found. From both a scientific, and from a conservation point-of-view, efforts to find
 and understand this rarest of the Maryland insects is needed. Additional survey work for the Potomac Snaketail will
 likely occur through the Maryland DNR. Access to the river and permission to take additional specimens on Park
 property by Maryland DNR biologists should be supported.
 7) Karen Sheffield has put together a cadre of volunteers that collected cast skins from Riverbend Park and the northern
 section of Great Falls (Virginia section) during 2003-2004, through the Partners-in-Parks project. They would like to
 continue to monitor this section of the Potomac River to maintain a continuous record of odonate emergence (including
 a number of state identified species of concern). Surveying this area is also important since this was the last known
 location of the Skillet Clubtail (last seen 1915) from the Potomac River. The NPS may wish to maintain this cadre of
 volunteers under their monitoring and survey projects within the Gorge.
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 8) The small streams (including Rock Creek), seeps, and marshes along the Potomac River have been impacted to a
 greater extent than any other aquatic habitat based on the results of the survey. It is important that future NPS
 management practices focus on these impacted wetlands in an attempt to protect what is left, and restore what has been
 lost.
 9) The odonate survey of the Potomac River needs to be extended upstream from Antietam Creek so that the C&O
 Canal NHP has a comprehensive record. Dragonflies that are state identified species of concern are already known to
 occur above Antietam Creek on the Potomac River but no formal survey for odonates has yet been completed.
 10) Catoctin Mountain Park contains aquatic habitats not found elsewhere in the National Capital Parks. It also should
 be surveyed for dragonflies and damselflies
 11) The demonstrated diversity of the Potomac River justifies that future surveys of invertebrates be undertaken. The
 aquatic insects belonging to the orders of Plecoptera (stoneflies), Trichoptera (caddisflies), Hemiptera (true bugs) and
 Diptera (flies) should be targeted.
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 APPENDIX I. BUTTERFLIES Tables 8 through 11 provide lists of butterfly species identified during the survey. In order to provide the most
 complete list possible, all additional butterfly species known from each park, but not seen during the survey, are
 recorded in the last column. To the best of my knowledge the following tables provide a complete list of the butterfly
 species for each of the general locations. Host plant information is from Opler (1998). Historical butterfly records for
 the Potomac Gorge (Table 8) were obtained from the Audubon Naturalist Societies’ study in the 1990s (ANS, 1994).
 Historical butterfly records for the C&O Canal (Table 9) were obtained from the Audubon Naturalist Societies’ study
 in the 1990s (ANS, 1994) and DNR records (Thompson, 1996). Additional butterfly records for Harpers Ferry (Table
 10) are from Durkin (2003) and Wykle (2002). Historical records for Rock Creek Park (marked as an “H” in Table 11)
 are from John Fales’ study.
 TABLE 8: BUTTERLIES OF THE POTOMAC GORGE
 ENGLISH NAME
 HOST PLANT
 THEODORE ROOSEVELT
 ISLAND
 CHAIN BRIDGE FLATS
 PLUMMERS ISLAND
 GREAT FALLS
 Other Sites
 Various
 Other Surveys
 Only
 Swallowtails
 Pipevine Swallowtail pipevine X Zebra Swallowtail pawpaw X X X X X Black Swallowtail Queen Anne's lace X X Spicebush Swallowtail spicebush, sassafras X X X X Eastern Tiger Swallowtail tulip poplar, wild cherry X X X X Giant Swallowtail pricky ash X Whites
 Cabbage White crucifers (mustards) X X X X X Sulphurs
 Clouded Sulphur clovers X X X X X Orange Sulphur clovers, vetches X X X X Cloudless Sulphur cassias X Hairstreaks
 Banded Hairstreak oaks X Striped Hairstreak woody plants (various) X Red-banded Hairstreak rotting leaves X X Gray Hairstreak tick trefoils, vetches, clovers X X Blues
 Eastern-tailed Blue tick trefoils, clovers X X X X Spring Azure dogwood, wild cherry X Summer Azure viburnum, wingstem X X X Brush-foots
 American Snout hackberry X Variegated Fritillary violets X X Great-Spangled Fritillary violets X Meadow Fritillary violets X Pearl Crescent asters X X X X X Question Mark nettles, elm, hackberry X X X X Eastern Comma nettles, elm, hops X X X X X Mourning Cloak willow, elm, cottonwood X X American Lady everlasting, pussytoes X Red Admiral nettles X X X Common Buckeye plantain, foxglove X Red-spotted Purple wild cherry, poplar, aspen X X X Viceroy willows, poplars X X Hackberry Emperor hackberry X X Tawny Emperor hackberry X Satyrs
 Northern Pearly Eye bottlebrush grass X X Appalachian Brown sedges X Common Wood Nymph purple-top other grasses X X X Little Wood Satyr orchard grass X Milkweed Butterflies
 Monarch milkweeds X X X Open-winged Skippers
 Silver-spotted Skipper locusts, tick trefoils X X X X X Golden-banded Skipper hog peanut X Hoary Edge beggar’s ticks X Dreamy Duskywing willows, poplars, birch X Horace's Duskywing Oaks X Juvenal's Duskywing red oaks, white oaks X X
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 ENGLISH NAME
 HOST PLANT
 THEODORE ROOSEVELT
 ISLAND
 CHAIN BRIDGE FLATS
 PLUMMERS ISLAND
 GREAT FALLS
 Other Sites
 Various
 Other Surveys
 Only
 Wild Indigo Duskywing wild indigo, crown vetch X Common Checkered Skipper
 mallows X X Common Sootywing lamb's quarters X Grass Skippers
 Least Skipper bluegrass, rice cutgrass X X X X X Swarthy Skipper little bluestem X Clouded Skipper grasses X Northern Broken Dash panic grasses X European Skipper timothy grass X Fiery Skipper crab grass, Berumuda grass X Peck's Skipper rice cutgrass X X X Tawny-edge Skipper panic grasses X Crossline Skipper purpletop grass X Little Glassywing purpletop grass X X X Sachem crab grass, Bermuda grass X X X Hobomok Skipper panic grasses X Zabulon Skipper purpletop grass, love grass X X X X X Dun Skipper sedges, grasses X X X Ocola Skipper grasses X
 TABLE 9: BUTTERFLIES OF THE C&O CANAL (BEALL’S ISLAND TO
 ANTIETAM CREEK)
 ENGLISH NAME HOST PLANT McKee-Beshers
 WMA Montgomery Co.
 Monocacy Aquaduct
 Frederick Co.
 Lander Boat Launch Frederick Co.
 Dargan Bend Boat Launch
 Washington Co.
 Other Sites
 Various
 Other Surveys
 Only
 Swallowtails
 Zebra Swallowtail pawpaw X X X X X Black Swallowtail Queen Anne's lace X X X Spicebush Swallowtail spicebush, sassafras X X X X X Eastern Tiger Swallowtail tulip poplar, wild cherry X X X X X Giant Swallowtail pricky ash X Whites
 Cabbage White crucifers (mustards) X X X X X Sulphurs
 Clouded Sulphur clovers X X X X X Orange Sulphur clovers, vetches X X X X X Little Yellow sennas X Sleepy Orange sennas X Hairstreaks
 Banded Hairstreak oaks X White M Hairstreak oaks X Juniper Hairstreak red cedar X Gray Hairstreak tick trefoils, vetches,
 clovers X X
 Blues
 Eastern-tailed Blue tick trefoils, clovers X X X X Spring Azure dogwood, wild cherry X X X X Summer Azure viburnum, wingstem X X X Appalachian Azure black cohosh X X Dusky Azure goat's beard X Brush-foots
 American Snout hackberry X Variegated Fritillary violets X X Great-Spangled Fritillary violets X X X X Meadow Fritillary violets X X Silvery Checkerspot wingstem, wild sunflower X Pearl Crescent asters X X X X X Question Mark nettles, elm, hackberry X X X X X Eastern Comma nettles, elm, hops X X X X X Mourning Cloak willow, elm, cottonwood X X X X American Lady everlasting, pussytoes X X X Painted Lady thistles, mallows X Red Admiral nettles X X X X X Common Buckeye plantain, foxglove X
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 ENGLISH NAME HOST PLANT McKee-Beshers
 WMA Montgomery Co.
 Monocacy Aquaduct
 Frederick Co.
 Lander Boat Launch Frederick Co.
 Dargan Bend Boat Launch
 Washington Co.
 Other Sites
 Various
 Other Surveys
 Only
 Red-spotted Purple wild cherry, poplar, aspen X X X X X Viceroy willows, poplars X X Hackberry Emperor hackberry X X X X Tawny Emperor hackberry X Satyrs
 Northern Pearly Eye bottlebrush grass X Appalachian Brown sedges X Little Wood Satyr orchard grass X Milkweed Butterflies
 Monarch milkweeds X X X X Open-winged Skippers
 Silver-spotted Skipper locusts, tick trefoils X X X X X Hayhurst"s Scallopwing lamb's quarters X Sleepy Duskywing oaks X Juvenal's Duskywing red oaks, white oaks X X X X Wild Indigo Duskywing wild indigo, crown vetch X Common Checkered Skipper
 mallows X X Common Sootywing lamb's quarters X Grass Skippers
 Least Skipper bluegrass, rice cutgrass X X X X X Swarthy Skipper little bluestem X Clouded Skipper grasses X European Skipper timothy grass X X Fiery Skipper crab grass, Berumuda
 grass X
 Peck's Skipper rice cutgrass X Tawny-edge Skipper panic grasses X Crossline Skipper purpletop grass X Northern Broken-Dash panic grass X Little Glassywing purpletop grass X Sachem crab grass, Bermuda
 grass X X X X
 Delaware Skipper big bluestem, switchgrass X X Hobomok Skipper panic grasses X X X Zabulon Skipper purpletop grass, love
 grass X X X X X
 Dun Skipper sedges, grasses X
 TABLE 10: BUTTERFLIES OF HARPERS FERRY NHP
 ENGLISH NAME
 HOST PLANT
 JACKSON’S RIGHT FLANK
 SHORT HILL
 MARYLAND HEIGHTS
 SHENANDOAH RIVER
 OTHER SITES
 OTHER SURVEYS ONLY
 SWALLOWTAILS Pipevine Swallowtail Virginia snakeroot X Zebra Swallowtail pawpaw X X X X X Black Swallowtail Queen Anne's lace X Spicebush Swallowtail spicebush, sassafras X X X X X Eastern Tiger Swallowtail tulip poplar, wild cherry X X X X X Appalachian Tiger Swallowtail undetermined X Giant Swallowtail pricky ash X WHITES West Virginia White toothworts X Cabbage White crucifers (mustards) X X X X X Falcate Orangetip rock cresses X SULPHURS Clouded Sulphur clovers X X X X Orange Sulphur clovers, vetches X X X X Cloudless Sulphur sennas X Little Yellow sennas X Sleepy Orange sennas X HAIRSTREAKS Banded Hairstreak oaks X Juniper Hairstreak red cedar X Gray Hairstreak tick trefoils, vetches,
 clovers X X
 BLUES Eastern-tailed Blue tick trefoils, clovers X X X X
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 ENGLISH NAME
 HOST PLANT
 JACKSON’S RIGHT FLANK
 SHORT HILL
 MARYLAND HEIGHTS
 SHENANDOAH RIVER
 OTHER SITES
 OTHER SURVEYS ONLY
 Spring Azure dogwood, wild cherry X Summer Azure viburnum, wingstem X X X X Appalachian Azure black cohosh X X Silvery Blue wood vetch X BRUSH-FOOTS American Snout hackberry X Variegated Fritillary violets X X Great-Spangled Fritillary violets X X X Meadow Fritillary violets X Silvery Checkerspot wingstem, wild sunflower X Pearl Crescent asters X X X X X Question Mark nettles, elm, hackberry X X X X Eastern Comma nettles, elm, hops X X X X Mourning Cloak willow, elm, cottonwood X X American Lady everlasting, pussytoes X Painted Lady thistles, mallows X Red Admiral nettles X X X X Common Buckeye plantain, foxglove X Red-spotted Purple wild cherry, poplar,
 aspen X X X X
 Viceroy willows, poplars X Hackberry Emperor hackberry X X X Tawny Emperor hackberry X SATYRS Northern Pearly Eye bottlebrush grass X Little Wood Satyr orchard grass X X Common Wood Nymph purpletop, other grasses X MILKWEEK BUTTERFLIES Monarch milkweeds X X OPEN-WINGED SKIPPERS Silver-spotted Skipper locusts, tick trefoils X X X X X Northern Cloudywing tick trefoils, bush clover X Hayhurst’s Scallopwing lamb's quarters X Dreamy Duskywing willows, poplars, aspens X Sleepy Duskywing oaks X X Juvenal's Duskywing red oaks, white oaks X X X Horace's Duskywing red oaks, white oaks X X Wild Indigo Duskywing wild indigo, crown vetch X X Columbine Duskywing columbine X Comn. Checkered Skipper mallows X Common Sootywing lamb's quarters X GRASS SKIPPERS Swarthy Skipper little bluestem X Clouded Skipper silver plumegrass X Least Skipper bluegrass, rice cutgrass X X X European Skipper timothy grass X Fiery Skipper crab grass, Berumuda
 grass X X
 Indian Skipper panic grasses X Peck's Skipper rice cutgrass X Tawny-edge Skipper panic grasses X Crossline Skipper purpletop grass X Northern Broken-Dash panic grass X X Little Glassywing purpletop grass X Sachem crab grass, Bermuda
 grass X X X
 Delaware Skipper big bluestem, switchgrass
 X X Hobomok Skipper panic grasses X X X X Zabulon Skipper purpletop grass, love
 grass X X X X
 Dun Skipper sedges, grasses X X Pepper and Salt Skipper X Comn. Roadside Skipper bluegrass, wild oats,
 bentgrass X
 Ocola Skipper grasses X
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 TABLE 11: BUTTERFLIES OF ROCK CREEK PARK
 English name Latin name Host plant(s) # Days Recorded Flight Period
 Swallowtails Papilloninae Pipevine Swallowtail Battus philenor Virginia snakeroot H Zebra Swallowtail Eurytides marcellus pawpaw H Black Swallowtail Papilio polyxenes Queen Anne's lace 2 16-May to 17-Aug Spicebush Swallowtail Papilio troilus spicebush, sassafras 7 17-Apr to 17-Aug Eastern Tiger Swallowtail Papilio glaucus tulip poplar, wild cherry 15 17-Apr to 17-Aug Whites Pierinae Checkered White Pontia protodice mustards H (1930) Cabbage White Pieris rapae crucifers (mustards) 17 17-Apr to 4-Sep Falcate Orangetip Anthrocharis midea rock cresses H Sulphurs Coliadinae Clouded Sulphur Colias philodice clovers H Orange Sulphur Colias eurytheme clovers, vetches 5 17-Apr to 4-Sep Little Yellow Eurema lisa sennas H Sleepy Orange Eurema nicippe sennas H Coppers & Harvester Lycaeninae American Copper Lycaena phlaeas dock, sorrels H Harvester Feniseca tarquinius woolly aphids H Hairstreaks & Elkins Theclinae Edwards' Hairstreak Satyrium edwardsii scrub oak H Banded Hairstreak Satyrium colanus oaks 1 29-Jun-03 Red-banded Hairstreak Calycopis cerops rotting leaves 1 12-Jun-04 Juniper Hairstreak Callophrys gryneus red cedar H Eastern Pine Elfin Callophrys niphon pine H Henry's Elfin Callophrys henrici redbud H Gray Hairstreak Strymon melinus tick trefoils, vetches, clovers H Blues Polyommatinae Eastern-tailed Blue Everes comyntas tick trefoils, clovers 7 17-Apr to 4-Sep Spring Azure Celastrina ladon dogwood, wild cherry H Summer Azure Celastrina ladon neglecta viburnum, wingstem 2 15-Jun to 17-Aug Brush-foots Nymphalidae American Snout Libytheana carinenta hackberry H Variegated Fritillary Euptoieta claudia violets H Great-Spangled Fritillary Speyeria cybele violets 2 10-Jun to 5-Jul Meadow Fritillary Boloria bellona violets H Silvery Checkerspot Chlosyne nycteis wingstem, wild sunflower H Pearl Crescent Phyciodes tharos asters 7 17-Apr to 4-Sep Question Mark Polygonia interrogationis nettles, elm, hackberry 2 29-Jun to 20-Jul Eastern Comma Polygonia comma nettles, elm, hops 1 10-Jun-02 Mourning Cloak Nymphalis antiopa willow, elm, cottonwood 3 29-Jun to 16-May American Lady Vanessa virginiensis everlasting, pussytoes 1 17-Apr-02 Painted Lady Vanessa cardui thistles, mallows H Red Admiral Vanessa atalanta nettles 2 13-Jun to 29-Jun Common Buckeye Junonia coenia plantain, foxglove H Red-spotted Purple Limenitis arthemis astyanax wild cherry, poplar, aspen 5 11-Jul to 4-Sep Viceroy Lemenitis archippus willows, poplars H Hackberry Emperor Asterocampa celtis hackberry H Satyrs Satyrinae Little Wood Satyr Megisto cymela orchard grass H Common Wood Nymph Cercyonis pegala purpletop, other grases H Milkweed Butterflies Danaeinae Monarch Danaus plexippus milkweeds H Open-winged Skippers Pyrginae Silver-spotted Skipper Epargyreus clarus locusts, tick trefoils 9 17-Apr to 17-Aug Northern Cloudywing Thorybes pylades tick trefoils, bush clover H Hayhurst's Scallopwing** Staphylus hayhurstii lamb's quarters H Juvenal's Duskywing Erynnis juvenalis red oaks, white oaks 1 17-Apr-02 Horace's Duskywing Erynnis horatius red oaks, white oaks H Zarucco Duskywing Erynnis zarucco legumes H Wild Indigo Duskywing Erynnis baptisiae wild indigo, crown vetch H Comn. Checkered Skipper Pyrgus communis mallows H Common Sootywing Pholisora catullus lamb's quarters H Grass Skippers Hesperiinae Swarthy Skipper Nastra lherminier little bluestem H Least Skipper Ancyloxypha numitor bluegrass, rice cutgrass 9 10-Jun to 4-Sep European Skipper Thymelicus lineola timothy grass H
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 English name Latin name Host plant(s) # Days Recorded Flight Period
 Peck's Skipper Polites peckius rice cutgrass H Tawny-edge Skipper Polites themistocles panic grasses H Crossline Skipper Polites origenes purpletop grass 1 5-Jul-02 Northern Broken-Dash Wallengrenia egeremet panic grass H Little Glassywing Pompeius verna purpletop grass 2 12-Jul to 29-Jul Sachem Atalopedes campestris crab grass, Bermuda grass 3 5-Jul to 4-Sep Hobomok Skipper Poanes hobomok panic grasses 1 12-Jun-04 Zabulon Skipper Poanes zabulon purpletop grass, love grass H Aaron's Skipper Poanes aaroni sedges, grasses H (1903) Dun Skipper Euphyes vestris sedges, grasses 1 10-Jun-02
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 APPENDIX II. TIGER BEETLES
 There were no historical records of Tiger Beetles for the survey areas, however general distributions were identified in
 Knisley and Schultz (1996). Tables 12 through 15 list all the species that were recorded from the 2002-2004 survey.
 The number of days that each species was found along with the range of dates observed is provided. Tiger beetle
 records are absent for Plummers Island (Table 12) because they were not targeted during that survey.
 TABLE 12: TIGER BEETLES OF THE POTOMAC GORGE
 GENUS
 SPECIES
 HABITAT
 ROOSEVELT
 ISLAND # OF DAYS OBSERVED
 CHAIN BRIDGE FLATS
 # OF DAYS OBSERVED
 PLUMMERS
 ISLAND # OF DAYS OBSERVED
 GREAT FALLS
 # OF DAYS OBSERVED
 OTHER SITES
 # OF DAYS OBSERVED
 ADULTS OBSERVED
 Cicindela repanda Sand Banks 1 3 0 1 1 8-Jun to 7-Sep Cicindela sexguttata Forests 2 5 0 1 2 27-Apr to 31-Jul
 TABLE 13: TIGER BEETLES OF THE C&O CANAL (BEALS ISLAND TO
 ANTIETAM CREEK)
 GENUS
 SPECIES
 MCKEE-BESHERS WMA
 # OF DAYS OBSERVED
 MONOCACY AQUADUCT # OF DAYS OBSERVED
 LANDER BOAT LAUNCH
 # OF DAYS OBSERVED
 DARGAN BEND BOAT LAUNCH
 # OF DAYS OBSERVED
 OTHER SITES
 # OF DAYS OBSERVED
 ADULTS OBSERVED
 Cicindela duodecimguttata 0 0 0 0 1 12-Apr-03 Cicindela Repanda 1 0 0 1 3 10-Apr to 16-May Cicindela sexguttata 2 3 2 2 7 16-Apr to 30-Jun
 TABLE 14: TIGER BEETLES OF HARPERS FERRY NHP
 GENUS
 SPECIES
 HABITAT
 JACKSON’S RIGHT FLANK
 # OF DAYS OBSERVED
 SHORT HILL
 # OF DAYS OBSERVED
 MARYLAND HEIGHTS
 # OF DAYS OBSERVED
 SHENANDOAH RIVER
 # OF DAYS OBSERVED
 ADULTS OBSERVED
 Cicindela punctulata Open ground -- fields 1 0 0 0 21-Jul-02 Cicindela repanda Sand Banks 1 0 0 5 16-Apr to 8-Oct Cicindela sexguttata Forests 2 3 4 2 16-Apr to 15-Jul
 TABLE 15: TIGER BEETLES OF ROCK CREEK PARK
 GENUS SPECIES HABITAT # OF DAYS RECORDED ADULTS OBSERVED
 Cicindela repanda Sand Banks 9 17-Apr to 4-Sep Cicindela sexguttata Forests 12 17-Apr to 5-Jul
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 APPENDIX III. OTHER BIOLOGICAL NOTES OF INTEREST
 Potomac Gorge
 REPTILES OF INTEREST:
 Queen Snake (Great Falls, MD, 25-April-1994)(Chain Bridge Flats, 7-September-2002)
 Eastern Garter Snake (Chain Bridge Flats, 27-April-2002)
 Eastern Milk Snake (bridge at Widewater, 5-June-1994)
 Black Rat Snake (Chain Bridge Flats, 13-October-2002)
 Box turtles (3 mature individuals seen) (Widewater, 19-June-1994)
 Box turtle (very old) – (near Little Falls Creek, 14-June-2003)
 Wood Turtle (Chain Bridge Flats, 9-May-2004)
 Snapping Turtle (egg laying) (Chain Bridge Flats, 25-May-2002)
 INSECTS OF INTEREST:
 Giant Eyed Click Beetle, Alaus oculatus (Great Falls, MD, 29-May-1994)(Chain Bridge Flats, 25-May-2002)
 Dobsonfly (Megaloptera), Nigronia sp. (Widewater, 5-June-1994)
 Delightful Bird-dropping moth, Aconitia delecta (Widewater, 5-June-1994)
 Smeared Dagger Moth, Acronicta oblinita (Chain Bridge Flats, 13-October-2002)
 MOLLUSKS OF INTEREST:
 Thyroid Polygyra (a large land snail) Mesodon thyrodus (Chain Bridge Flats, 13-October-2002)
 MAMMALS OF INTEREST:
 Muskrat and Beaver (Chain Bridge Flats, 27-April-2002)
 PLANTS OF INTEREST:
 Blue false Indigo, Baptisia australis, highly rare DC, listed MD (Chain Bridge Flats – multiple sightings)
 Prairie redroot, Ceanothus herbaceus, highly rare DC, not known from MD, VA (Chain Bridge Flats, 13-October-
 2002)
 Flattened spike-rush, Eleocharis compressa, highly rare DC, listed MD (Chain Bridge Flats, 13-October-2002
 Western Sunflower, Helianthus occidentalis, highly rare DC, listed MD (Chain Bridge Flats – multiple sightings)
 Shrubby St. Johnswort, Hypericum prolificum, rare DC (Chain Bridge Flats, 13-October-2002)
 Veiny Pea, Lathyrus venosus, rare DC, listed MD (Chain Bridge Flats, 13-October-2002)
 Shingle Oak, Quercus imbricaria, rare DC, listed MD (Chain Bridge Flats, multiple sightings)
 Riverbank Goldenrod, Solidago spathulata, highly rare DC, listed MD (Chain Bridge Flats, multiple sightings)
 Climbing Dogbane, Trachelospermum difforme, highly rare DC, listed MD (Chain Bridge Flats, 13-October-2002)
 Culver’s-root, Veronicastrum virginicum, highly rare DC, listed MD (Chain Bridge Flats, 13-October-2002)
 C&O Canal NHP (Bealls Island to Antietam Creek) BIRDS OF INTEREST:
 Swainson’s Warbler, male singing, (Dargan Boat Launch 1-June-2002 – gone by next visit 30-June-2002)
 Barnacle Goose flying with Canadian Goose up river (Point of the Rocks, 10-April-2003)
 REPTILES OF INTEREST:
 Eastern Box Turtle (Monocacy Aquaduct, 5-May-2002)(Lander Boat Launch, 17-May-2002)
 Wood Turtle (largest I have ever seen, shell length = 8.25”)(Lander Boat Launch, 17-May-2002)
 Copperhead (McKee-Beshers WMA, 25-May-2003)
 INSECTS OF INTEREST:
 Dobson Fly, Nigronia sp. (Lander Boat Launch, 17-May-2002)
 Rhagionidae flies with distinctive orange/yellow spots, Rhagio sp. (Lander Boat Launch, 17-May-2002)
 Common Weevil covered in gold dusting, Lixus sp. (Lander Boat Launch 27-May-2002)
 Water Striders, Metrobates hesperius, in the tens of thousands on river (Lander Boat Launch 21-September-2002)
 Water Striders, Rheumatobates rileyi, in thousands on river (Lander Boat Launch 21-September-2002)
 Stonefly emergence Potomac River, Taeniopteryx sp., Bolotoperla sp. and Allocapnia sp. (Point of Rocks, 3-April-03)
 Stonefly cast skins of Pteronarcys dorsata (largest Stonefly in North America) (Point of Rocks, 20-April-2003 & 10-
 April-2004)
 Stonefly cast skins of Perlidae (not identified but at least 3 different species) (Lock 34, 15-August-2003)(Dargan Bend
 Boat Launch, 2-June-2004)
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 Alderfly, Sialis sp., emerging from Potomac River (Monocacy Aquaduct, 21-April-2003)
 Mosquitoes, Aedes stimulans, were a nuisance (Lander Boat Launch, 11-May-2003)
 Midges in large numbers, Chaoborus sp. (Point of the Rocks, 10-April-2004)
 Caddisfly, Brachycentrus incanus (a very rare species but not currently listed) (Point of the Rocks, 10-April-2004)
 Giant Leaf-footed Bug, Acanthocephala terminalis (Point of the Rocks, 18-April-2004)
 Giant Bark Aphids, Longistigma caryae (Dargan Bend Boat Launch, 29-May-2004)
 Caddisflies, Macronema zebratum (Dargan Bend Boat Launch, 29-May-2004)
 Imperial Moth, Eacles imperialis (Monocacy Aquaduct, 30-July-2004)
 Luna Moth, Actias luna (Point of the Rocks, 1-May-2004)
 MOLLUSKS OF INTEREST:
 Cipangopaludina japonica (large aquatic snail) (Dargan Bend, 30-June-2002)
 PLANTS OF INTEREST:
 Thick-footed Morel, Morchella crassipes (mile 46.8, 23-April-2002)
 Water-wort, Ricciocarpus natans (an aquatic liverwort in Canal) (Lander Boat Launch, 11-May-2003)
 Old-Man-of-the-Woods, Strobilomyces floccopus (Dargan Bend Boat Launch, 4-July-2003)
 Indian Pipes, Monotropa uniflora (Dargan Bend Boat Launch, 4-July-2003)
 White-trout lily, Erythronium albidum, listed species in Maryland (Point of the Rocks, 10-April-2004 & 18-April-
 2004)
 Harpers Ferry NHP
 INSECTS OF INTEREST:
 Grapevine Epimenis, Psychomorpha epimonis, a day flying moth (Virginius Island, 16-April-2002)
 Carabid Beetle, Elaphrus sp., resembles Tiger Beetle (edge of Shenandoah River, 16-April-2002)
 Snowberry Clearwing Moth, Hemaris diffinis (Flowing Springs, 4-May-2002)
 Hummingbird Clearwing Moth, Hemaris thysbe (Flowing Springs, 4-May-2002)
 Water Striders on the Shenandoah River included Gerris sp., Metrobates hesperius, and Trepobates pictus (3-October-
 2002)
 Dobsonfly egg cases (Megaloptera) on rocks in the Shenandoah River (14-September-2003)
 Tulip-tree Silkmoth, Callosamia angulifera (Short Hill, 27-June-2004)
 HERPS OF JACKSON’S RIGHT FLANK:
 Pickerel Frog (16-April-2002)
 Green Frog (26-May-2002)
 American Toad (4-May-2002, 26-May-2002)
 Box Turtle (21-July-2002)
 Snapping Turtle (16-April-2002, 26-May-2002)
 Painted Turtle (16-April-2002)
 Northern Watersnake (16-April-2002)
 OTHER HERPS OF INTEREST:
 Spotted Salamander eggs in small pond (Maryland Heights, 13-April-2003)
 Box Turtle (Maryland Heights, 21-June-2003)
 MOLLUSKS OF INTEREST:
 Elimia (Goniobasis) virginica, major aquatic snail of the Shenandoah River (3-October-2002)
 Asian Clam, Corbicula fluminea, major bivalve of the Shenandoah River (3-October-2002)
 PLANTS OF INTEREST:
 Azolla sp. in very high densities on Shenandoah River (31-August-2002)
 Rock Creek Park INSECTS OF INTEREST:
 Giant Eyed Click Beetle, Alaus oculatus (near Maintance Pond, 13-July-2003)
 PLANTS OF INTEREST:
 Devil’s Urn, Urnula craterium (Holly Springs, 17-April-2002)
 Morel Mushrooms (Pinehaurst Trail, 16-May-2004)
 Comb Hedgehog Mushroom, Hericium ramosum (Holly Springs, 17-July-2004)
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 APPENDIX IV. PARTERNERS IN PARKS VOLUNTEER ODONATA CAST
 SKIN SURVEY DETAILS
 2003 – Field Season:
 Total number of reported field days = 78
 Estimated number of volunteer hours = 234
 Number of cast skins collected and identified = 913
 Total # of active volunteers in 2003 = 11
 2004 – Field Season:
 Total number of reported field days = 82
 Estimated number of volunteer hours = 318
 Number of cast skins collected and identified = 2,434
 Total # of active volunteers in 2004 = 16
 Total – For Project:
 Total number of reported field days = 160
 Estimated number of volunteer hours = 552
 Number of cast skins collected and identified = 3,347
 Total # of active volunteers = 23
 Names of volunteers:
 John Callow Gabrielle Canonico Ellie Clark
 Edward Chein Dave Czaplak Carol DiSalvo
 Jamie Fish Marole Gale Marijke Gate
 Lydia Lanni Naghma Malik Ryan Meczkowski
 Andrea Menzo Sally Middlebrooks Lynn Mobley
 Jerry Persall Jonathan Putnam Michelle O’Herron
 Fred Seitz Charles Sheffield Karen Sheffield
 Kit Sheffield Edward Ward
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