SPECIES FACT SHEET

Scientific Name:  Gomphurus lynnae (Paulson 1983)
Common Name(s): Columbia clubtail  
Phylum: Arthropoda
Class: Insecta
Order: Odonata
Suborder: Anisoptera
Family: Gomphidae 
(Ware et al. 2016; Schorr and Paulson 2019)

Synonyms: Gomphurus lynnae was most recently recognized as Gomphus lynnae (Paulson 1983).

Conservation Status:
Global Status: G2 (last reviewed 22 July 2010)
National Status (United States): N2 (22 July 2010)
State Statuses: S2 (OR), S1 (WA) 
Federal Status (United States): None  
(NatureServe 2019)

IUCN Red List: Least Concern (Paulson 2018)

Taxonomic Note: 
This species was originally described as Gomphus lynnae within the subgenus Gomphurus by Paulson (1983). Based on a recent morphological and molecular study of the Gomphidae family, taxonomic revisions of the long disputed and diverse Gomphus genus separate the complex into additional valid genera (Ware et al. 2016). These include some previously considered subgenera now recognized as genus-level taxa: Phanogomphus, Stenogomphurus, Gomphurus, and Hylogomphus. Following this reclassification, Gomphurus lynnae is the current valid name for this species (Ware et al. 2016). 

Technical Description: 
Adult: A medium-sized (54-60 mm; 2.1-2.4 in.), dark black and yellow dragonfly in the Gomphidae family. Adults in this family are characterized by having separated eyes and the last segments of the abdomen usually enlarged into a club shape (usually more conspicuous in males). The dark coloration in this dragonfly (compared with other closely related species in the arid West) is more typical of eastern forest species in the genus. Males and females are colored similarly. This species has a yellow face, blue eyes, dark brown legs, yellow-green thorax with prominent shoulder and side stripes, and a second side stripe behind the base of the hindwing. The dark abdomen has dorsal yellow markings near the base and at the tip, and pale arrow-shaped markings on the top of the mid segments. The side of the abdomen has small, yellow arrow-shaped markings. Male upper paired abdominal appendages (cerci) are divergent and deeply forked, and the lobes on lower single abdominal appendage (epiproct) are also divergent but more so than the upper appendages (Kerst and Gordon 2011).

Both males and females show pruinosity (a powdery-appearing, white, light blue, to gray bloom that develops on mature individuals), which develops on the head, thorax, upper legs, and abdomen with age (Kerst and Gordon 2011). Pruinosity in dragonflies is well developed in the Libellulidae but not as common in other dragonfly families or in females, generally. The presence of conspicuous pruinosity on the ventrolateral part of the thorax is diagnostic for this species; pruinosity has been observed in other gomphids, however none have shown such prominence as compared with G. lynnae (Paulson 1983). 

Males of G. lynnae and closely related G. externus are the only members of the genus with cerci that are generally straight above in side view, with a prominent ventral tooth about half-way along its length (Paulson 1983). Others of the genus have either slightly or strongly curved cerci, and if a ventral tooth is present, it is located past the midlength of each cercus. 

This species can be distinguished from both the Pacific clubtail (Phanogomphus kurilis) and pronghorn clubtail (P. graslinellus) that occur nearby, by its wider “club” at the end of the abdomen (Paulson 2009). Additionally, P. kurilis has only one stripe on the side of the thorax, P. graslinellus is noticeably smaller, and both lack a fifth side stripe along the rear edge of the thorax, which is characteristic of G. lynnae (Paulson 2007). No other Gomphurus occur within the range of this species in Oregon or Washington.

Larva (nymph): Nymphs in the Gomphus complex can be identified as follows: prementum and palpal lobes of the labium flat (similar to the Petaluridae and Aeshnidae dragonfly families, and in contrast to the spoon or cup-shaped labium of other families), wing pads parallel, antennae with 4 segments (compared to most other dragonflies, gomphids have compact antennae with fewer segments, which likely aid in burrowing) (Suhling et al. 2015), the third of which is cylindrical and elongate (as opposed to flat and short), abdominal segment 8 with anterolateral sclerites, and sternum of last abdominal segment usually wider than long (Tennessen 2007). Nymphs of G. lynnae are 28.0-31.5 mm (1.1-1.24 in.) in length (Tennessen and Valley 2013). They are brown with two rows of dark brown spots on either side of the median line of the abdomen (Tennessen and Valley 2013). Spots along the interior row are more oblong in shape and the outer rows are rounded to triangular; both rows are diagonal, converging on segments 5-8 to form V-shaped marks. Pale gray, hair-like setae are found along the outer edges of the labrum, head, thorax, legs, and abdomen. The abdomen is 2.4 times its maximum width. G. lynnae nymphs are distinguished from the closely related G. externus by the lack of a distinct lateral spine on segment 9 of the abdomen, and the presence of only two or three denticles, which are sometimes lacking, on the lateral margins of segment 8 of the abdomen (Tennessen and Valley 2013). For a further detailed description of the morphology of the nymph of this species, refer to Tennessen and Valley (2013).

Exuvia: Exuviae (nymphal cast off skins) are not typically patterned as in the nymphs, but otherwise similar in form to the final instar nymph. 


Life History: 
Adults: Gomphurus lynnae belongs to the species-rich and widespread Gomphidae family, which inhabits running fresh waters. Despite being widespread, genera and species in the family are generally not wide-ranging (Suhling et al. 2015), which is the case for this species. Throughout its range, adults typically fly mid-spring to mid-summer. In Oregon, adults fly from mid-June through early August (Abbott 2019; iNaturalist 2019). In Washington, adults have been collected from early June through mid-July (Abbott 2019; iNaturalist 2019). The flight period of a single adult is relatively short, from one week up to a month. 

Adults are generalist predators that feed on flying insects, including other dragonflies. Mature adults are generally present at aquatic sites where the species reproduces during the day; however, at night, most dragonflies take shelter in upland areas, often in shrubs and trees, and may even move up into the forest canopy (Paulson 2009). Female gomphids lay their eggs by tapping the water surface or sometimes vegetation to release a cluster of eggs (i.e., exophytic oviposition) (Ware et al. 2016). With this mode of oviposition, gomphids are less restricted to egg-laying site compared with some endophytic egg layers that use an ovipositor to insert eggs into plant tissue (Suhling et al. 2015).

Nymphs: Nymphs of this species are bottom dwellers, typically concealing themselves by burrowing or hiding in mud and debris in aquatic habitats (Corbet 1999; Suhling et al. 2015; Ware et al. 2016). Closely related species in the Gomphurus genus are known to use the anterior two pairs of legs to burrow into substrate; this behavior is likely aided by fossorial extensions on the tibia (Corbet 1999). The length of the hind legs (in relation to the length of the abdomen) can generally indicate the vertical position of a burrower in the substrate and provide an indication of substrate type. This species has long hind legs, likely classifying it as a shallow burrower in finer substrates (Suhling et al. 2015). Dragonfly nymphs respire through rectal gills, and shallow burrowing gomphids typically rest in a position with only the terminal abdominal appendages (and sometimes the eyes) projected above the substrate (Corbet 1999; Suhling et al. 2015). Like adults, dragonfly nymphs are generalist predators. They use an extendable, hinged lower lip (labium) to capture aquatic animals, including invertebrates and sometimes small vertebrates such as fish and amphibians. Burrowers in the Gomphidae family typically feed on bottom dwelling invertebrate prey, like chironomid larvae and oligochaetes (Suhling et al. 2015). 

G. lynnae overwinters as a nymph and likely has at least a two-year life cycle (D. Paulson, pers. comm. 2019). Depending on conditions, individuals may spend more than one winter as nymphs. Upon emergence from the nymphal stage, young adults (tenerals) leave the water to mature (generally in upland areas) before returning to their emergence site or another suitable aquatic site to mate and reproduce. 

Range, Distribution, and Abundance:
Type Locality: This species was first described from the Yakima River, 9 miles north of Benton City, Benton County, Washington (Paulson 1983). 

Range: In the Pacific Northwest G. lynnae occurs in the Columbia River basin in Washington and Oregon, and east into Idaho. Isolated populations were most recently discovered in Nevada and New Mexico (Tennessen 2013; Danforth 2014; Abbott 2019). 

Distribution: In Washington, this species is known from Benton and Grant Counties, where it has been documented from two tributaries of the Columbia River. It is known from the Yakima River near the city of Kiona, north and east to Richland, Washington at its confluence with the Columbia River, and from Lower Crab Creek.  

In Oregon, this species occurs in the east within the Columbia River basin (Abbott 2019; iNaturalist 2019). It has been documented in north central Oregon to the southeast and has been found in Gilliam, Malheur, Sherman, and Wheeler Counties, from the Owyhee, John Day, and Malheur Rivers. 

BLM/Forest Service Land: 
Documented: Documented occurrences are known from BLM land in Oregon within the Prineville and Vale Districts. There are no known populations on USFS land. Due to uncertainty in the accuracy of some records, it is difficult to determine land ownership with confidence.

Suspected: Due to the proximity of known sites, G. lynnae is suspected on Forest Service lands in the Umatilla National Forest in Oregon and Washington and on BLM lands in the Spokane District in Washington.

Abundance: Abundance estimates for this species are not known. It was previously thought to be restricted to the Columbia River basin in the Pacific Northwest where it may be locally common; however additional isolated records in suitable habitat have been documented out of this range in the southwest (Abbott 2019). Currently the population trend is unknown, but there is no evidence of population decline (Paulson 2018).

Habitat Associations:
Gomphurus lynnae populations occur at large to moderate-sized streams and rivers with rocky and sandy to muddy bottoms bordered by riparian woodland or open shrub steppe (Paulson 1983; 2009; 2018). The type locality at the Horn Rapids area of the Yakima River in Washington is about 30-50m (98-164ft) wide with slower moving pools and shallow rapids that flow through sagebrush and cheat grass upland areas (Tennessen and Valley 2013). The substrate at the type locality is characterized by basalt cobbles with clay and silt and the sandy riparian areas have willows mixed with thick mats of grass. Similarly, the substrate at sites along the John Day and Owyhee Rivers can be characterized by basalt cobbles with sand and fine silt, and willows are typical of riparian areas, with sagebrush and juniper prominent in upland terrain (Tennessen and Valley 2013). 

Adults of this species typically perch on the ground in the open, or on matted vegetation, wood, or dead twigs of shrubs (Valley 1993; Paulson 2009). Males are commonly observed flying out over water intermittently and perched near water on shrubs, including sagebrush (Paulson 2009). Nymphs burrow in mixed silt and sand of riffle-run habitat in slow-flowing large to medium-sized rivers (Tennessen and Valley 2013). Exuviae have been documented 1-5 m (3.3-16.4 ft.) or more from the water in a horizontal position to the ground (Tennessen and Valley 2013). While some dragonflies require vegetation or substrates that provide an overhanging support (to aid in removal the nymphal skin during emergence), some gomphids including this species sit in a horizontal position when they leave the water and can therefore emerge at shorelines without vegetation (Suhling et al. 2015).

Threats:
Habitat alteration and loss are the most significant causes of population changes in odonates (Tennessen 2009; Suhling et al. 2015). Local populations of this species may be impacted by activities such as road construction, development, river impoundments, and grazing which may degrade habitat through increased erosion, sedimentation, and flow alteration. Introduced fish and invasive aquatic vegetation may further degrade aquatic habitats; Heteranthera dubia, an invasive aquatic plant, was observed at “great quantities” from the lower Yakima River sites, but it is unknown how the presence of this plant is impacting burrowing in G. lynnae nymphs (D. Paulson, pers. comm. 2019).

River systems in the West that are managed as reservoirs create slow water habitat, which can be detrimental to species that depend on flowing water. Reservoirs can eliminate shallow flowing habitat critical to specialist species on riverine systems. River impoundments have been known to be detrimental for benthic aquatic life (Poff and Schmidt 2016), and may favor generalist lentic species over lotic species like Gomphurus lynnae. Tributaries to the Yakima have dams creating impoundments, as does the lower Owyhee River, which may impact this species.

In the interior Pacific Northwest, cattle grazing, agricultural pollution, and water diversions may pose significant threats to this species’ habitat. In Washington, this species occurs within an agriculturally rich region in the Yakima River basin. As a consequence, water diversions lead to reduced stream flows, likely limiting this species to marginal aquatic habitat (Tennessen and Valley 2013). In this and other watersheds where G. lynnae occurs, signs of increased algal growth are evident likely due to nearby agricultural inputs; however, this dragonfly’s continued presence may indicate it is tolerant of some degree of organic pollution (Tennessen and Valley 2013). Livestock grazing near stream habitats not only decreases water quality and increases nutrient levels due to agricultural runoff, it also reduces the amount of upland and riparian vegetation available for perching and nighttime roosting. Additional impacts to habitat include increases in temperature, sediment, and turbidity due to trampling and bank alteration (Agouridis et al. 2005). Organic pollution and toxic chemicals have been recognized as a threat to members of this family (Paulson 2008, pers. comm.).

Global climate change may further threaten the long-term survival of this species and significantly impact its aquatic habitat. Projected changes for the Pacific Northwest include increased frequency and severity of seasonal flooding and droughts, reduced snowpack, earlier snowmelt runoff resulting in reduced summer stream flows, increased siltation, and increased air and water temperatures (Field et al. 2007), all of which could negatively impact this species’ habitat. The Yakima River basin, in the range of this species, is fed by snowmelt from the Cascades; therefore, decreases in snowpack due to climate change are expected to result in reduced water supplies in this region. As a consequence, this arid region may be particularly vulnerable to changes in water availability due to its high agricultural water demands (Vano et al. 2010). Furthermore, since many aspects of odonate survival (e.g., development, phenology, immune function, pigmentation, and behavior) are sensitive to changes in temperature, global climate change is predicted to have serious developmental and ecological consequences for this taxon (Hassall and Thompson 2008).  

Conservation Considerations:
Research: Life history traits and spatial variables (e.g., diapause, oviposition, dispersal ability, habitat preferences, etc.) may be predictors of shifts in distribution as well as extinction risk in Odonata, especially under changes in climate (Hassall 2015). Thus, research is needed to assess this species’ dispersal and colonization ability, and to detect shifts in its range. While dispersal ability is not known for this species, lotic odonates tend to have limited dispersal capabilities compared with lentic species, which are more typically habitat generalists with wider ranges and ecological preferences (Corbet 1999), and consequently lower extinction risk (Clausnitzer and Jodicke 2004; Clausnitzer et al. 2009). Similar to other gomphids, this species likely has specific substrate needs for burrowing, and the density of invasive aquatic vegetation could potentially limit or affect this behavior. In addition, changes in sediment composition resulting from alterations in streamflow and river impoundments could impact the abundance of this species; research should be conducted to understand its specific aquatic habitat needs and any environmental limitations on burrowing in nymphs.   

Inventory: This species is still known from several populations in the Columbia River basin of Oregon and Washington, which appear to be stable (Paulson 2018). More recent extension of its range into Nevada and New Mexico, as well as a recently documented site along the Malheur River in Oregon (Abbott 2019), suggests that this species may have a wider distribution in the region than is currently documented. Some of the most recent discoveries are from similar habitat, in large to mid-sized rivers among arid sagebrush landscapes; however, the rivers where it occurs over its range have varying habitats, so it may occur within a range of river systems (Paulson 2018). Additional survey work, particularly at similar aquatic habitats around and between the existing Oregon and Washington sites may reveal more populations. While this species continues to be documented at previously known sites, future surveys could focus on establishing the population status of this species at these sites, especially with projected future impacts of climate change in this region. Re-evaluation of this species’ status at these sites is critical to identifying both its current distribution and its conservation needs. Abundance estimates for this species at new and recorded sites would also assist future conservation efforts, since population size is important in evaluating the stability of a species at a given locality. Inventories can document current threats to this species and its habitat. 

Management: Continue to research, monitor, and plan for this species. Protect known sites and their associated watersheds from management practices that would adversely affect any aspect of its lifecycle. Since the largest proportion of their life cycle is spent as an aquatic nymph, protecting the nymphal stage is most critical for the species’ success (Packauskas 2005). Maintain water quality and water levels at known sites and in potential habitat in Oregon and Washington. Adaptive land management practices, such as conserving and restoring riparian buffers around known aquatic habitats and fencing to exclude livestock, may help protect this species from the impacts of grazing and agriculture (Packauskas 2005).


Version 3: 
Prepared by: Michele Blackburn 
The Xerces Society for Invertebrate Conservation
Date: December 2019 

Reviewed by: Candace Fallon
The Xerces Society for Invertebrate Conservation
Date: December 2019 

Version 2: 
Prepared by: Heather Andrews
Date: 14 June 2010

Version 1: 
Prepared by: Eric Scheuering
Date: 23 January 2006

ATTACHMENTS:
(1) References 
(2) List of pertinent or knowledgeable contacts 
(3) Map of known records in Oregon and Washington
(4) Photographs and/or illustrations of this species
(5) Survey protocol, including specifics for this species

ATTACHMENT 1: References 
Abbott, J.C. 2019. OdonataCentral: An online resource for the distribution and identification of Odonata. Gomphus lynnae (Columbia clubtail). Available at: www.odonatacentral.org. [Accessed 14 November 2019].
Agouridis, C.T., S. R. Workman, R. C. Warner, and G. D. Jennings. 2005. Livestock grazing management impacts on stream water quality: a review. Journal of the American Water Resources Association 41(3): 591-606.
Clausnitzer, V., and R. Jodicke. 2004. Guardians of the watershed. Global status of dragonflies: critical species, threat and conservation. International Journal of Odonatology 7(2): 111–430. 
Clausnitzer, V., V.J. Kalkman, M. Ram, B. Collen, J.E.M. Baillie, M. Bedjanič, W.R.T. Darwall et al. 2009. Odonata enter the biodiversity crisis debate: the first global assessment of an insect group. Biological Conservation 142(8): 1864-1869.
Corbet, P. S. 1999. Dragonflies: Behavior and Ecology of Odonata. Cornell University Press, Ithaca, NY. 829pp.
Danforth, D. 2014. Gomphus lynnae (Columbia clubtail), a new species for Nevada. Argia 26(3): 13.
Field, C.B., L.D. Mortsch, M. Brklacich, D.L. Forbes, P. Kovacs, J.A. Patz, S.W. Running, and M.J. Scott. 2007. Chapter 14: North America. In: Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change (Parry, M.L., Canziani, O.F., Palutikof, J.P., van der Linden, P.J. and Hanson, C.E., eds.). Cambridge University Press, Cambridge, UK. Available at: www.ipcc.ch/pdf/assessment-report/ar4/wg2/ar4-wg2-chapter14.pdf.
Hassall, C. 2015. Odonata as candidate macroecological barometers for global climate change. Freshwater Science 34(3): 1040-1049.
Hassall, C. and D.J. Thompson. 2008. The effects of environmental warming on Odonata: a review. International Journal of Odonatology 11(2): 131-153.
iNaturalist. 2019. Export Tool. iNaturalist open source software. Available at: www.inaturalist.org/observations/export. November 2019.
Kerst C. and S. Gordon. 2011. Dragonflies and Damselflies of Oregon. Oregon State University Press, Corvallis, OR. 304pp. 
NatureServe. 2019. “Gomphurus lynnae” NatureServe Explorer: An online encyclopedia of life [web application]. Version 7.1. NatureServe, Arlington, Virginia. Available http://explorer.natureserve.org (Accessed: 13 November 2019).
Paulson, D. R. 1983. A new species of dragonfly, Gomphus (Gomphurus) lynnae spec. nov., from the Yakima River, Washington, with notes on pruinosity in Gomphidae (Anisoptera). Odonatologica 12(1): 59-70. 
Paulson, D.R. 2007. Field key to adult Washington dragonflies (Odonata). Slater Museum of Natural History. Jan. 2007. University of Puget Sound. Available at: https://www.pugetsound.edu/academics/academic-resources/slater-museum/biodiversity-resources/dragonflies/field-key-to-adult-washington-/. [Accessed 18 November 2019].
Paulson, D.R. 2008. Personal communication with Sarah Foltz Jordan, the Xerces Society. Director Emeritus, Slater Museum of Natural History, University of Puget Sound, Tacoma, WA.
Paulson, D. 2009. Dragonflies and Damselflies of the West (Vol. 47). Princeton University Press, Princeton, NJ. 535pp.
Paulson, D.R. 2018. Gomphurus lynnae. The IUCN Red List of Threatened Species 2018: e.T42686A80693864. http://dx.doi.org/10.2305/IUCN.UK.2018-1.RLTS.T42686A80693864.en. [Accessed 13 November 2019].
Paulson, D.R. 2019. Personal communication with Michele Blackburn, the Xerces Society. Dennis Paulson, Director Emeritus, Slater Museum of Natural History, University of Puget Sound, Tacoma, WA. November 20-22. 
Poff, N. L. and J.C. Schmidt. 2016. How dams can go with the flow. Science 353(6304): 1099-1100.
Schorr, M. and D. Paulson. 2019. World List of Odonata. Last revision 14 November 2019.
Suhling, F., G. Sahlén, S. Gorb, V.J. Kalkman, K-D. B. Dijkstra, and J. van Tol. Order Odonata. In: Thorp and Covich's Freshwater Invertebrates. Academic Press, Cambridge, MA. p. 893-932.
Tennessen, K. 2007. Odonata Larvae of the Pacific Northwest: An Identification Manual. Created for use in a taxonomic workshop sponsored by the Xerces Society and held at Evergreen State College, Olympia, Washington, March 16-18, 2007.
Tennessen, K. J. 2009. Odonata: Dragonflies, Damselflies. In: Encyclopedia of Insects. Academic Press, Cambridge, MA. p. 721-729.
Tennessen, K. 2013. Gomphus lynnae (Columbia clubtail) in New Mexico. Argia 25(3): 15-16.
Tennessen, K. J. and S.A. Valley. 2013. New records for Gomphus lynnae Paulson (Odonata: Gomphidae), with a description of the nymph. Proceedings of the Entomological Society of Washington 115(4): 333-342.
Valley, S. 1993. DSA meeting in Bend, Oregon. Argia 5(2): 3-6.
Vano, J. A., M. J. Scott, N. Voisin, C. O. Stöckle, A. F. Hamlet, K. E. Mickelson, M. M. Elsner, and D. P. Lettenmaier. 2010. Climate change impacts on water management and irrigated agriculture in the Yakima River Basin, Washington, USA. Climatic Change 102(1-2): 287-317.
Ware, J.L., E. Pilgrim, M.L. May, T.W. Donnelly, and K. Tennessen. 2016. Phylogenetic relationships of North American Gomphidae and their close relatives. Systematic Entomology. DOI: 10.1111/SYEN.12218.
Map references: 
Abbott, J.C. 2019. OdonataCentral: An online resource for the distribution and identification of Odonata. Gomphus lynnae (Columbia clubtail). Available at: www.odonatacentral.org. [Accessed 14 November 2019].
[GBIF] 2019. Global Biodiversity Information Facility. [online database]. Available www.gbif.org [Accessed 13 November 2019].
iNaturalist. 2019. Export Tool. iNaturalist open source software. Available at: www.inaturalist.org/observations/export. [Accessed 13 November 2019].
Paulson, D.R. 2019. Personal records provided to Michele Blackburn, the Xerces Society, by Dennis Paulson, Director Emeritus, Slater Museum of Natural History, University of Puget Sound, Tacoma, WA. May 2018.
[ORBIC] Oregon Biodiversity Information Center. 2018. GIS export provided to Candace Fallon, the Xerces Society, by Lindsey Wise, Biodiversity Data Manager, November 2018.
[BLM] Bureau of Land Management. 2018. GeoBOB data export provided to Candace Fallon, the Xerces Society, by Chelsea Waddell, Regional Wildlife, Botany & Fisheries Data Coordinator, BLM, September 2018. 
ATTACHMENT 2: List of pertinent, knowledgeable contacts
John Abbott, Chief Curator & Director of Museum Research and Collections, University of Alabama Museums, The University of Alabama, Tuscaloosa, AL
Jim Johnson, Dragonfly Expert, Vancouver, WA
Dennis Paulson, Director Emeritus, Slater Museum of Natural History, University of Puget Sound, Tacoma, WA
Ken Tennessen, Research Associate, Florida State Collection of Arthropods, Gainesville, FL
Steve Valley, retired from the Plant Division, Oregon Department of Agriculture, Albany, OR

ATTACHMENT 3: Map of known Gomphurus lynnae records in Oregon and Washington.
[image: ]
Known records of Gomphurus lynnae in Oregon and Washington, relative to Forest Service and BLM land. 


ATTACHMENT 4: Photographs of Gomphurus lynnae
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Gompurus lynnae (Columbia clubtail) female. Photo by Dennis Paulson, used with permission.
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Gomphurus lynnae (Columbia clubtail) male. Photo by Dennis Paulson, used with permission. 
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Exuviae of Gomphurus lynnae. Photo by Dennis Paulson, used with permission.

ATTACHMENT 5: Survey Protocol 
Prepared by: Sarah Foltz Jordan, the Xerces Society for Invertebrate Conservation 

Survey Protocol: 
Taxonomic group: Odonata

Where: Adult odonates can be found feeding in range of terrestrial habitats, but are most effectively sampled at the aquatic habitat where they mate and oviposit. Ponds, streams, rivers, lake shores, marshes, bogs, and fens support a range of odonate diversity. Some species (e.g., Anax junius) frequent a variety of habitats, while others (e.g., Tanypteryx hageni) have highly specific preferences with regard to substrate, vegetation, and water quality. For species-specific habitat information, see the section at the end of this protocol. 

When: Adults are surveyed in summer, during the often-short window of their documented flight period. Adult odonates are most active in warm temperatures, and usually begin to fly at the aquatic habitat with the morning sun. Depending on the species, males arrive as early as 9 am and leave as late as 6 pm. Females tend to arrive several hours later, after the males have established their mating territories (Campanella 1975). In the high temperatures of the late afternoon, some species seek shade in trees and vegetation. 

Although larvae are present all summer, it is preferable to sample later in the season (i.e., just prior to and during the early part of adult emergence), when a higher proportion of the more easily identified late larval instars will be found. 

How to Survey: 

Adults: Use a long-handled, open-mesh aerial net, light enough to be swung rapidly. Triplehorn and Johnson (2005) recommend a 300-380 mm diameter net with a handle at least 1 m long. 

Approach the site quietly, observing the environment and natural behaviors that occur prior to sampling. Note the number of different species present and their flight patterns. This will help in predicting the movement of target species, and in evaluating whether the site has been surveyed “exhaustively” (i.e. all species observed at the site have been collected or photo-documented). Since dragonflies are wary of humans and readily leave an area when disturbed, it is important to be as discreet in your movements as possible, at all times. 
Watch vegetation, logs, tree-trunks, and large, flat rocks for perched individuals, particularly those in the Gomphidae and Libellulidae families. Since dragonflies are powerful fliers and notoriously challenging to catch, try to quietly photo-document specimens prior to attempting to capture. Use a camera with good zoom or macrolens, and focus on the aspects of the body that are the most critical to species determination (i.e. dorsum of abdomen, abdominal terminalia (genitalia), pleural thoracic markings, wing markings, eyes, and face). When stalking perched individuals, approach slowly from behind, covering your legs and feet with vegetation, if possible (dragonflies see movement below them better than movement at their level). When chasing, swing from behind, and be prepared to pursue the insect. A good method is to stand to the side of a dragonfly’s flight path, and swing out as it passes. After capture, quickly flip the top of the net bag over to close the mouth and prevent the insect from escaping. Once netted, most insects tend to fly upward, so hold the mouth of the net downward and reach in from below when retrieving the specimen. Collected specimens should be placed on ice in a cooler long enough to slow their movement (a few minutes), and then set on a log or stone and comprehensively photographed until the subject starts to stir. Specimens to be preserved should be placed alive, wings folded together, in glassine or paper envelopes, as they lose color rapidly once killed. Record the eye color and locality/collection data on the envelope, including longitude and latitude if possible.  

Acetone, which helps retain bright colors, is recommended for killing odonates. Glassine envelopes with the lower corner clipped and the specimen inside should be soaked in acetone for 24 hours (2 to 4 hours for damselflies) and then removed, drained, and air-dried. The resulting specimens are extremely brittle, and can be stored in envelopes, pinned with wings spread, or pinned sideways to conserve space. Mating pairs in tandem or copula should be indicated and stored together, if possible. Collection labels should include the following information: date, time of day, collector, detailed locality (including water-body, geographical coordinates, mileage from named location, elevation, etc.), and detailed habitat/behavior (e.g. “perched on log near sandy lake shore”). Complete determination labels include the species name, sex (if known), determiner name, and date determined. 

Relative abundance surveys can be achieved by timed watches at designated stations around a site. We recommend between 5 and 10 stations per site, each covering one square meter of habitat, and each monitored for 10 to 15 minutes. 

Stations should be selected in areas with the highest odonate usage, and spread out as evenly as possible throughout the site. During and one minute prior to the monitoring period, observers should remain very still, moving only their eyes and writing hand. Recorded information should include start and end times, weather, species, sex, and behavior (e.g. male-male interaction, pair in tandem). Observations occurring near, but outside of, the designated station should be included but noted as such.

Catch and marked-release methods can help evaluate population sizes, species life-span, and migration between sites. This strategy (most appropriate if several sites are being surveyed repeatedly throughout a season) involves gently numbering the wing with a fine-tip permanent marker before release. 
Nymphs: When surveying for nymphs, wear waders, and use care to avoid disrupting the stream banks, vegetation, and habitat. Depending on the habitat, a variety of nets can be useful. D-frame nets are the most versatile, as they can be used in both lotic and lentic habitats. Kick-nets are only useful when sampling stream riffles, and small aquarium nets are most effective in small pools. If desired, relative abundance between sites or years can be estimated by standardizing sampling area or sampling time. When the use of a D-frame net is not feasible (e.g. in areas that have very dense vegetation, little standing water, and/or deep sediment), an alternative sampling device, such as a stovepipe sampler, can be used. This cylindrical enclosure trap (~34 cm in diameter and 60 cm in height) is quickly forced down through the water/vegetation and firmly positioned in the bottom substrate. Material and organisms are then removed by hand using small dip nets (Turner and Trexler 1997). 
Net contents are usually dumped or rinsed into shallow white trays to search for larvae more easily, as they are quite cryptic and can be difficult to see if they are not moving. White ice-cube trays may also aid in field sorting. Voucher collection should be limited to late instar larvae, which can be most readily identified. If necessary, early instars can be reared to later stages or adulthood in screened buckets/aquaria with tall grasses added for emergence material. However, since the rearing process often takes many trials to perfect, it is only recommended if knowledge of species’ presence-absence status at a particular site is critical, and few-to-no late instars or adults are found. 
Voucher specimens can be either (1) preserved on-site in sample vials filled with 80% ethanol, or (2) brought back from the field in wet moss/paper-towels, killed in boiling water, cooled to room temperature, and transferred to 80% ethanol. Although the latter method is more time intensive, it is recommended for maximum preservation of internal anatomy (Triplehorn and Johnson 2005). Live specimens should be separated by size during sorting to reduce cannibalism/predation.

Although easily overlooked, larval exuviae left on rocks, sticks, or vegetation from which the adult emerged are valuable for species documentation. These cast-off exoskeletons of the final larval instar can be identified to species using larval traits, and offer a unique, conservation-sensitive sampling method for odonates (Foster and Soluk 2004). Since exuviae indicate the presence of successful breeding populations at a particular locale, their habitat data can be very informative, and should be documented with as much care as that of larvae and adults.  

Species-Specific Survey Details:
Gomphurus lynnae

In Oregon and Washington, this species is known from five river systems in the Columbia River basin. In Washington, it is known from only a few slow-water breeding sites in Benton County along the Yakima River and one locality on lower Crab Creek in Grant County. While this species is still present at Washington breeding sites, it now may be less common on the lower Yakima River than it was decades ago; however, no quantified surveys have been done to determine this (D. Paulson, pers. comm. 2019). In Oregon, it can be found from three additional river systems, along the John Day River and Owyhee River, and most recently in 2019, this species was documented from the Malheur River in Oregon. Additionally, it has been documented near Birch Creek two miles from the Owyhee River, but it is unknown if there are breeding populations along that stream system. The more recent occurrence from a new river system in Oregon, and the extension of this species’ range into the southwest suggests that the species may have a wider distribution in the Pacific Northwest than is currently documented. Known sites should continue to be monitored to determine population trends and potential threats. Re-evaluation of this species’ status at these sites is critical to identifying both its current distribution and its conservation needs.

Additional survey work, particularly at similar aquatic habitats around and between the existing Oregon and Washington sites, may reveal more populations. Abundance estimates for this species at new and known sites would also assist future conservation efforts, since population size is important in evaluating the stability of a species at a given locality. 

Sites should be surveyed midday, from June through August, and approached quietly in search of perched adults. Adults of this species can be found perching in the open on sandy beaches, or on matted vegetation, wood, and dead twigs of shrubs (Valley 1993; Paulson 2009). Males can commonly be observed flying out over water intermittently and perched near water on shrubs, including sagebrush (Paulson 2009). Nymphs may be collected from substrates of mixed silt and sand of riffle-run habitat in slow-flowing medium to large-sized rivers (Tennessen and Valley 2013); later instar nymphs, which are easier to identify, can be sampled most readily just before and during the early part of the flight season. Exuviae have been documented 1-5 m (3.3-16.4 ft.) or more from the water in a horizontal position to the ground (Tennessen and Valley 2013). While researchers are visiting sites and collecting adults, nymphs, and exuviae, detailed habitat data should also be acquired, including substrate type, water source, water velocity, and presence/use of canopy cover.
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