SPECIES FACT SHEET

Scientific Name: Rhyacophila chandleri Denning, 1956
Common Name: a caddisfly
Phylum: Arthropoda
Class: Insecta
Order: Trichoptera
Family: Rhyacophilidae 
[bookmark: _Hlk37172727](Rasmussen and Morse 2018; ITIS 2020; Morse 2020)

Conservation Status: 
Global Status: G3 – Vulnerable (last reviewed 12 March 2009)
National Status (United States): N3
State Statuses: S3 (Oregon)
(NatureServe 2020)

Federal Status (United States): None (USFWS 2020)
IUCN Red List: Not assessed (IUCN 2020)

Taxonomic Notes:
[bookmark: _Hlk38627460]Rhyacophila chandleri was originally described by Denning (1956) and is the currently accepted name for this species (Rasmussen and Morse 2018; ITIS 2020; Morse 2020). Although the diverse Rhyacophila genus has been subdivided into numerous informal groupings, R. chandleri was not, until recently, placed in any group due to the presence of highly derived, unusual characters (Denning 1956; Anderson 1976; Giersch 2002). However, morphological phylogenetic analysis of Rhyacophila places this species within the verrula-group, based largely on the membranous ventral lobe of the phallic apparatus, a basal condition of the verrula-group (Giersch 2002). Still, the presence of several autapomorphies (distinctive traits) suggests an early isolation from the rest of the group (Giersch 2002). 

Technical Description:  
Adult: The adults of this species are small, moth-like insects in the caddisfly family Rhyacophilidae. This primitive family is distinguished from other caddisfly families by the presence of ocelli, and the distinct length and shape of the first two segments of the maxillary palps, both segments being short, and the second being subglobular, with an acute point apically (Giersch 2002). Additionally, the mesothoracic legs of females in this family are rounded in cross section, as opposed to being flattened as in the Hydropsychidae and Glossosomatidae (Giersch 2002). Within the Rhyacophilidae, Rhyacophila is the largest of two genera in the family, with over 750 recognized species world-wide (Morse 2020). Characters exhibited by this genus include a free-living larval stage and complete wing venation of adults, with a curved CU2 vein and short anal veins (Ross 1956 in Giersch 2002). 

Giersch (2002) provides the following description of R. chandleri adults (see Attachment 4 for associated figures): 

Male. Forewing 10-11 mm, yellow, with lighter area between A and Cu2 veins, with hyaline areas at fork of M, r- m cross vein, r3-r4 cross vein, and at apex of Cu2 at wing margin; stigma white; Cu1 vein darkened; crossvein between M1+2 and M3 forming closed m-cell; r3-r4 crossvein present, enclosing discoidal cell (fig. 1A). Head, antennae, abdomen, and thorax yellow. All setal warts densely covered with long, clear setae. Head with large median setal wart posterad of median ocellus posteriorly expanded laterally; large lateral ocelli with rounded setal warts laterally; well separated from oblong posterior setal warts; frons with pair of lateral setal warts. Apical segment of labial palp thick, somewhat spindle shaped, with concave internal surface (fig. 1B). Legs yellow, with yellow spurs; spur formula 3-4-4; protibial spurs shorter than on other tibiae; all tarsal claws equal in length and form. Segment VIII unmodified. Segment IX narrow laterally, inflected to receive coxopodite. Segment X broadly fused to segment IX; posterior margin emarginate, dorsally concave (fig. 1C). Coxopodite short and wide, very tall at base, slightly narrowing apically. Harpago subequal in length to coxopodite, thinner, rounded apically. Dorsal appendage of phallic apparatus wide; projecting directly caudad; up-curved at apex; ventrally concave; wrapped around and fused to phallicata, with horizontal lateral wings subapically; apical margin rolled inward. Phallicata a dark, heavily sclerotized extrusible spine inside of dorsal appendage. Ventral lobe membranous at base, tapering to undivided apex, apically with dorsal patch of brown spines (figs. 1E and 1F). 

Female. Forewing length 12mm, color and venation as in male. Similar to other species of the verrula- group. Body identical to that of male. Forewing with r3-r4 cross vein. Vaginal apparatus with processus spermathecae basally sclerotized, apically emarginate; posterior process flexible, ribbed at midlength, tapering to an apical, sclerotized tube (figs. 1G and 1F).

This species is distinguished from others members of the Rhyacophila verrula- group by characteristics of the male genitalia and wing cell patterns (Giersch 2002). Specifically, males are distinguished by the following characters: abdominal segments IX and X fused; phallic apparatus with dorsal process enclosing darkly sclerotized phallicata; and forewing with closed discoidal cell formed from r3-r4 crossvein. Females are very similar to other members of the verrula-group, and distinguished primarily by the presence of a closed discoidal cell formed from the r3-r4 crossvein on the forewing (Giersch 2002).

[bookmark: _Hlk38628026][bookmark: _Hlk39477431][bookmark: _Hlk38628178][bookmark: _Hlk39476859][bookmark: _Hlk39479567][bookmark: _Hlk39479943]Larva: Species level confirmation for caddisfly larvae requires either pupal/adult associations using rearing techniques or DNA barcoding (Hebert et al. 2003; Zhou et al. 2016). Larvae have not yet been positively associated with the adult of this species; while DNA sequences have been confirmed for one adult specimen, it is not complete for larvae (Ratnasingham and Herbert 2020). Larvae in this genus are free-living, caseless caddisflies, which do not construct a case until the final instar larva just prior to pupation. The general body shape of the Rhyacophila larval stage is campodeiform; flattened dorsal-ventrally (Giersch 2002). The mature larvae of species in the verrula-group are about 13 to 20 mm (0.51 to 0.79 in.) in length, with a rounded head held in a hypognathous (lower mandibles longer than the upper) position, suggestive of a phytophagous feeding habit of the verrula-group; short, stout mandibles, with teeth on the apical edge, rather than marginal; flattened forelegs; abdominal and/or thoracic gills present in some species of the verrula-group (e.g., R. singularis) but absent in others (e.g., R. potteri and R. verrula); and anal prolegs present on all instars are largely separate and vertical, allowing the larva to firmly grasp the substrate. Complete descriptions of the larval stage of other species in the verrula-group are provided in Giersch (2002). 

[bookmark: _Hlk38628307][bookmark: _Hlk39482079][bookmark: _Hlk39580754]Pupa: Pupae of R. chandleri have not been positively associated with adults (Giersch 2002; Ratnasingham and Herbert 2020). Though pupae are unknown, Trichoptera pupae superficially resemble adults, possessing legs, wing buds, and antennae (Hickin 1967). Characters typical for the genus are sclerotized, serrate, and well-developed pupal mandibles (lost during the molt into the adult) used to tear open the pupal case or shelter (reviewed in Giersch 2002). Rhyacophila pupae have sclerotized plates on the dorsum that are used to grip the cocoon sides as the pupa emerges. Hook plates, characteristic of other caddisfly groups, are absent from the first abdominal segment in the Rhyacophila, which do not move while in the pupal enclosure (reviewed in Giersch 2002). Gills are absent on Rhyacophila pupae, even for species whose larvae possess thoracic or abdominal gills (reviewed in Giersch 2002). 

[bookmark: _Hlk39581544][bookmark: _Hlk39580223][bookmark: _Hlk39582194][bookmark: _Hlk39244274]Rhyacophila pupal enclosures are built by the pre-pupal larva and usually constructed of mineral (e.g., sand and rock) and/or plant (e.g., moss) fragments and fastened with silk to stable substrate, including rocks or plant material on the benthos surface (Giersch 2002; Wiggins 2004; Wisseman 2008, pers. comm.). Some pupae in the verrula-group are found pupating within moss mats or other plant material on the benthos surface, likely because some larvae feed on these materials (Giersch 2002). In North America, Rhyacophila pupal chambers range in length up to 2.5 cm (1 in.). Within the case, a separate cocoon is woven in silk and, in some species in the verrula-group (e.g., R. verrula), it may be enveloped with a loose covering of mineral or plant material or, wrapped tightly with mosses (e.g., R. potteri) (Giersch 2002). The pupae in the verrula-group range in length from 8 to12 mm (0.31 to 0.47 in.). Descriptions of the pupal stage of closely related Rhyacophila in the verrula-group are provided in Giersch (2002).

Egg: Eggs of other species in the genus have been described as cream colored and somewhat oblong, measuring 0.46 by 0.36 mm (0.018 by 0.014 in.) (Wold 1974).

See Attachment 3 for photographs of this species. Additional figures of the male genitalia are available in Denning (1956), page 77, figures 2A-C.  

Life History:  
[bookmark: _Hlk38632925][bookmark: _Hlk39587819]Larva: Rhyacophila is a large genus of primitive, caseless caddisflies that live in cool, lotic freshwater habitats throughout the northern hemisphere (Ross 1956; Wiggins 2004; reviewed in Merritt et al. 2008). As caseless clingers, rhyacophilid larvae have hooks and grapples they use to attach to rough areas of substrate to maintain their position in lotic habitats (reviewed in Merritt et al. 2008; Holzenthal et al. 2015;). Some larvae in the genus also use silk to aid in movement; strands of silk are used to rappel along benthos surface, to maintain their position, or return to a position in the stream after foraging (reviewed in Giersch 2002).

[bookmark: _Hlk39586322]The larval behavior and diet of this species are not known. As a group, Rhyacophila larvae are generally considered engulfer predators that forage among rocks on the streambed (Thut 1969; Merritt et al. 2008; Holzenthal et al. 2015). Predators in the genus may feed on small invertebrate prey, including simuliid (black fly) larvae, chironomid (non-biting midge) larvae and pupae, Acari (mites), oligochaetes (segmented worms), copepods (microcrustaceans), and the aquatic stages of other caddisflies, mayflies, or stoneflies (Smith 1968; Thut 1969; Wiggins 2004). Others in the genus may be omnivorous or strictly herbivorous with a variety of feeding strategies, including collector-gatherers, scraper-grazers, or shredder-herbivores (Thut 1969; reviewed in Wold 1974; Wiggins 2004; Lancaster et al. 2005; reviewed in Merritt et al. 2008). As with other caddisflies, feeding patterns of Rhyacophila larvae may change with development (Céréghino 2002). For example, larvae may be strictly phytophagous until the third instar, at which point their feeding may shift to an omnivorous diet and include more animal material (Lavandier and Céréghino 1995; Céréghino 2002; reviewed in Giersch 2002). However, some members of the verrula-group are thought to be unique in having a strictly phytophagous diet throughout all larval instars (Thut 1969; reviewed in Giersch 2002). The larval diet of this group may consist largely of filamentous algae, diatoms, detritus, bryophytes, liverworts, vascular plants, and/or other non-animal material (Thut 1969; reviewed in Wold 1974; reviewed in Giersch 2002). The duration of each of the first four larval instars for some species in the genus may be around one month, with the fifth stage lasting three to four months (Thut 1969).

Pupa: This group of caddisflies does not construct a case or shelter until the final instar larva, just prior to pupation, when feeding ceases. The pupal case serves as a protective covering during pupation, and is porous, which allows freshwater to circulate through the case. The case is typically a loose, domed structure of small rock fragments or plant material tied together and attached to rock, moss, or other substrate with strands of silk (reviewed in Giersch 2002; Wiggins 2004; Merritt et al. 2008). Other cases may be constructed of mud cells and attached to submerged substrate (Smith 1968). Within the case, the final instar larva spins an ovoid, tough parchment-like cocoon (Anderson 1976; Wiggins 2004) that may have a covering of mineral or plant material (Giersch 2002). The pupal stage may require several weeks to several months to develop, with development slower in colder temperatures (Thut 1969; Wisseman 1991).  

Adult: Rhyacophila species show a diverse range of life histories, including univoltinism, bivoltinism, and multivoltinism, with emergence in spring through fall (Ross 1956). In North America, Rhyacophila species are primarily univoltine, although the number of generations per year can change with elevation and latitude. For example, univoltine species in temperate lower elevation habitats may be semivoltine in higher elevations or latitudes where larvae are not able to complete development in a single year due to shorter growth seasons (reviewed in Giersch 2002). Little is known about the adult emergence, sexual maturation, mating, oviposition, dispersal, and life span of this species. The emergence season and flight period of R. chandleri are not well-documented, although all known adult records in Oregon are from May to August (Anderson 1976; Giersch 2002; Wisseman 2011; 2020, pers. comm.; GBIF 2020).

While little is known of the adult habits of this species, non-feeding adult caddisflies typically rest during the day on riparian vegetation near larval habitats (Wisseman 1991). Adults likely live for several weeks, dispersing, mating, and laying eggs before dying. Some female Rhyacophila enter the water to attach their eggs to submerged objects (Usinger 1963), while others of this genus lay eggs on submerged rocks and in damp wood near or beneath the stream waterline (reviewed in Wold 1974; Wisseman 1991). 

Egg: The egg stage of this species has not been described. Eggs of other species in the genus have incubation periods lasting between 4-6 weeks (Wold 1974).

Range, Distribution, and Abundance:  
Type Locality: Sacramento River, Siskiyou County, California (Denning 1956).

Range: Rhyacophila chandleri is a regional endemic occurring in montane areas of the maritime Pacific Northwest in Oregon, south to northern California.

Distribution: In Oregon, this species is restricted to the Cascades in central and southern Oregon (Giersch 2002), where it is known from Deschutes, Douglas, Lane, Linn, and Jefferson Counties (Denning 1956). 

Forest Service/BLM Land: 
Documented: In Oregon, this species is documented in Jefferson, Lane, and Linn counties on the Willamette National Forest, in Deschutes County on the Deschutes National Forest, and Douglas County on the Umpqua National Forest.

[bookmark: _Hlk39488442]Suspected: In Oregon, this species may occur on BLM land in the Roseburg District given close proximity of suitable habitat to an historic population (1986) found in Douglas County within the Umpqua National Forest. 

[bookmark: _Hlk39563659]Abundance: Abundance estimates at known population sites have not been conducted, although population sizes are presumed to be small. Recorded collections range from one to seven adults. 

Habitat Associations:  
As a group, the Rhyacophilidae family is a characteristic component of the aquatic macroinvertebrate fauna of cool montane streams. The aquatic habitat of this species is not known, but is likely similar to others in the genus, which occur in a wide range of running-water habitats. Diversity for members in this genus may be greatest among small, cold forested streams (Ross 1956; Wisseman 1991; Wiggins 2004). Accordingly, adults in the genus are commonly collected in riparian habitats near cool, perennial and temporary streams, springs, and seeps in forested areas (Wisseman 2017; Wisseman 2020a; 2020b). 

[bookmark: _Hlk39246385]Similar to others in the genus, R. chandleri larvae and pupae likely require cool-cold, well oxygenated microsites to develop. Some larvae in the genus are hyporheic associated, and presumably avoid microsites with high accumulations of excessive fine sediments that embed stream channels and restrict hyporheic flows (Wisseman 1991; 2017). Rhyacophila larvae may be found in rock crevices and submerged pieces of wood, or among mosses and other plant material, while others attach to mixed rubble in riffles (Smith 1968; Giersch 2002). While specific habitat associations for pupae of this species are unknown, Rhyacophila pupae are commonly found fastened to the underside of stable rocks on the benthos surface (Wiggins 2004). Some species can be found congregating in large numbers on the surface of large boulders in swift-flowing water prior to pupation (Smith 1968). However, pupae within the verrula-group may pupate directly within mosses, liverworts, and other non-vascular aquatic vegetation (Giersch 2002). 
 
In the Oregon Cascades, adults have been collected near very cold, large spring-fed streams; some are associated with high elevation lakes (Wisseman 2005, pers. comm.; Wisseman 2020a). Elevations of known populations range from around 1350 to 1700 m (4400 to 5600 ft.) in Oregon, and 610 to 1753 m (2000 to 5750 ft.) in California (Wisseman 2020a). The most detailed Oregon locality is from the eastern Cascades in the Deschutes National Forest. The site is described as being near the mouth of a very cold creek flowing into a lake, with multiple channels emerging from about six springs about 800 m (0.5 mile) up from the mouth. The main channel at this site was about 3 m (9.8 ft.) wide near the lake, with a moderate to high gradient, dominant cobble and boulder substrates with high sand/gravel embedding, abundant aquatic mosses along the margin, moderate bole and branch wood loading, very recent volcanic terrain, and oligotrophic water. The creek was surrounded by coniferous forest of fir, hemlock, lodge-pole pine, resulting in mostly coniferous detritus in the pools (Wisseman 2020a). 

Threats:  
Direct known threats to Rhyacophila chandleri have not been identified. Since the immature stages of this species likely require cold, spring-fed streams for survival, any activities that degrade water quality or increase water temperatures would likely have negative impacts. Most trichopteran species have highly specific preferences with regard to water temperature, velocity, dissolved-oxygen levels, and substrate characteristics, and are therefore sensitive to a wide array of habitat alterations. 

Imminent threats to this species’ habitat include logging and road building. Many forested lands of the Cascades are privately owned and have been managed for logging (Alig et al. 2000). The loss of trees through timber harvest poses a significant threat, since this species occupies forested habitats and trees provide shade that maintains appropriate water levels and temperatures for larval and pupal development. Loss of shading due to clear-cutting leads to exposure of stream and riparian habitats to direct solar radiation that may warm the water or change the composition and nature of riparian vegetation, while encouraging excess growth of algae. Furthermore, intact understory and riparian buffers provide habitat for adults. Roads through forested areas are often linked to hydrologic flows of stream networks (frequently paralleling and crossing stream segments), which may fragment habitat near streams and impact water quality and instream and terrestrial habitat. 

[bookmark: _Hlk34832033]Other threats to this species include pollutants (e.g., point and non-point sources of agricultural or urban inputs), pesticides, livestock grazing, species introductions (e.g., predatory fishes), and alterations in flow regimes (e.g., water diversions, groundwater pumping, and dams) (reviewed in Holzenthal et al. 2015). Some of these various threats can lead to direct loss or degradation of riparian and instream habitat. Loss of streamside vegetation may lead to erosional concerns along streambanks, alter stream temperature, and impair stream ecological processes. Erosion, eutrophication and chemical and thermal pollution as a result of habitat destruction, pesticide use, and recreation in the watersheds where this taxon is found could harm this species. Increased erosion from habitat destruction and degradation can result in high sediment embeddedness in stream channels and interrupt hyporheic flows. This creates an added stressor for Rhyacophila taxa associated with subsurface flows of the hyporheic zone (Wisseman 2017).

[bookmark: _Hlk33779327][bookmark: _Hlk33779357]Global climate change may further threaten the long-term survival of this species and exacerbate current threats. Climate change is an imminent threat to caddisflies in montane habitats (reviewed in Holzenthal et al. 2015) of the Pacific Northwest (reviewed in Tillmann and Siemann 2011). Projected effects of climate change in the Pacific Northwest include increased frequency and severity of seasonal droughts and flooding, reduced snowpack, earlier snowmelt reducing summer flows, increased siltation, and increased air and water temperatures (Jung and Chang 2012; Jiménez Cisneros et al. 2014; Mote et al. 2018; USGCRP 2018)—all of which could impact this species and its habitat unfavorably. In the Cascades, changes in climate are projected to significantly alter flow regimes for snowmelt-fed streams in Oregon where this species has been documented (reviewed in Tillmann and Siemann 2011). Along with altered flow regimes and dry season impacts directly affecting survival aquatic macroinvertebrates may experience phenological effects (e.g., earlier emergence as a result of increasing temperatures), community composition changes (e.g., reductions in sensitive taxa as a result of temperature and/or flow alterations), and functional role fluctuations in streams (e.g., changes in allochthonous inputs and/or autochthonous sources of organic material—which drive aquatic food webs—will exclude communities that rely on these inputs), among others (Sytsma 2010; reviewed in Tillmann and Siemann 2011).

Over collecting by amateur or professional entomologists may be a concern for caddisflies since some Oregon sites have been extensively surveyed (Anderson 1976; Wisseman 1991). Some sites occur in popular, high-use recreation areas with nearby campgrounds and trailheads, which may put additional pressure on aquatic habitats by hikers and campers whose activities may trample streamside habitat and riparian vegetation, and cause sedimentation. Additionally, light pollution near riparian habitats may lure adults away from streamside habitats, impacting their natural behaviors and making them susceptible to predation (Larsson et al. 2019; Owens et al. 2020).



Conservation Considerations:   
[bookmark: _Hlk39246608]Research: Because Rhyacophila chandleri is currently only known from adults, larvae and pupae could be collected, described, and reared to adulthood to confirm the association of immature life stages with adults (see survey protocol for techniques). DNA barcoding is still needed for existing and future larval and pupal collections. Collections and determinations of both larvae and pupae would provide information on habitat requirements and associations for aquatic life stages. Research on basic life history aspects is needed for this species as currently very little is known of the phenology and physical characteristics of each life stage. Basic knowledge of the longevity and activity of adults; description of larva, their instars, microhabitat, and feeding habitats; length of pupal stage, description of the pupal case, and location of pupation, will provide a baseline for protection of the species and its terrestrial and aquatic habitat.

Inventory: Based on adult collections, this rare species appears to be very patchily distributed, and apparently highly localized where it occurs (Wisseman 2005, pers. comm.). Surveys are recommended at and in the vicinity of known sites throughout the species’ range. The majority of known Oregon records are from the early 1980’s and 1990’s (three more recent records in 2006 and 2018 are from new localities in the Willamette National Forest), and some historic sites have not been revisited. However, six sites in and around H.J. Andrews Experimental Forest localities in the western Cascades (originally surveyed in the early 1990s) were surveyed more recently in 2014 during an emergence study and did not turn up this species (with the exception of 2 presumptive females) (Wisseman 2020a). The species has not been seen at Waldo Lake, the first known site in Oregon, since 1969. Surveys on BLM land in the Roseburg District where this species is suspected, may reveal additional populations given close proximity of suitable habitat to a known population in Douglas County within the Umpqua National Forest.

[bookmark: _Hlk39492573]Management: Consider protection of all new and known sites and their associated watersheds from practices that would adversely affect any aspect of this species’ life cycle. Aquatic habitat protection, including maintenance of water quality and canopy cover, would likely benefit and help maintain appropriate instream larval and pupal habitat and help regulate water temperatures. Protecting known upland adult habitat will benefit this species and co-occurring rare species. Intact riparian buffers would retain trees and shrubs along streambanks to help reduce erosion. Threats can be mitigated by creating suitable buffers from actively managed areas and pesticide applications, limiting road construction activities and decommissioning unused roads, and implementing erosion and sedimentation prevention. Managing for stream health and stability is important for sensitive aquatic invertebrates and beneficial for ecosystem health as stable streams are less likely to become degraded.
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ATTACHMENT 3: Map of known records in Oregon
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Records of Rhyacophila chandleri in Oregon, relative to Forest Service and BLM lands. 




ATTACHMENT 4: Photographs of this species
[image: ]

Figure 1: Rhyacophila chandleri morphology from Giersch (2002) (used with permission). All scale bars 1 mm unless otherwise noted. (A) Male forewing, (B) male terminal segment of labial palp, (C) male genitalia lateral, (D) male genitalia dorsal, (E) phallic apparatus lateral, (F) phallic apparatus dorsal, (G) female vaginal apparatus ventral, (H) vaginal apparatus, lateral.

[bookmark: _Hlk39068115]ATTACHMENT 5: Trichoptera Survey Protocol, including specifics for this species

[bookmark: _Hlk38634168]Survey Protocol
By Sarah Foltz Jordan, the Xerces Society for Invertebrate Conservation
(Reviewed by Robert Wisseman February 2017)

Taxonomic group: Trichoptera

Where: Trichopterans utilize a diversity of fresh water aquatic habitats, including headwater springs, streams, rivers, lakes, marshes, seepage areas, ponds, hot springs, and temporary pools. Most species have highly specific preferences with regard to water temperature, velocity, dissolved-oxygen levels, and substrate characteristics. Since the case-making larvae generally specialize in certain types of building material, the size and composition of available organic and inorganic materials can largely limit species’ distributions. Construction materials include sand, pebbles, small rocks, mollusk shells, algae, duck-weed, plant stems, pine-needles, bark, grasses, and dead leaves. Some species are more selective than others and a few even exhibit life-stage-specific specialization, changing the case material and design partway through their aquatic life. Additionally, trichopteran larvae are often highly specialized in their dietary preferences and in the manner and location in which food is obtained. For species-specific construction material, habitat information, and feeding behavior, see the section at the end of this protocol. 

When: Adults are surveyed year-round, within the window of the species’ documented flight period. In temperate climates, adults of various species can be collected from ice-break until the first days of heavy frost (Canton and Ward 1980). However, adults of some species may be found only in the winter or very early spring (Ruiter 2014, pers. comm.). Larvae and pupae are most conveniently surveyed at the same time as adults, although immature stages may not always be present during this time due to seasonal variation and each species’ particular life cycle. 

Adult: Adult trichopterans are predominantly encountered in the vicinity of water, close to their emergence or oviposition site. Dispersal from the emergence site appears to be negatively correlated with vegetation density along the dispersal corridor; adults disperse farther (up to around 200 m (656 ft.) in sparsely vegetated areas (Collier and Smith 1998). In general, searches will be most productive within 30 m (98 ft.) of the water edge (Collier et al. 2004). Adults are frequently collected from riparian vegetation with an aerial sweep net; they can also be hand-picked from the undersides of bridges and culverts, and from the sides and upper-surfaces of partly-submerged logs. Additionally, adults can often be collected in large numbers in soapy-water pan traps placed under a light (e.g. a vehicle headlight) and left overnight. Specimens can also be collected at night directly from lights or an illuminated sheet using an aspirator or finger dipped in alcohol. An aspirator is especially useful for capturing small species. Some species are attracted to ultraviolet light. Emergence traps placed over habitat where the larvae are known or suspected to occur are another good method for obtaining adults. For emergence trap designs and sampling information, see Davies (1984). Additionally, sticky traps constructed from 5-gallon buckets lined with non-drying glue are effective at capturing adults of some species (Applegarth 1995). 

Adults should be killed and preserved in 95% grain alcohol, or killed in cyanide and transferred to alcohol. Cyanide-killed adults may also be pinned, particularly to preserve color patterns, but pinning often damages critical aspects of the thorax and dried specimens are very difficult to identify to species (Triplehorn and Johnson 2005). 

Since trichopteran identification often involves close investigation of adult male genitalia, photographs and sight records will not provide sufficient evidence of species occurrences. However, such observations may be valuable in directing further study to an area. 

Larva and pupa: The aquatic larvae and pupae are found underwater, often creeping slowly along the substrate, or attached to stable rocks and sticks/logs. In streams and springs, it is best to search for larvae and pupae on the undersurface of large rocks and in the smaller substrate underneath the rocks. Since some species pupate in clusters, it may be necessary to turn over many rocks before finding a cluster. Grazing larvae frequently occur in mosses and liverworts growing on the tops of rocks, and in the thin layers of water running over rocks. In seepage areas at the head of springs, particular attention should be given to washing and searching samples of water-saturated organic muck (Wiggins 1996). In the heavily vegetated areas of lake shores, ponds, and marshes, larvae can be found in the substrate and crawling on aquatic plants. In deeper parts of lakes, larvae occur in surface mat plants, such as Ceratophyllum, and in soft bottom materials (Wiggins 1996). 

When surveying for larvae, care must be used to avoid disrupting stream banks, shorelines, vegetation, and habitat. Depending on the habitat, a variety of nets can be useful. D-frame nets with mesh size fine enough to retain small larvae (0.5 mm, 0.02 in.) are the most versatile, as they can be used in both lotic and lentic habitats. In stream systems, the standard kick-net technique can be applied. The net is held vertically with the opening facing upstream and the flat side pressed tightly against the bottom substrate, so that water flows neither under nor over the net. Large rocks and wood immediately upstream of the net are gently scrubbed by hand or with a soft brush and the bottom substrate is disturbed with the hands, feet, or a stick while the current carries the uncovered and dislodged insects and material into the net. The stream bottom is disturbed to a depth of 4–6 cm (1.2–2 in.) for about three minutes, following which the net is removed from the water for specimen retrieval. When lifting the net, the bottom of the frame is swept forward in a scooping motion to prevent insects from escaping. Net contents are then flipped or rinsed into shallow white trays to search for larvae more easily, as they are often quite cryptic and can be difficult to see if they are not moving. In addition to nets and shallow trays, the following equipment is also useful: fine-mesh strainers/sieves for washing mud and silt from samples, squirt bottles for rinsing the net, five-gallon buckets for holding rinsing water, and white ice-cube trays, forceps, and a hand lens for sorting insects.

Larvae and pupae should be preserved on-site in 95% grain alcohol, unless collection for rearing is an objective. Since most trichopteran species have not been described in their larval stage, rearing can be critical in both (1) enabling species identification and (2) providing novel associations of larvae with adults. Wiggins (1996, pages 37-38) provides a summary of the accepted methods for immature-adult associations in caddisflies. Generally, in order to maximize the amount of information that can be gained from collected specimens, as many life stages as possible should be collected and a portion of both the larval and pupal series reared to adulthood. While pupae can be reared in small, refrigerated containers containing damp moss, larvae require an aerated aquarium with isolated cages for individuals. An oxygen bubbler generally provides sufficient oxygen and current, although some species (e.g. members of the Hydropsychidae) may require unidirectional current. Detailed techniques for rearing stream-dwelling organisms in the laboratory, including transportation, aeration, current production, temperature control, food, and toxic substances, are provided by Craig (1966), and available online at http://www.nzetc.org/tm/scholarly/tei-Bio14Tuat02-t1-body-d1.html (last accessed 24 April 2020). 

Although quantitative collecting of trichopterans is difficult, population-size data is important in evaluating a species’ stability at a given locality and in assessing its conservation needs. Relative abundances of immature trichopterans can be estimated by using a uniform collecting effort over a given sample period at comparable habitats (Wiggins 1996). The area or volume of substrate samples can also be standardized, although the aggregated spatial distributions of many species (e.g., Schmera 2004) can complicate this approach.

While researchers are visiting sites and collecting specimens, detailed habitat data should also be acquired, including substrate type(s), water temperature, water source, water velocity, water depth, stream width, canopy cover, streamside vegetation density, and degree of human impact. Algal or cyanobacterial blooms and other signs of eutrophication should be watched for and noted.  

Species-specific Survey Details: 
Rhyacophila chandleri

[bookmark: _Hlk39508428][bookmark: _Hlk39508451]Where: This rare species is known only from the central and southern Oregon Cascades, south into northern California, where it occurs in large, cold, spring-fed streams in montane areas. In Oregon, it has been documented from 14 localities, all on Forest Service lands at elevations from about 4400 to 5600 ft. (1350 to 1700 m)(Anderson 1976; GBIF 2020; Giersch 2002; ORBIC 2020; Wiseman 2020a). Surveys are recommended at and in the vicinity of known sites throughout the species’ range. Many Oregon records are from the early 1980’s and 1990’s, and some historic sites have not been revisited. However, six sites in and around H.J. Andrews Experimental Forest localities in the western Cascades (originally surveyed in the early 1990s) were surveyed more recently in 2014 during an emergence study and did not turn up this species (with the exception of two presumptive females) (Wisseman 2020a). The species has not been seen at Waldo Lake, the first known site in Oregon, since 1969. Most recently in 2018 it was detected near a small unnamed lake and connector stream in the Willamette National Forest about 12 miles from the first known Oregon record (Wisseman 2020a). Surveys of cold, spring-fed streams in the western and eastern Cascades, and in the Roseburg BLM District, where this species is suspected, may reveal additional populations.

[bookmark: _Hlk39504433]When: Previous collections of Rhyacophila chandleri in the Oregon Cascades suggest that sampling periods for adults would be optimal during the known flight period (May through September). However, only two records were documented in May with the majority occurring July-early September, so sampling adults during the summer may be most productive. Sampling weekly during the flight season along streams would provide a good chance of yielding adults if they are present. While larvae and pupae are most conveniently surveyed at the same time as adults, these aquatic life stages may not always be present during this time due to seasonal variation and each species’ particular life cycle. Despite this, Rhyacophila species have been found to display protracted emergence patterns, with each of several larval instars present throughout most of the year (Thut 1969).

How: Rhyacophila chandleri adults are known to be attracted to ultraviolet light-traps at night. This survey technique would likely be useful in yielding adults if traps are located near appropriate habitat (Wisseman 2020a; 2020b). Adults can also be collected from vegetation near appropriate habitat using an aerial net (Wisseman 2020b). Adults are not particularly fast on the wing and are therefore fairly easy to catch; late afternoon and early evening may be the best time to conduct aerial net surveys, as they are likely to be most active and easily caught during this period (Wisseman 2020b). Rhyacophila larvae and pupae are generally surveyed using a standard kick net or by searching among the substrate as outlined above in the survey protocol. Although the larval stage of this species is unknown, all members of the family are free-living (case-less) and are often found actively foraging among the substrate. Pupal enclosures of most Rhyacophila species are constructed of rock fragments or plant materials and fastened to stable rocks or other substrate on the benthos surface (Wisseman 2008, pers. comm.). Some Rhyacophila larvae and pupae in the verrula-group are completely phytophagous and are therefore often found among mosses, liverworts, and bryophytes (Giersch 2002). Searches among plant materials on the substrate may be most effective to yield larvae and pupae of this species. Since the immature stages of this species are undescribed, identification of larvae and pupae will require rearing to adulthood. Additional survey methodology for collecting adults and aquatic stages are provided above in the Trichoptera survey protocol. Both adult males and females of this species can be positively identified using features provided in the species fact sheet.    
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