Project Title:  Inventory of Invertebrate Fauna in Devils Postpile National Monument 

Purpose of the Project:  The Sierra Nevada Ecosystem Project (1996) has identified aquatic and riparian systems as the most altered and impaired habitats of the Sierra Nevada range. This landscape has been drastically impacted by numerous anthropogenic stressors, including hydrologic modification (dams, diversions), logging, livestock grazing, mining, road building, exotic species, recreational and urban development, pesticide use in nearby agricultural lands, and large-scale climate change. Invertebrates have been particularly impacted by trail use, packstock grazing, and introduced trout, and long-term monitoring of this group is essential to detect significant changes in assemblages and assist resource managers in mitigating the impacts of stressors. However, invertebrates have been almost completely ignored by historical inventory and monitoring programs throughout the NPS. Although small pilot surveys suggest a wealth of invertebrate biodiversity, nothing is known about community composition, seasonality, microhabitat use, variability, or response of invertebrate populations to disturbance.     

DEPO has many miles of high-elevation stream habitat, including the Middle Fork of the San Joaquin River. These habitats harbor high proportions of endemic species in insect groups such as the stoneflies (25% of species in the Sierra are endemic) and caddisflies (19% endemic) and typically contain invertebrate communities composed of dozens of species with diverse roles in food webs, thus representing a significant national resource. Chief among inventory needs is a thorough knowledge of the invertebrate assemblage. The Sierra Nevada Network Plan identified invertebrate inventory as a critical need (USDI 2001), and aquatic invertebrates were given a highest priority ranking among potential vital signs for DEPO (USDI 2002a), yet a thorough inventory has not been completed. Terrestrial invertebrates are even more poorly known throughout the Sierra Nevada ecosystem. There has been no inventory of terrestrial invertebrates in Yosemite National Park (YOSE), although the need is acknowledged (USDI 2002b), or in DEPO, and there has only been a small pilot project in Sequoia and Kings Canyon National Parks (SEKI) (Kimsey and Cranston 2002). In summary, invertebrates are known to be critically important to ecosystem function, but remain poorly understood in DEPO and throughout the Sierra Nevada Network.

Invertebrates are a good target group for inventory because they include primary, secondary, and tertiary consumers and in turn are a critical food resource for a variety of terrestrial, aquatic, and flying species. Ongoing assessment of trail and grazing disturbances in YOSE and SEKI suggests that these impacts cascade through the invertebrate food web (Holmquist & Schmidt-Gengenbach 2002), and invertebrates have been shown to be similarly sensitive to recreation impacts in other systems (Eckrich & Holmquist 2000, Uhrin & Holmquist, in press). Thus, a baseline inventory of invertebrates will be valuable for assessment of future disturbances. Preliminary sampling in both lotic and meadow habitats at DEPO suggests very high diversity of invertebrates (Holmquist, unpublished data). Inventory of these habitats is likely to reveal linkages between the two systems, such as the extent to which insects with aquatic larvae utilize the meadows as adults. A complete inventory of lotic and meadow invertebrates will be an important contribution to the Sierra Nevada Ecosystem database. 

This project is being timed to coincide with a major restoration of meadow, riparian, and river habitat in DEPO.  These areas have been heavily impacted by use trails, soil compaction, destruction of riparian vegetation, and bank erosion.  The proposed work will be performed before, during, and after the first phase of this restoration.  This project will thus provide data that can be used to assess the success of the restoration efforts in addition to providing badly needed basic inventory.  Vegetation and other habitat changes will be noted by the restoration team as their work progresses, and the proposed invertebrate inventory will document the extent to which the changes effected by the restoration cascade into higher trophic groups.  The invertebrate sampling will allow management to modify ongoing restoration efforts in response to community changes documented by the proposed study.

Clark and May (2002) demonstrated that vertebrates are grossly overrepresented in conservation and management efforts, whereas invertebrates are poorly represented in such programs. There is little invertebrate information available in other management units from which to extrapolate. In turn, the proposed assessment of invertebrate populations and associated threats in DEPO should serve as a valuable model for managers throughout the NPS, as well as other agencies charged with conservation of public lands, inclusive of all ecosystem components.

Description of Recommended Project:  The objectives of this project are to: 1) describe the spatial and temporal distribution of DEPO invertebrates; 2) document the presence of sensitive taxa; 3) establish a baseline against which impacts can be assessed; and 4) identify the invertebrate groups most likely to prove informative as monitoring elements. I will do the following work: 1) conduct two seasons of inventory sampling of stream and terrestrial invertebrates in the San Joaquin River and adjacent meadows; 2) conduct laboratory analyses of samples and create voucher specimens; and 3) complete a written assessment that will provide a framework for protection of invertebrate biodiversity in DEPO.
Specifications:

Methods

Sampling Strategy and data Analysis

Sampling will be performed over a two-year period in order to include as much temporal variance as possible.  Sampling will occur throughout the riparian corridor of the San Joaquin River and will include both river and meadow habitats.  In turn, river sampling will include riffles and pools, and meadow sampling will include both wet (early season, aquatic and pond-like) and dry (mid- and late-season, terrestrial) phases.  Both aquatic and terrestrial sampling will be performed such that as much variability as possible is embraced by the inventory.  To this end samples will be randomly allocated to individual days throughout the season and to individual hours within sampling days.  Spatial allocation will be similar.  Aquatic samples will be randomly allocated through the river reach.  Meadow samples will be evenly divided between the east (more impacted) meadow and west (relatively pristine) meadow.  Samples within meadows will be allocated randomly.

Riffles will be sampled with a Surber sampler, and pools will be sampled with substrate samplers.  Meadows will be sampled via throw trapping in early (wet) season and with quantitative vacuum sampling in late season.

1.  Surber sampling. The Surber sampler (Surber 1937) targets small organisms that use cobble beds in riffle habitats.  The sampler is a framed net that demarcates a section of the river bed; the associated substrate is disturbed manually, and organisms are swept downstream into the net, providing a relatively quantitative sample.  This technique will complement the earlier kick-net sampling in the San Joaquin River (Rowan et al. 1996).  Riffle samples will be taken throughout the season.

2.  Substrate sampling. Pools generally harbor a different fauna than that found in riffles, and pools have not been sampled to date. Basket substrate samplers (Mason et al. 1967) make use of materials found on the river bottom; these materials are enclosed in a wire basket and will be sunk into the sediment and cobbles by the field team using SCUBA and/or snorkeling. The baskets will be left in place to allow colonization and will be raised after one year; individual placements and retrievals will be staggered throughout the season.  This method does not depend on flow and thus is ideal for relatively quiescent pools.  This method is also quantitative and provides population densities per unit volume of substrate.

3.  Throw trapping. Early-season wet meadows in DEPO appear to have very high abundances of invertebrates and to harbor species not found in other meadow or lotic habitats (Holmquist, unpublished data). Wet meadows will be sampled with a throw trap (Kushlan 1981, Holmquist et al. 1989, Holmquist 1997). The trap is a 0.75 x 0.75 m aluminum box without a top or bottom that is thrown to enclose a given area of meadow. The contents of the trap are then swept with a 0.75 m-wide framed and handled net (bar seine) with 0.5 mm square mesh to remove all organisms. Ten passes with the bar seine will be made for each sample.  The throw trap encloses a unit of habitat before fauna are disturbed by approach and completely removes all animals from the area sampled. Throw traps have been shown to be highly efficient, relative to other collecting devices, for quantitatively sampling aquatic organisms in vegetated habitats (Kushlan 1981, Jacobsen & Kushlan 1987, Rozas & Minello 1997).  Throw trapping of well-separated stations is effectively sampling with replacement (Jacobsen & Kushlan 1987), and re-sampling seagrass-covered sites at six month intervals over a period of four years does not cause shifts in measures of seagrass cover or assemblages of mobile fauna (Holmquist, unpublished).  Wet meadow habitat will be sampled just after snowmelt, as these flooded meadows dry quickly.

4.  Vacuum sampling. Late season meadows appear to have a much higher species richness than either the wet meadow or the river (Holmquist, unpublished data).  The dry meadows will be sampled with a vacuum technique (Service 1993) that has been modified such that insects can be captured before taking flight (Holmquist and Schmidt-Gengenbach 2002; see also http://www.yosemite.org/naturenotes/Invertebrates.htm). This suction extraction technique uses a Craftsman vacuum modified with a mesh collecting chamber inserted in the intake tube. Prior to vacuuming, a 0.5 m2 steel quadrat with a mesh covering is thrown onto a randomly-determined location and staked into place. The vacuum tube is then inserted through an elasticized hole in the mesh and worked through the vegetation to remove fauna.  This technique has also been used in YOSE and SEKI (Holmquist and Schmidt-Gengenbach 2002) and is as quantitative as throw trapping.  In fact, this technique was developed as a terrestrial analog to throwtrapping.  Dry meadow habitat will be sampled throughout the season. In YOSE, dry meadow invertebrates are ten times more abundant in early season than in late season, but the species composition changes throughout the summer (Holmquist and Schmidt-Gengenbach 2002).  It will be important to capture this variability in the inventory.  

5.  Sample processing.  Aquatic samples will be immediately transported to the laboratory and sorted live, which aids in discriminating animals from detritus and other material.  The vacuum samples will contain flying organisms and so cannot be sorted live.  These samples will be frozen after sampling and sorted at a later time.  All samples will be sorted completely rather than subsampled.  Most specimens will be identified to species.  Voucher specimens will be stored in 75-95% EtOH or mounted on slides, depending on taxon.

Equipment already available:
1.  Full research laboratory including most necessary materials

2.  Nikon dissecting scope with dual fiber optics and ring light

3.  Zeiss compound microscope

4.  Ultrasound vacuum forceps

5.  Blue M drying oven

6.  Sample refrigerator

7.  Desktop and laptop computers, laser printer, and associated electronics

8.  Specimen counters

9.  Large library of invertebrate keys and literature

10.  Ohaus analytical balance

11.  High quality FST dissecting implements

12.  Sorting trays and related items

13.  Two pickup trucks with shells, each equipped with a mobile VHF radio

14.  Wetsuits, snorkeling equipment, and waders

15.  Two sets of SCUBA tanks, buoyancy compensators, and regulators

16.  Basket samplers

17.  Surber sampler

18.  Throw trap and bar seine

19.  Field vacuum, netted quadrat, and associated items

20.  Two Yaesu FT-50 handheld VHF radios  and related electronics

Training:

All members of the field crew will have the following certifications:

1.  First Aid

2.  CPR

3.  Swiftwater First Responder

4.  Amateur radio

5.  Open-water SCUBA

One member of the field crew will also be a certified EMT.

Work Completion Dates:

Start Date: 

June 2003

First  field season:
September 2003

Second field season:
September 2004

Taxonomy:

March 2005

Final report

May 2005

Safety/Coordination
Although, with the possible exception of SCUBA work, this project does not involve high levels of risk, safety will be an important consideration throughout the duration of this project.  Field teams will work in pairs, will be in excellent physical condition, used to living and working in high altitude field settings, and will be certified in First Aid and CPR, and one team member will be a certified EMT. I will keep Deanna Dulen and Danny Boiano apprised of field activities.  In the office, safety considerations include the maintenance of proper posture during long stretches at the computer or microscopes.  All vehicles will be in good working condition. 

Budget and Personnel:



This work will be cost-effective, because 1) there is a major volunteer commitment already established to assist this type of work, 2) the sampling equipment and methodology have been previously developed for other projects, and pilot work has already been done in DEPO, so the start-up phase of this work will be minimal, and 3) the work will be directly comparable with ongoing work in YOSE and SEKI.
Budget: Inventory of Invertebrate Fauna in Devils Postpile National Monument



       FY03
   FY04

Personnel
Head Contractor (equivalent to GS-12 Biological Scientist, x pp @ $x pp)
$2,000
$17,000


Contractor Technician (equivalent to GS-9 Biological Science Technician, x pp @ $xpp)
$1,500
$7,500


Total Personnel
$3,500
$24,500

Materials/Travel
Contractor Field Team Travel
     $250
   $250


Contractor Materials: ID keys, expendables
$1,250
     $250


Total Materials/Travel
$1,500
$500


Total by Year
$5,000
$25,000


Total Funding Request 

$30,000
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