Project Title:  Developing methods for identifying suitable donors for wetland plant restoration through transplantation.

Background and Rationale.
The introduction of foreign gene complexes into disturbed areas for the purpose of habitat restoration is fraught with numerous practical and ethical perils, not the least of which is the potential for reducing mean fitness within the local population (Hamrick et al. 1991).  This process can occur whenever selection pressures vary over relatively small spatial scales, thereby resulting in the evolution of locally-adapted genes.  It is the mixing of maladapted genes within the locally-adapted gene pool, through artificial seeding or transplantation of individuals from non-native populations, that ultimately contributes to the genetic demise of the overall population, particularly once intra-specific hybridization has begun to occur (Lande 1999).

If adaptive differentiation among populations can be assumed to vary directly with geographic distance, then one possibility for identifying similary-adapted populations for restorative purposes is through the use of neutral genetic markers.  While not necessarily linked directly to the adaptive genes themselves, these markers may nevertheless reflect their level of differentiation since the time and intensity of reproductive isolation plays such a critical role in defining both neutral and adaptive genetic loci.  On the other hand, it is also possible that local selection pressures may be sufficiently powerful under certain circumstances to partially disconnect the rate of change among neutral versus adaptive loci (Reed and Frankham 2001).  These two alternatives deserve strong consideration by resource managers seeking to augment locally-declining populations of plants or animals, since the use of genetic markers could serve as a powerful tool for the identification of suitable donor populations.

Comparatively little experimentation has been done on the precise relationship between neutral versus adaptive genetic differentiation, and geographic distance in plants.  However, there is a good deal of evidence available in the literature to suggest that this is a process that is likely to vary considerably depending on the life history characteristics of the particular species in question (Reed and Frankham 2001).  For example, because gene flow is generally much more restricted in plant species that are insect-pollinated, these species have the potential to become locally-adapted much more quickly than are species that rely on wind pollination (Hamrick and Godt 1990).  Therefore, they might be expected to display pronounced genetic differentiation for both adaptive and neutral loci over much narrower ranges than other species.

We propose to investigate the genetic marker-based potential for identifying suitable donor populations of a  key species of marsh grass, Spartina alterniflora, for augmentation of disturbed populations throughout Louisiana, by conducting common-garden experiments at a newly-restored site in the Sabine National Wildlife Refuge.  Our plan would be to collect donors from populations throughout the species’ range and conduct growth trials to assess performance.  These data would be used in combination with genetic data to establish the precise relationship between adaptive variation and neutral genetic variation.  Armed with this information, resource managers would have the capability of determining the maximum allowable distance, either geographic or genetic,  from the source population to the transplantation site and whether individuals from multiple donor populations should be included among the transplants.  For example, if the relationship between adaptive variation and neutral genetic variation was found to be weakly positive, the emphasis would be on selecting several donor populations with strong genetic similarity to the local populations, because each of these donor populations would at least have the potential to be well adapted to local environmental conditions.

Methods.
Living plant material will be gathered from multiple sites spanning the Northern Gulf and Atlantic Coasts of the US for transplantation to the experimental site in Louisiana.  The experimental site will consist of a large (> 200 ha.) mud flat created from dredged sediment by the USACE in the fall of 1999 in an ongoing effort to restore functional wetlands to the Sabine National Wildlife Refuge.  Collections will also be made from the Gulf Coast of Mexico, and from each of two regions of the Pacific Coast where S. alterniflora is now considered an invasive exotic, San Francisco Bay, CA, and Puget Sound, WA.  A greater density of donor sites will be chosen from the Gulf Coast than from the Atlantic Region, since the ability of the transplants to grow and reproduce at the experimental site is likely to decline fairly rapidly with distance from the donor site.  All collecting activities will be conducted on state and federal lands and closely coordinated with local resource managers.  A list of prospective donor sites for the Gulf Coast and Atlantic Regions is given in Table 1.

Table 1.  A list of donor sites for the collection of S. alterniflora and their approximate distances from the experimental site, categorized by region.  Distances approximate the cumulative linear mileage, i.e. amount of coastline, between the experimental and donor sites. 

Gulf Coast Region
Distance from Exp. Site (Mi.)
Atlantic Coast Region
Distance from Exp. Site (Mi.)

Sabine N.W.R., LA
0
Merritt Island N.W.R., FL
1,425

Calcasieu Estuary, LA
10
Timucuan Ecological Preserve, FL
1,580

Rockefeller S.W.R., LA
40
Wassaw N.W.R., GA
1,695

Marsh Island S.W.R., LA
100
Cape Romain N.W.R., SC
1,830

Barrataria-Terrebonne Nat’l. Estuary, LA
160
Cedar Island N.W.R., NC
2,020

Breton N.W.R., LA
260
Plum Tree Island N.W.R., VA
2,245

McFaddin N.W.R., TX
45
Assateague Island Nat’l. Seashore, VA
2,320

Anahuac N.W.R., TX
70
Eastern Neck Island N.W.R., MD
2.370

Brazoria N.W.R., TX
100
Edwin B. Forsythe N.W.R., NJ
2,445

Aransas N.W.R., TX
240
Stewart B. McKinney N.W.R., CT
2,600

Padre Island Nat’l. Seashore, TX
290
Cape Cod National Seashore, MA
2,730

Laguna Atascosa N.W.R., TX
350
Rachel Carson N.W.R., ME
2,855

Gulf Islands Nat’l. Seashore, MS
300
Moosehorn N.W.R., ME
3,060

Weeks Bay Nat’l. Estuarine Research Res., AL
350



Gulf Islands Nat’l. Seashore, FL
385



St. Vincent N.W.R., FL
520



Lower Suwanee N.W.R., FL
670



Egmont Key S.P., FL
820



Rookery Bay Nat’l. Estuarine Research Res., FL
970



Each donor site will be sampled for both plant tissue and pertinent environmental variables in the fall of 2001.  To insure that an adequate representation of plant genotypes is sampled from each donor site, clusters of at least 8 ramets each will be gathered, together with attached roots and rhizomes, from 8 separate points separated by at least 40 m where possible.  All underground tissues will be wrapped in moistened paper towels, enclosed in 1-gal. plastic bags with appropriate labels, and placed on ice in a cooler for transport back to Louisiana.  Environmental data collected at each donor site will include the following:  temperature, salinity, pH, and conductivity of surrounding surface water; latitude and longitude; and soil type (to be determined from soil cores transported back to NWRC for particle size analysis).

Living plant material will be acclimated overwinter in a greenhouse at the Center for Ecology and Environmental Technology managed by the University of Louisiana, Lafayette.  Each genotype will be potted individually in a soil mixture of 1:1 silt (Mississippi River silt) and a commercial potting soil and grown in 3 ppt seawater.  Plants will be fertilized monthly with quarter-strength Peter’s 20:20:20 (P:N:K).

Planting at the experimental site will commence in the spring of 2002.  The ramets from each genotype will be separated into 8 clusters, and each cluster planted in combination with all other genotypes representing the same donor population.  Thus, each donor population will be represented by 8 replicates, and all populations and their replicates randomized for location within a 75 X 85-m grid system on 5-m centers.  Overall, the number of experimental plantings will equal 36 populations X 8 replicates, for a total of 288.  The following growth and reproductive characteristics will be measured for all experimental plantings on a tri-monthly basis for 1-2 years post-planting:  ramet density, stem height and width, flowering shoot density, and numbers of inflorescences and spikelets.

Molecular fingerprinting will be used to assess the magnitude of genetic differences between the donor populations and the population surrounding the experimental site.  This will require clipping a leaf from each genotype planted for the extraction of DNA. DNA extraction and purification will use a modified cetyltrimethylammonium bromide (CTAB) procedure (Saghai-Maroof et al. 1984).  In our previous work, this has proven to be the method of choice for obtaining good quality, high molecular weight DNA necessary for consistent results. CTAB is a cationic detergent which solubilizes membranes and forms a complex with DNA. Following cell disruption through grinding in liquid nitrogen, and incubation with hot CTAB isolation buffer, proteins are extracted by chloroform-isoamyl alcohol, and the CTAB-DNA complex is precipitated with isopropanol. After centrifugation, the resulting DNA pellet is washed, dried and redissolved.

Genetic characterizations will be based on an analysis of amplified fragment length polymorphisms.  This technique relies on the polymerase chain reaction, or PCR (Mullis and Faloona 1987), in which highly selective fragments of artificially-synthesized DNA, called primers, are bound by homology to specific loci within the genome of the target organism.  These sequences are then amplified through an enzymatic  process of repeated replication in the presence of a DNA polymerase.  Sequence polymorphisms occur when the amplified sequence varies among separate individuals of the target organism, by virtue of differences in overall length or the presence/absence of the appropriate priming site.  These differences will be characterized using an ABI Prism Genetic Analyzer, in combination with Genotyper fragment analysis software.  The program Arlequin will then be used to calculate fixation indices between each donor population and the population occupying the area adjacent to the experimental site.

Statistical relationships will be sought among the 3 data sets consisting of 1) environmental data from the donor sites, 2) performance data from the experimental site, and 3) molecular data from the genetic analyses in the lab.  It is hypothesized that the performance of each set of donors will decline with both their genetic and geographic distance from the experimental site, although certain environmental variables, such as salinity and latitude, may be seen to override genetic considerations.  Ultimately, then, the results of this research will be useful in isolating the critical factors for rapidly identifying suitable donor populations of S. alterniflora for marsh restoration in Louisiana, and beyond.
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Budget and Justification.

CATEGORIES
YEAR ONE
YEAR TWO
TOTAL PROJECT


EPA
NWRC
EPA
NWRC
EPA
NWRC

a. Personnel

               Principal Investigator

               Technician (Half-time)
21,810
10,731


22,394
10,946
44,204
21,677

TOTAL PERSONNEL COSTS
21,810
10,731
22,394
10,946
44,204
21,677

b. Travel

              To Donor Sites

              To Experimental Site

              To Meetings
4,322

360

2,000




TOTAL TRAVEL COSTS
4,322

2,360

6,682


c. Supplies

              Pots, Soil, & Fertilizer

              Chemicals

              Disposable Plasticware
250



2,250

2,150

250

2,250

2,150


TOTAL SUPPLY COSTS
250

4,900

5,150


d. Contracts

              ULL CEET Greenhouse

              Shipping (Fed-Ex)
1,500

120



1,500

120


TOTAL CONTRACTUAL COSTS
1,620



1,620


f.  TOTAL REQUESTED OF EPA
28,002

29,654

57,656


The major portion of the proposed budget will support a half-time technician who will be responsible for traveling to sites throughout the Northern Gulf and Southern Atlantic Coasts of North America to collect donors for the common-garden experiment, taking measurements on the donors post-transplantation, and  extracting DNA and running genetic analyses in the Genetics Lab at NWRC.  Supplies will include disposable plasticware such as pipets, micro-pipet tips, centrifuge tubes, reagent reservoirs, and reaction plates; chemicals, particularly enzymes, DNA size standards, and liquid polymer for running fragment analyses on our automated DNA sequencer; and black-and-white film. Travel funds are needed for collecting trips (including vehicle use, and boat use), as well as attendance at regional and national meetings.

Project Timetable.






     Project Year Quarter




4-01
1-02
2-02
3-02
4-02
1-03
2-03
3-03

Plant Collection & Genotyping



Plant Collections & Environmental Sampling
  X


Greenhouse Acclimation
  X
   X


Experimental Set-up


  X


Tissue & Performance Sampling

  

  X
         X         X
 X
 


DNA Extraction and Analysis
 



         X
X




Data Processing







 X
 X

Report Preparation
  
  
   
   





 X

Project Facilites.
All genetic analyses will be conducted in the Genetics Laboratory at NWRC.  This is a state-of-the-art lab featuring an ABI 310 Genetic Analyzer for automated DNA fragment analysis.  In addition, the lab contains a thermal cycler for conducting PCR, horizontal electrophoresis rigs for assessing DNA quantity and quality, and a computer-interfaced gel documentation system.  General lab equipment includes refrigeration units, an ice flaker, a centrifugal concentrator, macro- and microcentrifuges, incubators, shakers, micropipetters, etc.

