exPt 4: Caroline Ridley's Next Generation Rescue Experiment

Fall 2008 planting

Background:  We have evidence that small, fragmented populations of Echinacea have lower genetic diversity than large populations (Wagenius 2000) and that within some years, at least, plants from these small populations suffer from reduced fitness (Wagenius 2006).  This suggests small populations may benefit from “genetic rescue,” that is, enhanced population mean fitness owing to immigration of new alleles (Tallmon et al. 2004).  Genetic rescue can result in greater seed mass (Heschal and Paige 1995), higher growth rates (Sheridan and Karowe 2000) and increased seed set (Willi and Fischer 2005) in rescued F1 individuals and higher germination and survival of F2 seedlings whose maternal parent was genetically rescued (Bailey and McCauley 2006), but little is yet known about the ability of F1 individuals to recruit seedlings in nature (i.e., to positively affect population growth rate in the field).

Question:  Does the recruitment of seedlings from “genetically rescued” individuals differ from that of individuals not rescued?  That is, do individuals created from between remnant crosses (small focal pop + large immigrant pollen pop) contribute more to regeneration of fragmented populations than individuals created from within remnant crosses (small focal pop + same pollen pop)?  Additionally, does flowering phenology of maternal plants affect recruitment success?    

Approach:  (#1) Compare the establishment and size of seedlings from seeds of between (Br) and within (Wr-s) remnant-crossed maternal plants.  Include maternal plants from two different small populations (NWLF and Eriley), and in Br treatment include pollen donation by two different large populations (SPP and Lf).  Include up to three heads produced early (i.e., earlier than mean for crosstype) and up to three heads produced late (i.e., later than mean for crosstype) for separate-? analysis of phenology.  (#2)  Compare the establishment and size of seedlings from seeds of within small remnant crosses to that of within large remnant crosses.  This should provide baseline information about the effects of remnant size on recruitment.  Measure % emergence over time and total percent establishment and seedling size by end of first season.

Design:  Three complete, randomized blocks containing 41 subplots (each subplot contains 30 achenes).  Subplots will be large enough to minimize competition between seedlings.  Design is unbalanced due to inclusion of multiple pollen donor sources in Br and unavailability of three heads nested within crosstype, population and phenology level. 

Proposed analysis has the following structure:
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Number of heads available for proposed design is as follows:

	Crosstype
	Maternal pop
	Paternal pop
	Flowering phenology
	Number heads

	Br
	Eriley
	Lf
	Early
	3

	 
	 
	 
	Late
	3

	 
	 
	SPP
	Early
	3

	 
	 
	 
	Late
	3

	 
	NWLF
	Lf
	Early
	3

	 
	 
	 
	Late
	3

	 
	 
	SPP
	Early
	2

	 
	 
	 
	Late
	2

	Subtotal
	 
	 
	 
	22

	 
	 
	 
	 
	 

	Wr (small)
	Eriley
	Eriley
	Early
	2

	 
	 
	 
	Late
	3

	 
	NWLF
	NWLF
	Early
	1

	 
	 
	 
	Late
	3

	Subtotal
	 
	 
	 
	9

	 
	 
	 
	 
	 

	Wr (large)
	Lf
	Lf
	Early
	3

	 
	 
	 
	Late
	3

	 
	SPP
	SPP
	Early
	1

	 
	 
	 
	Late
	3

	Subtotal
	 
	 
	 
	10

	 
	 
	 
	 
	 

	Total treatments per block
	 
	 
	 
	41

	 
	 
	 
	 
	 

	Approximate number seedlings to follow in 3 blocks

(assuming 20% establishment)

 
	 
	739

	Hours to assess establishment across the experiment

(assuming 4 minutes per subplot to search and mark)

 
	 
	8.2


Timeline:  Seeds will be planted in the fall of 2008.  Emergence and survival of seedlings will be monitored at regular (monthly?, bi-weekly?) intervals in the spring of 2009.  Final survival and seedling size will be measured in the late summer or early fall of 2009.

Expectations:  If between remnant crossed plants produce offspring that emerge and establish at higher rates than the offspring of within small remnant crossed plants, genetic rescue will positively affect population regeneration.  If the same or lower emergence and establishment is observed in Br offspring, than local adaptation of individuals from small populations may be present and genetic rescue may have limited effectiveness in regeneration of fragmented populations.   
