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Employing accurate survey protocols is the foundation to any quantitative assessment of occupancy, abundance, and change over time. However, while survey protocols are ideally designed to be the most accurate and effective methods to quantitatively assess wildlife resources, the reality is that there an implicit if not explicit element of compromise between accuracy and cost.  Understanding that trade-off and determining an acceptable level of accuracy with and acceptable cost are critical data for deciding upon a survey protocol.
There are typically two approaches to assess accuracy: one is a head to head methodology comparison, the other is an assessment of the number of repeated surveys required before reaching an asymptote for the selected metrics. Here we present the results of a head to head comparison of methods, but time and resources did not provide for an assessment of the ideal number of repeated surveys. If resources are available we expect to conduct that second assessment in the spring of 2015. We did make an as-of-yet untested assumption that adding more observers was equivalent to conducting additional, repeated surveys. 
The two methods we evaluated differed in both the number of observers and the prior experience of the observers. In order to create a more sustainable monitoring program we have opted to engage citizen scientists to the extent possible. Having a strong public participation has multiple benefits for land management agencies: public support for the agency and its objectives is arguable high on that list, but potentially having volunteers providing their time to make up for ever diminishing funding for staffing is also critically important, but only if data quality is not compromised. Citizen scientists and data quality is a much debated topic in the scientific literature, however the available data indicate when the volunteers are given adequate supervision and instruction the data are good. Our methods comparison kept the area and time aspects of the surveys constant, the primary variable was the number of volunteer observers. Each plot was 300 m × 300 m in size, and the time constrain was limited to a three hour high activity period of the reptiles in the spring season, from 9:00 AM to 12:00 noon. We compared surveys using just two National Park Service biologists familiar with the reptile species of this region versus using 1-2 NPS biologists, 1-2 UC biologists, and up to 5-7 volunteers with a wide range of field experiences and ages. 
The metrics for evaluation we used included 
1. the number of reptile species observed
2. the number of species detected by one method but not the other
3. the number of focal species observed
4. and the total number of individual reptiles observed
The focal species were determined by a combination of vulnerability analyses and habitat suitability analyses we employed to determine which species were most likely to be sensitive to, and conversely resilient to, climate change. As is evident in the following table, adding citizen scientists significantly increased accuracy for every metric we tested.
	
	# species
	# species not detected by the other method
	# focal species
	Total individuals

	Site
	2 NPS biologists
	5-7 Citizen Scientists  + 2-3 biologists
	2 NPS biologists
	5-7 Citizen Scientists  + 2-3 biologists
	2 NPS biologists
	5-7 Citizen Scientists  + 2-3 biologists
	2 NPS biologists
	5-7 Citizen Scientists  + 2-3 biologists

	West End
	6
	8
	2
	4
	2
	5
	32
	41

	Bajada East
	3
	6
	0
	3
	0
	3
	11
	21

	Wilson Canyon
	3
	8
	0
	5
	0
	5
	12
	42

	Lost Horse
	2
	4
	0
	2
	0
	2
	12
	24

	High View
	7
	7
	0
	2
	3
	3
	16
	49

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Mean
	4.2
	6.6
	0.4
	3.2
	1.0
	3.6
	16.6
	35.4

	Variance
	4.7
	2.8
	0.8
	1.7
	2.0
	1.8
	77.8
	149.3

	Observations
	5.0
	5.0
	5.0
	5.0
	5.0
	5.0
	5.0
	5.0

	df
	4.0
	
	4.0
	
	4.0
	
	4.0
	

	t Stat
	-2.95
	
	-4.80
	
	-3.20
	
	-3.60
	

	P(T<=t) one-tail
	0.02
	
	0.00
	
	0.02
	
	0.01
	

	t Critical one-tail
	2.13
	
	2.13
	
	2.13
	
	2.13
	

	P(T<=t) two-tail
	0.04
	
	0.01
	
	0.03
	
	0.02
	

	t Critical two-tail
	2.78
	 
	2.78
	 
	2.78
	 
	2.78
	 




What we still do not know is whether a single survey provides a sufficient and accurate tally of the species present on a site, or if multiple surveys are still required.  Without that information we will not be able to assess whether between year survey differences are due to real differences that may be attributable to changes in habitat condition, including climate change, or are simply due to variance in the observability of the species. This is what we hope to assess in the spring of 2015, if sufficient resources are available.
