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INTRODUCTION

In 1998 the Apex Houston Trustee Council contributed $500,000 to the Sempervirens Fund for the purchase of murrelet breeding habitat in the Gazos Creek Watershed of the Santa Cruz Mountains.  The Gazos Mountain Camp property was purchased by the Sempervirens Fund for $1.5 million and included 10 acres of old-growth forest and about 20 acres of second-growth forest containing residual old-growth trees (See Singer, 1998, for property description).  In 2000, the Sempervirens Fund sold the property to the California State Parks Department as an addition to Butano State Park.

Subsequently the State Parks Department leased the property to the Pescadero Conservation Associates.

A condition of the Council’s grant was that there be an on-going monitoring program of murrelet use at the Gazos Mountain Camp and surrounding watershed (see Figure 1).   A monitoring program that utilized ground protocol surveys at Gazos Mountain Camp and radar surveys in the lower canyon was developed in 1998 and fully implemented in 1999.  Ground observer surveys were used to determine general murrelet detection levels and types of murrelet activities near the old-growth stand, while ornithological radar was used to develop a watershed-specific index of murrelet abundance that could be used to determine changes in murrelet use and total numbers over time (for example, see Cooper et al. 1999a, b, Singer and Hamer 1999).  Unlike the Pacific Seabird Group protocol surveys that use ground observers, radar surveys actually sample bird numbers (not artifacts of the birds like calls or short flight segments), and can provide an index of the population size that can be monitored from year to year to detect changes in bird abundance (Cooper et. al., 1999 a, b).  We analyzed our initial data using the MONITOR (Gibbs, 1995) software program and initially designed a radar monitoring program that prescribed 7 surveys per year for 6 years.

Figure 1. Location of radar sites in or near Gazos Canyon and Gazos Mtn. Camp.

METHODS

The methods used reflected the objectives of the monitoring program, which were to determine if murrelet use of the Gazos Mountain Camp property and the Gazos Creek Watershed changed over time.  As in any monitoring program, we realized that it would take a period of years to determine if murrelet use had increased, decreased, or remained stable.  Ornithological radar was selected as the best tool available to determine trends in the inland abundance of the birds.  Radar has an advantage over other approaches (such as radio telemetry) because it does not stress or harm the birds. 

Radar Surveys

Radar surveys were conducted using a Furuno model FCR-1141, 10-kW, X-band radar unit with a 2 meter long slotted wave guide array antenna that is sensitive enough to detect birds at a distance of up to 1.2 km.  Pulse length could be set at 0.08, 0.6, or 1.0 u sec, depending on range setting, which was either 0.5 or 0.75 nautical miles.  The radar beam had a vertical span of 25 degrees and a horizontal beam width of 2 degrees.  A biologist experienced in interpretation of radar echoes monitored the screen and recorded murrelet detections on a data sheet.  The radar screen was recorded for the duration of each survey using a Sony 8mm video camera.  These recordings were reviewed later to ensure that no murrelet detections were missed.   

Murrelet detections on the radar screen were distinguished from detections made by other bird species on the basis of echo size, flight speed, and flight behavior.  Radar surveys started 75 minutes before sunrise and ended 75 minutes after sunrise, and followed recommended procedures for conducting radar surveys in the appendix to the Pacific Seabird Group’s “Methods for Surveying Marbled Murrelets in Forests” (Cooper and Hamer 2000).

Radar surveys were conducted in July.  Seven surveys were conducted at the Double Low Gazos radar survey site (see Figure 1).  Five radar surveys were conducted in nearby watersheds to provide comparative data.

An analysis of 1999 and 2000 radar data from Gazos Creek Canyon was performed to re-evaluate sampling requirements needed to detect population trends over time.  We performed statistical power analyses using the software MONITOR (Gibbs, 1995).  MONITOR allowed us to compute the number of surveys per year and the number of years needed from a single survey station to determine a specific population increase or decrease with a desired degree of power.    
Ground Observer Protocol Surveys

Ground observer protocol surveys were conducted in the ball field area of Gazos Mountain Camp in May and July.   All ground observer surveys were conducted according to the Pacific Seabird Group protocol (PSG Marbled Murrelet Technical Committee, 1994).

RESULTS AND DISCUSSION

Ground Observer Protocol Surveys

A total of 9 ground observer surveys were conducted at Gazos Mountain Camp – 3 in May, and 6 in July.  Results are presented in Tables 1 (May) and 2 (July).  Results from June 1999 and July 1998 are presented in tables 3 and 4 for comparison.  

Table 1.  Results of May 2000 ground observer surveys – Gazos Mtn. Camp.  Values for the mean, standard deviation (s.d.) and coefficient of variation (C.V.) are given at the bottom of each column where appropriate.

	Date
	% Overcast
	Number of Detections

(# heard-only)
	Number of Occupied Behaviors
	Number of Single Silent Birds  Below Canopy



	5/2/00
	0
	14 (13)
	1
	0

	5/11/00
	0
	8 (8)
	0 
	0

	5/12/00
	0
	16 (16)
	0
	0

	Mean
	
	x = 12.67
	x = 0.33
	

	s.d.
	
	s.d. = 4.16
	
	

	C.V.
	
	C.V. = 0.329
	
	


Table 2.  Results of July 2000 ground observer surveys – Gazos Mtn. Camp.  Values for the mean, standard deviation (s.d.), and coefficient of variation (C.V.) are given at the bottom of each column.

	Date
	% Overcast
	Number of Detections

(# heard-only)
	Number of Occupied Behaviors
	Number of Single Silent Birds  Below Canopy



	7/1/00
	100 – 90
	59 (28)
	15
	0

	7/10/00
	100
	36 (21)
	10
	0

	7/11/00
	75 – 100
	57 (35)
	7
	4

	7/15/00
	100
	67 (21)
	21
	0

	7/16/00
	100
	100 (34)
	31
	1

	7/22/00
	50 – 100
	25 (12)
	6
	1

	Mean
	
	x = 57.33
	x = 15.0
	x = 1.0

	s.d.
	
	s.d. = 26.14
	s.d. = 9.61
	s.d. = 1.55

	C.V.
	
	C.V. = 0.456
	C.V. = 0.641
	C.V. = 1.549


 Table 3.  Results of June 1999 ground observer surveys – Gazos Mtn. Camp.  Values for the mean, standard deviation (s.d.), and coefficient of variation (C.V.) are given at the bottom.

	Date
	% Overcast
	Number of Detections

(# heard-only)
	Number of Occupied Behaviors
	Number of Single Silent Birds  Below Canopy

	6/1/99
	100
	15 (13)
	0
	0

	6/4/99
	100
	109 (64)
	30
	7

	6/6/99
	50-100
	32 (16)
	12
	0

	6/7/99
	0-50
	19 (12)
	5
	0

	6/9/99
	0-80
	      14 (7) 
	5
	0

	6/11/99
	0-20
	      17 (5)
	7
	0

	Mean
	
	 x = 34.33
	x = 9.83
	x = 1.17

	s.d.
	
	s.d. = 37.16
	s.d. = 10.39
	s.d. = 2.86

	C.V.
	
	C.V. = 1.082
	C.V. = 1.056
	C.V. = 1.714


Results from 2000 are not directly comparable to results from 1999 because surveying was conducted in different months and marbled murrelet detection levels typically show high seasonal variation (PSG Marbled Murrelet Tech. Comm. 1994).  However, 1998 data were from the same 21-day period (ending on July 22) and are provided in Tables 4 and 5 for comparison.  

Table 4.  Comparison of the total detections and visual detections of Marbled Murrelets by ground observers – July 1998 and July 2000 at Gazos Mountain Camp.  Results were ranked from high to low by number of total detections.

	 1998 Detections
	1999 Detections

	Date


	Total and 

(# of Visuals)
	 Date


	Total and 

(# of Visuals)

	7/20
	49 (22)
	7/16
	100 (66)

	7/16
	42 (11)
	7/15
	67 (46)

	7/14
	41 (17)
	7/1
	59 (31)

	7/22
	38 (14)
	7/11
	57 (22)

	7/18
	28 (10)
	7/10
	36 (15)

	7/17
	      18 (6)
	7/22
	25 (13)


Table 5. Comparison of the number of occupied behaviors and single silent birds below canopy (SSBBC) detected by ground observers - July 1998 and July 2000 at Gazos Mountain Camp.  Results were ranked from high to low by the number of occupied behaviors.

	1998 Detections
	2000 Detections

	 Date

 
	Occ. Behaviors and (SSBBC)
	Date
	Occ. Behaviors

and (SSBBC)

	7/14
	16 (10)
	7/16
	31 (1)

	7/20
	13 (4)
	7/15 
	21 (0)

	7/22
	13 (3)
	7/1
	15 (0)

	7/16
	10 (3)
	7/10
	10 (0)

	7/18
	 7 (3)
	7/11
	 7 (4)

	7/17
	 5 (1)
	7/22 
	 6 (1)


Table 4 provides an initial, and intriguing, comparison of two years of ground survey data.  It shows a significant increase in the total number of detections and the total number of visual detections from 1998 to 2000 (Chi-Square, p = .99).  However, it is not possible to correlate ground survey detection levels with marbled murrelet numbers, and it is even quite difficult to demonstrate that changes in ground survey detection numbers from year to year are meaningful.  Jodice (1998) conducted ground surveys at 5 sites in the Oregon Coast Range on a near-daily basis for three breeding seasons.  He found there to be a high variation in daily activity levels and concluded that the power of ground surveys to detect annual declines in detections of 25 percent and 50 percent were only “very low” and “moderate”, respectively.  Unfortunately there are no Gazos Canyon radar data from 1998 to compare with the 2000 radar data.  However, radar data collected in future years will provide more meaningful numbers that will assist us in interpreting the meaning of ground survey detection levels recorded at Gazos Mountain Camp.     

Table 5 shows a decrease in the number of detections of single silent birds below canopy in 2000 compared to 1998.  We belief this to be a significant difference.  Our observations at Big Basin State Park and other areas have shown a positive correlation between nearby nesting and the detection of single silent birds below canopy (Singer, unpub. data).  We believe that an active murrelet nest was present in the near vicinity during the 1998 surveys, but was not present during the 2000 surveys and that this accounted for the difference.   The scarcity of ‘single silent bird below canopy’ sightings in June and August of 1996 also suggest the lack of an active nest site at those times.

Radar Surveys

Twelve radar surveys were conducted during July of 2000, 7 of which were at the Double Low Gazos site downstream of Gazos Mountain Camp.  Results of these surveys are presented in Table 6.  For a detection to be labeled as either “in-bound” or “out-bound”, the bird’s flight path had to be within 45 degrees of a line running along the long axis of the canyon.  Detections labeled as “other” were of murrelets flying in other directions.

Table 6.  Year 2000 results of radar surveys for murrelets at Double Low Gazos.  Values for the mean (x), standard deviation (s.d.), and coefficient of variation (C.V.) are given at the bottom.  

	Date
	% Overcast
	Number of Detections


	In-bound Detections &

(% of Total)
	Out-bound Detections &

(% of Total)
	Other Detections & (% of Total)

	7/10/00
	100
	37
	10 (27%)
	14 (38%)
	13 (35%)

	7/11/00
	100
	68
	16 (24%)
	32 (47%)
	20 (29%)

	7/13/00
	90-100
	59
	18 (31%)
	37 (63%)
	4 ( 7%)

	7/14/00
	20 –100
	37
	9 (24%)
	21 (57%)
	7 (19%)

	7/15/00
	100
	40
	15 (38%)
	15 (38%)
	10 (25%)

	7/16/00
	100
	30
	6 (20%)
	9 (30%)
	15 (50%)

	7/17/00
	100
	52
	11 (21%)
	16 (31%)
	25 (48%)

	Totals
	
	323
	85 (26%)
	  144 (45%)
	    94 (29%) 

	Mean
	
	x = 46.14
	x = 12.14
	x = 20.57
	x = 13.43

	s.d.
	
	s.d. = 13.29
	s.d. = 4.30
	s.d. = 10.24
	s.d. = 7.32

	C.V.
	
	C.V.= 0.288
	C.V. = 0.354
	C.V. = 0.299
	C.V. = 0.545


The 2000 radar total detection values ranged from 30 to 68, with a mean of 46.14.  This contrasted with a total detection mean of only 7.38 for surveys done in August of 1999 (Table 7).  This difference probably reflects the difference between conducting surveys at the peak of the breeding season (mid-July) versus conducting surveys at the end of the breeding season (mid-August).  Detections by ground observer typically decline dramatically in the Santa Cruz Mountains over the same period of time in any given year (Singer, unpub. data).   

The Double Low Gazos radar station was more effective in detecting out-bound birds (45% of total detections in July 2000 and 52% in August 1999) than in-bound birds (26% and 24% of total detections respectively).  We attribute this difference in detection capability to the higher flight paths of out-bound murrelets.  Radar beam reflections from low-flying birds can be obscured by ground clutter.  From 25% to 29% of the 1999 and 2000 radar detections at Double Low Gazos were of murrelets that weren’t flying either up or down canyon.  A majority of these birds were detected over the Gazos Creek – Cloverdale Valley intersection.  Previous surveys have shown that Cloverdale Valley is part of a different flight route.

Table 7.  Results of 1999 radar surveys for marbled murrelets at Double Low Gazos.  Values for the mean (x), standard deviation (s.d.), and coefficient of variation (C.V.) are given at the end of the August values in each column. 

	Date
	% Overcast
	Number of Detections
	In-bound Detections &

(% of Total)
	Out-bound Detections &

(% of Total)
	Other Detections &

(% of Total)

	8/10/99
	100
	7
	1 (14%)
	4 (57%)
	2 (29%)

	8/11/991 
	100
	10
	4 (40%)
	2 (20%)
	4 (40%)

	8/12/99
	100
	9
	1 (11%)
	4 (44%)
	4 (44%)

	8/13/99
	0 – 5
	10
	2 (20%)
	8 (80%)
	0 ( 0%)

	8/15/99
	100
	1
	0 ( 0%)
	0 ( 0%)
	   1 (100%)

	8/17/99
	100
	5
	2 (40%)
	3 (60%)
	0 ( 0%)

	8/19/99
	100
	9
	3 (33%)
	4 (44%)
	2 (22%)

	8/21/99
	75
	8
	1 (12%)
	5 (63%)
	2 (25%)

	Totals
	
	59
	14 (24%)
	30 (51%)
	    15 (25%)

	Means
	
	x = 7.38
	x = 1.75
	x = 3.75
	x = 1.88

	s.d.
	
	s.d. = 3.07
	s.d. = 1.28
	s.d. = 2.32
	s.d. = 1.55

	C.V.
	
	C.V.= 0.416
	C.V. = 0.732
	C.V. = 0.617 
	C.V. = 0.828

	6/8/99
	45 – 85
	33
	15
	18
	0

	6/9/99
	100
	34
	17
	15
	2


    1  Twelve minutes of survey period lost due to rain

Results of radar surveys conducted in 2000 at other locations in the Santa Cruz Mountains are shown in Table 8 along with comparative values from 1998 and 1999.

Table 8. Results of radar surveys for marbled murrelets at other locations in the Santa                      Cruz Mountains, 2000, compared to detections recorded at these sites in 1998 and 1999.

	     Station
	         Location
	2000 Total Detections

and (Date)
	    Prior Year Detections and 

        (Date)                 

	Hill 621
	Cloverdale Ranch
	47 (7/12/00)
	28 (7/14/98)

	
	
	
	23 (7/17/98)

	Pescadero Ck. #2
	Dearborn Park
	74 (7/21/00)
	 2 (8/16/99)

	Big Butano
	Butano Canyon
	55 (7/19/00)
	21 (6/13/99)

	Little Butano
	Butano State Park
	24 (7/20/00)
	27 (7/21/98)

	White House #1
	Cascade Ranch S.P.
	12 (7/22/00)
	14 (7/19/98)

	
	
	
	 7 (7/23/98)


Detecting Changes in Murrelet Use Over Time

We re-evaluated all of our radar data from the Double Low Gazos Station using the MONITOR software program to determine if our original goal of being able to detect a 10% total change in murrelet numbers over six years was still feasible.   We found that without adding additional radar monitoring stations, an option that is not available to us, the annual Coefficient of Variation for our surveying data was too high to enable us to reach this goal.  We than ran different simulations in MONITOR to see what an optimal sampling strategy would be that would still accomplish our original objectives.  We wanted to be able to detect a 5% annual change in murrelet numbers since population modeling done by Beissinger (1995) predicted that murrelet populations were declining by 4 – 6 % per year.  We knew that most monitoring programs designed to detect changes in wildlife populations over time rarely achieve their objectives in less than ten years.  We concluded that a realistic monitoring goal would be one that allowed us to detect a 5 % annual decrease or increase in the population with a power of 0.90 in as few years as possible.  Therefore, we opted to use the two-tailed test.  Using the two-tailed test with an alpha  = 0.10, we could accomplish our goal with the lowest cost by conducting 7 surveys per year for 8 years.  Since it is more difficult to detect a population decrease, we wanted to ensure we had adequate power to detect a decrease in the Gazos Creek Watershed over time (Table 9).  This monitoring program will require extending the existing monitoring program by an additional two years.  Since the first two years were spent testing the suitability of radar to the local terrain, locating a suitable radar survey station, and determining the best time of year to conduct our surveys, the first set of radar results usable for the MONITOR program are those collected in July of 2000.  Consequently, monitoring will need to continue through 2007 if we wish to determine the direction and degree of the trend of the Gazos Creek murrelet population. 

 Table 9.  Power Estimates.  Using Radar to Detect a 5% Annual Population Decrease (-) or Increase (+).  Based on data from the Gazos Creek radar site, C.V. = 0.25423, ( = 0.10, 2-tailed t-test, linear data, n=500 simulation runs.  Shaded cells are simulations where the power estimate was ( 0.90.

	Number of Surveys/Year
	Number of Years of Surveys

	
	5
	6
	7
	8
	9
	10

	6
	 
	-.52

+.73
	 -.71

+.93
	 -.82

+.97
	 -.91

+1.00
	 -.97

+1.00

	7
	 
	 -.60

+.80
	  -.72

+.91
	 -.89

+.99
	 -.94

+1.00
	 -.98

+1.00

	8
	 -.45

+.60
	 -.63

+.83
	 -.77

+.96
	-.91

+.99
	 -.97

+1.00
	 -.99

+1.00

	9
	 -.50

+.64
	 -.69

+.87
	 -.82

+.96
	 -.95

+1.00
	 -.99

+1.00
	-1.00

+1.00 

	10
	 -.53

+.67
	 -.73

+.86
	 -.87

+.98
	 -.96

+1.00
	 -.99

+1.00
	-1.00

+1.00 


We believe a strategy of 7 surveys per year for 8 years is an efficient and realistic goal.  

CONCLUSION AND RECOMMENDATIONS

Both radar and ground observer surveys are useful tools in monitoring murrelet use of Gazos Mountain Camp and the Gazos Creek Watershed.  The ground observer surveys are providing evidence of nesting at the Gazos Mountain Camp through the detection of occupied behaviors and the detection of single silent murrelets flying below the canopy.  Radar surveys are providing us information on the numbers of murrelets using the watershed, how those numbers compare to other areas, and will, if the monitoring program is extended, tell us if the Gazos Creek population is increasing, decreasing, or stable over time.  Seven additional years of radar surveys at the Double Low Gazos site will determine if there has been a 5% or larger annual decrease or increase in the number of birds using the Gazos Creek Watershed. 

Recommendations  

1.  The radar component of the Gazos Creek Murrelet Monitoring Program should  consist of 11 dawn radar surveys per year.  We recommend that 7 of these surveys be done at the Double Low Gazos site in July for the purpose of monitoring murrelet population trends as discussed above.  We recommend that 4 radar surveys be conducted nearby each year to check for possible murrelet movement into or out of Gazos Creek Canyon, to better define murrelet flight corridors in the immediate area, and to compare murrelet usage in Gazos Creek Canyon with other areas.

2.  The ground protocol survey component of the Gazos Creek Murrelet Monitoring Program should consist of 12 dawn surveys per year at Gazos Mountain Camp.  Six surveys should occur in July, 3 in June, and 3 in May.  The surveys in May and June will improve our ability to detect nesting attempts in the Mountain Camp property, while the surveys in July will allow some generalized comparisons between bird numbers at the Double Low Gazos Site and activity levels at Gazos Mountain Camp.

3.  The Apex Houston Trustee Council should provide additional funding to the Sempervirens Fund to allow a continuation of the 2000 monitoring effort through the year 2007 to determine if murrelet usage of the watershed is changing.

4.  To develop a population index for the Santa Cruz Mountains murrelet population, the radar monitoring program could be expanded to include the other four major murrelet flight corridors  (Pescadero, Scott, Waddell, and Butano Creeks) if desired.  We believe that a survey regimen of 4 surveys per year at each of 5 sites (20 total surveys per year) for 8 years would be adequate to detect a 5% annual increase or decrease at a 90% power for the entire Santa Cruz Mountains population.  

5.  A mechanism such as an environmental audit program should be developed by the Apex Houston Trustee Council (major donor), the Sempervirens Fund (former owner), the State Parks Department (current owner), and the Pescadero Conservation Alliance (current lessee) to track and verify implementation of the Marbled Murrelet Habitat Management Guidelines at the Mountain Camp.  Both the Department of Fish and Game and the State Parks Department are experiencing severe shortages in staff, making it difficult for them to closely monitor the property.   Fortunately, the current lessee of the property, the Pescadero Conservation Associates, is very sympathetic to the needs of the marbled murrelet and intends to use the property for environmental research and education efforts.  As such, they should make an excellent tenant provided that they remember to consult the Guidelines before implementing new land use activities or research programs.  
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