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INTRODUCTION

The population of Marbled Murrelets in the Santa Cruz Mountains is the most isolated and most threatened population of any within the entire range of the species (USFWS 1997).  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 (Figure 1) 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).  

A condition of the Council’s grant was that murrelet use of the Gazos Mountain Camp and surrounding watershed be monitored each year for five years.  Monitoring began in 1998 and located a radar survey station that was suitable for detecting murrelets entering or leaving the upper canyon area including Gazos Mountain Camp.   Murrelets were readily detected and identified on radar at this site, proving the value of this method (Singer and Hamer 1999, 1998, see also Hamer et al 1995).  Other studies have shown that ornithological radar can be used to develop a watershed-specific index of murrelet abundance that can be used to determine changes in murrelet usage over time (Cooper et al 1999a,b).  Radar surveys can’t always detect 100% of the birds entering or leaving a canyon due to topographic limitations.  For example, low flying birds may be hidden in the ground clutter on the radar screen.   However radar counts do sample bird numbers and can provide an index of the breeding population size that can be monitored from year to year to detect changes in bird abundance (Cooper et al 1999a,b).  Unlike ground observer protocol surveys that measure the number of vocalizations or the number of short observed flight segments, radar surveys detect the actual birds themselves.    

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

METHODOLOGY

The 1999 monitoring effort consisted of 22 dawn radar surveys and 25 dawn ground observer surveys.  Twelve of the ground observer surveys occurred in Gazos Mountain Camp and 15 of the radar surveys occurred in the Gazos Creek canyon downstream of Gazos Mountain Camp.  

The methods used reflected the purpose of the monitoring program, which was to determine if murrelet usage of the Gazos Mountain Camp property and the Gazos Creek Watershed was stable, increasing, or decreasing, and to roughly compare the 

extent of murrelet use of Gazos Creek with the extent of use at other nearby breeding areas.  Ornithological radar was selected as the best tool available to determine trends 

in inland abundance of the birds, and had the additional advantage of not stressing or harming the birds as other approaches, such as radio tagging, are known to do. 

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 also recorded for the duration of each survey using a Sony 8mm video camera to make a record of each monitoring session that could be reviewed later.  The radar apparatus was mounted on a camper attached to a 4-wheel-drive pickup truck.  

Murrelet echo tracks on the radar screen were distinguished from echo tracks made by other bird species on the basis of size, speed, and flight behavior.  Ground observers were paired with the radar unit on 11 occasions to verify the accuracy of murrelet radar identifications.   Radar surveys started 75 minutes before sunrise and ended 75 minutes after sunrise.

An analysis of radar data from Gazos Creek Canyon was made to determine sampling requirements needed to detect population trends.  We performed statistical power analyses using the software MONITOR (Gibbs, 1995).  MONITOR allowed us to compute the number of surveys/year and the number of years needed from a single station to determine a population decline of a prescribed extent at a selected degree of certainty.   For this analysis we used the June 1999 data from the Lower Gazos Radar Station.  We set the number of iterations to 500, set ( = 0.05, and used a two-tailed test.  

Ground Observer Protocol Surveys

Ground observer surveys were also used to determine general murrelet activity levels in or near the old-growth stand on the Gazos Mountain Camp property.  Twelve ground surveys were conducted in the former ball field across the creek from the old-growth stand.  All ground observer surveys were conducted according to the Pacific Seabird Group protocol (PSG Marbled Murrelet Technical Committee, 1994).  

Since the murrelet breeding season is considered to extend from March 24 to September 15 in California (U.S. Fish and Wildlife Service, 1998), radar and ground observer surveys were conducted within both early and late time periods in an attempt to avoid missing early or late breeders.  The two periods of time in which surveys occurred were June 1 to June 14, and August 10 to August 21.  The use of two survey periods allowed us to compare the number of birds active in early and late season and to evaluate the optimal time period for murrelet monitoring activities.

RESULTS AND DISCUSSION

Ground Observer Protocol Surveys 

Twelve (12) ground observer surveys were conducted at Gazos Mountain Camp and divided equally between the early and late season periods.  Results are presented in 

Tables 1 and 2.  Results of the July 1998 surveys are presented in Table 3 for comparison.

	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

	
	
	 x = 34.33
	x = 9.83
	


Table 1. Results of Early Season Ground Observer Surveys – Gazos Mtn. Camp

Table 2. Results of Late Season Ground Observer Surveys – Gazos Mtn. Camp

	Date
	% Overcast
	Number of Detections

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

	8/12/99
	100
	7 (6)
	1
	0

	8/13/99
	0-95
	0 (0)
	0
	0

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

	8/16/99
	100
	0 (0)
	0
	0

	8/18/99
	100
	1 (0)
	1
	0

	8/20/99
	0-90
	0 (0)
	0
	0

	
	
	x = 1.33
	x = 0.33
	


Table 3. Results of 1998 Mid-season Ground Observer Surveys – Gazos Mtn. Camp

	Date
	% Overcast
	Number of Detections

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

	7/14/98
	0
	41 (24)
	16
	10

	7/16/98
	0
	42 (31)
	10
	3

	7/17/98
	20
	18 (12)
	5
	1

	7/18/98
	0
	28 (18)
	7
	3

	7/20/98
	100
	49 (27)
	13
	4

	7/22/98
	100
	38 (24)
	13
	3

	
	
	x = 36.00
	x = 10.66
	x = 4.00


A comparison of Tables 1 and 2 shows a dramatic decrease in the number of murrelets detected at Gazos Mountain Camp in the late season compared to the early season.  In the June period, murrelets were detected every day with the number of detections ranging from 14 – 109, whereas in August, murrelets were only detected on two days, with 1 and 7 detections recorded.  As will be discussed later, there was a similar decrease in the number of radar detections in the Gazos Creek Canyon.  These data strongly suggest that most breeding activities had terminated by August 12.  Ground surveys from other areas of the Santa Cruz Mountains in previous years also show a decline in inland detections by mid-August (Singer, unpublished data).

A comparison of Tables 2 and 3 shows generally higher numbers of detections in July 1998 than in June 1999, although an exceptionally high number of detections on June 4, 1999, skews the 1999 average upward to approach the 1998 average value (34.3 and 36.0, respectively).  These data show that either June or July is better than August for implementation of ground protocol surveys where the objective is to monitor occupied behaviors or other visual or auditory behaviors indicative of murrelet nesting in the vicinity.

Occupied behaviors are recognized as indicators of murrelet nesting in suitable habitat nearby (PSG Marbled Murrelet Technical Committee 1994).  Occupied behaviors include such behaviors as perching, landing, or attempting to land on branches, flying below tree canopy height, or circling above canopy height.  Other than landings, which are rare, the number of single silent birds detected flying below the canopy is arguably the best flight behavior indicator of an active nest nearby.  Single birds flying below canopy are often associated with incubation exchanges or feeding visits to a nest (Singer et al 1995).  A comparison of Tables 1 and 3 shows that an active nest was likely present in July, 1998, but not in June or August of 1999.  These findings suggest that June and July are the best time of year to look for the presence or absence of occupied behaviors at Gazos Mountain Camp. 

To provide a comparison for the number of birds detected at Gazos Mountain Camp,  two ground observer protocol surveys were conducted in Big Basin Redwoods State Park at the Redwood Meadow on June 9 and June 11, 1999 with 9 and 15 total detections, respectively.  These and other 1999 Redwood Meadow protocol surveys had significantly fewer murrelet detections than in previous years (Burkett, pers. comm., Singer unpub. data) perhaps due to the recent nesting of a Peregrine Falcon nearby.  If this is so, murrelet activity patterns and/or nesting locales may be flexible and responsive to changes in predation pressure.  Peregrine Falcons are a known predator of murrelets in the Santa Cruz Mountains (Suddjian, pers. comm.).

Eleven (11) ground observer surveys took place adjacent to concurrent radar surveys, 6 in the late season and 5 in the early season.  Because of the low level of murrelet activity in the late season, only 2 murrelet detections were made by ground observers – both auditory detections.  In the early season, ground observers had more success.  Ground observers did not find any cases where Band-tailed Pigeons, the only problematic species, was misidentified by the radar operator as a murrelet, or vice-versa.  In rare instances, echo tracks could not be distinguished between murrelet and non-murrelet and were considered to be non-murrelet by the radar operator.  Other studies in California have found a radar identification error rate of ( 11 % (Hamer et al. 1995).  Cooper et al. (1999) did not present a precise radar identification error rate but concluded that it would be substantially less than 14 % for in-bound birds and substantially less than 26 % for out-bound birds.

Results of early season surveys are shown in Table 4.  

Table 4. Early Season Ground Observer Detections During Concurrent Radar Surveys on Marbled Murrelet Flight Corridors

	Date
	Location
	% Overcast
	Number of Detections

(# heard-only)
	Number of Radar Detections
	Ground Observer’s % of Radar 

Detections



	6/4/99
	Lower Gazos
	100
	3 (3)
	26
	11.5

	6/5/99
	Lower Gazos
	100
	5 (5)
	17
	29.4

	6/6/99
	Lower Gazos
	85-100
	4 (4)
	18
	22.2

	6/8/99
	Double Low Gazos
	45–85
	1 (1)
	33
	3.0

	6/13/99
	Big Butano
	50-100
	0 (0)
	20
	0


A review of Table 4 shows that ground observers only detected from 0 – 29 percent of the murrelets detected on radar, and all of those detections were auditory.  These data confirm our 1998 findings that murrelets are extremely difficult to detect along flight corridors by ground observers.  Comparing the number of auditory detections between Tables 1 and 4 shows that murrelet vocalizations were much more common at Gazos Mountain Camp than at the Gazos Creek Canyon radar stations which are situated on a flight corridor and not within suitable nesting habitat.  

Radar Surveys

A total of 22 dawn radar surveys were conducted in 1999, 15 of which were in the Gazos Creek canyon downstream of Gazos Mountain Camp.  Surveys were divided equally between early (June 1 – 14) and late season (August 10 –21) sampling periods.   Two different survey stations were used – Lower Gazos, the initial station, and Double Low Gazos, a better station discovered in June.  Although the two stations are only about 100 meters apart, they provide different areas of radar coverage so the data from these two stations has been kept separate.  The Double Low Gazos Station is the station proposed for use in future years.  

Radar survey results from Lower Gazos and Double Low Gazos are provided in Tables 5 and 6, respectively.  Values for the mean, standard deviation, and Coefficient of Variation (C.V.) are given at the bottom of each column.  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.  

Table 5.  Results of Radar Surveys at Lower Gazos

	Date
	% Overcast
	Number of Detections
	In-bound

Detections
	Out-bound Detections
	Other Detections

	6/4/99
	100
	26
	19
	7
	0

	6/5/99
	100
	17
	10
	7
	0

	6/6/99
	85
	18
	10
	8
	0

	6/7/99
	0
	15
	8
	7
	0

	
	
	x = 19.0

s.d. = 4.83

C.V.= 0.25
	x = 11.75

s.d. = 4.92

C.V. = 0.42
	x = 7.25

s.d. = 0.50

C.V. = 0.07
	


Table 6. Results of Radar Surveys at Double Low Gazos 

	Date
	% Overcast
	Number of Detections
	In-bound Detections
	Out-bound Detections
	Other Detections

	8/10/99
	100
	7
	1
	4
	2

	8/11/99

	100
	10
	4
	2
	4

	8/12/99
	100
	9
	1
	4
	4

	8/13/99
	0 – 5
	10
	2
	8
	0

	8/15/99
	100
	1
	0
	0
	1

	8/17/99
	100
	5
	2
	3
	0

	8/19/99
	100
	9
	3
	4
	2

	8/21/99
	75
	8
	1
	5
	2

	
	
	x = 7.38

s.d. = 2.05

C.V. = 0.28
	x = 1.75

s.d. = 1.28

C.V. = 0.73
	x = 3.75

s.d. = 2.31

C.V. = 0.62
	

	6/8/99
	45 – 85
	33
	15
	18
	0

	6/9/99
	100
	34
	17
	15
	2


Five radar surveys were conducted in June at Lower Gazos, with the range of murrelet detections being 15 – 26.  On each survey more in-bound birds were detected than out-bound birds.  

Two radar surveys were conducted in June at Double Low Gazos and 8 surveys in August.  The two June surveys had roughly similar number of in-bound and out-bound birds.  The eight (8) August surveys had more out-bound than in-bound detections.  At this station some birds were also frequently detected flying in directions other than in-bound or out-bound.  The Coefficient of Variation of radar detections at both sites was lower for the total number of detections than for the number of in-bound detections, and was lower in June than in August.  The total number of detections in August was much lower than in June, suggesting that August 10 – 21 was at the tail-end of the breeding season, with one day (August 15) having no in-bound or out-bound birds.  Clearly the August period is not an ideal time for murrelet surveys.

Nine radar surveys were conducted at other sites in 1999 and 1998 to collect radar detection values for other nearby canyons to compare with Gazos Creek canyon.  These data are presented in Table 7.

Table 7. Results of Radar Surveys at Other Locations

	    Date
	            Location
	     % Overcast
	      Number of

       Detections

	6/11/99   
	Pescadero Creek #1
	100
	22

	6/12/99
	White House Cyn. #2
	40
	8

	6/13/99
	Big Butano Creek
	100
	21

	6/14/99
	Waddell Creek
	100
	52

	8/16/99
	Pescadero Creek #2
	100
	2

	8/20/99
	Waddell Creek
	0
	10

	7/18/98
	Waddell Creek
	0
	31

	7/19/98
	White House Cyn. #1
	100
	14

	7/23/98
	White House Cyn. #1
	100
	7


For comparable times within the breeding season, the number of detections in the Waddell Creek flight corridor was greater than in the Gazos Creek Flight Corridor.  The other data suggest that use of the Gazos Creek canyon is of some significance for the Santa Cruz Mountains population, at least when compared with usage levels at other nearby canyons that were surveyed.  Numbers reported from the Pescadero Creek #1 site may be low due to poor station location.  Pescadero Creek #2 is likely a better location to sample birds using the upper Pescadero Creek Watershed, but no surveys were conducted there until August when the breeding season was almost over.

Radar survey data from the Lower Gazos station in June (Table 5) was used to conduct a power analysis to determine what would be a cost-effective radar monitoring plan to detect changes in murrelet use of the Gazos Creek Watershed.  We looked at the Coefficient of Variation associated with total detections, in-bound detections, and out-bound detections from radar surveys in the Gazos Creek canyon.

These data are presented in Table 8.

Table 8. Coefficient of Variation for Total, In-bound, and Out-bound Murrelet Radar Detections in Gazos Creek Canyon

	Station
	Time Period
	   n
	Total Detections
	In-bound Detections
	Out-bound Detections

	Lower Gazos
	7/98
	2
	.067
	.283
	.386

	Lower Gazos
	6/99
	4
	.254
	.419
	.069

	Double Low Gazos
	6/99
	2
	.021 
	.088
	.129

	Double Low Gazos
	8/99
	8
	.277
	.732
	.617


These data show that the least variability was associated with total detection values, and not with in-bound detections as was found to be the case in the Olympic Peninsula (Cooper et al. 1999).  The range of C.V. values at our sites associated with the total detection category, .021 - .277, compares favorably with the C.V. values associated with monitoring programs of other avian species and with the values associated with the Olympic Peninsula murrelet radar monitoring program.   Those station values, for in-bound birds, ranged from .017 to .663 (Cooper et al. 1999).  Because of the apparent rise of C.V. values in August associated with generally lower detections of all types, we assumed that radar monitoring would best be done in June or July.  We decided to use the June data from Lower Gazos because among the three June and July data sets, it was the only one based on 4 surveys, and it provided the most conservative estimate of C.V. values for the Gazos Creek canyon.   

Detecting changes in population size over time is a common goal of biologists who wish to determine the status of a population and the effectiveness of any species management or recovery efforts - including the acquisition and protection of breeding habitat.   Our goal in this project is to detect any changes or trends in  murrelet use of the Gazos Creek Watershed that may occur since the purchase of the Gazos Mountain Camp property.  A common problem in trend analysis is that sources of “noise” in counts (i.e., seasonal variations, day-to-day variation, etc.) obscure the “signal” associated with on-going trends.  The probability that a monitoring program will detect a trend in sample counts when the trend is occurring, despite the background “noise”, represents its statistical power.

Using the C.V. values from this data set, we ran several simulations using the software MONITOR to predict the number of replicate surveys needed at one station to detect a 10% population decrease at a statistical power of > 0.90.  These parameters are generally considered adequate for wildlife monitoring programs.  For two-tailed simulations, to detect a 10% decrease in the population, a power estimate of 0.90 was obtained by monitoring the site for 6 years at 7 surveys per year.  Other power estimates are shown in Table 9.

Additional analysis with MONITOR using a one-tailed test showed that six years of surveys with seven radar surveys per year gave a power estimate of 1.00 to detect a 10% increase in the population, and a power estimate of 0.68 to detect a 5 % increase.  However, this survey regimen was too low (0.58) to detect a 5 % decrease in the population.  

We felt that 90% power to detect a 10% decrease or increase in the population in as few years as possible was a reasonable goal, so we opted to use the two-tailed test.  Using the two-tailed test, this could be accomplished at the lowest cost by doing 7 surveys per year for 6 years (Table 9).   We feel that waiting longer than 6 years to determine population trends in the Gazos Creek murrelet population is not prudent given the high vulnerability of the Santa Cruz Mountains population to extirpation.  Of course trends of murrelet usage in the Gazos Creek Watershed would be much more valuable if murrelet usage could also be monitored simultaneously at several other watersheds within the Santa Cruz Mountains murrelet population.  Consequently, we are currently soliciting funds for a proposal that would fund similar radar monitoring at 4 – 5 other sites.

Table 9.  Power Estimates – Using Radar to Determine a 10% Population Decline.  Based on June 1999 data from Lower Gazos site, C.V. = 25.423.  ( = 0.05, 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

	
	3
	4
	5
	6
	7
	8
	9
	10

	1
	.064
	.092
	.076
	.20
	.28
	.35
	.42
	.54

	2
	.10
	.14
	.27
	.41
	.52
	.67
	.77
	.87

	3
	.13
	.22
	.41
	.56
	.77
	.83
	.93
	.97

	4
	.14
	.30
	.48
	.66
	.87
	.93
	.99
	1.00

	5
	.17
	.32
	.59
	.80
	.92
	.97
	.99
	1.00

	6
	.20
	.41
	.66
	.85
	.98
	.99
	1.00
	1.00

	7
	.25
	.48
	.78
	.90
	 .98
	1.00
	1.00
	1.00

	8
	.24
	.53
	.77
	.93
	.99
	1.00
	1.00
	1.00

	9
	.31
	.61
	.84
	.98
	1.00
	1.00
	1.00
	1.00

	10
	.34
	.65
	.88
	.98
	1.00
	1.00
	1.00
	1.00


CONCLUSION AND RECOMMENDATIONS

Data presented here indicate that both radar and ground observer surveys are successful in monitoring murrelet usage of Gazos Mountain Camp and the Gazos Creek Watershed.  The ground observer surveys are providing evidence of nesting at the Gazos Mountain Camp site through the detection of occupied behaviors and single silent murrelets detected flying below canopy height.  Radar surveys are giving us information on the numbers of murrelets using the watershed, how those numbers compare to other areas, and whether those numbers change over time. The number of birds using the Gazos Creek Watershed can be tracked by radar surveys from a station along the flight corridor in the lower watershed.  Radar surveys at Double Low Gazos in June or July can determine changes in murrelet abundance if continued for at least six years.  The relative importance of the Gazos Creek Canyon to murrelets as compared to other canyons can be assessed by conducting radar surveys at similar sites in other canyons.

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, and to better define murrelet flight corridors in the immediate area. 

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 overall Gazos Creek Murrelet Monitoring Program should receive the additional amount of funding necessary for it to continue through 2005 in order to determine whether murrelet usage of the Gazos Creek Watershed changes over time.

4.  A similar radar monitoring regime (7 surveys per year for 6 years) should be undertaken at several other important murrelet flight corridors in the Santa Cruz Mountains.  If all major flight corridors can be monitored, the collective data from such an effort will allow us to detect any population decreases of 10% or more in   the Santa Cruz Mountains murrelet population.

5.  Access to sites used by the radar vehicle and ground observers needs to be maintained, with no gate removal, no new fencing, and no new barriers that would block researcher access.   Soon the California Department of Parks and Recreation will take ownership of such lands currently owned by the Sempervirens Fund and the Peninsula Open Space Trust.  It is recommended that the Apex Houston Trustee Council and the Sempervirens Fund notify the Parks Department in writing of the importance of these on-going studies and request their cooperation in maintaining the necessary access for researchers.  
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� Twelve minutes of survey period lost due to rain
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