TARGET BIRD MONITORING STUDY
NATURE RESERVE OF ORANGE COUNTY
2004

PREPARED FOR:

THE NATURE RESERVE OF ORANGE COUNTY
300 N. FLOWER STREET
SANTA ANA, CA ©2703

CONTACT: LYN MCAFEE, EXECcUTIVE DIRECTOR

PREPARED BY:

ROBERT A. HAMILTON
CONSULTING BIOLOGIST
34 Rivo ALTO CANAL
LoNG BEAcH, CA S0803

STATISTICAL ANALYSIS BY:

MARTHA WHITE, PH. D.
AND
KAREN MESSER, PH. D.

NovEMBER 3, 2004



s F B o 24

RECEIVED
NOV 05 9

Usrws
CARLSBAD FIELD OFFICE, CA



NROC TARGET BIRD STUDY REPORT ROBERT A. HAMILTON, CONSULTING BIOLOGIST

NOVEMBER 3, 2004 PAGE |

TABLE OF CONTENTS

Exeoutive SUmMBET «iouaos s ons s mae s wme @ smn o aea6 s 688008 ¥ 048 SLA0 5 00S EHET ELEERYS FTLE iv
L TP OARORIEIN. <« cms os o ms o5 e5m o s oo 05 o s 6 5% 00mRE e ® 60 R0RES 503 505 85 06 £ % 600 50 B0 8 8 BBE 458 B 1
Nature Reserve of Orange County HiStOIY .« vsccsssssusssvunsnsansmnssssransnsns 1
The NROC Biological Monitoring PIOBIam . » we s v ssassnsssonnnsss s anwnnsnnssysass 1
1L Prrpose @il OECtIVOS .o osen cansssnaanors gpasmns saansse s s asmsssassssscsnsyssns 2
Hypotheses $0 be TESEEL . cosssmrcomannissninmssspnsmy s o aens o 5 5naswa amansasss 2
Ll BACHIOER 200sasunt ccunos 545588007 Bs 45280004 PEILI 44T BT BE &3 3 REATE D GaBRAGS 5 FaLE 542 5
AR DIBEIII avcin v mmanammn oo s BOmh 8 0ama s 50000 0 & 502000 ko B o B e i 3
SFTTITEE PO 5o 0n o 445 55 00 8045 B0 BEH KD EWA @85 05 T8 5k 408 8 ook & 5 B & o e b o 5
SUTVER FRESGIIIEL 5an o0 000 08 5000 8200 0006 4§ SR 8 8 o i o o B v <]
DUEVEY WICERORIE o o0 nsomammnnns s nmmtans s mi s &5 450 b b s b mmio s om0 0 m mn mcm o8 x5 5
Data Adjustment Methods ......... ... . i 6
INCISEEGIE or cumumh st g hs & T b D00 50 W00 00 00 o 0 5 5 s o 1 o e 10
Target Bird Territory Counts ................ ... ... .. .. ... i 10
Target Bird Territory DetectionRates ................. ... ... ... ... . ... 10
Brown-headed Cowbird Detections .................... ... ... i, 25
Target Bird Habitat Composition & Structure . ........... ... ... .. .. .. .... 26
W LRBETARBIBTN oo mis o onmmims o om0 0 6 5 g 550 8 0 0 08 R O (R 33
Recent NROC Bire EHSIOTY . cuunrsns commarinsmmens summsgsnimesssssaonssssssns 33
Analysis of Target Bird Population Levels as Related to Weather .................. 33
Monitoring Avian Productivity and Survivorship (MAPS) Program, 1998-2003
The Institute for Bird Populations .....sssssssmasnns sexnssrysonsny rsanns 38
California Gnatcatcher and Cactus Wren Sampling
Rodert A BamilBin, cosmass enwmas vamunss sasaanss 5 (496005 § MESH K FHBRES 42
Brown-headed Cowbird Sampling
Robert A Bamilbon, «comnvs susmnis sammens jaapspas s 458 geis i5s 565 i8558 56
V1 Recommtietdalirs . cousvvs v snnanpnss innsss s amssiss ias 20t S48 NALS § 60 RERY cRERER S 56
Focused Evaluation of Coastal Reserve CACW Population ...............c........ 56
Statistical Analysis of Pilot Data for Years 1-6 .................cciiiiiiiannn.. 57
Employ GIS to Capture Geographic Information from Each Site . .................. 59
Update and Incorporate Plant Community Information .......................... 60
Develop Diata-Filtering PrOGISinNG «uves: rousnes sadsansss saeasis s eksnssansans s 60
WIL Report PIOPRIEES «wwmss s ommmmnsy commmpsp s esmmisssAnasss s sonmss s 6nessne onuss oe 61
VI Aeloromleclotmmile « oo cnmommmms s o we o m e s o5 r pie s 5% s 5w b oE s s wae o8 s 61

IX. Literature Cited .. ....o ottt e 61



NROC TARGET BIRD STUDY REPORT ROBERT A. HAMILTON, CONSULTING BlOLOGIST
NovEMBER 3, 2004 PAGE 11

LisT oF TABLES

A Tonpling Proclliy o oo o m omw s o s mmm o wn s oms o p oy nas v S0 495 DRI R E BEAREESE S 4
B California Gnatcatcher Full & Partial Territories, 1999-2004 ... ....................... 8
C Cactus Wren Full & Partial Territories, 1999-2004 . ...... ... ... . iiiiiiiiininan.n. g
D California Gnatcatcher Territory Detections, Sites 1-40, 1999-2004 . ................... 11
E Cactus Wren Territory Detections, Sites 1-40, 1999-2004 ............. ..., i
F California Gnatcatcher Detection Rates, 1999 . ... ... .. ... ... . . . ... 13
G California Gnatcatcher Detection Rates, 2000 . ........ ... .. ... . i iiiininan.. 14
H California Gnatcatcher Detection Rates, 2001 ........... ... ... i, 15
I  California Gnatcatcher Detection Rates, 2002 .. ........ .. ... i, 16
J  California Gnatcatcher Detection Rates, 2003 .. ......... ... ... i, 17
K California Gnatcatcher Detection Rates, 2004 ... ........ .. ... i, 18
L  Cactus Wren Detection Rates, 1999 ... ... .. . i e 19
M Cactus Wren Detection Rates, 2000 . ........ ..ottt 20
N Cactus Wren Detection Rates, 2001 . ....... ..ttt Z1
O Cactus Wren Detection Rates, 2002 .. ... ... it ittt iie e 22
P  Cactus Wren Detection Rates, 2003 .. ... ... . i i, 23
Q Cactus Wren Detection Rates, 2004 .. ... . it 24
R Summary of Brown-headed Cowbird Detections, 1999-2004 ........................ 25
S Ranking of Dominant Plant Species in California Gnatcatcher Territories, 1999-2004 ... 27
T Ranking of Dominant Plant Species in Cactus Wren Territories, 2000-2004 ............ 27
U Estimated Cactus Cover in California Gnatcatcher

& Cactus Wren Territories, 2002-2004 . . . .. ... e 28
V  Mean Woody Vegetation Height in California Gnatcatcher Territories, 1999-2004 . . . . .. 28
W  Mean Woody Vegetation Height in Cactus Wren Territories, 1999-2004 .............. 29
X  Absolute Woody Vegetation Cover in California Gnatcatcher Territories, 1999-2004 ... 29
Y Absolute Woody Vegetation Cover in Cactus Wren Territories, 1999-2004 ............ 30
Z California Gnatcatcher Territories Detected at 22 Three-visit Sites, 2000-2004 . ......... 31
AA Cactus Wren Territories Detected at 22 Three-visit Sites, 2000-2004 .................. 32
BB Centimeters of Precipitation at Costa Mesa Station #165, 1998/99 to 2003/04 .......... 35
CC California Gnatcatcher Detection Rates at “High Density”

& “Low Density” Sites, 1999-2004 ......... ... ... i 47

DD Cactus Wren Detection Rates at “High Density” and “Low Density” Sites, 1999-2004 ... 54
EE Example of Recommended Physical Site Data Table ............................... 59



NROC TARGET BIRD STUDY REPORT ROBERT A. HAMILTON, CONSULTING BIOLOGIST
NoVvEMBER 3, 2004 PAGE 111

LisT oF CHARTS

1 Power Curve, California Gnatcatcher Territories . ............. i 59

APPENDICES
Appendix A Areal Breakdown of Monitoring Sites by Land Designation & Sub-Designation

Appendix B  Statistical Appendix by Karen Messer, Ph. D.



NROC TARGET BIRD STUDY REPORT ROBERT A. HAMILTON, CONSULTING BIOLOGIST
NovEMBER 3, 2004 PAGE v

EXECUTIVE SUMMARY

This report presents the methods, results, and analysis of the fifth year of ongoing monitoring
of California Gnatcatcher (CAGN) and Cactus Wren (CACW) populations in the Nature
Reserve of Orange County (NROC). The monitoring is conducted to satisfy the requirements of
the Implementation Agreement for the Natural Communities Conservation Plan (NCCP) for
Central and Coastal Orange County; it is funded by the NROC’s monitoring endowment.

In the following summaries, the 95% confidence interval is given in parentheses.

CALIFORNIA GNATCATCHER RESULTS

It is estimated that the overall CAGN population increased 19% (14-25%) between 2003 and
2004. For the central reserve, the estimated one-year increase was 22% (14-30%), and for the
coastal reserve the estimated one-year increase was 16% (7-26%). These increases are in line
with the expectation, expressed in the Executive Summary to last year’s annual report, that
“CAGN populations should rebound strongly in spring 2004 (especially in high density habitat
areas).”

From 1999 to 2004, it is estimated that the overall CAGN population declined 26% (17-35%).
For the central reserve the estimated decrease was 33% (18-47%), and for the coastal reserve the
estimate decrease was 17% (4-30%). These medium-term declines appear to be drought-related,
as rainfall during the six years of this study has averaged 30% below the 47-year average, -
including a two-year drought (1998/99 and 1999/00) and the driest winter in recent memory
(2001/02).

Extreme drought conditions led to very low productivity of scrub-dwelling passerines across
the NROC in spring 2002 (DeSante et al. 2003a), and this caused the CAGN population to drop
an estimated 30% (20-38%) between 2002 and 2003. With normal rainfall in 2002/03,
productivity of scrub-dwelling passerines rebounded in 2003 (DeSante et al. 2003b), leading to
the reserve-wide CAGN population increase documented herein.

The reserve-wide 2002/03 decline was concentrated in high-density populations, where raw
territory counts dropped 35%, compared with a 14% decline in low density populations (95%
confidence intervals not available for these estimates of population change). In 2004, CAGN
territory counts increased by 25% in high density areas and only 12% in low density areas.

Precipitation in 2003 /04 was 47 % below average, and anecdotal observations of relatively few
CAGN juveniles in spring 2004 lead to a prediction that CAGN populations across the NROC
will be considerably lower in 2005 than in 2004. The magnitude of decline should depend, in
part, on weather conditions in 2004/2005 (severe storms such as those already experienced in
October 2004 may result in high adult mortality, particularly in the marginally suitable habitat
areas that support CAGN at low density).

CACTUS WREN RESULTS

Following an estimated decline of 40% (35-44%) from 2002 to 2003, it is estimated that the
overall CACW population increased 15% (13-18%) in 2004. This overall increase was
comprised of an estimated 25% increase (21-30%) in the central reserve population and a 26%
decrease (23-28%) in the coastal reserve population.

From 1999 to 2004, it is estimated that the overall CACW population declined 33% (28-37%).
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The estimated decline in the central reserve was 26% (19-33%), while the coastal reserve’s
estimate decrease was 59% (54-63%). As discussed for CAGN, these general declines appear to
be drought-related, although the very high rate of decline in the coastal reserve cannot be
readily explained by drought effects alone.

The 2002/03 declines were similar in high-density and low-density populations (-37% and -
43%, respectively). In 2004, CACW territory counts increased by 26% in high density areas but
just 4% in low density areas. Unlike the seemingly explicable year-to-year patterns of change
seen in the NROC's high-density and low-density CAGN populations, the changes in high-
density and low-density CACW populations have not followed predictable patterns. This may
be because any such patterns are being swamped by the coastal reserve’s widespread decline.

The Laguna Beach Fire burned 75% of the coastal reserve. Surveys within the fire perimeter
conducted in 1994 by Bontrager et al. (1995) revealed 72% fewer CACW pairs than were known
from pre-fire surveys in 1992, and cactus scrub has not yet recovered significantly in the fire
perimeter. It is possible that CACW are occupying fire-damaged cactus patches that are less
than optimal for the species’ survival and reproduction. If this is a relevant factor in the species’
six-year decline, the situation should tend to improve over a period of many years as the cactus
slowly recovers.

As reported above, the estimated number of CACW pairs in the coastal reserve has declined
59% since 1999, and from 2003 to 2004 the estimated population size declined 25% when a
population increase had been expected (such single-year increases were recorded for CACW in
the central reserve and for CAGN in both subregional reserves).

Finally, precipitation in 2003 /04 was 47% below average, and anecdotal observations of
relatively few CACW juveniles in spring 2004 lead to a prediction that CACW populations
across the NROC will be lower in 2005 than in 2004. The magnitude of decline may depend, to
some degree, on weather conditions in 2004/2005 (CACW are probably less vulnerable to
winter weather than CAGN are, due to their larger body size and habit of building enclosed
roost nests).

For the reasons outlined above, the coastal reserve CACW population is now considered to be
of potential conservation concern. It is recommended that the NROC, USFWS, and CDFG
survey the entire coastal reserve in spring 2005 to determine the actual number of CACW
territories in the reserve, to identify the most heavily populated habitat areas, to closely
evaluate the characteristics of occupied and unoccupied cactus scrub habitat areas, and to start
developing a conservation strategy that will help to ensure the long-term viability of this
vulnerable NROC target bird population.

BROWN-HEADED COWBIRD RESULTS

The Brown-headed Cowbird (BHCO; Molothrus ater) is known to parasitize the nests of
California Gnatcatchers and has been identified by the USFWS as a potentially important cause
of gnatcatcher decline, particularly in areas fragmented by human developments; thus, tracking
cowbird abundance across the NROC is set forth as a secondary objective of this monitoring
study.

No BHCO were detected during the 2004 monitoring effort, a result consistent with the
previous years of this study, which have produced zero to few observations each year.
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|. INTRODUCTION

NATURE RESERVE OF ORANGE COUNTY HISTORY

The Nature Reserve of Orange County (NROC) is an extensive open space network that in-
cludes the central and coastal subareas of Orange County’s participation in California’s Natural
Community Conservation Plan (NCCP) for the coastal sage scrub plant community. Due to the
presence of federally-listed threatened species in this planning area, the NCCP for these subre-
gions also served as a Habitat Conservation Plan (HCP) to address Section 10 of the Endan-
gered Species Act. As part of the NCCP effort, the County of Orange and U.S. Fish and Wildlife
Service (USFWS) prepared an Environmental Impact Report/ Environmental Impact Statement
(EIR/EIS) in 1996 for the Central/Coastal Orange County NCCP/HCP. Following distribution,
review and public comments, this NCCP/HCP was approved, and the NROC was designated
as the name for the reserve areas within the Central/Coastal Orange County NCCP/HCP area.

The need for a coastal sage scrub NCCP/HCP was made apparent by a combination of cumula-
tive impacts on coastal sage scrub resources and the legislative and regulatory responses to
those impacts. The federal listing of the Coastal California Gnatcatcher (Polioptila californica
californica) as “threatened,” and the potential listing of several additional species that depend
upon coastal sage scrub habitat, generated a need for a shift from single-species management
and project-by-project decisions to conservation planning at the natural community level. The
coastal sage scrub NCCP program was developed to address this need, with the goal of desig-
nating regional reserves to protect a wide range of species while allowing compatible land uses
to occur in the reserves and appropriate growth and economic development outside the re-

serves.

The NROC's coastal subregional reserve includes approximately 6,961 hectares (17,201 acres)
located primarily in and surrounding the San Joaquin Hills. It extends from the shoreline of
Crystal Cove State Park northwest almost 7.5 miles inland, and from Upper Newport Bay
southeast approximately 16 miles to the confluence of Oso and Trabuco creeks. The NROC's
central subregional reserve comprises approximately 8,166 hectares (20,177 acres) located south
and west of the Cleveland National Forest in the foothills and southwestern slopes of the Santa
Ana Mountains. From its western boundary at Santiago Oaks Regional Park in the City of Or-
ange, the subarea extends east about 14 miles to El Toro Road. From its northernmost point in
the Coal Canyon Preserve, it continues about 7.5 miles southwest to the southern edge of the
Lomas de Santiago.

THE NROC BioLoGICAL MONITORING PROGRAM

During the initial years of implementing the NCCP/HCP for central and coastal Orange
County, the NROC Technical Advisory Committee developed a comprehensive monitoring
program to document baseline conditions within the NROC, and to monitor population trends
and ecological functions within the reserve. It is anticipated that these monitoring results will
be used to help guide NROC adaptive management activities, and to demonstrate the extent to
which the NCCP program is successful in conserving coastal sage scrub habitat values for a
variety of native plant and wildlife species, particularly those considered to be “covered” under
the NCCP/HCP.

The NROC's integrated bird monitoring program is expected to include (1) monitoring of pop-
ulation trends for the NCCP’s two “target” bird species, the California Gnatcatcher and Cactus
Wren (Campylorhynchus brunneicapillus), in each subregional reserve; (2) constant-effort mist-
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netting each spring/summer according to protocols developed by the Institute for Bird Popula-
tions (IBP) for the Monitoring Avian Productivity and Survivorship (MAPS) program; (3) Peter
Bloom’s ongoing studies of raptors in the coastal and central subregional reserves; and (4)
periodic monitoring of toxin levels in raptor eggs. To the extent these programs are imple-
mented, each component will provide a more complete picture of the fluid status and distribu-
tion of bird populations within the NROC.

The goal of the California Gnatcatcher and Cactus Wren study is to determine and document
the NROC's level of success in conserving populations of the NCCP’s two target bird species
over time. The remaining studies are designed to obtain integrated data on avian population
trends and their potential causes, information that is required to inform the NROC's “adaptive
management” program with the overall goal of conserving avian biodiversity within the
NROC's covered habitats over the long term. These data would also establish a robust “base-
line” that future researchers would need in order to track long-term changes in the reserve’s
bird populations.

This report provides methods and results of the target bird monitoring study for 2004.

Il. PURPOSE AND OBJECTIVES

The purpose of the target bird study is to obtain standardized information on the numbers of
California Gnatcatchers (CAGN) and Cactus Wrens (CACW) occupying specified study sites
within each of the NROC's two subregional reserves, in order to effectively track population
trends for these species across the NROC. The 1999-2001 monitoring report reviewed the his-
tory of this monitoring effort back to its 1997 inception, when only six monitoring sites were
monitored.

The Brown-headed Cowbird (BHCO; Molothrus ater) is known to parasitize the nests of Califor-
nia Gnatcatchers and has been identified by the USFWS as a potentially important cause of
gnatcatcher decline, particularly in areas fragmented by human developments; thus, tracking
cowbird abundance across the NROC is set forth as a secondary objective of this monitoring
study. No hypotheses will be tested with respect to BHCO.

HYPOTHESES TO BE TESTED

For each of the 10 “target species population trend hypotheses” listed below, two to six years of
pilot sampling will be conducted in order to answer the following study-design hypotheses:

For each relevant sampling stratum (core, development edge, road edge), how large a sample
size is required (1) to set the odds of obtaining false-positive results at 20%, and (2) to have at
least 90% power to detect an annual change in population size of 20% or more?

For each relevant sampling stratum (core, development edge, road edge, mixed edge), how
large a sample size is required (1) to hold the false alarm rate at 20% if there is no five-year

trend in population size, and (2) to have at least 90% power to detect a five-year population
trend of 10% or more?
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Target Species Population Trends

Hypothesis 1:  When examined over at least five consecutive years, changes in mean detection
rate of CAGN territories across the NROC (all strata combined) include a linear

trend over time.

Hypothesis 2:  When examined over at least five consecutive years, changes in mean detection
rate of CACW territories across the NROC (all strata combined) include a lin-

ear trend over time.

Hypothesis 3:  When examined over at least five consecutive years, changes in mean detection
rate of CAGN territories within the “core” sampling strata include a linear
trend over time.

Hypothesis 4:  When examined over at least five consecutive years, changes in mean detection
rate of CACW territories within the “core” sampling strata include a linear
trend over time.

Hypothesis 5:  When examined over at least five consecutive years, changes in mean detection
rate of CAGN territories within the “edge” sampling strata include a linear
trend over time.

Hypothesis 6: When examined over at least five consecutive years, changes in mean detection
rate of CACW territories within the “edge” sampling strata include a linear
trend over time.

Hypothesis 7: ' When examined over at least five consecutive years, changes in mean detection
rate of CAGN territories within the “fragment” sampling strata include a linear
trend over time.

Hypothesis 8:  When examined over at least five consecutive years, changes in mean detection
rate of CACW territories within the “fragment” sampling strata include a lin-
ear trend over time.

Hypothesis 9:  When examined over at least five consecutive years, changes in mean detection
rate of CAGN territories within the “edge” and “fragment” sampling strata
(combined) include a linear trend over time.

Hypothesis 10: When examined over at least five consecutive years, changes in mean detection
rate of CACW territories the “edge” and “fragment” sampling strata (com-
bined) include a linear trend over time.

1. METHODS
SAMPLING DESIGN

Sampling follows a stratified design. The County’s Geographic Information System (GIS) ana-
lyst partitioned those portions of the NROC containing at least 50% cover of coastal sage scrub
into potential monitoring sites of approximately 20 ha (50 acres) each. Land manager Trish
Smith of the TAC then used a random number generator to randomly select 20 sites within each
of the NROC's two sub-regional reserves, for a total of 40 monitoring sites across the NROC.
The sites were further stratified such that 19 sites fell within “reserve core,” 15 sites fell within
“reserve edge,” and six sites fell within “reserve fragment” strata. These strata apply to each of
the biological monitoring programs being undertaken within the NROC, and are defined in the
NROC's evolving “umbrella monitoring plan.” Areas designated “reserve core” encompass at
least 1,000 acres of contiguous reserve exclusive of the “reserve edge,” which extends 300 m
from existing developments and from major arterial roads. “Habitat fragments” include all
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areas less than 1,000 acres in size, including areas less than 300 m from existing developments
and major arterial roads.

The sampling design is summarized in Table A, below. The number of 20-ha plots with at least
50% cover of CSS is denoted “Population Total,” and the simple random sample of size “N”
was drawn independently within each stratum. The design has approximately equal sampling
rates within each stratum, while the fraction of the population in each stratum is in the range of
5-27%. The difference between the sampling fraction and the population fraction was found to
be enough to substantially impact some estimates. Hence estimates of means, and mean differ-
ences, should be appropriately weighted as described below.

TABLE A — SAMPLING FRACTIONS

LAND PoPULATION FRACTION OF SITES RANDOMLY SAMPLING
_SUBAREA DESIGNATION ~ ToTAL ~ TOTAL POPULATION ~ SELECTED (N) ~ RATE “(jf P

CENTRAL CORE 87 23.3% 10 11.5% (<"

EbcE 67 18.0% 74 10.4%

FRAGMENT 20 5.4% 3 15.0%
CoAsTAL CORE 101 27.1% 9 8.9%

EDGE 73 19.6% 8 11.0%

FRAGMENT 25 6.7% 3 12.0%

313

From 1999 to 2002, the boundaries of the selected sites were adjusted in the field to ensure (1)
that all portions of the sites can be safely and thoroughly covered on foot in a single morning
without excessive trampling of woody vegetation or creation of new trails judged likely to
degrade habitat quality, and (2) that site boundaries conform to watershed boundaries or other
topographic features that will allow survey personnel to accurately determine the position of
target birds relative to site boundaries. In most cases, the study areas could be substantially
enlarged while still allowing personnel to thoroughly cover the site.

Site boundaries were also adjusted in cases where field investigation showed the extent of
coastal sage scrub habitat within the randomly selected polygon to be substantially less than
that depicted on plant community mapping (e.g., in cases where chaparral was mapped as
coastal sage scrub)

The boundaries of Site No. 7 were almost completely revised in 2003 due to the unanticipated
grading of a large part of this site by the County of Orange in order to stabilize landslides
threatening the Frank Bowerman Landfill.

Due to modifications to monitoring site boundaries, the total area surveyed increased 18% from
1999 to 2000, and then 2% from 2000 to 2001. As discussed by Hamilton (2003a; Appendix B,
Section 1.8), these changes were not a significant predictor of change in territory counts (p
=0.91), and the estimated effect size was negligible (0.002 territories per additional hectare of
survey area). Hence no adjustment for the boundary change was included. Territories per site
is, thus, the appropriate unit of measurement for tracking population trends in this study.

The number of monitoring sites may be changed depending on the results of sample size analy-
ses conducted at some point after the fifth year of data collection.
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SAMPLING PERIOD
The sampling period extends from 1 March to 30 June.

SURVEY PERSONNEL

The 2004 surveys were conducted by Robert Hamilton and Mike San Miguel, who have
conducted these surveys since 1999. Per the study design, each surveyor possessed a current
federal permit to survey for the CAGN and was familiar with the relevant plumage, bare part,
and vocal characteristics of adult and juvenile CAGN, CACW, and BHCO.

SURVEY METHODS

“Territories” are recorded in the target bird study, with the assumption that all adult target
birds detected during the spring survey window are territorial. Thus, any detection of a single
adult is considered equivalent to detection of a mated pair or family group occupying a
territory. By this convention, field personnel do not guess at the status of lone adults or search
extensively for a lone bird’s mate, which could have adverse effects on target birds if pursued
too aggressively (e.g., by disrupting incubation). All relevant data were recorded and entered
into the NROC's database.

Survey times and weather conditions are recorded at the beginning and end of each survey.
Field work is conducted primarily between dawn and 12:00, although surveys lasted until as
late as 13:30. On these longer days, temperatures typically shall not exceed 80°F and estimated
wind shall not exceed 5 mph. Per USFWS 10(a) permit conditions, surveys are not conducted
during periods of very hot or very cold weather, high winds, or storm events. The order in
which sites are surveyed is randomized each year.

Surveys are conducted by walking slowing through all appropriate habitat, pausing at intervals
not greater than every 50 meters to play tapes of the two target species and to listen and watch
for responses. Locations of all target bird sightings are mapped, and information on gender and
group size (single, pair, or family group) and nesting stage (e.g., nest-building, nestlings,
fledglings) is noted notes where possible. Standardized information is also taken on the
vegetative composition of occupied habitat areas. Microsoft Access files, available from the lead
author upon request, specify survey dates, areas, times and weather conditions for each survey.

The study’s lead biologist, Robert Hamilton, was responsible for confirming the current
boundaries of each site, which have been entered into the NROC’s GIS system. Compared with
using the original polygons, this initial adjustment of the site boundaries will reduce habitat
disturbance, reduce hazards for survey personnel, increase the area sampled, increase the
number of target birds detected per site, and for these reasons should yield more consistent and
useful survey results. Future site boundary changes, if any, are expected to be slight.

Since monitoring of the BHCO is not a primary goal of this study, and determining the nesting
intent/status of a cowbird is not always straightforward, an individual cowbird (adult or
juvenile) comprises the monitoring unit of the BHCO component of this study. As with the
target birds, data were taken on cowbirds detected and entered into the NROC’s database.
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NUMBER OF SURVEYS PER SITE

During the initial years of this study, the number of surveys conducted per site varied from
year to year:

»  In 1999, all 40 monitoring sites were visited once.

» In 2000, 16 sites were visited once, and the remaining 24 sites were visited thrice. Sites
were chosen at random to be included in the three-visit protocol.

» In 2001, all sites were covered at least twice, and the 24 sites covered thrice in 2000 were
again surveyed three times in 2001.

»  In 2002 the same protocol was used as in 2001. However, since no target birds were de-
tected at Sites 34 and 36 during the years 1999-2001, they were visited only twice in 2002;
the third visit was shifted to Sites 20 and 30.

» In 2003 and 2004, survey coverage was identical to that in 2002.

The switch from single-visit to a multiple-visit protocols reflected the general desire of all biolo-
gists involved to gather more reliable survey information on the number of target bird territo-
ries at each site while remaining vigilant about budgetary considerations. Since this study uses
two-visit data for computing target bird population trends, we have derived two-visit estimates
for the sites visited only once 1999 and 2000; the methods for deriving these estimates are dis-
cussed subsequently.

DATA ADJUSTMENT METHODS

As addressed in the 1999-2001 report, we estimated that on average, at 95% confidence, the first
two visits to a site will detect 90% of the territories that would be detected at three visits. Hence
a two-visit data shall be used where available, with counts adjusted upward if only one visit
occurred (i.e., for 1999 and 2000). However, it is recommended that future analyses explicitly
incorporate the number of visits into the model, using a “missing data formulation” in a Pois-
son model.

Methods for Estimating Two-Round Counts —1999 Data

In 1999, all 40 monitoring sites were visited once. Hamilton and San Miguel, who have com-
pleted most of the surveys during each year of the study, consider it likely that Round 1 detec-
tion rates were comparable (relatively high) in 1999 and 2000. Therefore, in order to permit
comparisons between the 1999 detection rates and the two-visit rates obtained in later years of
the study, we estimated Round 2 detection rates using a multiplier derived from the results of
multiple-visit surveys conducted at 24 of the 40 sites in 2000.

For CAGN in 2000, 88% of the three-visit total was detected in Round 1, and 94% of the three-
visit total was detected (cumulatively) through Rounds 1 and 2. Thus, the cumulative total after
Round 2 was 1.07 times greater than the Round 1 total, and this multiplier is used to project
Round 2 CAGN detection rates for 1999 data.

For CACW in 2000, 85% of the three-visit total was detected in Round 1, and 98% of the three-
visit total was detected (cumulatively) through Rounds 1 and 2. Thus, the cumulative total after
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Round 2 was 1.15 times greater than the Round 1 total, and this multiplier is used to project
Round 2 CACW detection rates for 1999 data.

Methods for Estimating Two-Round Counts —2000 Data

In 2000, 24 sites were surveyed three times and the remaining 16 sites were surveyed once. We
have used the 2000 data from the 24 multiple-visit sites to estimate Round 2 detection rates for
the 16 sites that were covered only once during that year. As discussed in the previous section,
this yields a 1.07 multiplier for CAGN and a 1.15 multiplier for CACW.

Methods for Estimating Population Sizes

In order to estimate numbers of target bird territories in each subregion, it is necessary to apply
an adjustment factor to account for partial territories, which would be double-counted if moni-
toring sites were adjacent to each other. To accomplish this, Hamilton and San Miguel reviewed
all of the data sheets and field maps (1999 to 2004) in August 2004, and assessed whether they
considered it likely that each territory would be double-counted on a hypothetical adjacent
sampling site. In future years of this study, this assessment will be made in the field at the time
of the sighting. Partial territories count as 0.5 territory.

Whether this assessment is made at the time of the sighting or at a later time, the result is neces-
sarily subjective and imprecise. This is because each pair would have to be followed for many
hours on multiple days throughout the nesting season in order to map its full territory. Such an
effort would be prohibitively expensive, and territory mapping is not required to address this
study’s population trend hypotheses, which were specified above. Nonetheless, reserve-wide
estimates of target bird population sizes are desired, and adjusting for partial territories will
increase the accuracy of these estimates. We have made our best effort at deriving a single,
standardized “partial territory adjustment factor” for CAGN territories and another for CACW
territories based on the cumulative results from 1999 to 2004 (see Tables B and C). Given that
the basic determination of “full” or “partial” territories is unavoidably imprecise and subjec-
tive, more detailed adjustments —e.g., applying each year’s adjustment factor sepa-

rately —would not be appropriate.

METHODS FOR MAKING STATISTICALLY VALIDATED COMPARISONS

In years when statistical analyses are performed, a Poisson model is employed to make statisti-
cally validated comparisons between the results from the central and coastal subregional re-
serves, and between various sampling strata, with the purpose of detecting trends and potential
differences among different parts of the NROC.

In Tables F through Q, the final column specifies the estimated total territories plus or minus a
95% confidence interval derived from weighted regression using “proc surveymeans” in SAS.
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TABLE B — CALIFORNIA GNATCATCHER FuLL & PARTIAL TERRITORIES, | 999—2004

These numbers represent two-round totals except for sites that were covered only once (all 40 sites in 1999; 16 sites in 2000).

GRrRoss NUMBER OF TERRITORIES DETECTED

_1eee | 2000 . eoolf | 2002 | 2003 | 2004 Lo JotAb:
LAND NUMBER
DESIGNATION OF SITES
RESERVE (STRATUM) SAMPLED :”F:p!_LH 7EASTIAL Jj‘qu, PAﬁ‘nAL - FuLo PARTIAL | FuLL  PARTIAL | 7F9|7_L7 ) PiArRTIALV FuLL PARTIAL | FutLL  PARTIAL
CENTRAL CORE 10 1 6 1 7, 0 ) 1 4 1 2 1 2 5 20
EDGE 7 36 14 25 5 | 29 8 37 12 24 2] 27 10 178 54
FRAGMENT 3 31 5 23 4 | M4 6 | 28 7 19 4 19 8 154 34
TOTAL 20 68 25 49 12 | 63 17 66 23 44 11 47 20 337 108
CoastaL  come 9 1T 8 6| 2 21 5 s ] 5 6 4 10 | 7 3 |8 32
EepceE 8 17 10 8 2 14 1 14 8 14 3 | 2 5 | 88 39
FRAGMENT 3 17 2 2 ; 13 4 17 6 9 4 | 14 4 76 22
TOTAL 20 42 18 16 6 32 20 36 20 27 17 42 12 5 195 -93
S - - - : o . — e - ——
GRAND TOTAL 40 { 110 43 [ 65 18 ; 95 37 102 43 71 28 89 32 l 532 \ 201 ‘
Full territories count 1.0 and partial territories count 0.5.
Combined Six-Year Totals, Central Reserve Sites: 337 full + 108 partial = 445 territories (gross count)

337.0 + 54.0 = 391.0 territories (adjusted count)
391.0 + 445 = 0.88 (adjustment factor for Central Reserve sites)

Combined Six-Year Totals, Coastal Reserve Sites: 195 full + 93 partial = 288 territories (gross count)

195.0 + 46.5 = 241.5 territories (adjusted count)
241.5 + 288 = 0.84 (adjustment factor for Coastal Reserve sites)

Combined Six-Year Totals, all NROC Sites: 532 full + 201 partial = 733 territories (gross count)
532.0 + 101.5 = 633.5 territories (adjusted count)
633.5 + 733 = 0.86 (adjustment factor for all NROC sites combined)

Sample Adjusted Totals for 1999 (using 0.86 as a uniform adjustment factor): Central Reserve = 717 #+ 338; Coastal Reserve = 517 + 256; NROC Total = 1234 + 409



NROC TARGET BIRD STUDY REPORT RoOBERT A. HAMILTON, CONSULTING BloLoaIsT
NovEMBER 3, 2004 PAGE © oF 62

TABLE C — CACTUS WREN FuLL & PARTIAL TERRITORIES, | 999—2004

These numbers represent two-round totals except for sites that were covered only once (all 40 sites in 1999; 16 sites in 2000).

GRoOss NUMBER OF TERRITORIES DETECTED

le®¢@ | 2000 | 2001 | 2002 | 2003 2004 | Tom
LAND NUMBER | |
DESIGNATION OF SITES | \’
RESERVE ~ (STRATUM)  SAMPLED | Fuwe _P_AET}VALJL FuLL  PARTIAL ‘ FuLL  PARTIAL | FuLL PARTIAL | FuLL PARTIAL | FuLL  PARTIAL FuLL “/PART_IéL_
CENTRAL CORE 10 i 13 18 [ 16 23 16 26 17 27 | 13 12 1 13 18 88 124
EDGE 7 | 18 12 | 13 12 | 11 12 12 12 8 10 10 11 72 69
FRAGMENT 3 4 0 4 0 1 0 3 0 1 0 3 1 6. 1
ToTAL 20 % 3 | 33 3 | 28 38 | 32 39 | 2 2 | 2 30 |17 19
COASTAL - CORE o y .M()inm;li . 1 o 770v7 7 0777*754 7177 ? | 1“ 0 T 07 4 9
EDGE 8 6 4 3 4 5 6 ‘ 7 3 2 3 1 26 18
FRAGMENT 1 1 2 2 f 3 0 3 3 4 3 0 16 8
TOTAL 20 7 9> - 6 6 ] 8 8 m 11* 7777777 ; 7* N 2 1 77 771” W
GRAND ToTAL o w0 T 2 39 | 39 o | 3% 46 | 43 a8 { B

Full territories count 1.0 and partial territories count 0.5.

Combined Six-Year Totals, Central Reserve Sites: 176 full + 194 partial = 370 territories (gross count)
176.0 + 97.0 = 273.0 territories (adjusted count)
273.0 + 370 = 0.74 (adjustment factor for Central Reserve sites)

Combined Six-Year Totals, Coastal Reserve Sites: 46 full + 35 partial = 81 territories (gross count)
46.0 + 17.5 = 63.5 territories (adjusted count)
63.5 + 81 = 0.78 (adjustment factor for Coastal Reserve sites)

Combined Six-Year Totals, all NROC Sites: 222 full + 229 partial = 451 territories (gross count)
222.0 + 114.5 = 336.5 territories (adjusted count)
336.5 + 451 = 0.75 (adjustment factor for all NROC sites combined)

Sample Adjusted Totals for 1999 (using 0.75 as a uniform adjustment factor): Central Reserve = 503 + 135; Coastal Reserve = 131 + 93; NROC Total = 634 + 158
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IV. RESULTS

TARGET BIRD TERRITORY COUNTS

Tables D and E specify the two-visit CAGN and CACW counts for each site for each year of the
study. These counts form the basis for the analyses presented in this report.

TARGET BIRD TERRITORY DETECTION RATES

Tables F-L indicate the CAGN detection rates for each year from 1999 through 2004.

Tables M-Q specify the CACW detection rates for each year from 1999 through 2004.
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TABLE D — CALIFORNIA GNATCATCHER TERRITORY DETECTIONS, SITES |-40
1 999-2004

Table D specifies the two-visit CAGN territory counts for each site for each year of the study;
two-visit data projected from single-visit data are indicated in italics (see Pages 6-7).

2-VisiT COUNTS

SITE  SUB-STRATUM 1999 2000 2001 2002 2003 2004
CENTRAL RESERVE SITES o
I RESIDENTIAL EDGE 6.42 1.07 1 2 2 4
2 CoRE 0 0 0 1 1 0
3  MixED EDGE (FRAGMENT) 14.98 16 28 18 12 12
4  Core 0 0 0 0 0 0
5  RoaD EDGE 2.14 0 4 4 2 3
6  Mixep Epce 14.98 11 8 11 5 9
7 CORE 0 0 0 0 0 0
8 CoRE 0 0 0 0 0 0
S CoRre 0 0 0 0 0 1
IO CoRE 0 0 0 0 0 0
Il CorRe 321 3 2 3 2 1
12 RoAD EpGE 20.33 12 18 23 16 13
I3 CoRE 0’ 0 0 0 0 0
|4 RoAD EDGE 7.49 4 5 7 4 7
IS5 CoRE 2.14 1 2 1 0 i |
16 CoRE 2.14 0 0 0 0 0
|7 Mixep Ebce 0 0 0 1 0 0
18 RESIDENTIAL EDGE 2.14 2 2 1 1 2
19 MixED EDGE (FRAGMENT) 8.56 3.21 6 6 4 4
20 MixeEp EDGE (FRAGMENT) 14.98 8.56 6 11 6 11 -
TOTAL — CENTRAL RESERVE 99.51 61.84 82 89 55 68
CoASTAL RESERVE SITES ,
21 Mixep Epce 856 4.8 12 10 8 12
22 RESIDENTIAL EDGE 3.21 0 1 1 1 0
23 CoRE 3.21 0 1 2 3 2
24 CoRE 1.07 1 0 0 0 0
25 RESIDENTIAL EDGE 3.21 0 3 3 1 1
26 RoaDp EpGE 10.70 5.35 8 6 5 8
27 Roap EpGe 3.21 0] 0 1 1 3
28 RoaD EDGE (FRAGMENT) 2.14 1 3 2 2 4
29 CoRE 1.07 0 2 2 0 1
30 RESIDENTIAL EDGE (FRAGMENT) 4.28 0 1 3 2 5
31 REeSIDENTIAL EDGE 0 1 1 1 0 1
32 Core 1.07 0 0 0 0 0
33 MIXED EDGE (FRAGMENT) 13.91 7 13 18 9 9
34 CoRE 0 0 0 0 0 0
35 COoRE 2.14 1.07 0 1 2 1
36 RoaD EpGE 0 0 0 0 1 0
37 CoRE 1.07 0 1 1 2 0
38 CoRE 0 0 2 1 3 1
39 CoRre 5.35 2 4 4 4 5
40 RESIDENTIAL EDGE 0 0 0 0 1 1
TOTAL — COASTAL RESERVE 64.20 22.70 52 56 45 54
_ Totau-NROC 16371 8454 134 145 100 122

|
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TABLE E — CacTus WREN TERRITORY DETECTIONS, SITES |-40
1999-2004

Table E specifies the two-visit CACW territory counts for each site for each year of the study;
two-visit data projected from single-visit data are indicated in italics (see Pages 6-7).

2-VisiT COUNTS

SITE SUB-STRATUM 1999 2000 2001 2002 2003 2004
'CENTRAL RESERVE SITES )
| RESIDENTIAL EDGE 4.60 1.15 1 2 2 2
CORE 1.15 0 0 0 0 0
3  MiXep EDGE (FRAGMENT) 1.15 2 0 0 0 0
4 Core 1.15 1 2 1 1 1
5 RoaD EDpGE 1.15 2.30 1 0 0 1
6 Mixep Ebce 5.75 4 3 4 3 3
7 CoRE 4.60 2 3 3 0 3
8 CoRE 2.30 1.15 2 4 1 2
S CoRrRE 6.90 10 8 9 5 6
IO CoRE 1.15 0 0 2 0 1
Il CoRE 5.75 F 6 6 2 3
|2 RoaDp EbGE 6.90 6 7 6 4 5
13 CoRE 3.45 6.90 4 4 3 3
|4 RoOAD EDGE 2.30 3 2 2 2 1
|5 CORE 3.45 3 8 8 6 5
|6 CoRE 5.75 9 9 7 6 6
17 MixeEp EDGE 4.60 2 4 4 4 5
|8 RESIDENTIAL EDGE 9.20 7 5 6 4 5
19 Mixep EDGE (FRAGMENT) 1.15 1.15 0 | § 0 2
20 MixED EDGE (FRAGMENT) 2.30 1.15 1 2 1 2
ToTAL — CENTRAL RESERVE 74.75 69.80 66 71 44 56
CoASTAL RESERVE SITES
21 Mixep Ebce 3.45 3.45 4 4 1 1
22 RESIDENTIAL EDGE 115 1 2 2 1 0
23 CoRE 1.15 0 0 it 0 0
24 CoRrRe 1.158 0 0 0 0 0
25 RESIDENTIAL EDGE 575 2 2 2 1 1
26 RoaDp EDGE 0 1.15 2 2 1 2
27 Roap EpGE 1.15 0 1 0 0 0
28 RoOAD EDGE (FRAGMENT) 1.15 2 0 3 2 1
29 Core 0 0 0 0 0 0
30 RESIDENTIAL EDGE (FRAGMENT) 115 2.30 3 3 4 2
31 RESIDENTIAL EDGE 0 0 0 0 0 0
32 CoRrE 0 0 0 0 0 0
33 MixeEp EDGE (FRAGMENT) 0 0 0 0 0 0
34 CorEe 0 0 0 0 0 0
35 CoRE 2.30 1.15 2 3 1 1
36 RoaAD EpGE 0 0 0 0 0 0
37 CoRE 0 0 0 0 0 0
38 CoRE 0 0 0 0 0 0
39 CoRE 0 0 0 0 0 0
40 RESIDENTIAL EDGE 0 0 0 0 0 0o
TOTAL — COASTAL RESERVE 18.40  13.05 16 20 11 8

ToTaL — NROC 9315 8285 82 91 55 64
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1999

These projected Round 2 detection rates should be used when comparing 1999 data with data gathered in future years of the study.

Fractional entries under “Territories Detected (Round 2 Projected)” result from application of the 1.07 multiplier (see Page 6).

See Page 7 for explanation of the “Partial Territory Adjustment Factor.”

The final column specifies the estimated total territories plus or minus a 95% confidence interval derived from weighted regression using “proc
P P & & &

surveymeans” in SAS (see Page 7).

TERRITORIES

LAND DETECTED NUMBER NUMBER OF
DESIGNATION (ROUND 2 OF SITES 20-HA SITES
RESERVE  (STRATUM) PRO\JEC'T:ED) B 755@1.;::{ N STRATUM
CENTRAL CORE 7.49 10 87
EDGE 53.50 74 67
FRAGMENT 3852 3 20
TOTAL 99.51 20 174
COASTAL  CORE 14.98 9 101
EDGE 28.89 8 73
FRAGMENT ) 7270433 - 3 725
TOTAL 64.20 20 199
ToTAaL 163.71 40 373

PERCENT OF MEAN MEAN TERRITORIES PARTIAL
SUBREGIONAL TERRITORIES DETECTED PER SITE, TERRITORY ESTIMATED
RESERVE IN DETECTED WEIGHTED BY % OF ADJUSTMENT ToTaL
~ STRATUM ~_PER SITE RESERVE IN STRATUM ~ FACTOR TERRITORIES
50.0% 0.75 0.37
38.5% 7.64 e 2.94
o 15% 1284 v 148 N
100.0% 4.98 R 4.79 0.86 717 +338
50.8% 1.66 0.85
36.7% 3.61 1.33
. 126% 678 0.85 S -
©100.0% 3.21 3.02 0.86 518 + 256
4.09 3.85 0.86 1235 + 368
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TABLE G — CALIFORNIA GNATCATCHER DETECTION RATES, 2000
These projected Round 2 detection rates should be used when comparing 2000 data with data gathered in future years of the study.
Fractional entries under “Territories Detected (Round 2 Projected)” result from application of the 1.07 multiplier (see Page 7).
See Page 7 for explanation of the “Partial Territory Adjustment Factor.”

The final column specifies the estimated total territories plus or minus a 95% confidence interval derived from weighted regression using “proc
surveymeans” in SAS.

TERRITORIES PERCENT OF MEAN MEAN TERRITORIES PARTIAL
LAND DETECTED NUMBER NUMBER OF SUBREGIONAL TERRITORIES DETECTED PER SITE, TERRITORY ESTIMATED
DESIGNATION (ROuND 2 OF SITES 20-HA SITES RESERVE IN DETECTED WEIGHTED BY % OF ADJUSTMENT ToTAL
RESERVE (STRATUM) ~ PROJECTED) =~ SAMPLED  INSTRATUM  STRATUM  PERSITE  RESERVE IN STRATUM  FACTOR  TERRITORIES
CENTRAL  CORE 4.00 10 87 50.0% 0.40 0.20
EDGE 30.07 7 67 38.5% 430 1.65
R ... A/ 5 22 15 9 106
TOTAL 61.84 20 174 100.0% 3.09 2.92 0.86 437 +259
COASTAL  CORE 4.07 9 101 50.8% 0.45 0.23
EDGE 10.63 8 73 36.7% 1.33 0.49
~ FRAGMENT - 800 3 2  126% 267 034 e
. ToTaL 2270 20 199 100.0% 1.14 1.05 0.86 180 + 141

ToTaL 84.54 40 373 211 1.92 0.86 617 + 251
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TABLE H — CALIFORNIA GNATCATCHER DETECTION RATEs, 200 |
See Page 7 for explanation of the “Partial Territory Adjustment Factor.”

The final column specifies the estimated total territories plus or minus a 95% confidence interval derived from weighted regression using “proc
surveymeans” in SAS (see Page 7).

PERCENT OF MEAN MEAN TERRITORIES PARTIAL

LAND TERRITORIES NUMBER NUMBER OF SUBREGIONAL TERRITORIES DETECTED PER SITE, TERRITORY ESTIMATED

DESIGNATION DETECTED OF SITES 20-HA SITES RESERVE IN DETECTED WEIGHTED BY % OF ADJUSTMENT ToTAL
RESERVE (STRATUM) {ROUND 2) SAMPLED N STRATUM  STRATUM  PERSITE  RESERVE IN STRATUM FactorR _ TERRITORIES
CENTRAL  CORE 4 10 87 50.0% 0.40 0.20

EDGE 38 7 67 38.5% 5.43 2.09

~ FRAGMENT 40 3 20 11.5% 1333 18 - ) o

TOTAL 82 20 174 100.0% 4.10 3.82 0.86 572 + 365
COASTAL  CORE 10 9 101 50.8% 1.11 0.56

EDGE 25 8 73 36.7% 3.13 1.15

FRADMENY 7o 3 2 126% 567 oen ——

TOTAL 52 20 199 100.0% 2.60 2.43 0.86 415 + 266

ToTAL 134 40 373 3.35 3.08 0.86 987 * 365
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The final column specifies the estimated total territories plus or minus a 95% confidence interval derived from weighted regression using “proc
surveymeans” in SAS (see Page 7).

RESERVE
CENTRAL

COASTAL

ToTAL

LAND
DESIGNATION
(STRATUM)
corE
EDGE
FRAGMENT

TOTAL

CORE
EDGE
FRAGMENT

TERRITORIES
DETECTED
(RoOuUND 2)

PERCENT OF MEAN MEAN TERRITORIES PARTIAL
NUMBER NUMBER OF SUBREGIONAL TERRITORIES DETECTED PER SITE, TERRITORY
OF SITES 20-HA SITES RESERVE IN DETECTED WEIGHTED BY % OF ADJUSTMENT
SAMPLED IN STRATUM STRATUM PER SITE ~ RESERVE IN STRATUM FACTOR
10 87 50.0% 0.50 0.25
7 67 38.5% 7.00 2.70
3 20 5% 167 134 — e
20 174 100.0% 4.45 4.29 0.86
9 101 50.8% 1.22 0.62
8 73 36.7% 2.75 1.01
3 126% 767 o7 oo
20 199 100.0% 2.80 2.60 0.86
40 373 3.63 3.38 0.86

ESTIMATED
ToTAL
TERRITORIES

641 + 367

444280

1086 + 383
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TABLE J — CALIFORNIA GNATCATCHER DETECTION RATES, 2003
See Page 7 for explanation of the “Partial Territory Adjustment Factor.”

The final column specifies the estimated total territories plus or minus a 95% confidence interval derived from weighted regression using “proc
surveymeans” in SAS (see Page 7).

PERCENT OF MEAN MEAN TERRITORIES PARTIAL

LAND TERRITORIES NUMBER NUMBER OF SUBREGIONAL TERRITORIES DETECTED PER SITE, TERRITORY ESTIMATED

DESIGNATION DETECTED OF SITES 20-HA SITES RESERVE IN DETECTED WEIGHTED BY % OF ADJUSTMENT ToTAL
RESERVE  (STRATUM) (Rounp 2) =~ SAMPLED _ IN STRATUM  STRATUM __PERSTE  RESERVE IN STRATUM _ FacToR TERRITORIES
CENTRAL  CORE 3 10 87 50.0% 0.30 0.15

EDGE 30 7 67 38.5% 4.29 1.65

FRAGMENT 22 3 20 . 115% 733 o84 S -

- totaL 55 20 174 100.0% 2.75 2.64 0.86 396 + 252

COASTAL  CORE 14 9 101 50.8% 1.56 0.79

EDGE 18 8 3 36.7% 2,25 0.83

FRAGMENT 13 3 25 126% 433 055 - - -

TotAL 45 20 199 100.0% 2.25 2.16 0.86 370 +183

ToTaL 100 40 373 2.50 2.39 0.86 766 + 248
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TABLE K — CALIFORNIA GNATCATCHER DETECTION RATES, 2004
See Page 7 for explanation of the “Partial Territory Adjustment Factor.”

The final column specifies the estimated total territories plus or minus a 95% confidence interval derived from weighted regression using “proc
surveymeans” in SAS (see Page 7).

PERCENT OF MEAN MEAN TERRITORIES PARTIAL
LAND TERRITORIES NUMBER NUMBER OF SUBREGIONAL TERRITORIES DETECTED PER SITE, TERRITORY ESTIMATED
DESIGNATION DETECTED OF SITES 20-HA SITES RESERVE IN DETECTED WEIGHTED BY % OF ADJUSTMENT ToTAL
RESERVE  (STRATUM) (ROUND 2) SAMPLED IN STRATUM ~ STRATUM PER SITE ~ RESERVE IN STRATUM FAacTOR ~ TERRITORIES
CENTRAL  CORE 3 10 87 50.0% 0.30 0.15
EDGE 38 7 67 38.5% 5.43 2.09
- FRAGMENT - 27 3 .20 115 900 104
TOTAL 68 20 174 100.0% 3.40 3.28 0.86 490 +204
COASTAL  CORE 10 9 101 50.8% 1.11 0.56
EDGE 26 8 73 36.7% 3.25 1.19
B ~ FRAGMENT 18 3 2 126% ] 6.00 076 o -
TOTAL 54 20 199 100.0% 2.70 2.51 0.86 430 + 226

ToTaL 122 40 373 3.05 2.87 0.86 920 + 269
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These projected Round 2 detection rates should be used when comparing 1999 data with data gathered in future years of the study.

Fractional entries under “Territories Detected (Round 2 Projected)” result from application of the 1.15 multiplier (see Page 6).

See Page 7 for explanation of the “Partial Territory Adjustment Factor.”

The final column specifies the estimated total territories plus or minus a 95% confidence interval derived from weighted regression using “proc

surveymeans” in SAS (see Page 7).

TERRITORIES

LAND DETECTED
DESIGNATION (Rounp 2
RESERVE  (STRATUM) PROJECTED)
CENTRAL CORE o 735657
EDGE 34.50
FRAGMENT 4.60
~ totau 7475
COASTAL CORE 4.60
EDGE 11.50
FRAGMENT 2.30
TotaL 1840
ToTAaL 93.15

NUMBER
OF SITES

SAMPLED

10

7
3

20

PERCENT OF MEAN MEAN TERRITORIES PARTIAL
NUMBER OF SUBREGIONAL TERRITORIES DETECTED PER SITE, TERRITORY ESTIMATED
20-HA SITES RESERVE IN DETECTED WEIGHTED BY % OF ADJUSTMENT ToTAL
IN STRATUM STRATUM PER SITE RESERVE IN STRATUM LACTOR, - ~ TERRITORIES
8  500% 357 1.78
67 38.5% 493 1.90
2 11.5% i3 018 S -
174 100.0% 3.74 3.86 0.75 503 +135
101 50.8% 0.51 0.26
73 36.7% 1.44 0.53
> 126% 077 o0
199 100.0% 0.92 0.88 0.75 132+93
373 2.33 2.27 0.75 635 + 159
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TABLE M — CAcTUs WREN DETECTION RATEs, 2000
These projected Round 2 detection rates should be used when comparing 2000 data with data gathered in future years of the study.
Fractional entries under “Territories Detected (Round 2 Projected)” result from application of the 1.15 multiplier (see Page 7).

See Page 7 for explanation of the “Partial Territory Adjustment Factor.”

The final column specifies the estimated total territories plus or minus a 95% confidence interval derived from weighted regression using “proc
surveymeans” in SAS.

TERRITORIES PERCENT OF MEAN MEAN TERRITORIES PARTIAL
LAND DETECTED NUMBER NUMBER OF SUBREGIONAL TERRITORIES DETECTED PER SITE, TERRITORY ESTIMATED
DESIGNATION (Rounbp 2 OF SITES 20-HA SITES RESERVE IN DETECTED WEIGHTED BY % OF ADJUSTMENT ToTAL
RESﬁEﬁRVfEi ETRATL}M)W B VPROJECTED) SAMPLED IN STRATUM STRATUM PER SITE RESERVE |N§7TRATUM” FACTOR ) 7IERRIT0RIES
CENTRAL  CORE 40.05 10 87 50.0% 4.01 2.00
EDGE 25.45 7 67 38.5% 3.64 1.40
~ FRAGMENT 4.30 - 3 20 - 11.5% 1.43 016 ) -
TOTAL 69.80 20 174 100.0% 3.49 3.57 0.75 466 +177
COASTAL  CORE 1.15 9 101 50.8% 0.13 0.06
EDGE 7.60 8 73 36.7% 0.95 0.35
~ FRAGMENT 4.30 B 3 25 12.6% 1.43 0.18 -
TOTAL 13.05 20 199 100.0% 0.65 0.59 0.75 89+59

ToTAL 82.85 40 373 2.07 1.98 0.75 554 + 168
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TaBLE N — CAcTUs WREN DETECTION RATES, 2001
See Page 7 for explanation of the “Partial Territory Adjustment Factor.”

The final column specifies the estimated total territories plus or minus a 95% confidence interval derived from weighted regression using “proc
surveymeans” in SAS (see Page 7).

PERCENT OF MEAN MEAN TERRITORIES PARTIAL

LAND TERRITORIES NUMBER NUMBER OF SUBREGIONAL TERRITORIES DETECTED PER SITE, TERRITORY ESTIMATED

DESIGNATION DETECTED OF SITES 20-HA SITES RESERVE IN DETECTED WEIGHTED BY % OF ADJUSTMENT ToTAL
RESERVE  (STRATUM) (ROUND 2) SAMPLED IN STRATUM ) STRATUM ~ PER SITE RESERVE IN STRATUM FAcTOR TERRITORIES
CENTRAL core 42 10 87 50.0% 4.20 2.10

EDGE 23 7 67 38.5% 3.29 1.27

FRAGMENT . 3 2 11.5% ) 033 ~0.04 - S -

TOTAL 66 20 174 100.0% 3.30 3.40 0.75 444 +162
COASTAL  CORE 2 9 101 50.8% 0.22 0.11

EDGE 11 8 73 36.7% 1.38 0.50

FRAGMENT 3 3 25  126%  1.00 013 e B

TOTAL o 16 20 199 100.0% 0.80 0.74 0.75 111+ 74

ToTaL 82 40 373 2.05 1.98 0.75 555 162
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TABLE O — CAcTUs WREN DETECTION RATES, 2002
See Page 7 for explanation of the “Partial Territory Adjustment Factor.”

The final column specifies the estimated total territories plus or minus a 95% confidence interval derived from weighted regression using “proc
surveymeans” in SAS (see Page 7). '

PERCENT OF MEAN MEAN TERRITORIES PARTIAL
LAND TERRITORIES NUMBER NUMBER OF SUBREGIONAL TERRITORIES DETECTED PER SITE, TERRITORY ESTIMATED
DESIGNATION DETECTED OF SITES 20-HA SITES RESERVE IN DETECTED WEIGHTED BY % OF ADJUSTMENT ToTAL
RESERVE  (STRATUM) (ROUND 2) SAMPLED IN STRATUM STRATUM PER SITE RESERVE IN STRATUM  FACTOR =~ TERRITORIES
CENTRAL  CORE 44 10 87 50.0% 4.40 2.20
EDGE 24 7 67 38.5% 3.43 1.32
~ FRAGMENT 3 3 2 11.5% 1.00 0.12
TOTAL 71 20 174 100.0% 3.55 3.64 0.75 474 *+151
COASTAL  CORE 4 9 101 50.8% 0.44 0.23
EDGE 10 8 73 36.7% 1.25 0.46
. TOAGMENT 6 3 . . 126w 20 0
~ ToTAL 20 20 199 100.0% 1.00 0.94 0.75 140 + 86

ToTaL 91 40 373 2.28 2.20 0.75 614 + 158
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TABLE P — CACTUs WREN DETECTION RATES, 2003
See Page 7 for explanation of the “Partial Territory Adjustment Factor.”

The final column specifies the estimated total territories plus or minus a 95% confidence interval derived from weighted regression using “proc
surveymeans” in SAS (see Page 7).

PERCENT OF MEAN MEAN TERRITORIES PARTIAL

LAND TERRITORIES NUMBER NUMBER OF SUBREGIONAL TERRITORIES DETECTED PER SITE, TERRITORY ESTIMATED

DESIGNATION DETECTED OF SITES 20-HA SITES RESERVE IN DETECTED WEIGHTED BY % OF ADJUSTMENT ToTAL
RESERV’EW (STRATUM) ) (Roﬂdp 2) SAMPLFD IN7§TVR‘AI1"1E477777 STRATHM ~ PER SITE RESERVE IN STRATUM ﬁAE:TOR - TERRITORIES
CENTRAL  CORE 24 10 87 50.0% 2.40 1.20

EDGE 19 7 67 38.5% 2.71 1.05

~ FRAGMENT 1 3 2  115% 03 604 -

TOTAL 44 20 174 100.0% 2.20 2.28 0.75 298 +116
COASTAL  CORE 1 9 101 50.8% 0.11 0.06

EDGE 4 8 73 36.7% 0.50 0.18

FRAGMENT 6 3 2 - 12.6% 200 - 02 o -

TOTAL 11 20 199 100.0% 0.55 0.49 0.75 73150

ToTaL 55 40 373 1.38 1.33 0.75 371+114
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TABLE Q — CAcTUs WREN DETECTION RATES, 2004
See Page 7 for explanation of the “Partial Territory Adjustment Factor.”

The final column specifies the estimated total territories plus or minus a 95% confidence interval derived from weighted regression using “proc
surveymeans” in SAS (see Page 7).

PERCENT OF MEAN MEAN TERRITORIES PARTIAL

LAND TERRITORIES NUMBER NUMBER OF SUBREGIONAL TERRITORIES DETECTED PER SITE, TERRITORY EsSTIMATED

DESIGNATION DETECTED OF SITES 20-HA SITES RESERVE IN DETECTED WEIGHTED BY % OF ADJUSTMENT ToTAL
RESERVE  (STRATUM) ~ (ROUND 2) SAMPLED ~IN STRATUM _STRATUM  PERSITE ~ RESERVE IN STRATUM  FAcTOR ~_ TERRITORIES
CENTRAL  CORE 30 10 87 50.0% 3.00 1.50

EDGE 22 7 67 38.5% 3.14 121

B FRAGMENT 4 3 20 - 115% 133 3 s -

TOTAL 56 20 174 100.0% 2.80 2.86 0.75 374 +113
COASTAL  CORE 1 9 101 50.8% 0.11 0.06

EDGE 4 8 73 36.7% 0.50 0.18

PERANET 3 I . 126% 100 013 . — =

TOTAL 8 20 199 100.0% 0.40 0.37 0.75 55 + 40

ToTAL 64 40 373 1.60 1.53 0.75 428 +120
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BROWN-HEADED CowBIRD DETECTIONS

In accordance with the study plan, Brown-headed Cowbirds were recorded during the first
round of surveys each year. Since very few cowbirds were detected during each of the first five
years of this study, and this species is not a primary focus of the study, Table R presents these
results in summary form. More detailed analyses of Brown-headed Cowbird data may be con-
ducted in future years of this study, but only if the numbers detected increase sharply.

TABLE R — SUMMARY OF BROWN-HEADED CowBIRD DETECTIONS

1999-2004
LAND DESIGNATION/
_RESERVE  SUB-DESIGNATION SmEs 99 00 Ol 02 03 04

CENTRAL CORE ‘ 10 0 1 0 0 0 0
EDGE & FRAGMENT Ko 4 1 0 0 0 0
Roap EDGE 1 [o] [0] [0 [o] [0 [o]
RESIDENTIAL EDGE [21 [1] [0] [0] [0] [0] [0]
Mixep Eoce 51 Bl [ [0 [o] [o] [0]
ToTAL 20 4 2 0 0 0 0

COASTAL CORE 9 0 0 0 0 0 0
EDGE & FRAGMENT |1 1 0 0 2 0 0
RoaD Epoe @] [l [l [l [o] [o]
RESIDENTIAL EDGE [5] [0] [0] [0] [1] [0] [0]
Mixep Eoce 2 [l ol [l [ (0]
ToTAL 20 1 0 0 2 0 0

OVERALL CORE K} 0 1 0 0 0 0
EDGE & FRAGMENT 21 5 1 0 2 0 0
Roab Epoe 7r ol [l [l [l [o] [o]
RESIDENTIAL EDGE [71 [1] [0] [0] [0] [0] [0]
Mixep Enoe 7y @[ [l [ [0 0]

[ ToTAL 40 5 2 0 2 0 0
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TARGET BIRD HABITAT COMPOSITION & STRUCTURE

At each target bird territory encountered, surveyors estimated /assessed habitat-related vegeta-
tion parameters. The following parameters were measured during one or more year:

»  Dominant Plant Species

»  Cactus Cover

»  Mean Plant Height

»  Absolute Shrub Cover

»  Primary Herbaceous Species

»  Absolute Herbaceous Cover (these results appear to have little practical value and so are
not reported here; please refer to the Access data base).

The methods of collecting this habitat information have varied somewhat from year to year,
and should continue to evolve over time to serve researchers” interests. Although the study’s
habitat data estimation are relatively simple and somewhat subjective, they are expected to
yield valuable information on the composition and structure of habitats used by the target bird
species within the NROC’s subregional reserves. Recording standardized habitat information
annually will permit tracking of changes in habitat usage and could play a role in the adaptive
management of target bird populations.

Dominant Plant Species

During each year of the study, field personnel have listed, in descending order of perceived
abundance, up to four plant species within each target bird territory. Plant species listed first
were given a score of 4, those listed second were given a score of 3, etc. The scores for each
species were then divided by the total number of territories to derive a weighted average score
for each plant species. Thus, hypothetically, a plant ranked as the most abundant species in
every territory would receive a weighted average of 4.0.

Tables S and T list weighted average scores for dominant plant species in CAGN and CACW
territories (1999 results are omitted for CACW, as some data were incorrectly collected). Round
1 results are reported for 2004. Species are listed in approximate order of abundance, and spe-

“

cies ranking lower than 0.2 for a given year are denoted with “—".
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TABLE S — RANKING OF DOMINANT PLANT SPECIES IN
CALIFORNIA GNATCATCHER TERRITORIES, | 999—2004

WEIGHTED AVERAGE SCORE

RESERVE DOMINANT PLANTS 1999 2000 200 2002 2003 2004

CENTRAL Artemisia californica 35 3.2 3.3 3.6 3.5 3.6
Eriogonum fasciculatum 2.1 22 1.7 2.0 23 1.7
Salvia mellifera 1.1 1.6 1.6 14 1.3 1.6
Encelia californica 0.5 0.6 141 0.2 1.1 0.7
Opuntia littoralis 0.5 0.4 0.4 0.6 0.3 0.3
Malosma laurina 0.6 - 0.3 0.4 0.2 0.2
Rhus integrifolia 0.5 0.2 0.2 — 0.2 0.2
Baccharis salicifolia - — 0.2 0.2 - 0.3
Baccharis pilularis - — - 0.2 - 0.3
Malacothamnus fasciculatus 0.4 - - - - @
Sambucus mexicana 0.7 - - - — —

COASTAL Artemisia californica 3.7 3.5 25 85 3.3 3.5
Eriogonum fasciculatum 21 1.2 1.1 1.8 2.1 1.5
Salvia mellifera 0.9 1.0 0.3 1.0 0.8 04
Baccharis pilularis — 1.1 0.2 1.0 0.8 0.8
Mimulus aurantiacus 0.6 1.0 1.0 0.5 0.4 0.6
Encelia californica 0.4 0.7 - - 0.9 0.2
Malosma laurina 0.5 0.2 0:5 0.4 0.4 0.2
Rhus integrifolia 0.3 0.3 — 0.3 0.3 0.5
Opuntia littoralis - — 0.4 0.2 0.2 0.4
Sambucus mexicana 0.3 - — — 0.2 0.2

TABLE T — RANKING OF DOMINANT PLANT SPECIES
IN CACTUS WREN TERRITORIES, 2000—-2004

WEIGHTED AVERAGE SCORE

RESERVE = DOMINANT PLANTS 2000 2001 2002 2003 2004

CeNTRAL  Opuntia littoralis 3.4 3.6 3.0 3.2 3.0
Artemisia californica 1.5 1.8 2.0 21 2.7
Rhus integrifolia 0.6 1 1.2 1.1 0.8
Malosma laurina 0.8 0.5 0.6 0.7 0.6
Eriogonum fasciculatum 0.6 0.8 0.6 0.6 0.6
Salvia mellifera 0.2 0.4 0.6 0.5 0.6
Malacothamnus fasciculatus — - 04 ) 0.5 1.0
Lotus scoparius - 0.7 0 0.5 -
Sambucus mexicana 0.2 0.3 0.2 0.4 0.4
Opuntia prolifera 0.2 — — — -

CoastaL  Opuntia littoralis 2.8 2.9 1.9 2.9 2.9
Artemisia californica 2.5 23 2.6 2.8 3.0
Eriogonum fasciculatum 1.9 1.8 2.2 1.8 1.8
Rhus integrifolia 0.6 0.3 0.6 0.4 0.6
Malosma laurina 0.2 0.6 0.4 0.4 -
Salvia mellifera 0.2 0.5 0.4 0.4 =
Sambucus mexicana 0.2 0.3 0.2 03 -
Opuntia prolifera 0.4 0.3 - - =
Mimulus aurantiacus - 0.7 - 0.6 0.4
Baccharis pilularis - - - - 1L

oY
‘
\\ i |
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Estimated Cactus Cover

In 2002-2004, areal cover of cactus in each target territory was attributed to one of five cover
classes (0%; 1-10%; 11-25%; 26-50%; >50%). Table U specifies the percentage of territories
within each cover class. Round 1 data were used in 2004.

TABLE U — EsTIMATED CAcTUs COVER IN
CALIFORNIA GNATCATCHER & CAcCTUs WREN TERRITORIES, 2002—2004

ESTIMATED
CAcTus
RESERVE COVER CALIFORNIA GNATCATCHER CAcTUus WREN

2002 2003 2004 2002 2003 2004

CENTRAL 0% 27% 48% 45% 0% 0% 0%
1-10% 54% 43% 40% 29% 33% 43%

11-25% 14% 9% 15% 48% 43% 39%

26-50% 5% 0% 0% 20% 25% 18%

>50% 0% 0% 0% 3% 0% 0%

(n=76) (n=44) (n=62) (n=56) (n=40) (n=44)

COASTAL 0% 59% 58% 49% 0% 0% 0%
1-10% 35% 36% 41% 29% 11% 25%

11-25% 6% 6% 10% 65% 78% 38%

26-50% 0% 0% 0% 6% 11% 38%

>50% 0% 0% 0% 0% 0% 0%

(n=49) (n=36) (n=49) (n=17) (n=9) (n=8)
Mean Woody Vegetation Height

In 1999-2004, mean height of woody plants within each territory was estimated as: 0.5m, 1.0m,
1.5m, 2.0m, 2.5m, or >2.5m. Tables V and W specify the percentage of territories within each
cover class. Round 1 data were used in 2004.

TABLE V — MEAN WOODY VEGETATION HEIGHT IN
CALIFORNIA GNATCATCHER TERRITORIES, | 999—2004

PERCENT OF TERRITORIES

ESTIMATED MEAN

RESERVE PLANT HEIGHT (M) 1999 2000 200 | 2002 2003 2004
CENTRAL 0.5 11% 7% 10% 0% 2% 0%
1.0 73% 74% 80% 82% 86% 71%
1.5 15% 17% 10% 18% 11% 29%
2.0 1% 2% 0% 0% 0% 0%
25 0% 0% 0% 0% 0% 0%
=25 0% 0% 0% 0% 0% 0%
(n=93) (n=58) (n=70) (n=76) (n=44) (n=62)
COASTAL 0.5 23% 5% 0% 0% 0% 0%
1.0 55% 70% 64% 73% 67% 61%
1.5 20% 25% 36% 27% 28% 39%
2.0 2% 0% 0% 0% 3% 0%
25 0% 0% 0% 0% 3% 0%
>2.5 0% 0% 0% 0% 0% 0%

(n=60) (n=20) (n=39) (n=49) (n=36) (n=49)



ROBERT A. HAMILTON, CONSULTING BioLOGIST

NROC TARGET BIRD STUDY REPORT
PAGE 29 oF 62

NoVvEMBER 3, 2004

TABLE W — MEAN WOODY VEGETATION HEIGHT
IN CACTUS WREN TERRITORIES, | 999—2004

PERCENT OF TERRITORIES

ESTIMATED MEAN

RESERVE PLANT HEIGHT (M) 1999 2000 2001 2002 2003 2004
CENTRAL 0.5 13% 13% 9% 4% 3% 2%
1.0 41% 32% 40% 50% 48% 23%

15 33% 47% 47% 41% 35% 66%

2.0 13% 8% 2% 2% 15% 7%

2.5 0% 0% 0% 2% 0% 2%

>25 0% 0% 2% 2% 0% 0%

(n=64) (n=60) (n=47) (n=56) (n=40) (n=44)

COASTAL 0.5 6% 0% 0% 0% 0% 0%
1.0 50% 73% 69% 71% 78% 50%

15 38% 27% 31% 29% 22% 50%

2.0 6% 0% 0% 0% 0% 0%

2.5 0% 0% 0% 0% 0% 0%

2.5 0% 0% 0% 0% 0% 0%

(n=16) (n=11) (n=13) (n=17) (n=9) (n=8)

Absolute Vegetative Cover

From 1999-2004, field personnel used the following cover classes to estimate absolute cover of
woody vegetation, and of herbaceous vegetation, within each target bird territory: 0-20%,
21-40%, 41-60%, 61-80%, 81-100%. Tables X and Y specify the percentage of territories within
each cover class. Round 1 data were used in 2004.

TABLE X — ABSOLUTE WoOODY VEGETATION COVER IN
CALIFORNIA GNATCATCHER TERRITORIES, | 999—2004

PERCENT OF TERRITORIES

ESTIMATED
RESERVE Wooby COVER 1999 2000 2001 2002 2003 2004
CENTRAL 0-20% 0% - 0% 0% 0% 0% 0%
21-40% 1% 5% 4% 0% 0% 0%
41-60% 2% 16% 7% 12% 18% 8%
61-80% 22% 26% 30% 28% 36% 31%
81-100% 75% 53% 59% 60% 45% 61%
(n=93) (n=58) (n=70) (n=76) (n=44) (n=62)
COASTAL 0-20% 0% 0% 0% 0% 0% 0%
21-40% 3% 0% 0% 4% 3% 2%
41-60% 22% 5% 8% 10% 14% 14%
61-80% 45% 25% 36% 37% 33% 20%
81-100% 30% 70% 56% 49% 50% 63%

(n=60) (n=20) (n=39) (n=49) (n=36) (n=49)
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TABLE Y — ABSOLUTE WOODY VEGETATION COVER
IN CACTUS WREN TERRITORIES, | 999—2004

PERCENT OF TERRITORIES

ESTIMATED
RESERVE Wooby CoVER 1999 2000 2001 2002 2003 2004
CENTRAL 0-20% 5% 23% 2% 2% 3% 0%
21-40% 16% 11% 28% 11% 23% 9%
41-60% 19% ’ 8% 19% 25% 28% 35%
61-80% 14% 23% 21% 25% 20% 19%
81-100% 47% 34% 30% 38% 28% 37%
(n=64) (n=61) (n=47) (n=56) (n=40) (n=43)
COASTAL 0-20% 0% 0% 0% 0% 0% 0%
21-40% 0% 9% 9% 0% 0% 0%
41-60% 13% 9% 9% 6% 11% 13%
61-80% 56% 27% 27% 35% 33% 38%
81-100% 31% 55% 55% 59% 56% 50%

(n=16) (n=11) (n=11) (n=17) (n=9) (n=8)
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RESULTS OF MULTIPLE-VISIT SURVEYS

In 2000, 2001, 2002, 2003, and 2004, three rounds of surveys were conducted at 24 long-term
monitoring sites. Tables Z and AA specify the cumulative number of territories detected at 22 of
these sites. No target birds were detected at Sites 34 and 36 in 1999 to 2001, so they were visited
only twice in 2002; the third visit was shifted to Sites 20 and 30, which were covered only twice in
2000 and 2001.

TABLE Z — CALIFORNIA GNATCATCHER TERRITORIES
DETECTED AT 22 THREE-VISIT SITES, 2000—2004

RouNnD | COUNT | ROUND 2 COUNT RounD 3 COUNT
SITE [e]e] ol oz o3 o4 [o]e] [o}] oz O3 o4 [e]e] ol oz 03 o4
3 16 24 16 9 12 16 23 14 11 7 16 20 12 7 6
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 11 8 8 5 7 8 5 10 5 8 9 5 7 5 7
7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
<] 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 ‘
(] 3 2 3 2 0 1 1 2 0 1 o 1 1 1 0
12 11 13 22 16 12 9 18 21 12 13 10 16 21 13 i
14 3 + 4 4 7 4 5 7 2 7 [3 3 6 4 8
15 I 1 0 0 1 i} i i 0 0 & 0 0 0 k &
16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0
18 2 2 1 0 2 0 1 0 1 3 1 2 0 i il
22 0 1 1 1 0 0 i 1 i 0 0 1 1 1 0
24 i 0 0 0 0 0 0 0 0 0 0 0 0 0 0
25 0 3 2 i 0 0 0 3 ;] 1 0 2 2 0 0
28 1 2 0 2 4 0 2 2 2 3 1 1 1 3 1
81 0 1 1 0 1 b 0 0 0 0 0 0 0 0 0
32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
33 6 12 15 7 9 6 13 16 9 8 6 17 13 9 9
a7 0 1 1 2 0 0 0 0 1 0 0 0 0 0 0
38 0 1 1 3 1 0 2 1 3 0 0 1 0 3 |
39 2 2 4 4 3 2 3 5 3 4 1 4 6 3 4
i Visit Total 57 77 80 56 62 48 75 84 52 53 53 73 21 48 45
__% of 3-V. Tot. 88% 79% 80% 90% 91% 78% 77% 84% 84% 78% 82% 74% 71% T7% 66%
" Cumul. Tot. 57 77 80 56 62 61 93 97 62 67 | 65 98 100 62 68 \

% of 3-V. Tot. 88% 79% 80% 90% 91% 94% 95% . 97% 100% 99% = 100% 100% 100% 100% 100% |

Within a given round of surveys, 66-91% of the three-visit total was detected. Relatively high
variance is the main reason why a single-visit protocol is inadequate to meet the study objectives.

By Round 2, 94-100% of the three-visit total was detected. Because a high proportion of CAGN
territories is detected with low inter-annual variance, a two-visit protocol appears to be adequate
to meet the study objectives (cf. Hamilton 2003a,b).
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TABLE AA — CAcTuUs WREN TERRITORIES
DETECTED AT 22 THREE-VISIT SITES, 2000-2004

ROUND | COUNT L 'ROUND 2 COUNT | ROUND 3 COUNT
 simE 00 oI 02 03 04 00 Ol o02 03 o4 | 00O Ol 02 03 o4
3 2 0 0 0 o | 2 0 0 0 0 2 0 1 0 0 |
4 1 2 1 1 1 1 1 1 1 0 1 2 1 1 0
6 4 3 4 3 3 2 3 4 2 3 ) 3 3 3 2
74 2 3 3 0 2 2 2 1 0 3 2 2 2 0 1
=] 10 7 9 5 5 10 5 7 4 4 9 5 7 4 3
11 6 4 4 1 3 7 5 b 2 2 4 3 4 2 1 |
12 5 4 6 4 5 6 6 4 4 3 5 6 6 5 4 |
14 1 1 2 1 0 3 2 1 2 1 2 2 2 1 i
15 2 5 8 b 5 2 7 5 3 4 3 4 5 3 3
16 i 8 3 7 5 6 9 8 7 6 5 8 5 6 6 5 |
17 | 2 2 4 4 5 | 2 3 4 4 3 3 3 3 4 2}
18 6 4 5 4 < 5 5 4 5 5 4 5 3 3
22 0 2 2 1 (VI | 1 2 1 0 1 1 2 0 0
24 0 0 1 0 0 0 0 0 0 0 0 0 0 0 g
25 2 2 2 1 1 2 2 1 1 1L 1 2 2 1 i
28 2 0 2 2 1 0 0 3 1 0 1 2 2 1 0
31 Lo 0 0 0 0 0 0 0 0 0 0 0 0 0 0o |
32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0o
33 |0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
37 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
39 0 0 0 0 0o . 0 0 0 0 0 0 0 0 0 0
Total This Visit | 53 42 60 37 40 55 50 50 35 34 50 4 51 34 27
9% of 3-V. Tot. 85% 66% 92% 86% 89% ‘ 89% 78% 77% 81% 76% 81% 69% 78% 79% 60%

"' Cumul. Tot. | 53 2 60 37 0 | 6l 61 63 41 45 62 64 65 43 45

| y
| %of3-V.Tot. | 85% 66% 92% 86% 89% | 98% 95% 97% 95% 100% 100% 100% 100% 100% 100%

]
|
|

Within a given round of surveys, 60-92% of the three-visit total was detected. Relatively high
variance is the main reason why a single-visit protocol is inadequate to meet the study objectives.

By Round 2, 95-100% of the three-visit total was detected. Because a high proportion of territories
is detected with low inter-annual variance, a two-visit protocol appears to be adequate to meet the
study objectives (cf. Hamilton 2003a,b).
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V. DIscUSsSION

This section analyzes and discusses data gathered during the first six years of the target bird
study, and other relevant information.

REceENT NROC FIRE HISTORY

The 1998 Santiago Canyon Fire burned approximately 3,100 ha (38%) of the central reserve, and
the 1993 Laguna Beach Fire burned approximately 5,200 ha (75%) of the coastal reserve. These
fires consumed more vegetation in the core stratum than in the edge or fragment strata and, at
least in the short term, appear to have driven target birds from core areas into unburned “habi-
tat refugia” along reserve edges and in reserve fragments (see Atwood et al. 1998a for the
coastal reserve). The larger Laguna Beach Fire fully consumed more cactus patches than did the
Santiago Canyon Fire and, as anticipated by Bontrager et al. (1995), those cactus patches are
recovering very slowly. On 12 August 2003 an arsonist set fire to approximately 15 acres of the
72-acre monitoring site at Peters Canyon Regional Park, impacting approximately 20% of the
site that has consistently supported the highest density of CAGN (no substantial cactus patches
were affected). The effects of recent NROC fires on cactus and coastal sage scrub in general are
discussed in later subsections of this report.

ANALYSIS OF TARGET BIRD POPULATION LEVELS AS RELATED TO WEATHER

Avian populations fluctuate for reasons unrelated to weather conditions, and detailed explica-
tion of potential short-term effects of weather/ precipitation on target bird populations in the
NROC exceeds the scope of this study. Nonetheless, weather conditions appear to affect re-
gional songbird populations (e.g., Gessaman and Worthen 1982, Lustick and Adams 1977,
Atwood et al. 1998b, Atwood and Bontrager 2001) and so each year’s monitoring report should
review target bird survey results with reference to weather conditions.

Mock (1998), evaluating a model by Root (1998), provided evidence that Coastal California
Gnatcatcher populations occur mainly where “January mean minimum temperature resulted in
thermal compensation (i.e., thermoregulation plus basal requirements) less than 2.49 times a
species” basal metabolic requirement.” He found that the species” eastern limit appears to coin-
cide with a distribution-limiting isotherm of 2.5°C (like many small songbirds, gnatcatchers are
relatively intolerant of very low winter temperatures). Since January mean minimum tempera-
tures at Laguna Beach (6.1°C)', and Yorba Linda (5.4°C)* are well above the distribution-limit-
ing isotherm, this variable may have relatively little effect on passerine survivorship in the
NROC (particularly for Cactus Wrens, which are relatively large and maintain enclosed brood
nests that provide warmth and shelter during cold winter weather). Nevertheless, it seems
likely that sensitivity to cold, wet weather is at least partially responsible for the CAGN’s ab-
sence or near-absence from numerous portions of the NROC that contain apparently suitable
topography and vegetation.

Erickson and Miner (1998) provided evidence that Coastal California Gnatcatcher population
size during a given breeding season is inversely correlated with the quantity of precipitation
during the preceding rainy season, although they allowed that other environmental variables,

Iwww.wrcc.dri.edu/cg_;i-bin/ cliMAIN.pl?calagu

2www.wrcc.dri.edu/cgi-bin/cliMAIN.pl?cayorb
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such as the severity of winter storms, may be more important than seasonal rainfall averages.
Patten and Rotenberry (1999) found that cumulative seasonal precipitation during a given rainy
season was a poor predictor of Coastal California Gnatcatcher clutch size in the following
spring, but identified a strong positive correlation between clutch size and cumulative rainfall
during the “egg-formation period” 30 to 90 days before clutch completion (mean estimated
clutch completion date was 6 May * 22 days).

DeSante et al. (2001, 2002, 2003a, 2003b) discussed the “productivity / population” dynamic,
where productivity increases during years when the adult population decreases, and vice-
versa. Mark-recapture of birds under the continent-wide MAPS program has shown this dy-
namic to be characteristic of regions like southern California that tend to lack dramatic
interannual weather effects. Disruptions of this alternating cycle have appeared to be related to
unusually favorable or unfavorable weather. Using nine or ten years of data from other MAPS
stations, the Institute for Bird Populations has examined the relationship between productivity
and various global climate cycles. They have found, for example, that productivity in western
North America averages higher in a breeding season that follows a wet El Nifio winter (as in
1997/98) compared to a breeding season that follows a dry La Nina winter (such as 1998/99).
From this information, it is postulated that severe winter weather generally reduces target bird
populations in the NROC during the following breeding season, while heavy rainfall from
February through April generally increases productivity among survivors.

Table BB summarizes precipitation at Costa Mesa hydrological station #165. This information is
now available by request from the Orange County Public Resources and Facilities Department
at http:/ /www.oc.ca.gov/ pfrd/envres/rainfall/intro.asp; e-mail bryan.pastor@pfrd.ocgov.com.
The 1999-2001 report (Hamilton 2003a) included information from Costa Mesa hydrological
station#219, which goes back only to 1978/79, whereas data from #165 goes back to 1955/56. It
is recommended that data from station #165 be used in the future. Table BB provides monthly
totals for each year of the target bird study, and also shows the 6-year and 49-year averages.

In considering the long-term declines in target bird populations over the six years of this study
(discussed year-by-year below), note that annual precipitation averaged only 21.60 cm during
this period —30% below the 49-year mean of 30.91 cm. As discussed subsequently, the NROC's
MAPS program documented broad declines among most of the NROC's scrub-dwelling bird
populations during this period. While the results of this study strongly suggest that this six-
year drought has played a major role in the decline of CAGN and CACW populations during
this period, it should also be noted that most of the rainfall has been concentrated in Patten and
Rotenberry’s three-month “egg-formation period” of February-April. The six-year average of
13.42 cm for this period is only 8% below the 49-year average of 14.63 cm. In contrast, the six-
year average of 6.89 cm for November-January is 41% below the 49-year average of 13.98 cm.
Since February-April rainfall is positively correlated with CAGN (and probably CACW) pro-
ductivity, and severe winter storms are hypothesized to kill off adult birds, target bird declines
might have been even more dramatic if precipitation during this period had occurred more
during the coldest winter months and less during the period when birds were forming eggs
and feeding young.
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TaABLE BB — CENTIMETERS OF PRECIPITATION AT COSTA MESA STATION #165
1 998/99 TO 2003/04

Precipitation in the shaded period (February to April) is positively correlated with CAGN
clutch size (Patten and Rotenberry 1999).

MONTtL,,,

SEASON JuL Auc SEP OcT Nov Dec JAN FEB MAR APR MAY  JuN ToTAL

98/99 000 0.00 013 0.00 312 2.36 279 1.75 3.00 348 0.00 025 16.88
9g/00 015 0.00 000 0.00 046 0.00 1.60 8.08 478 323 0.00 0.00 18.30
O0/O1 0.00 000 051 447 0.00 000 11.00 1486 1.63 132 010 0.00 33.89
ol/oz2 0.00 000 0.00 0.00 312 2.87 1.24 0.89 1.96 069 0.08 0.00 10.85
02/03 0.00 000 0.00 013 3.00 5.66 0.00 1097 8.64 323 1.83 000 33.46

03/04 015 000 0.00 0.00 1.07 211 0.89 9.78 1.37 086 0.00 0.00 16.23

6-YEAR 0.05 0.00 0.11 0.77 1.80 217 2.92 772 3.56 2.14 034 0.04 21.60
AVG.

i49- 005 013 056 0.69 3.35 4.11 6.52 6.81 541 241 048 015 3091
YEAR

\ AVG. |
= S J

Weather Effects, 1998/99

The seasonal total of 16.9 cm was just 55% of the station’s 49-year average. Nearly all of the rain
fell between 8 November and 12 April, and no storm (i.e., consecutive days with measurable
precipitation) dropped more than 3 cm. February-April rainfall was 44 % below the 48-year
average, with February-March rainfall being 61% below average.

Below-average rainfall spread evenly through the winter and early spring months, and a lack of
severe storms, probably helped to maintain relatively high populations of the target birds
through the winter of 1998/99, while below average rainfall during the February-April egg-
formation period almost certainly contributed to very low productivity of passerine birds using
coastal sage in spring/summer 1999 (see the subsequent discussion of 1999 MAPS results).

Weather Effects, 1999/00

The seasonal total of 18.3 cm was just 59% of the station’s 49-year average. Only 2.2 cm fell
between 1 July and 10 February, and coming on the heels of the previous winter’s drought
many coastal sage scrub plants in the NROC were observed to have dropped their leaves by
December/January, apparently due to lack of moisture (Dan Songster pers. comm.). Nearly half
the season’s total (7.8 cm) fell 11-24 February, including 5.1 cm during the period 21-24 Febru-
ary; rainfall during the February-April egg-formation period was 10% above average.

The culling of adult populations in winter 1999/00 combined with slightly above-average rain-
fall February-April probably combined to produce better-than-average nesting conditions for
the surviving birds. Indeed, as discussed subsequently, the MAPS program documented a 256 %
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increase in productivity of coastal sage scrub bird species (proportion of young in the catch) at
the four bird-banding stations operated in 1999 and 2000.

Weather Effects, 2000/01

The seasonal total of 33.9 cm was 110% of the 49-year average. November and December were
dry, while January-February rainfall represented186% of the average, with three fairly heavy
storms: 9-13 January (8.6 cm), 10-14 February (7.6 cm), and 23-28 February (6.9 cm). It seems
likely that some storm-related mortality of CAGN occurred during these events, which would
have offset to some degree the relatively high productivity of scrub-nesting birds in
spring/summer 2000 (documented by the MAPS program). Also, the major CAGN decline in
1999/2000 is hypothesized to have concentrated the surviving birds in higher quality territories
that provide relatively good protection against bad weather.

Rainfall during the February-April 2001 egg-formation period was 21% above average, and
field personnel noted unusually high levels of fog and dew into the summer months, compared
with previous years of this study. For these reasons, nesting conditions for CAGN and CACW
appeared to be better-than-average in 2001. As discussed subsequently, bird-banding at six
MAPS stations documented a 13% increase in productivity of coastal sage scrub bird species
(proportion of young in the catch) in 2001 vs. 2000.

Weather Effects, 2001/02

With total rainfall measuring just 10.8 cm, 2001/02 ranks as the driest year in four decades (9.5
cm was recorded at station #165 in 1960/ 61). Precipitation for the year was 35% of the 49-year
average, and 3.5 cm recorded during the February-April egg-formation period was just 24% of
average. No severe winter storms occurred (the heaviest, 30-31 December, brought only 1.3
cm), meaning that little or no storm-related mortality was likely to have occurred. Thus, follow-
ing two years of relatively high productivity for coastal sage scrub birds in the NROC, and
presumably low winter mortality in 2001/02, songbird populations in spring/summer 2002
were expected to be somewhat higher than they were in spring/summer 2001. The results
reported here for CAGN and CACW populations in the NROC are consistent with this predic-
tion.

As reported subsequently, the 2002 MAPS report (DeSante et al. 2003a) found that the NROC’s
coastal sage scrub bird populations experienced >95% reduction in productivity (proportion of
young in the catch) in 2002 compared with 2001. Near-total reproductive failure was also re-
ported among monitored populations of coastal sage scrub birds in San Diego County (Michael
A. Patten, pers. comm.).

In the target bird study, numbers of juvenile CAGN and CACW have been recorded when they
are detected, but no special effort has been made to obtain accurate counts of the numbers of
young in each family group. As a gross measure of the magnitude of target bird population
declension, 24 juvenile CAGN and 3 juvenile CACW were detected in 2002 compared with 90
juvenile CAGN and 33 juvenile CACW in 2001 (includes all survey days). Thus, the count of
juvenile CAGN decreased by 77% and the count of juvenile CACW decreased by 91% even as
the estimated reserve-wide adult populations of these species experienced modest increases.
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Weather Effects, 2002/03

Owing to the dramatic productivity crash discussed above, the 2003 target bird populations
were predicted to be considerably lower than in 2002 (Hamilton 2003b), and this was indeed
the case. The total of 33.5 cm in 2002/ 03was 108% of the 49-year average, with the heaviest
storms dropping 6.5 cm (11-13 February) and 8.2 cm (23 March). While these storms were mod-
erately heavy (especially the latter one), rainfall was generally well distributed through the
rainy season (26 October-11 May). A more severe winter on top of such a poor reproductive
effort could have resulted in greater mortality, and hence a more serious nadir in the popula-
tions of both target bird species.

As noted previously, numbers of juvenile CAGN and CACW have been recorded when they
are detected, but no special effort has been made to obtain accurate counts of the numbers of
young in each family group. As a gross measure of the rebounding of target bird productivity,
72 juvenile CAGN and 30 juvenile CACW were detected in 2003 compared with 24 juvenile
CAGN and 3 juvenile CACW in 2002 (includes all survey days). Thus, the count of juvenile
CAGN increased by 300% and the count of juvenile CACW increased by 1000% even as the
estimated reserve-wide adult populations of these species declined by 29% and 40%, respec-
tively.

Weather Effects, 2003/04

The seasonal total of 16.23 cm was 53% of the 49-year average, with virtually all of the precipi-
tation occurring 1 November-18 April. The season’s only major storm (6.0 cm on 26 February)
dropped 37% of the year’s total. It is expected that severe storms kill off some target birds, but
the substantial reserve-wide increase of CAGN from 2003 to 2004 indicates that large numbers
of even the smallest birds were able to survive. Compared with CAGN, CACW should be rela-
tively well equipped to withstand bad weather due to the latter species’ larger body size and
habit of building enclosed roost nests that offer protection from rain and cold.

After above-average precipitation in 2002/03 led to a rebounding of productivity for the
NROC’s scrub-dwelling birds in spring 2003 (DeSante et al. 2003b), populations of both CAGN
and CACW were expected to rebound strongly in spring 2004 (Hamilton 2003c). This expecta-
tion was realized across the NROC for CAGN (22% adult population increase in the central
reserve, 16% increase in the coastal reserve) and for CACW in the central reserve (26% in-
crease). The coastal reserve CACW population, however, continued its long-term decline, drop-
ping an estimated 25% from 2003 to 2004. Given (a) that the estimated size of the central reserve
CACW population increased 26 % from 2003 to 2004, and (b) that CAGN populations increased
across the NROC reserve system from 2003 to 2004, CACW in the coastal reserve appear to
comprise a population of conservation concern.

As reported by DeSante (2003b), and as summarized on page 42 of this report, populations of 13
of 15 scrub-dwelling bird species have undergone decline across the NROC over the past sev-
eral years. Since 1999, the population estimate for CAGN has declined 33% in the central re-
serve and 17 % in the coastal reserve. Over the same period, the population estimate for CACW
has decreased 26% in the central reserve and 59% in the coastal reserve. Thus, over the past six
years, the coastal reserve CACW population is estimated to have declined at more than double
the rate of decline for the central reserve CACW population, and at a rate two to three times
greater than CAGN populations in these reserves. This is another piece of evidence indicating
that this population warrants focused attention from reserve managers.
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Rainfall during the February-April egg-formation period was 18% below average. The com-
bined total for March and April was 71% below average for these two critical months, and no
rain fell in May or June (mean May/ June precipitation is 0.63 cm over the past 49 years). From
these precipitation figures, one could predict that target bird productivity was again depressed
in 2004, a situation that normally leads to declines in adult counts the following spring. As
noted previously, numbers of juvenile CAGN and CACW have been recorded when they are
detected, but no special effort has been made to obtain accurate counts of the numbers of young
in each family group. As a gross measure of the single-year decline in target bird productivity,
66 juvenile CAGN and 11 juvenile CACW were detected in 2004 compared with 72 juvenile
CAGN and 30 juvenile CACW in 2003 (includes all survey days). Thus, the count of juvenile
CAGN decreased by 8% and the count of juvenile CACW decreased by 43% even as the esti-
mated reserve-wide adult populations of these species increased by 19% and 15%, respectively.
For this reason, it is expected that populations of CAGN and especially CACW will be lower in
2005 than in 2004, with the magnitude of decline depending in part on weather conditions in
2004/2005.

MONITORING AVIAN PRODUCTIVITY AND SURVIVORSHIP (MAPS) PROGRAM, | 998—-2003
THE INSTITUTE FOR BIRD POPULATIONS

Two MAPS constant-effort mist-netting stations were operated in 1998, another two were
added in 1999, and another two had their first full year of operation in 2000, for a total of six
stations in the NROC. Four more were added in 2001 and 2002, for a total of 10 stations, but
these were dropped back in 2003, when only six stations were operated, and the program was
suspended for the 2004 nesting season. The original monitoring goal had been to operate 12
stations in the NROC.

Although CAGN and CACW are captured at very low rates at the NROC’s MAPS stations, it
was useful to compare target bird population trends determined by the target bird monitoring
study with productivity and survivorship data that the MAPS program collected for a suite of
scrub-dwelling passerines from 1998 to 2003. The following brief summaries only begin to hint
at the productivity and survivorship data collected so far under the NROC’s MAPS program.
For analysis of results through 2003, see DeSante et al. (2003b).

1998 MAPS Results

In 1998, considering only confirmed and likely breeding species, the combined adult;juvenile
capture proportion for Weir Core (central reserve core) and Little Sycamore Canyon (coastal
reserve core) was 54:46 (286 adults to 242 juveniles), with neither station differing greatly from
this proportion.

1999 MAPS Results

In 1999, the combined adult;juvenile capture proportion at the two “reserve core” stations sam-
pled in 1998 was 88:12 (277 adults to 39 juveniles), with neither station differing greatly from
this proportion. Thus, captures of breeding adults at these two stations dropped 3% from the
levels of 1998 while captures of juveniles dropped 84 %.

At two new “road edge” stations added in 1999 (Irvine Park and Upper Laurel Canyon), the
adult;juvenile capture proportion was 86:14 — further evidence of a reserve-wide collapse in
productivity from 1998 to 1999.
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2000 MAPS Results

The following information is summarized from the 2000 annual report prepared by DeSante et
al. (2001).

In 2000, captures of breeding adults dropped 35% (from 646 to 419) at the four MAPS stations
operated both years.

The combined adult;juvenile capture proportion was 60:40 (437 adults to 292 juveniles). Thus,
captures of breeding adults at these four stations dropped 27% from the levels of 1999 while

captures of juveniles increased 211%.

In 2000, 1280 birds of 52 species were banded at the six stations; additionally, various individu-
als were recaptured a total of 186 times, and 385 birds were captured and released unbanded.
Thus, 1851 captures of 60 species were recorded.

Analyses of constant-effort data indicate that adult population sizes decreased by 35% on both
a reserve-wide and a species-wide basis between 1999 and 2000. The decreases in breeding
populations in 2000 are likely attributable to decreased recruitment resulting from the low
productivity noted in 1999. As discussed previously, weather conditions may also have played
a role in the decline. The number of young birds captured and productivity (proportion of
young in the catch) increased by 230% and 256 %, respectively, between 1999 and 2000. These
patterns were noted at all four of the stations operated in both 1999 and 2000. It is likely that the
combination of a larger proportion of experienced breeders and less competition for food re-
sources among breeding individuals resulted in the substantial and significant increase in pro-
ductivity between 1999 and 2000. Recall also that rainfall was average during the Febru-
ary-April egg-formation period.

Capture data indicate that the three coastal reserve MAPS stations generally had higher breed-
ing passerine populations in 2000 than did the three stations in the central reserve. In both
reserves, road-edge stations had correspondingly higher breeding populations than did core
stations, while the newly established residential edge stations appeared to have either interme-
diate or high breeding populations. Productivity indices, however, tended to show the opposite
patterns, with productivity in the central reserve being higher than in the coastal reserve. More
years of data will be needed to confirm these initial findings.

2001 MAPS Results

The following information is summarized from the 2001 annual report prepared by DeSante et
al. (2002).

A total of 2150 birds of 53 species were banded at the ten stations during the summer of 2001,
various individuals were recaptured a total of 563 times, and 688 birds were captured and
released unbanded. Thus, a total of 3401 captures of 62 species was recorded.

At the six stations sampled in 2000 and 2001, adult captures decreased by 4% (625 to 600). This
overall decrease was composed of a 17% increase in the central reserve (259 to 303) and a 24%
decrease in the coastal reserve (426 to 322). These decreases were likely caused by decreased
recruitment of young resulting from the relatively low productivity noted at the coastal stations
in 2000. The opposite pattern was seen at the central reserve stations, where increased produc-
tivity in 2000 apparently led to increases in adult population sizes in 2001. Productivity fol-
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lowed the opposite pattern and increased slightly between 2000 and 2001, although the in-
creases were again primarily limited to the coastal reserve stations; productivity at two of the
central reserve stations decreased in 2001.

Capture data on adult birds at NROC indicate that adult population sizes for all species pooled
and for the majority of target species tended to be higher at coastal reserve than central reserve
stations, both in 2001 and over the three year period 1999-2001. In contrast, no consistent pat-
tern of differences in adult population sizes were detected among core, road-edge, and
housing-development stations in either reserve. Using 2001 data alone, both the two road-edge
stations and the four housing-development stations had adult population sizes for all species
pooled that averaged at least as high as those in the four core stations. These indices of adult
population size at NROC stations generally compare rather favorably to those found at other
MAPS stations across the United States, even those in forested areas.

Productivity indices in 2001 showed relatively small amounts of variation across the ten NROC
stations. Indeed, logistic regression analyses of data from the six stations operated in both 2000
and 2001, when controlling for year and local landscape, revealed no significant differences in
productivity between coastal and central reserve stations for all species pooled or for 11 of 12
target species. The only significant difference was that Spotted Towhee productivity was signif-
icantly greater at central than coastal reserve stations.

Analogous logistic regression analyses controlling for year and geographic location, however,
revealed that productivity was significantly greater at housing-development stations than at
core stations for all species pooled and for both Spotted and California towhees, and nearly
significantly greater for House Wren, but significantly less at housing-development stations
than at core stations for Orange-crowned Warbler. No significant or even near-significant dif-
ferences in productivity were detected by logistic regression between road-edge and core sta-
tions, although productivity at road-edge stations tended to be higher than at core stations for
all species pooled and for eight of 12 target species.

Thus, overall, productivity at both the housing-development and road-edge stations tended to
be at least as high as that at the core stations. As with indices of adult population size, produc-
tivity indices at NROC stations tended to be at least as high as those found at other MAPS
stations across the United States.

Four years of data indicate that a regular alternating “productivity/ population” dynamic may
be manifest at NROC, but that the cycles at the coastal and central reserve stations are offset by
one year. Lower breeding populations and higher productivity tend to occur in odd-numbered
years (such as 2001) at the coastal stations, but the opposite pattern (higher breeding popula-
tions and lower productivity) occurs in those years at the central stations. DeSante et al. (2002)
suggest that this pattern may be caused by a density-dependent effect on productivity along
with low productivity of first-time breeders. If this pattern continues, we might expect higher
breeding populations with lower reproductive success at the coastal reserve stations in 2002,
but lower breeding populations with higher reproductive success at the central reserve stations.

2002 MAPS Results

The following information is summarized from the 2002 annual report prepared by DeSante et
al. (2003a).
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Overshadowing all other results in 2002 was documentation of a nearly complete reproductive
failure at the NROC MAPS stations, the likes of which have not been recorded within the
MAPS program since its inception in 1989. No young were captured at any of the ten NROC
MAPS stations for 29 of 39 species for which at least one adult was captured. Furthermore, only
54 young birds were captured at all stations combined in 2002 (compared to 983 in 2001), and
25 of these 54 were young House Finches. Mean productivity for all stations combined was just
0.04, the lowest ever recorded at a MAPS location, and ranged from 0.00 at Irvine Park to 0.09 at
Upper Weir Canyon. Thus, this reproductive failure was both region wide and species wide.

Examination of weather data indicates that the extremely dry conditions experienced in south-
ern California during the winter and early spring were likely related to this reproductive fail-
ure. Only 0.93 inches of rain fell at the San Diego Airport during December 2001-February 2002,
representing the lowest such 3-month total in the past 100 years. Such extremely dry conditions
prohibit growth of vegetative matter and result in a paucity of insect and other vegetative and
invertebrate prey resources that landbirds need to feed their young. Adults were also likely to
have been in poor reproductive condition due to the lack of food.

According to multivariate analyses including terms for year, geographic location, landscape,
and station, there was little variation in numbers of adults captured by year, although for Bush-
tit and Wrentit adults captured in 2002 were significantly higher than those captured in 2000.
Numbers of adults captured also did not vary greatly by geographic location, except for ex-
pected differences; e.g., inland species such as Bewick’s Wren, House Wren, Rufous-crowned
Sparrow showed higher breeding populations in the central reserve and coastal species such as
Orange-crowned Warbler, Common Yellowthroat, Spotted Towhee, and Song Sparrow showed
higher breeding populations in the coastal reserve. There was also only slight variation in
adults captured according to landscape (core, road-edge, and housing development stations),
and differences among stations were also generally slight, and largely reflected differences in
geographic location and/ or landscape.

Adult population sizes have generally declined during 1999-2002 at NROC. Population trends
for 11 of 14 species showed declines. For nine species and all species pooled, population trends
showed substantial decreases, with those of Spotted Towhee, Orange-crowned Warbler, and
Song Sparrow showing significant or near-significant declines. By contrast, only three species
showed increases, and these were all non-substantial. Populations generally drop after years of
poor productivity so it is likely that these declines will become more widespread and severe
with the inclusion of 2003 data. Four-year productivity trends generally showed erratic fluctua-
tions, but no substantial trend. Many species showed lower productivity in 1999, higher pro-
ductivity in 2000 and 2001, and extremely low productivity in 2002, thus showing overall de-
clines.

Between-year changes in adult breeding populations and productivity generally followed the
opposite pattern during the period 1999-2002 in the NROC, culminating in significant increase
in breeding populations in 2002 but a highly significant decrease in productivity. This alternat-
ing population dynamic has been noted at other MAPS stations, and we believe it relates to
density-dependent effects on productivity and recruitment along with lower productivity of
first-time breeders. Of concern is that this pattern has also been superimposed upon a general
decline in populations, which will very likely become more widespread and severe in 2003
based on the reproductive failure of 2002. Disruptions of this alternating cycle at other MAPS
stations have generally appeared to be related to unusually favorable or unfavorable weather or
to pronounced changes in the environment. In this respect we might expect the severe drought
conditions of the winter of 2001-2002 at NROC to disrupt this cycle, although the resultant poor
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productivity occurred during a year (2002) when low productivity was already expected based
on higher breeding populations. Based on both rainfall totals and the above-described popula-
tion dynamic, we can now predict better productivity in 2003, which will hopefully cause
breeding populations eventually to rebound at NROC.

2003 MAPS Results

The following information is summarized from the 2003 annual report prepared by DeSante et
al. (2003b).

Instead of 10 MAPS stations, as in 2002, IBP operated six MAPS stations on NROC in 2003, at
the same locations where they were operated during the previous four (4 stations) or three (2
stations) years. A total of 2043 captures of 51 species was recorded in 2003 during 3234.2 net-
hours of operation. Following the nearly complete, region-wide and species-wide reproductive
failure at NROC during 2002, the 2003 season was notable in two respects: adult population
sizes declined significantly, and productivity rebounded dramatically. The decline in breeding
populations was especially severe among permanent resident species that likely experience less
recruitment from more distant sources than do migratory species. The 2003 decline resulted in
13 of 15 species showing 5-year population declines, of which those for six species and all spe-
cies pooled were substantial. The 2003 increase in productivity was also region-wide and
species-wide, and again occurred most dramatically in resident species. It resulted in 11 of 15
species showing positive 5-year productivity trends, although most were widely fluctuating
rather than substantial.

Using five years of data, IBP obtained survival estimates for eight target species from modified
CJS mark-recapture analyses using a transient model. They noted a substantial improvement in
precision of the survival-rate estimates using five, rather than four, years of data, and an in-
crease in the number of species for which survival could be estimated with reasonable preci-
sion. Except for Orange-crowned Warbler and Spotted Towhee, which were found to have low
survival that IBP recommended for careful monitoring in future years, survival-rate estimates
from NROC appeared to be about as high, or possibly even higher, than those from other west-
ern locations.

The authors emphasized that their population and productivity trends and survival estimates
were based on only five years of data, and may not be representative of the longer-term popula-
tion dynamics. With additional years of data, however, they expected to be able to undertake
further analyses to identify the factors causing the declines that they were documenting, analy-
ses that could potentially lead to the formulation of management strategies for reversing those
declines. Information on a broad spectrum of both permanent resident and migratory breeding
species would also provide increased understanding of the manner in which various biotic and
abiotic factors affect the NROC's target bird populations. The authors recommended continuing
operation of at least the six currently active MAPS stations in future years, but this recommen-
dation was not taken in 2004.

CALIFORNIA GNATCATCHER AND CACTUS WREN SAMPLING
ROBERT A. HAMILTON

The following analyses pertain to the cumulative results of two rounds of surveys per year at
the NROC's 40 long-term target bird monitoring sites. As described previously, only one round
of surveys was undertaken in 1999, and 16 of the 40 sites were covered only once in 2000; thus,
two-round detection rates were projected for these years. Each of the 40 sites has been covered
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at least twice per year since 2001, and it is recommended that two-rounds of surveys be con-
ducted at each site in future years of this study.

As discussed under Methods, and at greater length by Hamilton (2003a, Appendix B), trends
have been analyzed following a normal model. Numbers in parentheses reflect the 95% confi-
dence interval. Confidence intervals are provided only for overall trends reported for the two
subregional reserves and for the NROC; confidence intervals would tend to be wider for trends
reported at finer scales (e.g., at core sites in the central reserve), due to smaller sample sizes.

Percent changes are estimated as the ratio of the weighted estimate of total change in number of
territories divided by the weighted estimate of the starting value. The standard error of the
estimated change is computed using a second order Taylor expansion, which includes the cor-
relation between the numerator and the denominator; and 95% confidence intervals are given
in parentheses using a normal approximation.

California Gnatcatcher Population Estimates

Following an estimated decline of 30% (20-38%) from 2002 to 2003, it is estimated that the over-
all CAGN population increased 19% (14-25%) from 2003 to 2004. For the central reserve, the
estimated increase was 22% (14-30%), and for the coastal reserve the estimated increase was
16% (7-26%).

From 1999 to 2004, it is estimated that the overall CAGN population declined 26 % (17-35%).
For the central reserve, the estimated decrease was 33% (18-47%), and for the coastal reserve
the estimate decrease was 17% (4-30%).

California Gnatcatcher Patterns of Distribution

For the reasons discussed in the Methods section, the monitoring sites are not of uniform size;
for example, core sites in the coastal reserve average double the size of fragment sites in the
central reserve. Although it would be intuitive to adjust for this difference by comparing detec-
tion densities between strata, this would result in substantial bias because low-density sites
tend to be so much larger than high-density sites precisely because they have fewer target birds
in them, and the detections per site increased only slightly as the site boundaries expanded
(average detection rate increased 0.002 territories for each additional hectare of sampling area;
Hamilton 2003a). Therefore, although comparing detections/ site biases the results slightly in
favor of low-density sites, no adjustment for the boundary change was included.

The following discussion compares detection rates among the three major land designations
and does not involve trend analysis, and so the detection rates given are non-weighted means.

In all six years of the study, the central reserve CAGN detection rate (mean detections/site) has
been greater than the coastal reserve rate (1.6 times greater in 1999; 2.6 times greater in 2000; 1.6
times greater in 2001; 1.6 times greater in 2002; 1.2 times greater in 2003; 1.3 times greater in
2004).

In 2004, the mean CAGN detection rate across the NROC (n=40 sites) was 2.87 detections/ site.
Breaking this down by major land designations:

> The mean detection rate at core sites (n=19) was 0.68 territories/ site (24 % lower than the
2003 detection rate of 0.89 territories/site).
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> The mean detection rate at edge sites (n=15) was 4.27 territories/site (33% higher than
the 2003 detection rate of 3.20 territories/site).

> The mean detection rate at fragment sites (n=6) was 7.50 territories/ site (29% higher
than the 2003 detection rate of 5.83 territories/ site).

The 2004 results reverse those from 2003, when the edge and fragment detection rates declined
sharply even as the detection rate in the sparsely occupied core stratum increased slightly.
These patterns are analyzed in the subsequent section entitled, “California Gnatcatcher Popula-
tion Dynamics in the NROC.”

As in each year of this study, CAGN were distributed primarily along reserve edges. The fol-
lowing reasons help to explain this pattern of distribution, with the first two likely being more
important than the last two:

> Core sites tend to be steeper and higher than edge and fragment sites, and CAGN tend
to favor shallower slopes at lower elevations.

> Chaparral is generally unsuitable for CAGN, and the reserve core supports a higher
proportion of chaparral than do edge and fragment sites.

> Over half of the NROC has burned since 1993, with a net effect of driving CAGN from
core areas into unburned habitat along reserve edges and in fragments.

> The NROC design is “biased” by nature, in that some habitat fragments and areas along
reserve edges were included or excluded from the NROC based on target bird distribu-
tion.

California Gnatcatcher Habitat Composition
RELATIVE ABUNDANCE OF SHRUB SPECIES IN CALIFORNIA GNATCATCHER TERRITORIES

Table S presents these results for 1999-2004. As in previous years of this study, California Sage-
brush (Artemisia californica) ranked as the prevalent shrub species in CAGN territories in each
subregional reserve, followed distantly by California Buckwheat (Eriogonum fasciculatum) and
Black Sage (Salvia mellifera). Once again, Black Sage was more prevalent in central reserve
CAGN territories versus those in the coastal reserve. In spring 2002, California Sunflower
(Encelia californica) suffered extensive withering due to lack of rainfall, and was recorded at very
low levels in both reserves, but with the return to normal rainfall its prevalence in both central
and coastal reserve territories substantially increased in 2003. With the return of drought condi-
tions in 2004, California Sunflower’s prevalence in CAGN territories again declined. We con-
tinue to collect standardized data in order to obtain a fuller picture of CAGN-occupied habitat
in the coastal and central reserves over time.

CAcTUSs COVER IN CALIFORNIA GNATCATCHER TERRITORIES

Table U presents these results for 2002-2004. In each year and in each reserve, CAGN over-

whelmingly occupied scrub with 0-10% cactus cover. This tendency has been somewhat stron-
ger in the coastal reserve, probably reflecting the sparse distribution of cactus in coastal reserve
since the 1993 Laguna Beach Fire. These results suggest that CAGN in the NROC tend to select
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scrub habitats with few or no cactus patches, possibly to avoid CACW, which are reported to
prey on and otherwise antagonize CAGN (see Atwood and Bontrager 2001).

California Gnatcatcher Habitat Structure
WooDY VEGETATION HEIGHT IN CALIFORNIA GNATCATCHER TERRITORIES

Table V presents these results for 1999-2004, with the 2004 data reinforcing the pattern of
CAGN selecting habitat close to 1.0 m tall. In 2004, 71% of central reserve territories and 61% of
coastal reserve territories were in scrub habitat in this height range, with the remaining territo-
ries being in habitat estimated to be approximately 1.5 m tall.

SHRUB COVER IN CALIFORNIA GNATCATCHER TERRITORIES

Table X presents these results for 1999-2004. As in previous years of this study, CAGN showed
a preference for relatively dense scrub habitat. Almost no CAGN were found in scrub estimated
to have shrub cover lower than 40%, while 92% of central reserve territories and 83% of coastal
reserve territories were in habitat with absolute shrub cover estimated at 61-100%, with the
81-100% cover class claiming more territories than any other class.

In contrast to these results, Atwood and Bontrager (2001) summarized several southern Califor-
nia studies reporting that CAGN mainly occupy scrub with perennial cover of 23-56%. Such
results probably reflect methodological differences. In particular, the NROC estimations of
perennial cover have been made during brief periods of observation, a method that tends to
focus on the presumed main area of habitat use while excluding marginal areas that may be
used regularly, if infrequently. Other studies have involved mapping the movements of birds
over long periods of time, a method that would be expected to yield lower overall estimates of
shrub cover in CAGN territories due to inclusion of marginal areas. Additional years of data
collection, combined with analysis of physical site characteristics and fire history, should be
valuable in assessing CAGN habitat preferences in the NROC.

California Gnatcatcher Population Dynamics in the NROC

An important goal of this study should be to use annual monitoring data to better understand
the basic ecological principles affecting the target bird populations occurring within each of the
NROC's subregional reserves. Toward this end, two classes of CAGN monitoring site were
identified based on the results of the 1999 surveys (when the NROC population last peaked):
“high density” sites were those with at least five CAGN territory detections (n=11), and “low
density” sites with fewer detections (n=23). Six sites that have not supported CAGN during any
year of the study are excluded from this analysis, as they may not provide suitable habitat for
CAGN (but note that this number is down from nine in 2002, as new territories were estab-
lished in habitat that had been vacant during the previous years).

As reported on Page 43, mean detection rates in the core, edge, and fragment sampling strata
form the basis for reserve-wide CAGN population trend analyses. In Table CC, raw counts are
used instead of mean detection rates. This is because the division of the NROC into “high den-
sity” and “low density”areas is purely conceptual (e.g., the division does not conform to the
core, edge, and fragment sampling strata). The following year-to-year comparisons of detection
rates at high-density vs. low-density sites are intended only as a means of conceptualizing and
assessing ecological factors that appear to influence CAGN population dynamics in the NROC.
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TABLE CC — CALIFORNIA GNATCATCHER DETECTION RATES
AT “HicH DENSITY” AND “Low DENsITY” SITES, | 999-2004

Table CC shows two-visit CAGN counts at each site for each year of the study; two-visit data
projected from single-visit data are indicated in italics (see Pages 6-7). Six sites that remained
vacant during all years of the study have been excluded from this analysis, as these areas may not
include habitat that is regularly used by CAGN.

2-VisiT Raw COUNTS

SITE SuB-STRATUM B 1999 2000 200 | 2002 2003 2004
HiGH DENSITY SITES

| RESIDENTIAL EDGE 6.42 1.07 1 2 2 4
3  Mixep EDGE (FRAGMENT) 14.98 16 28 18 12 12
6 MIXED EDGE 14.98 A4l 8 11 B 9
|2 RoaD EDGE 20.33 12 18 23 16 12
|4 RoaD EDGE 7.49 4 5 7 4 7
19 MixeEp EDGE (FRAGMENT) 8.56 3.21 6 6 4 4
20 MixeED EDGE (FRAGMENT) 14.98 8.56 6 11 6 11
21 Mixep EpGeE 8.56 4.28 12 10 8 12
26 RoaDp EDGE 10.7 5.35 8 6 5 8
33 Mixep EDGE (FRAGMENT) 13.91 7 13 18 9 9
39 CoRE 5.35 2 4 4 4 5
ToTAL - HIGH DENSITY 126.26 74.47 109 e 75 o3

Low DENSITY SITES

- % 2 CoRre 0 0 0 1 1 0
) 5  RoaD EDGE 2.14 0 4 4 2 3
o CORE 0 0 0 0 0 1

Il CoRE 3.21 3 2 3 2 1

|5 CoRE 2.14 1 2 1 0 1

|16 CoORE 2.14 0 0 0 0 0

|7 Mixep EDGE 0 0 0 1 0 0

| 8 RESIDENTIAL EDGE 2.14 2 2 1 1 2

22 RESIDENTIAL EDGE 3.21 0 1 1 1 0

23 CoRE 3.21 0 1 2 3 2

24 CORE 1.07 1 0 0 0 0

25 RESIDENTIAL EDGE 3.21 0 3 3 1 1

27 RoOAD EDGE 3.21 0 0 1 1 3

28 RoAD EDGE (FRAGMENT) 2,14 1 3 2 2 4

29 CoRre 1.07 0 2 2 0 1

30 RESIDENTIAL EDGE (FRAGMENT) 4.28 0 1 3 2 5

31 RESIDENTIAL EDGE 0 1 1 1 0 1

32 CoRE 1.07 0 o 0 0 0

35 CORE 2.14 1.07 0 1 2 1

36 RoaD EDGE 0 0 0 0 1 0

37 CORE 1.07 0 1 1 2 0

38 CORE 0 0 2 1 3 1

40 RESIDENTIAL EDGE 0 0 0 0 1 I

TOTAL - Low DENSITY  37.45 1007 25 =29 25 28
PERCENT CHANGE (DETECTIONS/SITE)
SITE CLASS 99-00 0001 ol1-02 02-03 03-04 99-04
HIGH DENSITY -41% +46% +6% -35% +25% -26%

Low DENsITY -73% +148% +16% -14% +12% - 25%
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Table CC shows that the number of unoccupied low density sites varied considerably from year
to year (six in 1999; 15 in 2000; nine in 2001; five in 2002; seven in 2003; eight in 2004), while no
high density site has been unoccupied in any year. As noted previously, six sites were excluded
from this analysis because they were vacant during each year of the study. A solid majority of
CAGN territories (75-88%) have been found at high density sites during each year of the study
despite the high density sites accounting for only one-third of the 34 occupied monitoring sites.

From 1999 to 2001, territory counts at low-density CAGN sites declined about twice as fast as
the counts at high-density sites, but by the end of 2004 both high and low density CAGN popu-
lations had declined approximately 25% from their 1999 levels. As reviewed in the following
paragraphs, different mechanisms appear to be responsible for partially asynchronous declen-
sion of the NROC'’s low and high density populations.

In demographic studies that started in the early-to-mid 1990s, CAGN survivorship was found
to “vary substantially among years, usually at regional scale suggestive of widespread causes,
such as weather effects” (Atwood and Bontrager 2001: 20). Specifically, mild winters —with a
general lack of heavy storms, and exclusive of multi-year drought conditions —appear to pro-
mote overwinter survival by CAGN. Consistent with this notion, and with the proposition that
low density populations occupy habitat that is of relatively low quality for the species (see the
next section, entitled “Current Demographic Model for CAGN in the NROC”), the proportion
of territories found at low density monitoring sites has been greatest in springs that followed
mild winters: 25% of detections in 2003; 23% of detections in 1999 and 2004. Note that only 12%
of territories were found at low density sites in spring 2000 — on the heels of a two-year drought
that was broken by a series of fairly heavy storms in February and March 2000. As noted above,
15 of the 23 low density sites were, in fact, vacant in 2000 — many more than in any other year of
the study to date. Thus, the six years of data from the NROC target bird study suggest a correla-
tion between overwinter survival and the relative abundance of CAGN in lower quality habitat
during the following spring.

In contrast to survivorship, Atwood and Bontrager (2001) reported that regional CAGN pro-
ductivity tends to remain fairly constant from year to year. But this finding was made during
the early-to-mid 1990s, a period not marked by regional drought of particular consequence
(Atwood et al. 1998b), and it appears that the more recent drought conditions have affected
productivity considerably, at least during certain years. In particular, productivity of all of the
NROC's coastal sage scrub bird populations appeared to be profoundly affected in spring 2002,
as well documented at the NROC's MAPS stations (DeSante et al. 2003a, summarized on Pages
40-42). That very dry rainy season was followed by a relatively mild winter with near-average
rainfall’, affording an opportunity to evaluate the relationship between low CAGN productiv-
ity and potential shifts in the species” distribution across the NROC. In 2003, the predicted
single-year decline occurred primarily in high density populations, which dropped 35% from
2002 levels, compared with a 14% decline in low density populations. Examining these results,
some logical —if speculative —explanatory mechanisms emerged.

As Table CC shows, the higher the territory count in 2002, the greater the decline registered in
2003. Nine of the 11 high density sites (82%) registered single-year declines in 2003, and the two
high density sites that remained constant from 2002 to 2003 had the lowest territory counts in
2002. Conversely, only eight of the 23 low density sites (36%) registered single-year declines in

"This was in contrast to the situation in 1999, when apparently low productivity was followed by conditions
that were not conducive to overwinter survivorship, making it impossible to tease apart the effects of low productivity
from the effects of low overwinter survivorship.
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2003 while six sites (27%) actually registered increases. Such striking short-term demographic
shifts almost certainly reflect basic ecological processes that follow directly from the productiv-
ity crash of 2002. Comprehensive, standardized data on CAGN productivity, survivorship, and
perhaps dispersal would be required to demonstrate the mechanism(s) responsible for these
patterns, but in the absence of such detailed information it is reasonable to explore the likely
causes for these demographic shifts:

> First, it is safe to conclude that most or all of the gnatcatchers that fledged in 2002 en-
countered environmentally stressful conditions (in both high density and low density
populations) and were forced to compete with adults and other young gnatcatchers for
scarce food resources.

> Under such conditions, it is reasonable to hypothesize that adults already established in
high density areas would vigorously harass subdominant juveniles, causing them to
disperse into sparsely occupied or unoccupied scrub (indeed, CAGN pairs were re-
corded in 2003 at two of nine monitoring sites that had been vacant each year from 1999
to 2002).

> It is also possible that juveniles actually require little “encouragement” to disperse long
distances out of natal territories that offer scarce food resources, which could lead to the
same result (preferential settlement of low-density areas).

> Finally, and not exclusive of the potential dispersal mechanisms outlined above, CAGN
nesting success may have been relatively high in sparsely occupied habitat, where both
adult and juvenile birds would be capable of foraging over wider areas due to lower
levels of competition from nearby gnatcatchers.

The 2004 results were not as dramatic as the 2003 results, but they nonetheless tend to support
the developing demographic model outlined below.

Current Demographic Model for CAGN in the NROC

Previous NROC target bird reports (Hamilton 2001a, 2001c) have addressed this topic, which
has been evolving to incorporate and accommodate each year’'s CAGN population data. The
current demographic model seems to be useful in helping to explain each year’s results through
2004.

The term “metapopulation,” introduced by Richard Levins (1969), refers to a generalized con-
cept of species existing in sets of local populations that are largely independent, but connected
by periodic migration of individuals. California Gnatcatcher dispersal between the central and
coastal subregional reserves remains unconfirmed (i.e., through recaptures or sightings of
banded birds), and CAGN exchange between these reserves is probably rare due to the large
expanses of urbanized or otherwise unsuitable habitat separating them. Unless contrary evi-
dence emerges, it is reasonable to assume that CAGN populations in the subregional reserves
are essentially isolated from each other. Taking a wider view, the central reserve is functionally
contiguous with a large expanse of occupied habitat to the southeast (i.e., the Southern Orange
County NCCP planning area), and smaller numbers of CAGN to the north in the lower Santa
Ana Mountains. By contrast, CAGN movement into and out of the coastal reserve is probably
limited to more occasional interchange with coastal populations to the northwest (e.g., the West
Newport Oil property and Fairview and Talbert parks) and to the south in Laguna Niguel (see
Atwood et al. 1998b:22). Because of its less robust connections to other natural reserve systems,
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the coastal reserve appears to be more vulnerable to extirpation of sedentary species, such as
CAGN and CACW, compared with the central reserve.

Within each of the NROC's subregional reserves, most CAGN occupy “high density” habitat
areas. As described previously, these areas tend to occur along reserve edges, where coastal
sage scrub grows on relatively shallow slopes and is dominated by favored shrubs, especially
California Sagebrush (Artemisia californica). The intervening scrub and chaparral communities,
which account for most of the NROC's total area, are either unoccupied by CAGN, or occupied
at much lower density. This arrangement has some characteristics of a “classic” or “Levins”
metapopulation, but the relative continuity of suitable habitat that is occupied at low levels
suggests that the term “patchy population” (Harrison and Taylor 1997) may be more appropri-

ate.

It is hypothesized that the NROC's high density habitat patches are, in certain important re-
spects (e.g., topography, elevation, vegetation, micro-climate), ecologically favorable to CAGN
survival. If this hypothesis is correct, these areas may be termed “high quality habitat” or
“source” habitat. Such areas tend to remain occupied at relatively high densities even during
times of ecological stress (e.g., prolonged drought, severe winter storms), when gnatcatchers in
less favorable areas (“low quality habitat” or “sink” habitat) perish at higher rates. During
environmentally benign periods (e.g., mild winters that nonetheless provide rainfall adequate
to initiate insect flights needed for CAGN survival), many gnatcatchers that settle in low qual-
ity habitat areas are able to survive and may breed successfully. During such periods, and even
in years like 2003 when CAGN populations in high quality habitat experience short-term de-
clines greater than those in low quality habitat, the densities and absolute numbers in high
quality areas appear to generally remain well above the densities and numbers in low quality
areas (see the data in Table CC).

Nonetheless, the proportion of birds occupying low-quality habitat is relatively high during
periods that favor overwinter survivorship, especially during the year after a severe, reserve-
wide drop in productivity. But inevitably, severe winter storms or prolonged drought condi-
tions can be expected to eliminate relatively large numbers of gnatcatchers from low quality
habitat areas, so that the proportion of birds in high density areas again increases.

With respect to this type of simplified “source/sink” demographic model, Van Horne
(1983:901) warned:

We need to be much more careful in identifying high-quality or critical habitat and not
assume simple density-habitat quality relationships without the demographic data to
support them.

The NROC study has not collected the type of demographic data on CAGN recommended by
this author, but nothing in the six years of NROC data suggest that any low density habitat
areas should be considered high quality habitat for CAGN, or vice-versa (with the possible
exception of Site No. 1, which has been occupied at low density since 2000). Moreover, the
NROC results are consistent with a growing body of published and unpublished research indi-
cating that CAGN density tends to be correlated with habitat quality for this species.

Van Horne (1983:896) further postulated:

Because the juveniles are subdominant, there is no social interaction factor to prevent
high densities in the sink habitats, which is in contrast to the adult-dominated high-qual-
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ity or source habitats. Densities in the lower-quality habitat may thus actually be greater
at times than in the high-quality habitat.

In the NROC study, high density and low density sites were defined based entirely on survey
results from 1999, when reserve-wide gnatcatcher density is believed to have peaked and when
the species was present at many sites from which it vanished in 2000 (most such areas were re-
colonized in 2001 and in later years). Thus, 1999 was a year when CAGN densities in low-qual-
ity habitat could have approached or exceeded densities in high-quality habitat—1i.e., causing
some low-quality habitat areas to be erroneously identified as high-quality (“source”) habitat
areas. If Van Horne’s hypothesis pertained to CAGN in the NROC, many low density sites
should have outperformed high density sites at some point during the next five years, but
examination of Table CC shows that this clearly was not the case (Site 30 did register five terri-
tories in 2004, but counts at this site have fluctuated greatly over the years, and two of the five
territories in 2004 were partials). Even in 2003, when high-density populations decreased 35%
from 2002 levels and low-density populations decreased only 14%, 10 of the 11 high density
sites maintained four to 16 CAGN territories while none of the 22 low density sites supported
more than three CAGN territories. Thus, with the possible exception of Site 1, CAGN popula-
tions occupying high density monitoring sites have responded to environmental stresses con-
sistent with expectations for birds in high-quality “source” habitat. And, with the possible
exception of Site 30, CAGN populations at low density monitoring sites have behaved as hy-
pothesized for birds in low-quality “sink” habitat.

Thus, results of this study to date suggest that the most favorable habitat patches play a dispro-
portionately important role in maintaining viable CAGN populations in each subregional re-
serve. Since nearly all of these high density habitat areas exist near reserve edges, where human
disturbances are likely to be greatest, this finding may have important implications for long-
term management of the reserve.

Low density habitat areas, which comprise most of the NROC, presumably provide important
habitat connections between CAGN population centers, and may play other key roles in main-
taining the NROC's overall CAGN populations —roles that cannot be easily observed or antici-
pated, such as providing habitat for species that may control populations of CAGN antagonists.
The surprising stability of low-density populations in 2003, a year when high-density popula-
tions declined markedly, also speaks to the importance of appreciating the subtle complexity of
certain landscape-level ecological processes, some of which may only become evident after long
periods of study. Finally, some low-density areas may become high density sites over time, and
vice-versa, e.g., due to post-fire vegetative succession or long-term climate change.

Ongoing monitoring, including tracking of results obtained at high density and low density
sites, will permit tracking of potential shifts in CAGN population centers over time. Upon
completion of anticipated assessments of slope, elevation, vegetation, fire history, and other
physical characteristics of each site, it should be possible to obtain a reasonably precise under-
standing of the site characteristics that determine whether a given patch of scrub in the NROC
provides relatively low or relatively high habitat values for CAGN. Ultimately, it may be possi-
ble to incorporate such information into a detailed model of reserve-wide CAGN distribution
and population dynamics. This could allow managers to, for example, compare the relative
contributions of different habitat areas to the viability of the CAGN population in a given geo-
graphical area, or anticipate the likely short-term and long-term effects of major stochastic
events, such as wildfires or prolonged drought (see Pulliam and Danielson 1991).
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Cactus Wren Population Estimates

Following an estimated decline of 40% (35-44%) from 2002 to 2003, it is estimated that the
overall CACW population increased 15% (13-18%) in 2004. This overall increase was
comprised of an estimated 25% increase (21-30%) in the central reserve population and a 26%
decrease (23-28%) in the coastal reserve population.

From 1999 to 2004, it is estimated that the overall CACW population declined 33% (28-37%).
The estimated decline in the central reserve was 26% (19-33%), while the coastal reserve’s
estimate decrease was 59% (54-63%).

Cactus Wren Patterns of Distribution

In all six years of the study, the CACW detection rate (mean detections/site) for the central
reserve has been substantially greater than that for the coastal reserve (4.1 times greater in 1999;
5.5 times greater in 2000; 4.3 times greater in 2001; 3.6 times greater in 2002; 4.0 times greater in
2003; 7.7 times greater in 2004). These differences appear to be largely attributable to the 1993
Laguna Beach Fire, which burned 75% of the coastal reserve and consumed cactus patches
across large swaths of the San Joaquin Hills (the 1998 Santiago Canyon Fire burned 38% of the
central reserve and left larger areas of intact cactus scrub usable by CACW).

In 2004, the mean CACW detection rate across the NROC (n=40 sites) was 1.53 detections/ site.
Breaking this down by major land designations:

> The mean detection rate at core sites (n=19) was 1.63 territories/site (44 % higher than
the 2003 rate of 1.32 territories/site in the reserve core).

> The mean detection rate at edge sites (n=15) was 1.73 territories/ site (13% higher than
the 2003 rate of 1.53 territories/site on the reserve edges).

> The mean detection rate at fragment sites (n=6) was 1.16 territories/ site (approximately
the same as the 2003 rate of 1.17 territories/site in reserve fragments).

From 2002 to 2003, the core detection rate decreased the most (48 %), followed by the edge rate
(30%) and the fragment rate (22%). Thus, as observed for CAGN, the 2004 results reversed the
previous year’s pattern.

The relatively uniform distribution of CACW across the three sampling strata, observed in all
years of this study, appears to reflect the distribution of suitably developed cactus scrub
habitat. The 1991/92 surveys of the NROC lands (Jones and Stokes 1993) also showed CACW to
be distributed more uniformly across the two subregional reserves compared with CAGN. In a
recent study of CACW nest-site selection in the Chino Hills of northern Orange County,
Flaagan (1999) found that nest-containing patches were at least 90 cm tall, and averaged 1.4 m
tall, and that the birds showed a preference for cactus patches with a relatively low percent
shrub cover and low average height of shrubs (presumably because abundant tall shrubs allow
ground predators to more readily access nests placed in otherwise well-protected cactus
plants).
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Cactus Wren Habitat Composition

RELATIVE ABUNDANCE OF SHRUB SPECIES IN CACTUS WREN TERRITORIES

Table T presents these results. For each of the five years this information\\has been recorded,
Coastal Prickly-Pear has been more dominant in the central reserve than in the coastal reserve,
and in 2004 this species again ranked first in the central reserve. In 2002, it had been supplanted
by both California Sagebrush and California Buckwheat in the coastal reserve, and in 2004
California Sagebrush was again slightly more prevalent in this part of the NROC. The differing
prevalence of cactus in the two reserves appears to reflect slow cactus recovery in the coastal
reserve after the 1993 Laguna Beach Fire, and it is expected that cactus will become
incrementally more dominant in the coastal reserve as recovery progresses (Hamilton 2003a, b).
In 2004, Coyote Brush (Baccharis pilularis) was unexpectedly prevalent in coastal reserve territo-
ries, receiving a fairly high ranking of “1.1” after five years of rankings lower than “0.2.” In the
central reserve, Lax-flowered Bushmallow (Malacothamnus fasciculatus) ranked high at “1.0”
after five years of lower rankings. Other relatively abundant plants in CACW territories include
Laurel Sumac (Malosma laurina) and Lemonade Berry (Rhus integrifolia). Mexican Elderberry
(Sambucus mexicana) is frequently found in CACW territories, and it may provide important
high perches and foraging habitat, but it continues to receive low rankings as it covers rela-
tively little area compared with other shrub species dominant in CACW territories.

CacTtus COVER IN CACTUS WREN TERRITORIES

Table U presents these results. In 2004, 57% of CACW territories in the central reserve and 76 %
of CACW territories in the coastal reserve were judged to have >10% cactus cover. The remain-
ing territories were judged to have 1-10% cactus cover. In the central reserve, 18% of CACW
territories were judged to have >25% cactus cover, comparable to 20% of territories in 2002 and
25% of territories in 2003.

In the coastal reserve 38% of CACW territories were judged to have >25% cactus cover, up from
6% in 2002 and 11% in 2003. Given that the coastal reserve population estimate dropped 25%
from 2003 to 2004, the increased proportion of CACW occupying scrub with >25% cactus cover
(during Round 1 surveys) could reflect concentration of birds in the highest quality cactus
scrub. Note, however, that the sample size is very small (n=8 for Round 1 detections), and that
all four Round 2 CACW detections were in scrub with cactus cover estimated at 11-25%.

Cactus Wren Habitat Structure
WooDY VEGETATION HEIGHT IN CACTUS WREN TERRITORIES

Table W presents these results. In 2004, as in previous years, the overwhelming majority of
CACW territories (89% in the central reserve and 100% in the coastal reserve) were in scrub
habitat approximately 1.0 to 1.5 m tall.

SHRUB COVER IN CACTUS WREN TERRITORIES

Table Y presents these results. In 2004, as in previous years, CACW territories were primarily
found in dense scrub, although this tendency was once again more pronounced in the coastal
reserve, where 88% of territories were in habitat with shrub cover estimated at >60%, compared
with only 56% of territories in the central reserve. Many sparsely vegetated territories in the
central reserve (i.e., those estimated at <41% shrub cover) were in recently burned scrub or in
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limited patches of cactus surrounded by grasslands, situations that are relatively rare in the
coastal reserve.

Cactus Wren Population Dynamics in the NROC

To better understand the basic ecological principles affecting the CACW populations in the
NROC's subregional reserves, two classes of monitoring site were identified based on the re-
sults of the 1999 surveys (when the NROC population last peaked): “high density” sites were
those with at least four CACW territory detections (n=10), and “low density” sites with fewer
detections (n=20). Ten sites that did not support CACW during any year of the study have been
excluded from this analysis, as they may not provide suitable habitat for this species.

As reported on Page 51, mean detection rates in the core, edge, and fragment sampling strata
form the basis for reserve-wide CACW population trend analyses. In Table DD, raw counts are
used instead of mean detection rates. This is because the division of the NROC into “high den-
sity” and “low density”areas is purely conceptual (e.g., these divisions do not conform to core,
edge, and fragment sampling strata). The following year-to-year comparisons of detection rates
at high-density vs. low-density sites are intended only as a means of conceptualizing and as-
sessing ecological factors that appear to influence CACW population dynamics in the NROC.

To date, year-to-year fluctuations in the NROC’s CACW populations have not consistently
mirrored those of the reserve’s CAGN populations. Cactus Wrens are substantially larger than
CAGN, and employ somewhat different strategies for surviving the winter months (most nota-
bly, constructing brood nests). The two species also select different vegetation and geographic
cues for their preferred habitats, and those habitats are recovering at different rates from recent
major fires. So it is perhaps to be expected that CACW and CAGN populations in the NROC
will behave somewhat differently as environmental conditions change from year to year. None-
theless, by spring 2003 the reserve-wide populations of both species were approximately 40%
below their 1999 levels.

Table DD shows that the number of unoccupied low density sites varied from year to year (one
in 1999; four in 2000; seven in 2001; four in 2002; eight in 2003; six in 2004), while only a single
high density site was vacant during any of the five years (Site No. 7 in 2003). As noted previ-
ously, ten sites were excluded from this analysis because they were vacant during each year of
the study. Note also that most of the CACW detections have occurred at high density sites
during each year of the study (64% in 1999;61% in 2000; 59% in 2001; 53% in 2002; 56 % in 2003;
61% in 2004) despite the high density sites accounting for only one-third of the 30 occupied
monitoring sites.

Counts at high density sites declined 20% from 1999-2001 as the counts at low density sites
remained constant. From 2001 to 2002 high density populations increased by just 2% while low-
density populations registered a 24% increase. Following the productivity crash of 2002, how-
ever, both sets of populations dropped precipitously in 2003, with high density sites shedding
37% of the 2002 territories and low density sites shedding 43 %. In 2004, the high density sites
rebounded by 26 % while low density sites remained nearly flat, with just a 4% increase’.

"t should be noted that only one of the ten high density sites is in the coastal reserve, while nine of the 20 low
density sites are in the coastal reserve; the coastal reserve CACW population posted an unanticipated 25% single-year
decline in 2004.



NROC TARGET BIRD STUDY REPORT ROBERT A. HAMILTON, CONSULTING BioLOGIST
NovEMBER 3, 2004 PAGE 54 oF 62

TaBLE DD — CAcTus WREN DETECTION RATES
AT “HicH DENsSITY” AND “Low DENsITY” SITES, | 999-2004

Table DD shows two-visit CACW counts at each site for each year of the study; two-visit data
projected from single-visit data are indicated in italics (see Pages 6-7). Ten sites that were vacant
during all five years of the study have been excluded from this analysis, as these areas may not
include habitat that is regularly used by CACW.

2-VisIT COUNTS
SITE SUB-STRATUM 1999 2000 2001 2002 2003 2004
HiGH DENSITY SITES

| RESIDENTIAL EDGE 4.60 1.15 1 2 2 2
S Mixep EDGE 575 4 3 4 3 3
7 CORE 4.60 2 3 3 0 3
© CoRE 6.90 10 8 9 5 6
Il CoRE 5.75 74 6 6 2 3
|2 RoAD EpGE 6.90 6 7 6 4 5
16 CoRE 5.75 9 9 7 6 6
17 Mixep EbGE 4.60 2 4 4 4 5
| 8 RESIDENTIAL EDGE 9.20 7 5 6 4 )
25 RESIDENTIAL EDGE 5.75 2 2 2 1 1

ToTaL — HIGH DENSITY 59.80 50.15 48 49 31 39
Low DENsITY SITES

2 CoRE L.15 0 0 0 0 0
3 MIXED EDGE (FRAGMENT) 1.15 2 0 0 0 0
4 CORE 1.15 1 2 1 1 1
5  Roap Epce 1.15 2.30 1 0 0 1
8 CORE 2.30 1.15 2 4 1 2
IO CoRE 1.15 0 0 2 0 1
13 CoRE 3.45 6.90 4 4 3 3
|4 RoaDp EDGE 2.30 3 2 2 2 1
15 CoRE 3.45 3 8 8 6 5
19 MixeED EDGE (FRAGMENT) 1.15 1.15 0 1 0 2
20 Mixep EDGE (FRAGMENT) 2.30 1.15 1 2 1 2
21 Mixeo EbGeE 3.45 3.45 4 4 1 i
22 RESIDENTIAL EDGE 1.15 1 2 2 1 0
23 CoRE 1,15 0 0 il 0 0
24 CoRE 1.15 0 0 0 0 0
26 RoAD EDGE 0 1.15 2 2 1 2
27 RoaD EDGE 1.15 0 1 0 0 0
28 RoOAD EDGE (FRAGMENT) 1.15 2 0 3 2 1
30 RESIDENTIAL EDGE (FRAGMENT) 115 2.30 3 3 4 2
35 CoRE 2.30 1.15 2 3 1 il

ToTaL — Low DENSITY 33.35 32.70 34 42 24 25
o PERCENT CHANGE (DETECTIONS/SITE) -
SITE CLASS 99-00 - _ﬁ_“OO-O | Ol1-02 02-03 03-04 99-04 .
HiIGH DENSITY -16% -4% +2% -37% +26% | -35%

Low DENSITY 2% +4% +24% -43% +4% | 5% !
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Examining the six-year trend from 1999-2004, high density populations declined 35% while low
density populations declined 25%. The following paragraphs review some factors that may
help to explain these downward trends.

It was noted previously that mild winters —with a general lack of heavy storms, and exclusive
of multi-year drought conditions —appear to promote overwinter survival by CAGN. In con-
trast, the data to date suggest that CACW better survive cold, wet weather, as expected for a
relatively large species that builds enclosed brood nests for warmth and shelter during cold,
rainy winter weather. This life history trait helps to level out the difference between high qual-
ity habitat and lower quality habitat that may offer less natural protection from the elements (a
difference hypothesized to play a role in CAGN population dynamics). For example, CACW
detections at low density sites declined only 4% from 1999 to 2000 despite low productivity in
1999 and very poor survival conditions in winter 1999. The 18% decline at high density sites in
2000 may reflect the rigors of greater competition in high density areas (with possible dispersal
of juveniles to low density habitat) more than weather-related declines in overwinter survival.
Were overwinter survival an important factor, one would expect low density sites to have
posted a larger decline. The only major, NROC-wide, single-year CACW decline was registered
in 2003, following a spring with record-low productivity and a winter with average rainfall and
just one heavy storm, and both high density and low density populations were greatly affected.
This suggests that productivity is generally more important to CACW population viability than
is overwinter survival.

All ten sites excluded from this analysis due to lack of CACW sightings are numbered in the
range of 29 to 40. Since the numbering of sites generally proceeded from inland sites and
moved toward the coast, these sites are all located fairly near the coast. Surveys of the coastal
reserve in1991/92 (Jones and Stokes 1993) found the greatest concentrations of CACW at least
two miles from the coast, but they also turned up numerous territories near the immediate
coast. The lack of detections at these ten sites indicate that very little cactus scrub habitat suit-
able for use by CACW exists close to the coast ten years after the Laguna Beach Fire.

Bontrager et al. (1995) conducted spring 1994 surveys throughout the Laguna Beach Fire area,
revealing 79 pairs of CACW and just 12 pairs of CAGN within the perimeter of the burn—28%
and 9%, respectively, of 1992 survey results for the same area. We noted that Laguna Canyon
and other coastal canyons had burned hotter and more completely than areas on the north and
west flanks of the fire, and consequently experienced greater loss of vegetation. Most of our
1994 CACW and CAGN detections were in the less severely burned areas away from the imme-
diate coast. Finally, we cautioned that CACW outnumbering CAGN by approximately seven to
one within the burn perimeter should not be taken as an indication that the CACW population
was closer to full recovery. Cactus Wrens generally require cactus scrub that is at least one
meter tall, a height that is not quickly attained by these relatively slow-growing plants.

Smith and Peacock (1999) investigated the concept that colonization of habitat patches by dis-
persing individuals “may be profoundly influenced by the presence of conspecifics on neigh-
boring patches, leading to a colonization process that may be much more deterministic than
was previously believed.” They provided evidence that certain reptiles, birds, and mammals
“can and do assess habitat quality indirectly by cuing on the presence of conspecifics,” with
potentially important implications for managing populations in fragmented habitats (e.g., rein-
troduction of a species to a fragmented area may be more successful if individuals are grouped
in colonies rather than scattering them throughout the reserve area). Although our study has
not attempted to research this issue, anecdotal observations of CACW in the NROC and else-
where, and the observations of others, suggest that CACW may tend to settle selectively in
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in the NROC and elsewhere, and the observations of others, suggest that CACW may tend to
settle selectively in habitat patches near areas already occupied by CACW. If this is the case,
analysis of low density vs. high density populations in the NROC should provide evidence of
this, as cactus scrub recovers over a period of decades. If the presence of CACW proves to be an
important factor determining whether dispersing CACW settle a given area, then burned cactus
scrub habitat near the coast could be slowed even further (beyond the time it takes for cactus to
regrow) by the scarcity of CACW in that area. Furthermore, the potential relevance of this
phenomenon should be considered as part of any proposal to restore cactus scrub in the NROC.

Ongoing monitoring and more detailed analysis of the results from high density and low
density sites (including anticipated assessment of slope, elevation, fire history, and other
physical characteristics of each site) will give a more complete understanding of the CACW
population dynamics in the NROC.

BROWN-HEADED COWBIRD SAMPLING
ROBERT A. HAMILTON

Table R presents these results. In the six years of this study, we have recorded only nine Brown-
headed Cowbirds in the NROC: five in 1999; two in 2000; none in 2001; two in 2002; none in
2003 or 2004 (all Round 1 counts; BHCO are not monitored in Rounds 2 or 3). It should be
noted, however, that in 2004 we detected BHCO parasitism of two nests at Site 33 (on the
coastal shelf of Crystal Cove State Park). Overall, our results provide evidence that cowbird
trapping efforts across the NROC appear to be achieving positive results for species outside of
the riparian areas where the traps are concentrated.

As noted previously, BHCO monitoring is not a required element of the NROC’s monitoring
program and is not a primary objective of this study. If detections were to increase markedly in
future years of this study, further analysis of BHCO data could be warranted at that time.

VI. RECOMMENDATIONS
FocuseDb EVALUATION OF CoOASTAL RESERVE CACW POPULATION

Due to the following considerations, the coastal reserve CACW population is of potential
conservation concern:

> The Laguna Beach Fire burned 75% of the coastal reserve. Surveys within the fire
perimeter conducted in 1994 by Bontrager et al. (1995) revealed 72% fewer CACW pairs
than were known from pre-fire surveys in 1992, and cactus scrub has not yet recovered
significantly in the fire perimeter.

> The estimated number of CACW pairs in the coastal reserve has declined 59% (54-63%)
since 1999, and from 2003 to 2004 the estimated population size declined 25% (23-28%)
when a population increase had been expected (such single-year increases were
recorded for CACW in the central reserve and for CAGN in both subregional reserves).

> Precipitation in 2003 /04 was 47 % below average, and anecdotal observations of
relatively few CACW juveniles in spring 2004 lead to a prediction that CACW
populations across the NROC will be lower in 2005.
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It is recommended that the NROC, USFWS, and CDFG survey the entire coastal reserve in
spring 2005 to determine the actual of CACW in the reserve, to identify the most heavily
populated habitat areas, to more closely evaluate the characteristics of occupied cactus scrub
habitat, and to start developing a conservation strategy that will help to ensure the long-term
viability of this vulnerable NROC target bird population.

STATISTICAL ANALYSIS OF PiLOT DATA FOR YEARS | —6

This section repeats input from Dr. Karen Messer concerning statistical analyses that should be
performed in future years of the target bird study. These recommendations are essentially the
same as those presented by Hamilton (2003a,b,c), although the statistical analysis of pilot data
was originally recommended for 2003. These analyses have not been completed to date, as it is
anticipated that the USFWS and CDFG will want to provide further guidance in this respect.

The NROC should retain an experienced biometrician to review data collected during the first
six years of pilot monitoring (1999-2004) and recommend any adjustments necessary to meet
the project’s stated objectives. These analyses should be completed in time to modify the study
design prior to commencement of the seventh season of data collection on 1 March 2005. The
following analyses were recommended by Dr. Tyson Holmes prior to initiation of the study
and later modified by Dr. Messer.

Linear Contrast Analysis
INITIAL PROPOSAL

For each hypothesis, a linear contrast should be calculated on the temporal sequence of
detection rates for each site (Gurevitch and Chester 1986) These contrast values will then be
used to estimate mean trend and its variance for the NROC with a stratified-sampling estimator
(Thompson 1992). The study designers shall determine the most relevant combinations of strata
to be considered (coastal and central reserve; core, edge, and fragment land designations; core,
road edge, residential edge, and mixed edge sub-designations). Estimates of the mean and its
variance will be used to construct a 90%-confidence interval for each hypothesis. A linear trend
in mean detection rate will be indicated where a confidence interval does not include zero.

DiscussION

As presented in the Methods section and Appendix B, a stratified Poisson model incorporating
the number of visits to each site probably represents the best approach. The strata are
determined by the study design as given in the Methods section. A smooth linear trend should
not be expected; it may be more appropriate to consider time series models as more data is
collected.

Analyses of Sample Size and Sampling Rate
A sample-size analysis will be performed for each of the two target species. A desirable

objective would be to estimate, grossly, how large sample sizes should be each year in order to
obtain estimates of the total that are within at least £20% of the true total with 90% confidence’.

> It is recognized that dispersion within the data for the first five years may not be representative of
dispersion in subsequent years; but, these are the best data that will be available for this purpose.
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However, sample sizes for estimating the total number of territories may be much larger that
those required to estimate the change in territories. Please see the discussion below and in
Section 1.15 in the Appendix B. Dr. Holmes expected that these estimates would be made using
normal theory (Thompson 1992) or studentized bootstraps (Efron and Tibshirani 1993).

A biometrician should examine the results of the first six years of this study, and work with the
NROC, USFWS, and CDFG to determine an appropriate sampling strategy for future years of
this study.

Monte Carlo Simulations of Sample Size
INITIAL PROPOSAL

For each hypothesis, Monte Carlo simulations on data from the third through sixth years will
be used to determine appropriate sample sizes and schedules for the long term (see Mac Nally
1997). Three effect sizes should be explored in each analysis: 1) a drastic 20% change between a
pair of consecutive years, 2) 5% linear trend over five years, and 3) 10% linear trend over five
years. Each of these changes will be simulated as an increase and a decrease. Each iteration of
the 20% effect size will be examined for each pair of consecutive years from data collected in
the second through sixth years. For each pair the mean for the second year will be adjusted
upward or downward by 20% relative to the mean for the first year and separate sampling
simulations will be conducted for a range of studentized-bootstrapped sampling rates (Efron
and Tibshirani 1993). For the 5% and 10% effect sizes, a straight line will be fitted to the five-
year sequence of annual means and the resultant set of five residuals will be added in their
original order to each simulated five-year linear trend to preserve any original autocorrelation
structure. For these five-year effect sizes, separate sampling simulations will be conducted
across a range of bootstrapped sampling rates for two schedules: 1) sampling conducted each
year and 2) sampling conducted every other year. For all three effect sizes, any relationship
between the mean and the variance will be preserved in simulated data by appropriately
scaling the set of residuals about each annual mean. Hypothesis testing will be as described
above. Target power should be 80% and false-alarm rates should be 10% for all simulations (see
Kendall et al 1992, Zielinski and Stauffer 1996).

DiscussioN

To estimate changes in population totals, Dr. Messer has carried out a preliminary bootstrap
sample size and power computation, utilizing the linear trend model (see Appendix B, Sections
1.15 and 2.6). For CAGN, this analysis indicates that the present study design has 90% or more
power to detect a decline of 16 territories per year over five years, at 90% confidence. Reserve
managers and the resource agencies will have to determine whether this power level is
adequate. Note that this estimate is valid at the current population levels only; a more
sophisticated analysis based on a stratified Poisson model would take into account varying
population levels.
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With respect to estimating population totals in a given year, Dr. Messer’s preliminary
discussion shows that the existing sample size is inadequate, if the target is to estimate the total
number of CAGN to within + 20 territories at 90% confidence. Several sampling schemes are
discussed in Appendix B, where the best current suggestion would add 10 sampling sites in a
nearly optimal design to nearly achieve the desired power. The existing sample is closer to
adequate for CACW. Please see the discussion in Appendix B, Section 1.16. It is suggested that
rotating panel designs, which build upon the existing information, be considered for the future.

Development of Weighted Poisson Regression

After reviewing and analyzing the first three years of pilot data, Dr. Karen Messer has advised
the NROC to program a weighted version of Poisson regression to obtain more accurate and
narrower confidence intervals.

EMPLOY GIS To CAPTURE GEOGRAPHIC INFORMATION FROM EACH SITE

Eventually, the NROC's GIS capabilities should be used to characterize the following physical
site characteristics:

Area of Site

This should be given in hectares, rounded to the nearest tenth.
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Distance to Nearest Four-Lane Road

Measurement in meters from the closest survey boundary to the nearest four-lane (or greater)
road, rounded to the nearest 10m.

Distance to Nearest Residential Edge

Measurement in meters from the closest survey boundary to the edge of the nearest residential
development, rounded to the nearest 10m.

Minimum and Maximum Site Elevations

These should be given in meters, rounded to the nearest meter.

Mean Slope

A composite angle of the site’s major slopes will provide a measure of overall steepness.

Fire History

The site’s fire history should be characterized by the percentage of the site burned within one or
more of five categories: (0-2 years), (3-7 years), (8-12 years), (13-20 years), and (21+ years). The
percentages of sites in each category should be rounded to the nearest 10% and sum of these
categories should be 100%.

The following fictitious example shows recommended physical site data in a summary table.

TABLE EE — EXAMPLE OF RECOMMENDED PHYsICAL SITE DATA TABLE

FIRE HISTORY

SITE AREA NEAREST NEAREST MIN. Max. MEAN o2 3~7 8—-l12 13-20 >20
NoO. (HA) ROA_D Houske ELEV. ELEV. SLOPE YRS. YRS. YRS. YRS. YRS.

41 225 150m 320 m 1,102m 1,143 m 13° 0% 20% 0% 40% 40%

42 336 520m 710 m 251 m 286 m 21° 80% 0% 0% 0% 20%

UPDATE AND INCORPORATE PLANT COMMUNITY INFORMATION

Future years of this study should incorporate information on the plant communities and sub-
communities present on each site, within each sampling stratum, etc. This was not completed in
2000 because the site boundaries were not yet finalized and because the existing plant
community mapping is inaccurate in some parts of the NROC. Over the long term, detailed
plant community mapping should be completed at each monitoring site using methods and
community definitions that will be used to re-map the entire NROC. At such a time, it should
be possible to characterize the vegetative composition of the monitoring sites for use in
analyzing target bird monitoring data.

DEVELOP DATA-FILTERING PROGRAMS

Once the basic data analyses to be conducted during each year of the monitoring program have
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been determined, the NROC should consult with a relational database programmer to develop
code that will perform each year’s standard analyses, including comparisons with previous
years’ data. This would likely save substantial time and resources over the long term, and yield
more standardized and reliable results, versus manual filtering and analysis of each year’s data.

VIil. REPORT PREPARERS

This report was authored by Robert Hamilton. Statistical analyses and recommendations in this
report were made by Drs. Karen Messer and Martha White.
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APPENDIX A
2003 MONITORING SITE AREAS
BY LAND DESIGNATION & SUB-DESIGNATION

After large changes to the monitoring site boundaries in 1999 and 2000 (see Hamilton 2003),
several relatively minor changes were made in 2001 and 2002. The following tables indicate the
area covered by each monitoring site in 2003.

TAaBLE A| — BREAKDOWN OF CoRE SITEs, 2003
LAND LAND
SiITE DESCRIPTIVE NAME DESIGNATION SuB-DESIGNATION HECTARES
Central Reserve Sites
2 Weir Canyon Core core core 53.8
4  Limestone North core core 46.4
7  Limestone Southwest core core 21.4
8 Limestone Southeast core core 427
9 Cactus Wren Canyon core core 452
10 Hangman East core core 25.3
11 Round Canyon core core 36.5
13 Mustard Road core core 521
15 Upper Agua Chinon core core 47.8
16 Whiting North core core 29.1
SUBTOTAL 4003 |
Coastal Reserve Sites
23 Camarillo Spur core core 65.7
24 Shady Canyon South core core 25.8
29 Laurel Canyon core core 47.2
32 Upper Emerald Canyon core core 64.8
34 Bommer Ridge core core 140.5
35 Upper Wood Canyon core core 42.3
37 Lag. Wild. Park East Core core core 34.4
38 Moro Ridge core core 55.6
39 EIl Moro Ranger Station core core 48.8
SUBTOTAL 5251 |

GRAND TOTAL 9254 |
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TABLE A2 — BREAKDOWN OF EDGE SIiTES, 2003

LAND LAND
SITE DESCRIPTIVE NAME DESIGNATION SuB-DESIGNATION HECTARES
Central Reserve Sites
1 Upper Weir Canyon edge residential edge 28.0
5  Hicks Canyon North edge road edge 31.4
6 Rattlesnake Canyon edge mixed edge 32.8
12 Siphon East edge road edge 25.9
14  ETCToll Plaza edge road edge 25.7
17 Portola South edge mixed edge 18.5
18  Whiting South edge residential edge 18.0
[ SUBTOTAL 180.3 1
Coastal Reserve Sites -
21  Laguna Laurel North edge mixed edge 31.6
22 Shady Canyon North edge residential edge 49.1
25  Bommer Canyon West edge residential edge 29.7
26  Bommer Canyon North  edge road edge 353
27  Laguna Laurel Southwest edge road edge 44.4
31  No Name Ridge edge residential edge 36.5
36 Lag. Wild. Park East Edge edge road edge 56.7
40  Alta Laguna edge residential edge 41.8
EJBTOTAL 3251
'GRAND TOTAL 505.4 |

TABLE A3 — BREAKDOWN OF FRAGMENT SITES, 2003

LAND LAND
SITE DESCRIPTIVE NAME DESIGNATION SUB-DESIGNATION HECTARES
Central Reserve Sites
3  Peters Canyon fragment mixed edge 29.0
19 ElToro West fragment mixed edge 41.7
20 El Toro South fragment mixed edge 19.5
|SuBTOTAL 90.2
Coastal Reserve Sites
28 Northwest Sycamore Hills fragment road edge 39.5
30 Southeast Sycamore Hills  fragment residential edge 55.4
33 Crystal Cove Shelf fragment mixededge 201
SUBTOTAL 115.0

‘GRAND TOTAL 2052
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TABLE A4 — BREAKDOWN OF RoAD EDGE SITEs, 2003

LAND LAND
SITE DESCRIPTIVE NAME DESIGNATION SuB-DESIGNATION HECTARES
Central Reserve Sites
5 Hicks Canyon North edge road edge 314
12 Siphon East edge road edge 259
14 ETC Toll Plaza edge road edge _ 25
‘SUBTOTAL 830
Coastal Reserve Sites
26 Bommer Canyon North edge road edge 35.3
27 Laguna Laurel Southwest edge road edge 44.4
28 Northwest Sycamore Hills fragment road edge 39.5
36 Lag. Wild. Park East Edge edge road edge - 56.7
iSUBTOTAL 1759
'GRAND TOTAL 2589

TABLE AS — BREAKDOWN OF RESIDENTIAL EDGE SITES, 2003

LAND LAND
SITE DESCRIPTIVE NAME DESIGNATION SuB-DESIGNATION HECTARES
Central Reserve Sites
1 Upper Weir Canyon edge residential edge 28.0
18 Whiting South edge residential edge 180
SusToTAL 460
Coastal Reserve Sites
22 Shady Canyon North edge residential edge 49.1
25 Bommer Canyon West edge residential edge 29.7
30 Southeast Sycamore Hills fragment residential edge 55.4
31 No Name Ridge edge residential edge 36.5
40 Alta Laguna edge residential edge - 4138
'SUBTOTAL 2125 |
GRAND TOTAL 2585

TABLE A6 — BREAKDOWN OF MIXED EDGE SITEs, 2003

LAND LAND
SITE DESCRIPTIVE NAME DESIGNATION SuB-DESIGNATION  HECTARES
Central Reserve Sites
3 Peters Canyon fragment mixed edge 29.0
6 Rattlesnake Canyon  edge mixed edge 32.8
17 Portola South edge mixed edge 18.5
19 El Toro West fragment mixed edge 41.7
20 El Toro South fragment mixed edge 19.56
SusToTAL 1415
Coastal Reserve Sites S
21 Laguna Laurel North edge mixed edge 31.6
33 Crystal Cove Shelf fragment mixed edge 20.1
SustotaL 517
GRANDTOTAL 1932
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PREFACE

To facilitate communication with other monitoring projects, we have attempted to present the
rationale behind our approach to various questions in this appendix. Hence much of this material
will not be of interest to the non-statistician. This analysis was prepared using SAS v. 8.1,
Questions or comments should be addressed to Karen Messer, Dept. of Mathematics, California
State University Fullerton (messer@fullerton.edu).
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1 CAGN ANALYSIS

1.1 SAMPLING DESIGN

The monitoring sites were randomly selected within a stratified design, sampling within subarea,
land designation, and year. Each stratum was initially divided into 20 ha plots. The number of such
plots with at least 50% cover of CSS 1s denoted “Population Total” below. A SRS of size “N Obs”
was drawn independently within each stratum. The design has approximately equal sampling rates
within each stratum while the fraction of the population in each stratum varies between 5 and 27
percent. In particular, the “fragment” stratum comprises 15% of the sample, but only 5% of the
study area. Hence estimates of means, and mean differences should be appropriately weighted as
shown below in the section “Computing Weighted Estimates”.

The choice of model for these estimates is discussed in detail in the section “Normal or Poission
model” below. In summary, the data are not normally distributed, and a Poisson model is more
appropriate than a standard normal weighted estimate. The weighted normal estimate will be
unbiased for CAGN densities or counts, however the attached confidence intervalme

correct. n the other hand, a standard Poisson (or GEE) model will not produce weighted

j B i ——— e S T T — B e o
estimates. Hence either of these choices is apt to produce incorrect standard errors, and in addition

the un-weighted Poisson model is apt to be biased in its estimates of mean CAGN density or total

CAGN count. In practice, either model works well for estimating percent changes in CAGN counts
and the Poisson model works well for these standard errors, as verified by a bootstrap computation.
An un-weighted model is misleading for estimating population totals. We adopt the policy in this
analysis of consistently using weighted estimates with a normal model for major results, and
occasionally using an un-weighted Poisson regression model for convenience. In the future, it is
advised to program a weighted version of Poisson regression.

1.2 STRATUM INFORMATION

Stratum Population Sampling ?g;}gg of
Index subarea land_des Total Rate N Obs N population
1 central core 87 11.5% 10 10 23.3%
2 edge 67  10.4% 7 7 18.0% \-
3 fragment 20 15.0% 3 3 5.4%
4 coastal core : 101 8.91% 9 9 27.1%
6 edge 73 11.0% 8 8 19.6%
6 fragment 25 12.0% 3 3 6.7%
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1.3 NUMBER OF VISITS TO EACH SITE.

The number of repeated visits to each site during a field season changed over the three years of
the study, in an empirical effort to balance more complete spatial coverage with minimal detection
error at a given level of field resources. In 1999, all 40 monitoring sites were visited once. In 2000,
16 sites were visited once, the remaining 24 sites visited twice. Sites were chosen at random to be
included in the 2 visit protocol. In 2001, the 16 sites visited once the previous year were visited
twice, and the remaining sites were again visited 3 times.

This raises two issues: whether the data are adequate to determine the optimal number of visits
and how to adjust counts at sites which were seen fewer times. The first is addressed in detail in
sections below, where it is estimated that on average, at 95% confidence, the first two visits to a site
will detect 90% of the birds that would be detected at three visits. Hence it was decided to use the
second visit where available, and to adjust counts upwards if only one visit occurred.

Because of large variability from year to year and only two years worth of data, it was decided to
use a simple ratio adjustment based the number of birds seen at visit two relative to visit one. Robb
Hamilton feels the first counts in 2001 were unusually low compared to the second because of rainy
damp weather at the first visit. Because of this, only the 2000 data were used in the adjustment, as
shown below.

COMPUTATION OF ADJUSTMENT FACTOR

2000 data 61/57 = 1.07 (with 95% confidence less than 1.28)
2001 data 134/108= 1.24 (with 95% confidence less than 1.34)
Notes: Confidence intervals from a Poisson model:

count = year + siteno + visit x year indicator vanables.

There 1s obviously considerable year to year variation here.

Conclusion:

The counts from 1999 and 2000 for sites which were only visited once were multiplied by 1.07 to
give an adjusted count. These adjusted counts are used throughout. However, the adjustment is
based on a highly variable estimate. The future analysis should explicitly incorporate the number of
Visits ifitothe-model; probably using a compound Poisson model. It is also suggested that
monitoring be restricted to fair weather to avoid low detection rates.
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TABLES OF RAW COUNTS.

Ceount of territories and mean number per site at visit 1, 2, or 3 , broken out by the total
number of visits to the site. Code: ‘linear trend.sas’

|I YEAR {
‘ " 1999 ’ 2000 ! 2001 I
. | (i | |
‘ ! # Imean T l # Imean I I # ]mean I l
; ICAGN ; # J‘ N iCAGN ; # ; N ;CAGN ; # ; N ;
I —— 1 1 1 1 1 1 1 1 1
‘tal'it ¢ : : ) , ; ‘ ’ , ‘
‘- hum- ¢ ' ; ] : ) ; ‘ g :
‘mb- ‘ber * g . ; . " : ‘ : ‘
(er 3 ‘ 3 ‘ i 3 3 [} « » 13
5] a . . . . . ‘ ‘ . ’ ‘
vtg ¢ . ) . . . . . . . .
1 1 163.7’4.093’ 40°23.54’1.471° 16’ ! ! o
Attt
‘2 }1 } } J] } } { Il 31}1.938} 16i
1 !2 | J & ‘) ' a3 "1 41L2'563I 16I
I3 {1 : ]] J‘ : 57}2.3331 24{ 77713.2081 24:
‘ {2 f : : } 61:2.542{ 24i 9?!3.875{ 24:
‘ I ] ] ] I ! I ] ] ] ]
l ]3 | ; ) Y 6512'708I 24[ 98|4.083J 24]

Counts for visit 2 compared to visit 1 for the sites visited more than once.

! I year ’
! 2000 ]2001 l
‘ l # l #
I iterr ;terr‘ l
:visitno : ! l
Iy I 570 108
| | | |
2 |61 134
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1.4 EXAMPLE COMPUTATION OF WEIGHTED ESTIMATES

COUNT OF CAGN TERRITORIES, MEAN, STD DEV BY STRATUM

Analysis Variable : adjcount= totatvst adjusted by x 1.07 on 1°° visit
year subarea land_des Obs Sum Mean Std Dv
1999 central core 10 7.490 0.749 1.241
edge 7 53.500 7.643 7.475
fragment 3 38.520 12.840 3.707
coastal core 9 14.980 1.664 1.701
edge 8 28.890 3.611 4.042
fragment 3 20.330 6.777 6.270
2000 central core 10 4.000 0.400 0.966
edge 74 30.070 4.296 5.115
fragment 3 27.770 9.257 6.423
coastal core 9 4.070 0.452 0.734
edge 8 10.630 1.329 2.198
fragment 3 8.000 2.667 3.786
2001 central core 10 4.000 0.400 0.843
edge 7 38.000 5.429 6.161
fragment 3 40.000 13.333 12.702
coastal core 9 10.000 1111 1.364
. . edge 8 25.000 3.125 4.486
g B A fragment 3 17.000 5.667 6.429
AC gk €, | o\

WEIGHTED ESTIMATES OF TOTAL CAGN PER RESERVE AND TOTAL IN STUDY AREA.

Weighted estimates are computed as in the table below. Note the weighted mean x 373 gives 1435.1
CAGN in the study area, while the raw mean x 373 yields 1562.5 CAGN, an overestimate by 6%.

o <
fland . N # 20 ha vt Imean count / site, |estimated Sentiars
I adjusted fsitesin  fmean count |std. error [. . total lecror
year [reserve designation c isites in . weighted by % of total # .
icount sample |/ site lcount reserve 1n . .. 1 |estimated
(stratum) Istratum reserve in stratum fterritories 2
stratum total
1999  central core 7.49 10 0.75 1.24 87 50.0% 0.37
edge 53:5 7 7.64 7.48 67 38.5% 2.94
fragment 38.52 3 12.84 37 20 11.5% 1.48
Total central 174 100.0% 4.79 834.0 197.1
coastal core 14.98 9 1.66 1.70 101 50.8% 0.84
edge 28.89 8 3.61 4.04 73 36.7% 1.32
fragment 20.33 %) 6.78 6.27 25 12.6% 0.85
Total coastal 199 100.0%  3.02 601.1 149.5
Total NROC 163.7 40 4.09 373 3.85 1435.1 247.4
ooy kG
R o

1# 20 ha sites in reserve x [Sum over strata in reserve: (mean count/site for stratum )x (% reserve in stratum)]

2 # 20 ha sites 1n stratum X square root of:
[Sum over strata in reserve: {(std err for stratum )2 x (% reserve in stratum)”2) / (# sites in sample for stratum))
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Unweighted estimates of % change do just fine here.

1.4.1 COMPARISON OF WEIGHTED AND UNWEIGHTED ESTIMATES

Karen Messer, PhD

.3/9/03

However, standard errors should be

improved if they are obtained from a weighted Poisson regression in the future. For convenience,
we will sometimes take p-values and confidence intervals for percent changes from an unweighted
Poisson model.

Base
year

1999

2000

2001

Weighted Mean
territories /site
(SE mean)

3.85 (.62)

1.92 (435)

3.07 (.668)

Weighted count™*
of total territories
at the 40 sites

154 (24.8)

76.8 (17.4)

122.8 (26.7)

Raw count of
total territories
at the 40 sites

163.7

84.5

134

Change to
or from
year

decrease to

2000

increase to

2001

decrease
from 1999

% change
weighted
estimate

50%

60%

20%

% change
raw
count

48%

59%

18%

Table 1 ** Computed as (weighted mean terr /site) x 40 sites
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1.5 BOXPLOTS OF ADJUSTED COUNTS BY STRATUM AND YEAR
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Figure Adjusted CAGN territory counts by stratum and year. Above, Coastal subarea.
Below, Central Subarea. Width of box proportional to number of sites in stratum. 1
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PhD
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1.6

WEIGHTED ESTIMATES OF TOTALS, MEANS, BY YEAR

Weighted estimates were computed using proc surveymeans in SAS. code: strat trendCagn2.sas.

1.6.1 TOTAL TERRITORIES BY YEAR
Overall
Std
Error | Lower 95% Upper 95% Std Lower 95% Upper 95%
Variable DF |Mean |Mean |CL for Mean CL for Mean Sum Dev CL for Sum CL for Sum
adjcount99 34 |3.85 0.63 2.57 5.12 1435.2 |233.59 |960.47 1909.9
adjcount00 34 |1.92 0.44 1.04 2.81 717.09 |162.40 |387.04 1047.1
adjcount01 34 |3.08 0.67 1.72 4.43 1147.2 [248.98 |641.20 1653.2
1.6.2 TOTAL TERRITORIES BY RESERVE
subarea=coastl
Std
Error |Lower 95% Upper 95% Std Lower 95% | Upper 95%
Variable Mean |Mean |CL for Mean CL for Mean Sum Dev CL for Sum CL for Sum
adjcount99 4.79 1.07 2.54 7.05 834.03 | 186.23 |441.13 1226.9
adjcount00 2.92 0.82 1.19 4.65 507.75 |142.57 [206.95 808.54
adjcount01 3.82 1.16 1.38 6.26 665.18 | 201.39 |240.29 1090.1
subarea=central
Std
Error |Lower 95% Upper 95% Std Lower 95% | Upper 95%
Variable Mean |Mean |CL for Mean CL for Mean Sum Dev CL for Sum CL for Sum
adjcount99 3.02 0.71 1.53 4.52 601.15 | 141.01 |303.65 898.65
adjcount00 1.05 0.39 0.23 1.88 209.34 |77.77 [45.25 373.43
adjcount01 2.42 0.74 0.87 3.97 482.01 [146.41 {17312 790.91
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1.6.3 TOTAL TERRITORIES BY LAND USE DESIGNATION

core

Std

Error |Lower 95% Upper 95% Std | Lower 95% Upper 95%
Variable Mean |Mean |CL for Mean CL for Mean Sum Dev |CL for Sum CL for Sum
adjcount99 1.24 0.34 0.53 1.95 233.27 {63.40 |99.52 367.03
adjcount00 0.43 0.18 0.04 0.81 80.47 |34.36 |7.98 152.97
adjcount01 0.78 0.26 0.23 1.33 147.02 148.97 [43.71 250.34
edge

Std

Error | Lower 95% Upper 95% Std Lower 95% | Upper 95%
Variable Mean |Mean |CL for Mean CL for Mean Sum Dev CL for Sum CL for Sum
adjcount99 5.54 1.46 2.39 8.69 775.69 |204.40 |334.10 1217.3
adjcount00 2.75 0.96 0.68 4.81 384.81 |133.75 |95.86 673.77
adjcount01 4.23 1.31 1.39 7.06 591.84 | 183.66 | 195.06 988.62
fragment

Std

Error |Lower 95% Upper 95% Std Lower 95% | Upper 95%
Variable Mean |[Mean |CL for Mean CL for Mean Sum Dev CL for Sum CL for Sum
adjcount99 9.47 2.08 3.70 15.25 426.22 [93.61 166.30 686.13
adjcount00 5.60 1.90 0.32 10.87 251.80 [ 85.46 |14.52 489.08
adjcount01 9.07 3.57 -0.85 19.00 408.33 |160.82 |-38.17 854.83
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1.7 WEIGHTED ESTIMATES OF CHANGE, BY YEAR
i B OVERALL CHANGE, BY YEAR

Statistics

Std

Error | Lower 95% Upper 95% Std Lower 95% Upper 95%
Variable DF [Mean |Mean |CL for Mean CL for Mean Sum Dev CL for Sum CL for Sum
diff00_99 34 |-1.93 0.31 -2.56 -1.29 -718.1 [116.29 |-954.4 -481.8
diff00_01 34 |[-1.15 0.37 -1.89 -0.41 -430.1 |136.16 |-7006.8 -153.4
diff01_99 34 | -0.77 0.43 -1.65 0.11 -288.0 |161.72 |-616.6 40.67

1.7.2 CHANGE BY RESERVE AND YEAR

central

Std

Error |Lower 95% Upper 95% Std Lower 95% Upper 95%
Variable DF |Mean |Mean |CL for Mean CL for Mean Sum | Dev CL for Sum CL for Sum
diff00_99 |17 |-1.88 |0.49 -2.90 -0.85 -326.3 |84.74 |-505.1 -147.5
diff00_01 |17 [-0.90 |0.61 -2.20 0.39 -157.4 1106.63 |-382.4 67.54
diff01_99 |17 [-0.97 |0.82 -2.71 0.77 -168.9 |143.19 |-471.0 133.24
Coastal

Std

Error |Lower 95% Upper 95% Sd Lower 95% | Upper 95%
Variable DF |Mean |Mean |CL for Mean CL for Mean Sum |Dev CL for Sum CL for Sum
diff00_99 |17 |-1.97 |0.40 -2.81 -1.12 -391.8 | 79.64 |-559.8 -223.8
diff00_01 |17 |[-1.37 |0.43 227 -0.47 -272.7 |84.66 |-451.3 -94.05
diff01_99 |17 |-0.60 |0.38 -1.40 0.20 -119.1 |75.18 |-277.7 39.48
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1.7.3 CHANGE BY LAND USE DESIGNATION. AND YEAR

core

Lower 95% | Upper 95% Lower 95% | Upper 95%
Variable | Mean | Std Error Mean | CL for Mean | CL for Mean | Sum | Std Dev | CL for Sum | CL for Sum
| diff00_99 | -0.81 | 0.24 -1.32 -0.31 -152.8 | 44.87 -247.5 -58.13
diff00_01 | -0.35 | 0.22 -0.82 0.11 -66.55 | 41.57 -154.3 21.16
diff01_99 | -0.46 | 0.26 -1.01 0.09 -86.25 | 48.84 -189.3 16.80
Edge

Lower 95% | Upper 95% Lower 95% | Upper 95%
Variable | Mean | Std Error Mean | CL for Mean | CL for Mean | Sum | Std Dev | CL for Sum | CL for Sum
diff00_99 | -2.79 | 0.64 -4.18 -1.40 -390.9 | 90.26 -585.9 -195.9
diff00_01 | -1.48 | 0.69 -2.97 0.02 -207.0 | 96.85 -416.3 2.21
diff01_99 | -1.31 | 0.66 273 0.11 -183.9 |92.04 -382.7 14.99
Fragment

Lower 95% | Upper 95% Lower 95% | Upper 95%
Varable |Mean | Std Error Mean | CL for Mean | CL for Mean | Sum | Std Dev | CL for Sum | CL for Sum
diff00_99 | -3.88 | 1.29 -7.45 -0.30 -174.4 | 58.00 -3354 -13.39
diff00_01 | -3.48 | 1.92 -8.80 1.84 -156.5 | 86.20 -395.9 82.80
diff01_99 | -0.40 | 2.75 -8.03 723 -17.88 1123.68 |-361.3 325.51
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1.8

ESTIMATE OF % CHANGES FROM STRATIFIED ESTIMATOR, 95% CI

The percent change is computed as the ratio of (change)/(starting value). The standard error of
the ratio is computed using a second order Taylor expansion, which includes the correlation between
the numerator and the denominator.

OVERALL PERCENT CHANGE

ar percent Correlation Baseline | std err LCL | UCL
change X increease %
(decrease)

1999 -0.50 0.76 0.045 -7.5% | -2.6%
2000

2000- -0.60 0.51 0.075 47.6% | 72.4%
2001
1999- 0.20 0.17 0.103 -36.9% | -3.2%
2001

C:A\MY DOCUMENT

adjcount00

adjcount00

Figure 2 Change 99-01 by site and subarea. Reference line indicates no change.
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1.9 CHANGES IN SITE BOUNDARIES

The original sites were chosen in a stratified random sample from among a listing of 20ha plots
containing at least 50% CSS using a GIS representation of the NROC. In the first field season, it
was necessary to adjust site boundaries in many cases, either because the originally selected site was
inaccessible without considerable damage to the resource, or for safety reasons. Also, the total size
of some sites was increased from 20 ha, generally those with fewer terrtories, as a survey in the
absence of CAGN is faster than establishing the location of an active territory or verifying a previous
territory record. Thus acreage of a site is negatively correlated with the count of territories at the site
in all years (stratified regression of count on site area, t=4.01, p<0.001).

Figure 4. Territory count by site area. Negative correlation is significant, p <0.01, stratified regression estimate.
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The total area surveyed increased by 246 ha or 18.5% in 2000, and again by 25 ha in 2001, raising
concern that in 2000 the increase in acreage would mitigate the drop in the number of CAGN.
However, change in hectares was not a significant predictor of change in count of territories
(stratified regression of change in count on change in site area 1999-2000: using only sites which
increased in area, coefficient of hectares -0.08 territories/ ha, 95% c.i. — 0.21 to 0.05, t=1.51, p=0.17).
Hence no adjustment for the boundary change was included.

Figure 5 Change in territory count by change in site area,1999-2000, excluding sites with no boundary change. Negative
correlation is ns, p =0.17, stratified regression estimate.
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Note~that-the.design-will_be_slightly. biased-towards-overestimation-of-the.total-numbers of
CAGN.in.the.study-area,-which.is_ computed as.the-per-site-mean. x.373-sites-in-the-sampling-frame.
Density estimates within regions are similarly computed as estimated total for the region / estimated
area for the region, and are also slightly biased. Note.that.density.per-site-should-net-be.used-in-the-
analysis. However the estimate of change over time is.computed within.sites;-and-remains-unbiased:- -
By increasing the detection rate at sparsely populated sites, the power to detect change over time is
increased by this design. If sparsely occupied sites are a more sensitive indicator of population
increase or decline, the power may be strongly increased.
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1.10

POISSON MODELS OF CHANGE IN CAGN COUNTS OVER TIME.

File ‘linear trend.sas’. ‘strat trend CAGN2.sas’

A Poisson model and a normal stratified model are considered. A description of each is given
below. In addition, in the future it may be useful to consider a quasi-likelihood using the empirical
relation of the mean equal to the standard deviation on the data aggregated by stratum.

Conclusions:

The normal model adjusts for the stratified design and is unbiased. However, the
residuals exhibit the classic “fan” shape. The estimated standard errors will be larger

than they should be.

The Poisson model fits well.

It will have somewhat smaller confidence intervals

than the normal model. However, if percent change within strata varies widely, it
will be biased, as the basic Poisson model does not adjust for the stratified design.
It works well for these CAGN data, as the change is fairly uniform across strata.

Either model works fine in practice for these data and both agree closely w/ bootstrap
estimates of confidence intervals (not given here). Example:

Estimated percent drop 1999-2000

95% Confidence interval

Poisson model
Normal model

Poisson model:

Normal model

48%
50%
61% to 31% decrease
67% to 31% decrease.

Suggestion for future: program a stratified Poisson model or quasi-likelihood as described
above.

Relation between mean and standard deviation of (Adjusted) counts

Each point in the scatterplot below is one stratum at one year. For each stratum, the mean and
standard deviation of the count per plot is computed for each year. Perfectly linear. The two
outliers are “fragment” sites w/ n= 3 each. Hence in the future we may at times want to use the
mean as the estimated standard deviation.

oMM 8. R B 8N e

std dev

mean
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1.11 POISSON ESTIMATES OF DECREASE/INCREASE EACH YEAR OVER

BASELINE (1999).

A Poisson model fits well, with sites random or sites fixed and overdispersion estimated by the

deviance. The offset is Inhectares so the output of the model is mean CAGN territories per hectare.
Response is count at visit 2, or adjusted count at visit 1 for sites with only one visit. (Adjusted

counts are count multiplied by 1.07.

In this preliminary analysis, these Poisson models do not compute means or variances using the

stratified design. In these data changes from year to year are roughly proportional within strata. In
the future, a proper stratified Poisson estimate should be programmed. This will reduce standard
errors and shrink confidence intervals.

The model is additive: count(adjusted) = site + year ~ offset = Inhectares. This leaves 78 d.f.

The model is neither over- nor under- dispersed. The residuals look good.

Table of estimated effect sizes Change in CAGN from base year 1999 to Year 2000 ocr 2001. An overall
test of the year effect is significant at p < 0.0007 .

Observed % change in Estimated % change in Parameter p 95% Gl
Year | number of CAGN : mean # of CAGN estimate
per plot (std dev)
2001 | 18% decrease 18% decrease -0.200 (.1255) 0.11 36% 5%
decrease increase
2000 | 48% decrease 48% decrease -669  (0.144) | <0.001 | 61% 31%
decrease decrease

1.11.1 FIT A LINEAR TIME TREND:

These data do not support fitting a linear time trend, as opposed to modeling each year

separately (likelihood ratio test; -2 log Lambda = 183, d.f. = 1; p < 0.0001). If we do so anyhow, the
coefficient on time 1s ns (p = .13).

Table of parameter estimates: from poisson model:

ANALYSIS OF PARAMETER ESTIMATES
STANDARD WALD 95% CONFIDENCE CHI-

PARAMETER DF ESTIMATE ERROR LIMITS SQUARE PR > CHISQ
INTERCEPT 1 -1.5800 0.3260 -2.2190 -0.9410 23.49 <.0001
YEAR 2001 i -0.2003 0.1255 -0.4462 0.0457 2.55 0.1105
YEAR 2000 1 -0.6609 0.1443 -0.9436 -0.3781 20.98 <.0001
YEAR 1999 0 0.0000 0.0000 0.0000 0.0000

SITENO 5 L -0.6144 0.5396 -1.6721 0.4433 1.30 0.254

SITENO 12 1 1.4894 0.3540 0.7956 2.1831 1771 <.000

siteno 14 1 0.3735 0.4154 -0.4407 1.1878 0.81 0.368

siteno 39 0 0.0000 0.0000 0.0000 0.0000

Scale 0 1.0772 0.0000 1.0772 1.0772

Parameter interpretation for potsson mode!

In a Poisson model, the coefficient on an indicator variable is the log of a muluplicative effect.

For example, the mean number of CAGN in 2001 is estimated to be Exp(-0.2003) = 0.82 times the
mean number in 1999, an 18% decrease. A 95% confidence interval for the decrease is given by
exp(0.0457) = 1.05 to exp(-.4462) = 0.64, from a 5% increase to an 36% decrease.
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1.12 NORMAL ESTIMATES OF DECREASE/INCREASE EACH YEAR OVER
BASELINE (1999)

Using 2 normal model appropriately weighted for the stratified design, sampling within subarea,
land designation and year (18 strata).
File: strat trend cagn2.sas

These models show a classic “fan” shape in the residuals, and so are not correct. However, they
do correctly take into account the stratified design, and are unbiased for population means. They
have larger standard errors than the Poisson model, but the Poisson model may be biased.

These normal models are easier to interpret, as the coefficients are just difference from baseline
(1999) in units of number of territories.

Coefficient of variation 99-2000 is 15.1%

Estimated drop is 77 (48 to 104) territories, a 50% decrease from the 154 estimated for 2000
(over the 40 sample sites.). This agrees w/ the naive and Poisson estimates of 48%. A similar
estimate on the year to year difference within sites yields the same estimates, but a larger std. error
because of the loss of degrees of freedom. (e.g. cv 99- 2000 is 16.2%)

95% Confidence interval Poisson model: 61% to 31% decrease

Strat. Estimate  67% to 31% decrease.

ANOVA for Dependent Variable adjcount
Sum of Mean
Source DF Squares Square F Value Pr > F
Model 41 22632.23 552.0056 17.40 <.0001
Error 78 2474.89 31.7293
Corrected Total 119 25107 .11
Effect Num DF F Value PE® F
Model 41 18.21 <.0001
Intercept i 185.10 <.0001
year2000 1 30.79 <.0001
year2001 i 3.58 0.0613
siteno(subarea*land_des) 34 17.18 <.0001
subarea*land_des 5 52.82 <.0001
The denominator degrees of freedom for the F tests is 102.
95% CONFIDENCE DESIGN
Parameter Interval Effect
Intercept 9.127995 15.2768512 2.03
year2000 -2.613330 -1.2370465 0.79
year2001 -1.581507 0.0373436 . 1.10

Table of parameter estimates: from Normal model:
Parameter interpretation for Normal model

These normal models are easier to interpret, as the coefficients are just difference from baseline
(1999) in units of mean number of territonies per plot

For example, the estimated drop from 1999 to 2000 is 1.925 CAGN / plot x 40 plots in sample
=77 territories in the sample. A 95% confidence interval for the drop is similarly given as —2.6 x 40
to —1.2 x 40.
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1.13 ANALYSIS OF NUMBER OF VISITS PER SITE

% of wvisit 3 total achieved by visit 2: 95% lower confidence intervals

As a two visit protocol is suggested in the future, it i1s of interest to estimate what percent of the
total number of territories seen in 3 visits will be seen in two visits.

In 2000, three sites out of the 18 3 wvisit sites which saw CAGN missed 1, 1, and 2 CAGN each
at visit 2. In 2001, two of these sites missed 1 and 4 CAGN each.

Two bootstrap methods were used, which are described below. In-the-future;-a~capture/
recapture “model will be " used, assuming-the-number. of territories at-a-site~to=be-Poisson. with
parameter A determined by conditions at the site, and the detection probability at a visit to be
independent with probability p determined by conditions at the visit.

Overall Conclusions:

Across the range of variation in these data, a 95% lower confidence limit of 90% complete by
visit 2 seems supportable. That is, the.2.wisit,protocol will 'see=90% ot more of ‘the"3 visit total
CAGN-territories-95%.0f the time.

A two visit protocol seems more reliable on a percentage basis when there are more CAGN. A
sensitivity analysis should be run to ensure that the 90% figure is still appropriate when there are
fewer CAGN.

Robb has suggested that both visits be required to be in fair weather. This will be modeled in
the capture/recapture approach. See the discussion on visit 1 adjustments.
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1.14 BOOTSTRAP ESTIMATES OF NUMBER OF VISITS PER SITE

There were 18 sites with 3 visits where gnatcatchers were seen during the study. These were
resampled to make N= 10,000 bootstrap samples . A measure of the percent of total CAGN seen
by visit 2 was constructed for each bootstrap sample. The 95% percentile of the bootstrap
distribution was taken as the estimate of the upper confidence limit. These estimates may be biased,
as the three visit sites on average had more CAGN at visit 2, and a higher percent complete on

average.

Two bootstrap sample of size N = 10000 will be computed
Sites will be resampled within the original strata, using the 24 sites with 3 visits, and
combining years. The number missed at visit 2 relative to visit 3 will be resampled.
The total number at visit 3 will also be resampled independently. This will increase
the variability of the estimate, giving conservative confidence limits.

Stratified estimates of the total # of CAGN missed at visit 2 and of total # seen at
visit 3 will be computed, using the sampling weights from these 24 sites. The
percent complete will be computed as the ratio of these estimates.

Code: ‘bootstrap2of3faircagn.sas’
Percent missed on visit 2 out of 3. Bootstrap distribution, 10,000 samples.

14 7

12

10 7

~300307

2
The UNIVA £l pl d _r—l_]—\—,—_

L 1RO
L T hoteaute

T

T T T T T

0005 0035 0065 0025 0 125 0 155 0 185 0215 0.245 0 275 O 305

Quantile Estimate
100% Max 0.30767656
99% 0.14553855
95% 0.11011460
90% 0.09430977
75% Q3 0.06990914
50% Median 0.04630292
25% Q1 0.02641642
10% 0.01279089
5% 0.00855578
1% 0.00000000
0% Min 0.00000000

perc2of 3

Variable: perc2of3

Mean 0.050771 Std Deviation 0.03235
Median 0.046303 Variance

0.00105

Mode 0.000000 Range.

0.30768

Interquartile Range

0.04349

Conclusion:

This “fair” bootstrap supports a 95% LCL of greater
than 90%. This may be adequate. A mark-recapture.model
sH6Ws no dependencé 6f site-discovery-with-visitnumber- It
gives-an“estimated detection. probability-ef-8;-which-would

yield -an-estifiated-detection rate«of.96%. after .two.visits.......(Paul. Dougherty,. USFWS;-personal

commufiication.)
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Bootstrap: Miss rates vary by # OF CAGN AT THE SITE

Note there is a positive relation between # of territories missed at visit one and total # of
CAGN territories detected at the site.

# of new terriories at visitc2

newterr2
5 [5) [5)
Fe o
=
24 o o ©
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Roooo o o 4 &
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not er CAGN

year & 45 2000 000 2001

The percent complete at visit 1 as proportion of total seen at visit 2 also nses as the # of
territories at visit 2 rises.

percatvst lof 2
.01 8d@O0 O O 4 A

total CAGN territories seen at this site thi s year

year £ 458 2000 000 2oo1

C:\MY DOCUMENTS\NROC-SAS\FINAL REPORT.DOC PAGE 22



Final report NROC target bird study 2000 Karen Messer, PhD .3/9/03

1.15 STRATIFYING BY AREA OR LAND DESIGNATION.

Here sites are included as a source of random variation within area or land designation.
The model is e.g. count = year + land designation + site where sie 1s random.

Offset = Inhectares.

Coefficient estimates on next page.

Search for appropriate stratifying variables:

Sub area is almost significant (p=.11, Score test, sites random). Central did better

than coastal.

Land_des 1s sign (p=.004) However edge was not s different from fragment

(p=-21). Edge and fragment did better than core (p<.001). Subarea x Land_des

interaction ns (p = .70)

Create new variable “core” or “frag/edge” Sing at p =.0012

Land_subdes is sign (p=0.004). Gives a better fit, in the form of reduced residual
variation. Now subarea 1s really ns (p=.20)

© Road edge not s different from mixed edge p = .13
o Core is not s different from residential edge p = .17
o Road and mixed edge did better than residential and core p<.001.

High density sites, defined as CAGN > 0.2 territories /hectare in 1999, are also
significantly higher in 2000 and 2001 (p<.0001 in a model with only years 2000 and
2001), bearing out the hypothesis that these sites are better quality habitat.

Although Low density sites are observed to be more volatile than High density sites
on the basis of their percent decrease or increase from year to year, the excess
volatility in the data for 2000 to 2001 1s ns (p=.18). More years of data are needed
to adequately test this hypothesis.

If DENSITY is included, Land_subdes is no longer sign. (p=.18)
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MODELS: ALL INCLUDE YEAR.

Subarea + land designation

.subarea central 0.5161 0.3094 -0.0903 1.1225 1.67 0.0953
subarea coastal 0.0000 0.0000 0.0000 0.0000

land_des edge 1.5086 0.3289 0.8640 2.1532  4.59  <.0001
land_des fragment 1.9772 0.3478 1.2955 2.6589 5.68 <.0001
land_des core 0.0000 0.0000 0.0000 0.0000 @ .
Subarea + edge/ frag. vs. core
subarea  central 0.5259 0.3077 -0.0773 1.1290 1.71  0.0875
subarea coastal 0.0000 0.0000 0.0000 0.0000 . ¥
core frag/edge 1.6495 0.2946 1.0722  2.2268 5.60 <.0001
core core 0.0000 0.0000 0.0000 0.0000 s .

Density models. Estimate only based on 2000, 20001 data
Model 1 (2000 2001 data only)

den H 2.4961 0.3077 1.8931  3.0991 8.11  <.0001
den L 0.0000 0.0000 0.0000 0.0000 .
Model 2
Land Subdesignation models:
Model 1
land_subdes road edge 1.4055 0.3989 0.6237 2.1872 3.52 0.0004
land_subdes residential edg 0.3902 0.2827 -0.1639 0.9443 1.38 0.1675
land_subdes mixed edge 1.9487 0.2383 1.4816 2.4159 8.18 <.0001
land_subdes core 0.0000 0.0000 0.0000 0.0000 . 5
Model 2
roadmix 1.7546 0.2861 1.1939 2.3153 6.13 <.0001

ARE LAND SUB-DESIGNATION AND DENSITY RELATED?
Yes, very clearly so (p<0001, Fisher’s exact test).
Residential edge and Road edge are not related to H, L (p=.25), but Core and Mixed edge are out
of proportion under the null hypothesis (p<.001, Fisher’s exact test).
CAGN counts by density class

density land_subdes
Frequency’
Percent ¢
Col Pct ‘core ‘mixed ed’resident’road edg’ Total
‘ ‘ge ‘ial ?dg ‘e ‘
| | | et
L ' ¢ Typ ¢ 0 5 ¢ 3¢ 18
¢ 34.48 0.00 * 17.24 ° 10.34 ‘ 62.07
| : 90I91 ’ 0100 ‘ 83[33 : SOIOO .
" l : Ty e [P T4 14
‘ 3.45 * 20.69 3.45 ' 10.34 ‘ 37.93
| ¢ 9]09 ! 100100 ! 16167 ¢ 50100 !
Total' M ' 6 "6 G 29

37.93 20.69 20.69 20.69 100.00
Fisher’s Exact Test

Table Probability (P) 3.815E-05
Pr <= P 6.874E-04
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1.16 SAMPLE SIZE ESTIMATES

1.16.1 FOR A CONFIDENCE INTERVAL ON CHANGE IN # CAGN

, ASSUMING A LINEAR MODEL AND FIVE YEARS OF DATA.

A pooled estimate (over years and strata) of the standard error of the mean annual change in
territories per site using a normal stratified estimator on within site differences is 0.34. A bootstrap
estimate of the standard error of the mean from the stratified estimator is 0.33, from 10,000
replicates resampling within strata over the two combined differences 99-00 and 00-01.

Note the bootstrap and reported estimates of the standard error of the mean are close. Hence
we will use the quantiles of the bootstrap distribution of the reported standard errors to give an
approximate 90% confidence interval for the standard error of the stratified estimator of the mean.
This yields an approximate 90% confidence interval of from 0.24 to 0.38. The median value is 0.31.

Hence the estimated standard error in the estimate of the change in total territories over the 40
sites is 12.6, giving a margin of error in a 90% confidence interval for the change in total territories of
+ 20.7 (at 90% confidence, the margin of error is from * 16 to + 25). Assuming a linear model,
combining 5 years of data yields four independent such estimates, giving an approximate estimated
90% confidence interval for the slope of £ 10 territories / year (from £ 8 to = 12.5 territordes).

The approximate power curves below are computed using a2 model of linear change as above,
assuming the slope is tested with a z test against a one-sided hypothesis at with a 20% type I error
rate.  The standard error of the mean is taken from the bootstrap estimates, as are the 90%
confidence limits on the standard error.

Power to detect a change in # of territories, alpha = .20

1.0
0.9 / A

y
- A
’ /V // Dashed lines =
- £ 90%
- / / confidence

envelope
05 .4

b,
0.4 £

03 //

0.2

0.7

power

0 2 4 6 8 10 12 14 16 18 20 22 24 26
Change in # territories/ year

Power to detect a decrease in the number of CAGN, assuming a linear change over five years. Standard error
of the change is estimated by the bootstrap, as are the 90% confidence limits for that standard error.
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1.16.2 FOR A CONFIDENCE INTERVAL ON TOTAL # CAGN.

We are required to estimate the sample size need to estimate CAGN total within + 20% at 90%
confidence. For economy, instead we use one sided interval: We require the 90% upper confidence
limit (UCL) of the estimated total to be no less than 80% of the true population total. Then 90% of
the time, our estimate will be above 80% of the true population total.

Should this be computed as an upper confidence limit instead? So that 90% of the
time, our estimate will be no more than 20% over the true population level?

Either condition is the same as requiring the coefficient of variation (CV) of the
estimated mean to be less than 15.5%, under a normal approximation.

The normal approximation is adequate, as verified by a bootstrap estimator.
The existing sample size is not large enough for CAGN, although it is for CACW.
Adequacy. of the sample size depends on :
o Thetotal number of territories. Larger numbess-of-birds-are-estimated.with
gredter percentage.accuracy.
o The distribution of territories among the strata. Specifically, the mean and
standard deviation of the mean # territories / plot for each stratum.

o The allocation of number of plots sampled per stratum.

* A common allocation strategy is to make the sample size in a
stratum proportional to the population size in the stratum
(Proportional sampling). This 1s approximately what has been
done.

®*  The Optimal allocation strategy depends on the mean and standard
deviation mentioned above. Much smaller samples can be used
under optimal sampling, but they depend on the mean and
standard deviation being stable over the years.

e After discussion with Dr. Paul Doherty, William Miller (both USFWS), and Robb Hamilton,
it was decided to continue the current sampling design for the 2002 season. Karen Messer
and Paul Doherty will discuss adaptive designs or rotating panel designs for the following
season, and present these for consideration.

Below are preliminary sample size computations. Using the existing design, and
adding sites to approximate an optimal sampling allocation, an.adequate sample size
for'numbers of birds seen over these three years is achieved at“n=-50--However,
this:may#6t be adequate.if the number of CAGN-drops-substantially.

We need to investigate model-based estimators (post-stratification, ratio estimators)
more carefully. An-initial.look-at-a-ratio-estimator-using=hectares«of habitat-was

di§appoinﬁngr
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1.17 SAMPLE SIZE COMPUTATIONS FOR ESTIMATING TOTAL # CAGN

1.17.1 FOR A CHANGE IN CAGN, SAMPLE SIZES MAY BE ADEQUATE

Given the assumptions of section 15, a we can be 95% confident to have power of 90% or more
to detect a loss of 16 territories per year over 5 years.

1172 FOR ESTIMATING TOTAL CAGN, EXISTING SAMPLE SIZES ARE NOT ADEQUATE. .

Existing Sample: 90% one sided confidence limits for mean (# terr / plot). n = 40
need LCL > .80 x estimated mean
year | Bootstrap approx for proportional sampling Current stratified estimates
total count seen =163, 84.4 and 133.6 Mean # terr per plot
20% decrease = 130, 67.5, 106 projected # terr in 40 plots
LCL bootstrap LCL, bootstrap Est. Mean Ccv LCL
normal quantiles (std error of mean) (20% decrease in
mean)
1999 129.5 128.3 3.85 (.62) 16.3% 2.78 (3.05)
154 (24.8) 111.2 (122.0)
2000 58.5 59.9 1.92 (435) 22.6% 1.35 (1.53)
76.8 (17.4) 54.35 (61.44)
2001 96 91.6 3.07 (.668) 21.7% 2.21 (2.45)
122.8 (26.7) 88.4 (98)

From the bootstrap comparisons, we may have confidence in using estimated standard errors
with a normal approximation. The current stratification scheme does not achieve the efficiency of

proportional sampling. Even.under-proportional.sampling:in-nonesof the'years:is:n=40.an-adequate

1,173 TOTAL CAGN: COMPARISON OF SRS ,PROPORTIONAL , AND OPTIMAL SAMPLING

Estimated Std dev Cv
variance at n=40
SRS (1/n)224 0.75 25.4%
Proportional (1/n) 14.93 0.61 20.6%
Optimal (1/n) 8.24 0.45 15.25%

These computations use the observed average mean and std. dev for each stratum, at the overall
average mean of 2.95 (= 118 observed territories under SRS.) File ‘bootstrap pwr.sas’.

We see that under optimal sampling, the sample of size n=40 is adequate, but not under any
other sampling scheme. This discussion ignores the finite population correction, which is at about
90% for these data.
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Hybrid: Here are the proportonal, the optimal, and a suggested hybrid sample sizes for the
observed data at n = 50. The hybrid leaves the existing design intact, and adds 10 sites.

The suggested allocation does not quite meet the goal: the coefficients of variation of the
estimator for the three years are 13% 18% and 17% respectively. The optimal allocation has CV of

12% ,16%, and 15.5% at n=50.

-year sub land n pop  suggsid  propor optimaisampie  seen mean Sdev % of pop
1999 central core 87 10.0 11.7 41! 10 3 07 1.2 0.23
1999 central edge 67 11.0 . 7 6 76/ 7.5 0.18
1999 central fragment 20 5.0 3 3 12.8 3.7 0.05
1999 coastal core 101 9. 9 8 1.7 1.7 0.27
1999 coastal | edge 73 10.0 8 6 3.6 4.0 0.20
1999 coastal | fragment 25 5.0 3 3 6.8 6.3 0.07
2000 central core 87 10.0 10 3 04 1.0 0.23
2000 central edge 67 11.0 7 6 43 51 0.18
2000 central fragment 20 5.0 ; 3 3 9.3 6.4 0.05
2000| coastal | core 101 9.0 13.8 9 8 05 07 0.27
2000| coastal | edge 73 10.0 9.8 8 6 1.3 2.2 0.20
2000 coastal | fragment 25 5.0 3.4 3 3 27 3.8 0.07
2001| central core 87| 10.0 117 10 3 04 0.8 0.23
2001| central edge 67 11.0 9.0 74 6 54 6.2 0.18
2001| central fragment 20 5.0 2.7 3 3 13.3 127 0.05
2001| coastal | core 101 9.0 13.5. 9 8 1.1 1.4 0.27
2001 coastal | edge 73 10.0 9.8 8 6 31 45 0.20
2001 coastal | fragment 25 5.0 3.4 3 3 57 64 0.07

This allocation does work for the CACW. The cv’s are 10%, 12% 12%.

These are the profiles of the std deviations of the mean counts within years, averaged over years.
LE the central fragment std dev 1s 29% of the sum of total std dev’s

std dev
central core 0.04
central edge 0.25
central fragment 0.29
coastal core 0.05
coastal edge 0.14
coastal fragment 0.22
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1.18

SUPPORTING COMPUTATIONS AND SAS OUTPUT

Sample sige for stratified est..

Mean x std dev for strata across years.

Average mean and std dev by stratum across years.

N

subarea land_des Obs Variable Mean
central core 3 mean 0.5163333
stddev 1.0166667
edge 3 mean 5.7893333
stddev 6.2503333
fragment 3 mean 11.8100000
stddev 7.6106667
coastal core 3 mean 1.0756667
stddev 1.2663333
edge 3 mean 2.6883333
stddev 3.5753333
fragment 3 mean 5.0370000
stddev 5.4950000

Estimated Variance of mean given SRS, Proportional sample,

optimal sample:
v 2
Var(X |SRS)=1/n}. W, (=)' +3. W,

Var(X | proportional sample) = 1/n Zs‘m Wo, g

strata

= . 2

Var(X | optimal sample) = 1/n{p_ Wxas)
Computations for formulas

land_des npop mnmnct mnstddvet  wgt muvar
core 87 0.5163 1.01667 0.23324 5.9227
edge 67 5.7893 6.25033 0.17962 8.0618
fragment 20 11.8100 7.61067 0.05362 78.4996
core 10 1.0757 1.26633 0.02681 3.5131
edge 73  2.6883 3.57533 0.19571 0.0685
fragment 25 5.0370 5.49500 0.06702 4.3556

2
Gs

Use averages to
left, average
overall mean of
2.95 (= 118 total

observed)
Estimated Std dev
variance at n=40
SRS (1/n) 224 0.75
Proportional | (1/n) 14.93 0.61
Optimal (1/n) 8.24 0.45

proporvar optvar

1.381
1.448
4.209
0.094
0.013
0.292

Counts of plots which never saw CAGN by stratum

Table of subarea by land_des

subarea land_des

Frequenc¥’core | ‘edge | ‘' Total
central TI 7 f 1 : 8
coastal j[ 1 : 2 f 3
Total | 8 3! 11
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SAS OUTPUT: BOOTSTRAP OF STRATIFIED ESTIMATES OF ANNUAL CHANGE IN MEAN #

TERRITORIES / SITE.

Bootstrap of stratified estimate of mean # of territories | site
The UNIVARIATE Procedure
Variable: diff_Mean

Karen Messer, PhD

Moments

N 10000 Sum Weights
Mean -1.5393163 Sum Observations
Std Deviation 0.33373934 Variance

Quantile Estimate

100% Max -0.329597

99% -0.791409

95% -0.998656

90% -1.111982

75% Q3 -1.305093

50% Median -1.540750

25% Q1 -1.765734

10% -1.967974

5% -2.096220

1% -2.325641

0% Min -2.787849

Bootstrap estimates of variability of reported sid errors of stratified estimator

N 10000 Sum Weights
Mean 0.31090621 Sum Observations
Std Deviation 0.04464856 Variance
Skewness 0.02027616 Kurtosis
Uncorrected SS 986.559651 Corrected SS
Coeff Variation 14.3607803 Std Error Mean
Quantile Estimate

100% Max 0.470219

99% 0.413483

95% 0.384275

90% 0.368755

75% Q3 0.341754

50% Median 0.310995

25% Q1 0.279604

10% 0.253441

5% 0.237578

1% 0.212627

0% Min 0.149207
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Sas output: bootstrap of Stratified estimates of annual change in mean # territories / site.

Computed on within site differences, by year. Proc surveymeans.

The SURVEYMEANS Procedure

Statistics
Std Error Lower 95%
Variable DF Mean of Mean Var of Mean t Value Pr > |t| CL for Mean
diff00_01 34 -1.153107 0.365033 0.133249 -3.16 0.0033 -1.894942
diff01_99 34 -0.772081 0.433570 0.187983 -1.78 0.0839 -1.653202
Statistics
Upper 95% Coeff of Lower 95%
Variable CL for Mean Variation Sum Std Dev var of Sum CL for Sum
diff00_99 -1.291590 -0.161944 -718.095183 116.291261 13524 -954.427460
diff00_01 -0.411271 -0.316565 -430.108790 136.157199 18539 -706.813510
diffo1_99 0.109039 -0.561560 -287.986393 161.721696 26154 -616.644421
Statistics
Upper 95%
Variable CL for Sum
diff00_99 -481.762905
diff00_01 -153.404069
diff01_99 40.671636
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SAS output for estimates of sampling variablity of CAGN total
bootstrap sites within stratified design (land use) within yea

bootstrap di st of total CAGN seen per year
r sites are resanpled wthin | and use, year N = 10, 000
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c 100
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sites are resampled within land use, year N = 10,000
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The UNIVARIATE Procedure
Variable: tot_Sum
year = 2001
Moments
N 10000 Sum Weights 10000
Mean 0.14735433 Sum Observations 1473.54328
Std Deviation 0.0323029 Variance 0.00104348
Skewness 0.22769964 Kurtosis -0.1611532
year = 2000
Moments
N 10000 Sum Weights 10000
Mean 0.09944834 Sum Observations 994 .483424
Std Deviation 0.02319971 Variance 0.00053823

Lel’s from bootstrap quantiles: .07 0.10 .6

Estimates from normal additive Model Year + site

year land_des subarea Estimate Error
2000 edge central 1.4576 0.3515
2000 edge coastal 0.2842 0.5912
2000 core central -0.9163 0.9638
2000 core coastal -0.7936 0.9554
2000 fragment central 2.2253 0.3658
2000 fragment coastal 0.9808 0.6815
2001 edge . central 1.6917 0.3127
2001 edge coastal 1.1394 0.3855
2001 core central -0.9163 0.9638
2001 core coastal 0.1054 0.6095
2001 fragment central 2.5903 0.3048
2001 fragment coastal 1.7346 0.4675

Simple summary statistics from data

Unstratified summary of data.

The MEANS Procedure
Analysis Variable : adjcount

year Obs Mean Std Dev Std dev of
1999 40 4.0927500 5.3080645
2000 40 2.1135000 3.7931555
2001 40 3.3500000 5.7134569

Strat is 80-90% of unstrat agrees w/ theory.

C:AMY DOCUMENTS\NROC-SAS\FINAL REPORT.DOC PAGE 33

DF

90% LCL
2.729627
619744

total

33.5
23.9
36.13

.3/9/03



Final report NROC target bird study 2000 Karen Messer, PhD .3/9/03

2 CACW ANALYSIS

2.1 CACW COUNTS

TOTAL # TERRITORIES, MEAN, STD DEV BY STRATUM

year subarea land_des Obs Sum Mean Std Dev

1999 central core 10 35.650 3.565 2.131
edge 7 34.500 4.929 2.714

fragment 3 4.600 1.533 0.664

coastal core 9 4.600 0.511 0.835

edge 8 11.500 1.438 2.107

fragment 3 2.300 0.767 0.664

2000 central core 10 40.050 4.005 3.837
edge 7 25.450 3.636 2.163

fragment 3 4.300 1.4383 0.491

coastal core 9 1.150 0.128 0.383

edge 8 7.600 0.950 1.254

fragment 3 4.300 1.433 1.250

2001 central core 10 42.000 4.200 3.360
edge 7 23.000 3.286 2.215

fragment 3 1.000 0.333 0.577

coastal core 9 2.000 0.222 0.667

edge 8 11.000 1.375 1.408

fragment 3 3.000 1.000 1.732

Most CACW are seen in the Central subarea, core and edge. This is quite different than CAGN.
Of the 10 sites where no CACW was seen during the 3 years, all are in the coastal subregion.

TOTAL CACW SEEN BY YEAR
all sites, adjusted counts, visit 1 or 2

[ l year‘ l
. | |
: 'l 1999 { 2000 : 2001 1{
¢ f # terr } } # terr : { # terr f I
[ } N {Mean : n f N iMean : n f N iMean : n ;
P e e
1 93.15°2.329°  40°21.85°1.366° 16’ X X g
| | | | | | | | | |
P ) R o1l 313l 16!
| n | | i | | | | | |
{3 } { : } 6112.5421 24: 61{2.542f 24"
A1l }93.15{2.329I 40182.85'2.071{ 40!T 82{ 2.05{ 40)

I |

Visit2vs3cacw.sas
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CACW COUNTS, NO. VISITS, BY SITE AND YEAR.

2:1.1
year
1999 2000 2001
# # #
# |visi- # |visi- # |visi-
CACW ts CACW ts CACW ts

siteno
1 4 1 1 1 1 2
2 1 1 0 1 0 2
3 1 1 2 3 0 3
4 1 1 1 3 2 3
5 1 1 2 1 1 2
6 5 1 4 3 3 3
7 4 1 2 3 3 3
8 2 1 1 1 2 2
9 6 1 10 3 8 3
10 1 1 0 1 0 2
11 5 1 7 3 6 3
12 6 1/ 6 3 7 3
13 3 1 6 1 4 2
14 2 1 3 3 2 3
15 3 1 3 3 8 3
16 5 1 9 3 9 3
1% 4 1 3 3 5 3
18 8 1 g 3 5 3
19 1 1 1 1 0 2
20 2 1 1 1 1 2
21 3 1 3 1 4 2
22 1 1 1 3 2 3
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FOR AGGREGATED DATA, THE STANDARD DEVIATION VARIES AS A LINEAR FUNCTION OF THE
MEAN

mean vs std dev cacw

dta poi mts are coastal x| and_des
st ddevcount
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2.2 ADJUSTMENT OF VISIT1 DATA.

File: ‘adjrate.sas’

Here we are trying to estimate the percent of visit 2 total complete by visit 1, and use this percent

to adjust the counts in 1999 and 2000 which only had 1 visit.
total CACW seen at site by visit 2

sites w/ 2 or 3 visits which saw CACW at some visit

T 1

: l year '
‘ { 2000 ! 2001 }
! ! # l# new] ! # l# newl L
¢ ‘terr ‘terr * n ‘terr ‘terr ‘' n
| ]
I ‘visltno ‘ ‘ ‘ . ‘ AL ‘
,L 1 } } 53 { 53 } 16 i 60 % 60Jl 30
l2 l 61l 8l 161 82l 22[ 30I

newt er r
P

Adjustment using 2000 data: 61/53 = 1.15
Adjustment using 2001 data 82/60= 1.37
Adjustment using both years: 143/ 113 = 1.26

new CACW territories at 2nd visit

territories w at least 2 visits

¢ total territories x total seen at 2rd visit

sites w 2 or 3 visits which saw CAONat sone visit

) percvst lof vst 2

1. o‘i’ 5] © o o

097 o a] °
- o 81 o
077 [} o

067 -
2t 0 5 o o

047

o 37

021

017

o. ol o

o

‘a1
-a 2]
-a 37
-04]

‘ast,

o 1 2 3 4 5 6 4 8 L - 10 [o) 1

N O
7]
I
n
o
N
o
]

not er CAONV

asa
year 24 2000 ©00 2001 488 1099 0OC

yvear 2000 U0 0O 2001

5 neans mssed al toget her

Conclusion:
As before, we will use the simple year 2000 adjustment of 1.15. However, this estimate seems

even more variable than the CAGN estimate. See CAGN discussion. Also as before, the percent of
visit 2 sites seen by visit 1 rises as total # of territories rises.
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2.3 PERCENT INCREASE/DECREASE ESTIMATES

Adjusting for the stratified design, on adjusted counts

(F=1.50, df = 2, 114; p = 0.23 stratified ANOVA on adjusted counts)

232 STRATIFIED ESTIMATES OF MEAN # CACW SEEN PER PLOT:

year | Est. Mean CVv Count adjusted for Observed counts Observed counts,

(std error stratified design, visit 1 (visit 1 adjusted) unadjusted

of mean) (Mean x 40) (% of adjusted counts)
1999 | 211 (.26) | 122% 844 (10.4) 93.1 81 (96%)
2000 | 1.94 (31) | 16.1% 77.6 (12.4) 82.9 72 (93%)
2001 | 1.98 (.30) | 15.2% 79.2 (12.0) 82 82 (104%)

233 YEARLY PERCENT CHANGE. NONE ARE SIGNIFICANTLY DIFFERENT

Strat estimates

naive estimate

naive estimate

e % decrease or increase | adjusted counts unadjusted counts
1999 2000 8% decrease 11% decrease 26% decrease
2000-2001 2% increase 1% decrease 1% increase
1999-2001 6% decrease 12% decrease 26% decrease

Conclusion: naive estimates of % change are not representative.
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2.4 MODELING OF INCREASE/DECREASE IN CACW COUNTS WITH
TIME.

Estimating change year to year as a linear normal contrast, stratified estimate

Years 99-00 and 99-01 not significantly different. P = .23

Data Summary

Number of Observations 120
Sum of Weights 1119.0
Weighted Mean of adjcount 2.07826
Weighted Sum of adjcount 2325.6
Stratum Population Sampling
Index subarea land_des N Obs Total Rate
1 central core 30 87 34.5%
2 edge 21 67 31.3%
3 fragment 9 20 45.0%
4 coastal core 27 101 26.7%
5 edge 24 73 32.9%
6 fragment 9 25 36.0%
Effect Num DF F Value Pr > F
Model 41 45.51 <.0001
Intercept 1 616.40 <.0001
year 2 1.50 0.2266
siteno(subarea*land_des) 34 27.56 <.0001
subarea*land_des 5 92.97 <.0001
Tests of Model Effects
Differences from 1999
Effect Num DF F Value Pr > F
Model 41 45.51 <.0001
Intercept 1 218.58 <.0001
year2000 1 2.39 0.1245
year2001 1 2.32 0.1303
siteno(subarea*land_des) 34 27 .56 <.0001
subarea*land_des 5 92.97 <.0001
Standard
Parameter Estimate Error
year2000 -0.2894877 0.18707074 cv  66%
year2001 -0.2861485 0.18776298 cv 65%
Parameter 95% C Interval
year2000 -0.6600734 0.08109795
year2001 -0.6581055 0.08580856
Differences from 2001
Parm estimate, std error.
year2000 -0.0033393 0.17410030
year1999 0.2861485 0.18776298
95% confidence interval
year2000 -0.3482306 0.34155205
year1999 -0.0858086 0.65810546
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2.5

ANALYISIS OF NUMBER OF VISITS PER SITE

Percent of visit 3 total achieved by visit 2. 95% lower confidence intervals

Stratified estimator from 2000 2001 data, 3 visits sites only

File: ‘visit2 vs 3CACW .sas’.
Use years 2000, 2001, sites w/ 3 visits only.

There were 24 sites w/ 3 visits in 2000 and

2001.

2000: one site out of the 16 which saw CACW missed 1 CACW (site 17)
2001: two sites out of the 16 which saw CACW missed 1 and 2 CACW each. (sites 17 and 28)
Site 17 1s central edge. Site 28 is coastal fragment.

Estimated percent complete by visit 2.

Year 2000
tot CACW = 62

Year 2001
tot CACW = 64

Combined years
tot CACW = 63

Naive estimate:

98.3% (61 /62)

953% (61 /64)

96.8% (122 / 126)

Estimate from simple mean #missed / site**

(LCcL)

94.7% (64%)

Stratified est: mean # missed /site (std dev)
95% UCL (biased up)

036 (.035) .109

103 (.073) 0.256

069 (.038) 0.132

# seen at these 24 sites, visit 2 + # missed
adjusted for stratified est, . (biased up)

77.6 +1.4 =179

79.2+29 =821

78.4 + 1.52 =80

% complete: stratified mean ( 95% LCL)**
[biased up or down]

98.1 % (94.5%)

93.6% ( 87.5%)

96.5% (93.4%)

Bootstrap mean. (std dev)
95% LCL [ biased up]

97.1% (1.9%)

**  (mean # missed / site )

sites

x #

= total

Percent missed = Total CACW missed wvisit2 / total seen visit 3

The bootstrap 18 biased

towards

high total

Mean total # territories at visit two for bootstrap 1s 98. Total in data is 82 in 2000 and 2001.

Conclusions

total CACW seen at site by visit
sites w/ 3 visits which saw CACW at some visit

year
2000 2001
# |# new # |# new
terr |[terr n |terr |terr n
visitno
1 53 53 16 42 42 16
2 61 8 16 61 19 16
3 62 1 16 64 3 16

All estimates are based on visit 2 from 3 visit

sites.

these are biased up:

As 3 wvisits sites had more CACW,

See the plots of visit 1 completion rates on
the next page- percent complete rises w/ #

territories.

Hence a 95% lower confidence limit of 90%
complete by visit 2 may not be supportable
from these computations.
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254 NEW BOOTSTRAP: USE 2 VISIT SITES AND 3 VISIT SITES

Two bootstraps of N = 10000 will be computed

Number missed at visit 2 will be sampled from 3 visit sites only following the
original stratified design. As these sites tend to have more CACW, this will bias the
# missed upwards. The average # missed / site will be computed for each bootstrap
sample using the stratified estimator.

Number seen will be sampled from all sites in 2000 and 2001 (visit 2 for 3 visit sites,
visit 1 adjusted otherwise) again following the original stratified design. Mean
number seen at visit 3 will be computed as mean seen from this bootstrap +(mean
number missed /site) [for the first bootstrap]. All means computed using the
stratified estimator.

The percent complete will be computed as # missed (first bootstrap) / number seen
by visit 3. This will give an estimate which is biased up.

Code: ‘bootstrap2of3newcacw.sas’

Percent complete on visit 2 out of 3. Bootstrap distribution, 10,000 samples.

.3/9/03

B 95 percertile of Variable: perc2of3
zo::tsn;;;)dnstnm-m N 10000
- Mean 0.03421831
Std Deviation 0.02643586
10. 0 7 — s
Quantile Estimate
Mean 100% Max 0.1776946
0.034218 99% 0.1086319
| T‘r}_Tﬁ_i___ iy 95% 0.0824137
™ T T T T T T T T T Deviation 90% 0.0700567
0003 0021 QO3 0057 0075 0023 O 111 0 129 O 147 O 165 0.02644 75% Q3 0.0504872
e aE ‘Madian 50% Median 0.0316119
0.031612 25% Q1 0.0159119
Variance 0.0006989 ;9:5 8 : 8888888
Mode 0.000000 Range 0.17769 1% 0 & 0000000
Interquartile Range 0.03458 0% Min 0 ¢ 0000000
Conclusion:

This conservative bootstrap which is biased downwards supports a 95% LCL of greater than

90%.
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2.6 SAMPLE SIZE ESTIMATES

Etimate CACW total within £ 20% at 90% confidence

Stratified estimates of mean and se mean, # CACW territories
year Adjcount mean Mean x 40 Cv
1999 2.11 (0.259) 84.4 (10.4) 12.25%
2000 1.95 (0.314) 78 (12.6) 16.1%
2001 1.98 (0.301) 79.2 (12.0) 15.2%

As before, we need CV < 15.5% to achieve our goal. We are much closer with CACW. They
are less variable. The sample sizes suggested in the CAGN report work for CACW.

Total # territories, mean, std dev by stratum

year subarea land_des Obs Sum Mean Std Dev

1999 central core 10 33.170 3.317 1.983
edge 7 32.100 4.586 2.526

fragment 3 4.280 1.427 0.618

coastal core 9 4,280 0.476 0.777

edge 8 10.700 1.338 1.961

fragment 3 2.140 0.713 0.618

2000 central core 10 39.490 3.949 3.807
edge 7 25.210 3.601 2.196

fragment 3 4.140 1.380 0.537

coastal core 9 1.070 0.119 0.357

edge 8 7.280 0.910 1.185

fragment 3 4.140 1.380 1.197

2001 central core 10 42.000 4.200 3.360
edge 7 23.000 3.286 2:215

fragment 3 1.000 0.333 0.577

coastal core 9 2.000 0.222 0.667

edge 8 11.000 1.375 1.408

fragment 3 3.000 1.000 1.732
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2.7

STRATIFIED ESTIMATE OF MEAN, SE MEAN

The SURVEYMEANS Procedure

Statistics
Sum of Std Error Lower 90% Upper 90%
Variable Weights Mean of Mean CL for Mean CL for Mean
hectares 373 34 34.794932 3.305676 29.205284 40.384581
adjcount 373 34 2.112218 0.258727 1.674729 2.549706
Coeff of
Variable Variation
hectares 0.095005
adjcount 0.122491
---------------------------------- Year=2000 ------cmcmm e eeeeeceaaaaoo
hectares 373 34 34.794932 3.305676 29.205284 40.384581
adjcount 373 34 1.944763 0.314207 1.413462 2.476064
Coeff of
Variable Variation
hectares 0.095005
adjcount 0.161566
------------------------------------------ year=2001 -----cccmmmm i
hectares 373 34 34.794932 3.305676 29.205284 40.384581
adjcount 373 34 1.983992 0.300955 1.475100 2.492884
Coeff of
Variable Variation
hectares 0.095005
adjcount 0.151692
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2.8 COMPUTATIONS: ANALYSIS OF NUMBER OF VISITS PER SITE

2.8.5 BOOTSTRAP ESTIMATE OF VARIABILITY

Percent complete at visit 2, bootstrapped from visit 3 sites only.
Biased estimates of % complete

Dispribution i highly skewed. bootstrap dist of mean percent complete at visit 2

Bootstrap from all visit 2 sites where there is a visit 3. A KRS ERATE, YR eRR el

14

Bootstrap in stratified way, according to original sampling
frequencies.

127
107

3 visits sites:

~30nvay

subarea land_des

Frequency’ |
¢ ¢ L 2 o= T T T T T T T T T =
Ccl)re edgel fragmelnt TOtall 088 0812 0904 0916 0928 094 0952 0954 0976 O 988 1
percZof 3ot
central { 6 { 5 { 1 i 12
coastal { 6 f 4 ][ 2] 12
Total | 12 ! 9 ! 3! 2424

Skewed towards high CACW counts. Understates variability of percent complete. Biased up.

2" yisit at 2 visit sites compared to 3 visit sites

novisits N Obs Variable Mean of 2" visit Std Dev
2 16 newterr 0.1875000 0.4031129
totatvst 1.3125000 1.4008926

noterCACW 1.3125000 1.4008926

3 48 newterr 0.5625000 1.1280986
totatvst 2.5416667 3.0244277

noterCACW 2.6250000 3.0150333

These distributions are biased towards too many CACW. Based on bootstrapping only visit 3
sites.

Bootstrap distribution of percent complete at visit 2 of wvisit 3.

Quantile Estimate
The UNIVARIATE Procedure 100% Max 1.000000
. L. 99% 1.000000
Variable: perc2of3tot percent complete at visit two 95% 1.000000
90% 0.991453
Moments . 75% Q3 0.983471
N 10000 Sum Weights 10000 50% Median 0.972222
Mean 0.97098711 Sum Observations 9709.87112 25% Q1 0.959184
Std Deviation 0.01858281 Variance 0.00034532 10% 0946237
5% 0.937500
1% 0.921200
, _ 0% Min 0.880000
Here we see the bootstrapped total seen is too high:
Variable: totatvst_Sum = estimated total using visit 2
Moments Quantile Estimate
N 10000  Sum Weights 10000 100% Max 139
Mean 98.371  Sum Observations 983710 gg:‘; 125
Std Deviation 11.4250782  Variance 180.532412 ey H;
75% Q3 106
50% Median 98
25% Q1 91
10% 84
5% 80
1% 7
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2.9 COMPUTER OUTPUT FOR STRATIFIED ESTIMATES OF PERCENT
COMPLETE AT VISIT 2.

Stratified estimate of mean # missed at visit 2 for the 24 3 visits sites

in 2000.
Number of Strata 6
Number of Observations 24
Sum of Weights 373
Stratum Information
subarea land_des Total Rate N Obs
central core 87 6.90% 6
edge 67 7.46% 5
fragment 20 5.00% 1
coastal core 101 5.94% 6
edge 73 5.48% 4
fragment 25 8.00% 2
Statistics
Std Error Lower 95% Upper 95%
Variable Mean of Mean CL for Mean CL for Mean
newterr 0.035925 0.034558 -0.036680 0.108530
adjcount2 2.355362 0.402393 1.509966 3.200758
Note the count is biased up compared to the estimate using all data of 1.944. Hence
these sites had more CACW than the average, and so missed more than average. Total
estimated missed = 1.4 Total CACW seen by visit 3: 95.65
2001
Std Error Lower 95% Upper 95%
Variable Mean of Mean CL for Mean CL for Mean
newterr 0.102949 0.072987 -0.050392 0.256290
adjcount2 2.349598 0.324150 1.668583 3.030612

The same 1s true for 2001. More were missed. Total estimated missed = 4.1

Combined estmate, 2000 and 2001.

Variable Mean of Mean CL for Mean CL for Mean
newterr 0.069437 0.037833 -0.006914 0.145788
adjcount2 2.352480 0.242815 1.862459 2.842501

total estimate missed: 2.76

Simple mean missed per site at visit 3.

The MEANS Procedure
Analysis Variable : newterr
Mean Std Dev N

0.0833333 0.3472281 48
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Comments on data.

10 sites had no CACW at any tme dunng study. These were often dropped from the
analysis

Why are these sites all in the 30’s?

Sites w/ no Sites w/
CACW no CAGN
Sites which saw any CACW, year 200, visit 3 siteno
subarea land_des N Mean siteno 2
central core 6 5.33333331 29 4
edge 5 4.4000000 31 4
fragment a 2.0000000 32 8
coastal core if 0
edge 2 1.5000000 33 9
fragment il 2.0000000 34 10
36 13
37 17
38 34
39 36
140 40
Number of wvisits split out by stratum
N
subarea land_des novisits Obs N
central core 1 4 4
3 6 6
edge 1 2 2
3 5 5
fragment 1 2 2
3 1 1
coastal core 1 3 3
3 6 6
edge 1 4 4
3 4 4
fragment 1 1 1
3 2 2
Very unbalanced.
Sites where no CACW was seen during the 3 years
subarea land_des novisits Obs N
coastal core 1 1 1
3 5 5
edge 1 1 1
3 2 2
fragment 3 1 )
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