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RANKING HABITAT FOR MARBLED MURRELETS: NEW CONSERVATION

APPROACH FOR SPECIES WITH UNCERTAIN DETECTION
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Abstract.  An essential element in the conservation of rare species is the ranking of
some aspects of habitat quality. We developed a method to rank the importance of individual
habitat patches to Marbled Murrelets (Brachyramphus marmoratus) in 26 old-growth forest
stands in northern California, using estimates of stand occupancy as an index of nesting
activity. We used survey data collected in the stands from 1992 to 1997. The analysis was
based on an adjustment that incorporates uncertainty of detection into a binomial model.
Maximum likelihood estimators were used for the proportion P of the stands occupied by
murrelets and the conditional probability p of detection with each visit to an occupied
survey station, and bootstrapping methods were used for error estimates. We were able to
rank a single stand most important, three other stands second in importance, and eight
additional stands third in importance to murrelet nesting activity. For the murrelets in our
study area, these results provided information useful in negotiations between government
agencies and a private company in efforts to preserve some of the stands. Our methodology
also has potential application for other flora and fauna of management concern, when
sampling for presence or absence with uncertain detection. This technique can be applied
at a variety of scales depending upon the species and habitat. Although conservation issues
require consideration of many factors, including political, social, economic, and biological,
our methods are helpful in providing science-based information from sample data to assist
in the decision-making process.

Key words:  Binomial model; Brachyramphus marmoratus; California, USA; coastal redwoods;
endangered species; habitat ranking; Marbled Murrelet; old-growth forest; presence—absence surveys;
probability of detection; Sequoia sempervirens; uncertainty.
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INTRODUCTION

Species are generally distributed across a landscape
in patches of suitable habitat. It is usually not possible
in a conservation effort to preserve all patches con-
taining a rare species. Therefore, it would be useful to
prioritize habitat patches as to their relative importance
to the species. We developed a method for ranking
patches in a portion of northern California used by the
Marbled Murrelet (Brachyramphus marmoratus).

The Marbled Murrelet is a seabird in the family Al-
cidae weighing 190-220 g, with a wingspan of 24-27
cm. Murrelets live and feed in the nearshore waters off
the Pacific Coast of western United States and Canada,
including Alaska. During the breeding season, April-
August, it nests infand in old-growth, coniferous forests
containing trees typically 200-1000 years old, while
continuing to forage at sea, generally within 5 km of
the shore. Nests are typically located on branches of
large old-growth or late-seral-stage trees within 100
km of the ocean (Ralph et al. 1992). In northern Cal-
ifornia, nesting is particularly associated with coastal
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redwood (Sequoia sempervirens) and mixed redwood—
Douglas-fir (Pseudotsuga menziesii) habitat, typically
with high canopy cover and large trees. During the
breeding season, murrelet plumage is cryptic in the
forest: fewer than 300 nests have been discovered to
date. Murrelet numbers have been estimated to be de-
clining by 4-6% annually, especially in the southern
portions of the species’ range (Beissinger 1995). This
perceived decline, which prompted, in 1992, its listing
as a threatened spepies in California, Oregon, and
Washington under the U.S. Endangered Species Act
(Miller et al. 1997), is thought to be associated with
loss of nesting habitat, high adult mortality, and low
reproductive and breeding success rates. Remaining
populations are believed to be ~14300-25400 birds
in California, Oregon, and Washington (Huff et al.
2003), ~45000-50000 in British Columbia, and
~200000-300000 in Alaska (Ralph et al. 1995). Cur-
rently an offshore sampling design is being used to
estimate the Marbled Murrelet population size. The
sampling design was developed for the Northwest For-
est Plan Marbled Murrelet Effectiveness Monitoring
(Bentivoglio et al. 2002). The design was implemented
in 2000, and the surveys have been conducted for four
years. Itis too early in this monitoring effort to estimate
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trends in the population; and the data are not compat-
ible with prior monitoring designs.

~ Old-growth coastal redwood stands in southern .

Humboldt County, California are located on a mix-of
private and public lands. Some of these :stands were
the last large stands still in private ownership being
managed for timber tesources, and they contained Mar-
bled Murrelet nesting activity. We report here infor-
mation that was provided for consideration in the ne-
gotiations between the government and Pacific Lumber
Company (PALCO) to preserve a portion of the stands
in the region. The information was based on a new

statistical methodology useful for analyzing presence -
or absence data. of birds, animals, or plants, when the

probability of detection with a survey visit is uncertain.
This method provided approximately unbiased esti-
mates for the extent of occupancy of the stands by
Marbled Murrelets, a. species whose nesting in Cali-
fornia is closely associated with old-growth redwood
forests (Miller and Ralph 1995).

Our objectives were to use anindex of murrelet nest-
ing activity to: (1) define habitat use in the old-growth
forest throughout the study area by comparing esti-
‘mates of occupancy and probability of detection among
habitat types; and (2) based upon estimates of the area
of occupancy of the stands and the probability of de-

. tection, rank the old-growth stands in order of their
importance to the murrelet for nesting.

METHODS
Survey protocol

Surveys of the old-growth stands were based pri-
marily on the standardized protocol developed by the
Pacific Seabird Group (e.g., Ralph and NelSon 1992,
Ralph et al. 1994) for inland surveys. Because observ-
ers generally detect birds within 200 m of a survey
station, the protocol prescribes that a station surveys
~12.15 ha (30 acres), the area of a 200 m radius circle
centered on the station. Surveys began 45 minutes be-
fore sunrise and continued for two hours. Survey visits
were distributed over the murrelet nesting season. For
our study, stations were-positioned throughout the old-
growth habitat, providing a systematic survey of most
of the stands.

Observers recorded the visible and audible detec-
tions of murrelets and the birds’ behavior (vocalization
type, flight path relative to’ the, canopy, group or in-
dividual 1nteract10ns) Statlon visits were assigned to
one of three categories (Ralph et al. 1994): “occupan-
cy,”” murrelets were present and exhibited nesting be-
havior (activity within the canopy or circling above the
' canopy); ‘‘presence,”’
not exhibit nesting behavior; and “‘absence,’” no murre-
lets were detected. Because individual murrelets cannot
be identified during surveys, we could not reliably
translate detections into distinct counts of individuals.
Therefore, we estimated the proportion of each stand
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; that was OCoupied by murrelets (cf. Seber 1982, 1986,

Pendleton 1995). We used occupancy, rather than mean
detection levels, as an index to describe the extent of
murrelet activity in the stands.

Survey design

A regional data set from 1992 to 1997 was pooled
for the analysis from surveys of stations, the sampling
unit for analyses. We analyzed results from >3200 sur-
vey visits at 863 stations. The number of visits varied
from a minimum of one per station at sites with four
stations to eight or more surveys per station at sites
with isolated stations.

The pooled data set resulted in a reasonably uniform
distribution of stations throughout each of 10 habitat
types in the 26 stands. Twenty-two of the stands were
on PALCO lands (Fig. 1). We aggregated widely dis-
tributed, smaller fragments of residual old-growth on
PALCO lands, as one of the 26 ““stands’ for purposes
of the analysis, and designated it the “PALCO Re-
mainder” stand. Additionally, we included four stands
on Humboldt Redwoods State Park lands. We addressed
the considerable variability in probability of detection
and occupancy, as well as stand size, inherent in this
pooled data set by stratifying by stand and habitat type.
Thus we employed a stratified systematic sampling de-

~'sign with sample size proportional to the size of strata,

providing (asymptotically) unbiased maximum likeli-
hood estimates for the strata stand and habitat types as
well as the aggregate population.

The habitat types were based on three criteria: (1)
species types, i.e., redwood, Douglas-fir, or mixed red-
wood-Douglas-fir; (2) percentage of the stand covered
by old-growth canopy (<50% or >50%); and (3) old-
growth or residual habitat (partially harvested forest
with remnant old-growth trees; see Fig. 2). This re-
sulted in a stratification of the stands into 3 X 2 X 2
= 12 habitat types. However, two of the habitat types,
the old-growth, low-canopy redwood and the residual,
high-canopy Douglas-fir, were not sampled because of
the rarity of the habitat or the known absence of murre-
lets. Four other habitat types had no detections, so es-
timates of p were not achievable. We estimated P, the

. proportion of the stands occupied by murrelets, for 10

habitat types and p, the conditional probability of de-
tection for each visit to an occupied survey station, for
eight of the 10 sampled habitat types (Table 1).

Incorporating detectability into the binomial model

For the analysis, we incorporated detectability into
the binomial model (Feller 1968, Johnson and Kotz
1969, Azuma et al. 1990, Hunter et al. 1998, Stauffer
et al. 2002) using an adjusted. binomial model. The
binomial distribution B(X; P, n) (Cochran 1977, Sirn-
dal et al. 1992, Thompson 1992) is described by the
following probability distribution:
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N
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Fic. 1. The study area of 25 individual old-growth forest stands in northern California. Twenty-two of the stands are on
Pacific Lumber Company (PALCQ) lands. The widely distributed, smaller fragments of residual old-growth on PALCO lands
were aggregated for analysis as a ‘““stand” and were designated ‘‘PALCO Remainder.”” Four stands were in Humboldt

Redwoods State Park.

BX=x;P, n= (Z)PX(l — pyr=
where (;‘) is the binomial coefficient = n!/(x!(n — x)1);
X = x is the number of sampling units (i.e., our stations)
with the specfes present (here, occupied); P is the prob-
ability of presence of the species at a sampling unit,
representing the proportion of the survey area (in our
case, the stand or habitat type) where the species is
present; and n is the total number of units sampled.
Note that the integer x (i.e., the number of occupied
sampling units) can vary between 0 and n. The model

(S,

assumes that P is constant throughout the stand or hab-
itat type. The model also assumes that the sampling
units. are chosen independéntly with equal probability
(i.e:, simple random sampling). The binomial model

-. implicitly assumes that there is complete certainty of

detection if the species is present at a sampling unit.

We needed to account for the uncertainty of detection
of the murrelets by adjusting the binomial model B into
a model B, that incorporates uncertainty of detection.
The resulting adjusted binomial model By(X; P, n, p,
m).revises the binomial model B(X; P, n) to incorporate
uncertainty of detection, where P is the probability of
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Fig. 2. Examples of old-growth (left) and residual (right) coastal redwood (Sequoia sempervirens) forests on Pacific
Lumber Company lands in Humboldt County, California. The density of old-growth trees.in the residual habitat type varies

across the landscape.

presence; n is the number of units sampled; p is the
conditional probability of detection of the species, if
present, with one visit to a sampling unit; and m is the
number of visits to the sampling units. The model is
described by the probability

BX =x; P, p,m) = ('7)1»‘(1 = P)”‘J'(J)
j=x \J X
X p*(l — p')yi=
where p’ 1 — (1 — p)" describes the conditional
probability of at least one detection, with m visits to a
sampling unit, if the species is present. This distribu-
tion describes the probability. By of x, the number of
sampling units where the species is present and de-
tected, as the sum of the probability of sampling j units
when the species is present, successfully detecting it x
times and failing to detect it (j — x) times, where j =
x, x + 1, x + 2, ..., n. The binomial coefficients (})

count the number of combinations of such possibilities
for each j. The equation represents the sum of the prob-
abilities of all possible errors of not detecting the birds
when they are present.

The B4(X; P, n, p, m) model incorporates uncertainty
of detection by adding the two additional parameters
p and m to the parameters P and n of the binomial
model B(X; P, n). It assumes that the .sampling unit
visits are independent binary events. It also assumes
that the parameters P and p are fixed throughout a
stratum. The By model is a special case of a compound
binomial-binomial distribution (Johnson and Kotz
1969:194, Eq. 36). It can also be shown that B (X; P,
n, p, m) = B(X; P-p’, n), so that the B, model is a

- special case of the binomial model. That is, the prob-
ability at the ith site, with m, visits, is given by P, =
P-(1 — (1 — p)™) where P is the probability of presence
and p is the probability of detection with one visit,
given presence.

TaBLE 1. Estimated proportional (P) and absolute (P-Area) amounts of aréa occupied by Marbled Murrelet in old-growth
redwood-Douglas-fir forest habitat types, with detectability (), using maximum likelihood percentage estimates of P and p.

Absolute
Proportion of amounts
No. stations Occugled area,  of occupied Detectability
Habitat type Area (ha) (n) P (%) area (ha) P (%)
Old-growth, high-canopy, redwood 1123 63 54.4 611 81.3
Old-growth, high-canopy, redwood/Douglas-fir 6478 229 26.9 1743 71.2
Old-growth, high-canopy, Douglas-fir 500 56 0.0 0 NA
Old-growth, low-canopy, redwood/Douglas-fir 1774 33 8.7 155 33.1
Old-growth, low-canopy, Douglas-fir - 547 45 0.0 0 NA
Residual, high-canopy, redwood 385 18 0.0 0 NA
Residual, high-canopy, redwood/Douglas-fir 263 18 25.7 68 29.0
Residual, low-canopy, redwood 2264 300 32.5 736 51.9
Residual, low-canopy, redwood/Douglas-fir 1667 41 - 8.9 148 86.4
Residual, low-canopy, Douglas-fir 6928 19 0.0 0 NA
Total 22 820 3461

Note: Na indicates that p could not be estimated because there were no detections.
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Analysis: maximum likelihood estimators for the
' adjusted binomial model B, - -

We needed to estiinate the proportion of occupancy
to determine a ranking of the stands based on estimates
of the area of occupancy by murrelets. We used max-
" imum likelihood estimators (MLEs) for occupancy P
and detectability p of the adjusted binomial model B,
developed by Max et al. (1995). They developed model
estimators based on two samplingkpr(’)tocols for the
Marbled Murrelet and the Northern Spotted Owl (Szrix
occidentalis caurina). The sampling protocol for the
owl prescribes that visits to sites are concluded once
" a detection occurs or at the final visit, whichever comes
first. The protocol for the Marbled Murrelet requires a
fixed number of visits m, regardless of possible detections
in earlier visits. The maximum likelihood estimators for
the Marbled Murrelet protocol are given by

- 'n_xvl/m
ml—( )
n ,

o x\(y/x
=|=-)— vh Ix <
p (n)(m) when y/x - xin
. x>0
= not estimable when x = 0
=p otherwise
'and C
n' — g\
m|l — ( )
o ; n
P=1 h x < -
‘ whety x{ x/n
x>0
=0 when x = 0
X otherwise
1-1-pr
with p being the solution to
_ mp
Tioa-pr

In these formulas, y is the total number of visits with -

detections from all the visits to sampling units. Max-
imum solutions for some data sets may occur outside
the parameter space (0 = P = 1,0 = p = 1). In this
instance, given by the first two cases for each parameter

estimator, Max et al. (1995) recommend use of the .

maximum value for the estimator within the parameter
space.

Estimates for habitat types and stands

Maximum likelihood estimators for ‘P and p, and
their errors, were then applied to the 10 habitat types
and the 26 stands (both in PALCO and state parks) in
the regional survey area.

Habitat analysis.—To control for differences in sur-
vey effort within each habitat type, we divided the data

""HOWARD B. STAUFFER ET AL.

" murrelets.
" tained by bootstrapping. Seven of the stands had no
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set into subsets, each consisting of stations with equal -
numbers of visits, from two to 24 visits, in increments
of one or more. We estimated P and p for each of these -
subsets. We then: took averages of these estimates,
weighted by sample size (the number of stations), to
approximate the proportional amount of surveyed area
for each subset in each habitat type. These weighted
averages for P and p comprised the estimates for each
habitat type. Two of the habitat types had no detections,
so p could not be estimated. These estimated “pro-
portional amounts of occupied area’ and “‘detectabil-
ity”” are referenced in columns in Table 1.

. Stand analysis.—For each stand, we divided the data
set into subsets of stations associated with each habitat
type, and within each habitat type, subsets of stations
with equal numbers of visits. We estlmated P and p for
each subset of stations with equal numbers of visits of
each habitat type in each stand, and took averages of
these estimates, weighted by sample size. These
weighted averages provided the estimates of P and p
for the stands sumimarized in Table 2. For each stand,.
the estimates of P were multiplied by the amount of
area to obtain estimates of total area occupied by the
The estimates of standard error were ob-

detections, so p could not be estimated.

We ranked the stands using estimates of total area
occupied by murrelets (Table 2). We also included es-
timates of the risk of error (i.e., Type 1 error) for the
ranking (Table 3), with individual paired comparison
of the stands, based on a one-tailed ¢ test (valid for '
nP = 5 and n(1 — f’) = 5), where n is the sample size
and P is the estimate of occupancy. Risk in the table

. refers to the probability of an incorrect ranking of the

two stands compared. Managers considering the rela-
tive ranks of a collection of stands in the table can then
obtain an approximation of the compounded risk of
error, the ris}c of making one or more errors in the

.multiple comparisons, by adding the individual risks

from all paired comparisons in the collection. For ex-
ample, the maximum compounded risk of at least one
error in the ranking of three stands in the table is the
sum of the risks from three paired comparisons, the
first stand with the second, the first stand with the third,
and the second stand with the third.

Estimates of error using bootstrapping

Error was estimated usirig nonparametric bootstrap-

- ping (Manly 1997) on the sample data set. We boot-

strapped, randomly resampling with replacement, each
subset of murrelet stations with equal numbers of visits,
in habitat types and in stands, using 5000 iterations. P
and p estimates were calculated for each iteration. The
bootstrap estimates of standard errors summarized in
Table 2 were obtained by taking the standard deviations -
of the P and p estimates from the bootstrappmg pro-
cedure.
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TABLE 2. Ranking of the 25 stands and “PALCO Res1dual” by occupied area, based on percentage estimates of the proportlon
of occupancy ®, detectability (p), and occupied area (P X Area).

P (%) b (%) ‘Occupied area (ha)
Rank - Stand n  Estimate 1 SE Estimate 1 SE Area (ha) Estimate 1 SE

1- Headwaters 48 60.2 8.0 77.6 2.0 1307.2 786.9 104.6

2 Park-Central} 130 17.3 2.9 96.2 0.5 3985.7 689.5 115.6
3 Allen Creek-Below Road 3 "32 74.9 16.6 12.6 3.1 470.3 352.2 78.1
4 Elkhead Springs 25 78.4° 14.7 45.3 4.3 275.3 215.8 40.5
5 Shaw-Gift-Road 9 28 60.5 27.9 17.8 10.8 287.0 173.6 80.1
6 Park Southi . 62 33 2.3 100.0 0.0 4964.1 163.8 -+ 114.2
7 Park Northt 6 50.5 24.8 85.5 0.0 308.7 155.9 76.6
8 Road 11-Boulder Creek 20 43.6 27.0 45.9 4.3 352.9 153.9 95.3
9 Grizzly-Bemis 47 28.8 18.0 14.0 6.9 5136 1479 = 925
10 North. Fork Elk River Southeast 23 38.6 18.3 70.0 0.9 346.6 133.8 63.4
11 Jordan Creek 20 734 14.9 9.7 4.0 173.5 127.3 259
12 Bell Lawrence-Booths Run" 42 29.6 19.5 227 6.1 417.5 123.6 81.4
13 Cooper Mill ’ 25 58.9 27.7 103 4.6 162.2 95.5 449
14 Owl Creek 33 . 219 28.4 6.0 3.9 389.5 85.3 110.6
15 . Yager Creek—Road 3 24 194 14.6 25.5 3.6 405.9 78.7 59.3
16 Nanning : 7 43.4 18.1 46.2 2.6 103.9 45.1 18.8
17 Below Road 7 & 9 - 26 12.0 8.3 7.1 2.8 196.6 23.6 16.3
18 Larabee Creek 8 12.9 16.8 100.0 0.0 173.3 223 29.1
19 Monument-Dean Creek 20 4.9 10.8 100.0 0.0 105.9 5.2 11.4
20 Freshwater 4 0.0 0.0 NA NA 103.8 0.0 0.0
21 North Fork Elk River Northwest 6 0.0 0.0 NA NA 221.1 0.0 0.0
22 Yager North - 5 0.0 0.0 NA NA 131.9 0.0 0.0
23 Dean Creek South 7 0.0 0.0 NA NA 15.2 0.0 0.0
24 Chadd Creek 13 0.0 0.0 NA NA 96.6 0.0 0.0
25 PALCO Remainder 203 .0.0 0.0 NA NA 6787.2 0.0 0.0
26 Park West} 6 0.0 0.0 NA NA 525.2 0.0 0.0

Note: Na indicates that p could not be estimated because there were no detections.

T Rank is based on occupled area.
1 Park stands.

RESULTS
Estimates for habitat types

Estimates of proportions of occupancy (P) and de-

tectabifity (p) for habitat types in the stands; based on
the adjusted binomial model (B,), are summarized in
Table 1. The highest estimated proportion of occupancy
occurred in old-growth, high-canopy redwood habitat,
and was the habitat most associated with murrelet nest-
- ing activity. Residual, low-canopy redwood habitat was
second in .importance, and both old-growth and resid-
val, high-canopy redwood-Douglas-fir habitats ranked
next. Lowest in rank among the occupied habitat types
were the old-grewth and residual, low-canopy red-
wood—Douglas-fir habitats. The remaining habitat
types had negligible amounts of area or small numbers
of samples except for the residual, low- -canopy Doug-
las-fir habitat. _

The estimates of detectability p (the probability of -
detecting at least one bird, if they were present, with
one visit to a sampling unit) by habitat type (Table 1)
were highest for both the redwood and redwood-Doug-
las-fir old-growth, high~canopy habitats and the' resid-
val, low-canopy redwood and redwood—Douglas-fir
habitats, indicating that murrelets were most likely to
be detected in these habitat types. :

Estimates for the stands: proportion of occupancy

Three PALCO stands, "Elkhead Springs, Allen
Creek—Below Road 3, and Jordan Creek, had the high-

est estimated proportions of occupancy in the stands,
all >70% (Table 2). A middle tier of seven stands had
moderately high estimates, ranging from 39% to 61%:
Shaw-Gift-Road 9, Headwaters, Cooper Mill, Park
North, Road 11-Boulder Creek, Nanning, and North
Fork Elk River Southeast. The remainder of the stands
had lower estimates of proportion of occupancy, all
<30%. R -

The estimated correlation between the proportion of
occupancy (P) and the detectability (p) estimates was
not statistically significant (r = —0.19, P value = 0.44).

-Hence, there was no statistical evidence to support the

hypothesis of a linear relationship between the extent
of occupancy of the stands and the detectability of the
birds, if they were present.

Ranking of the stands

The Headwaters stand ranked most important, based
on the estimate of total amount of area occupied by

" murrelets, with an estimated 787 ha occupied (Table
. 2). The compounded risk of at least one Type 1 error

in ranking Headwaters above all the other PALCO
stands below it was relatively low, <11% (i.e., adding
all the risks, each <0.5%, from the 21 paired compar-
isons of Headwaters with the other PAL.CO stands in
Table 3). The risk of error in ranking the Headwaters
stand above the highest ranking Humboldt Redwoods
State Park stand, Park Central, was 26.6%.
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TaBLE 3.. Ranking of the 25 stands and “PALCO Residual” by occupied area, based on estimates of occupied area, w1th
- risks of Type I error for paired comparisons of the stand ranks.

Risk (%), compared with stand number

Stand :
rank 1 2 -3 4 5 6 -7 8 9 10 11 12 13 14

N - - —

2 26.6

3 <0.5 0.8

4 <05 <0.5 6.0 .

5. <0.5 <0.5 55 . 319 )

6 <05 <05 8.7 334 472

7 <0.5 <0.5 3.6 24.5 43.6 47.7

8 <05 <05 5.4 27.5 4377 473 493

9 <0.5 <0.5 4.6 25.1 41.7 457 473 482

10 <05 <0.5 1.5 13.8 348 409 412 43.0 45.0

i1 <0.5 <05 <05 33 29.1 378 362 394 415 46.2

12 <05 <05 2.1 15.5 33.1 38.7 - 38.6 404 422 = 46.1 48,2

13 <05 <05 <05 23 197 289 248 29.0 305 31.1 °.27.0 - 381

14 <05 <05 24 13.4 259 31.1 -30.0 . 319 332 352 35,6 -39.0 46.6

15 <05 <05 <0.5 2.8 17.0 254 213 252 264 263 22,6 328 41.1 479

bl

16 <05 <05 <05 <0.5 59 15.2 8.0 13.1  13.8 9.0 05 174 15.0 - 36.0°
17 = <05 <05 <05 <0.5 3.3 112 4.6 8.9 9.3 4.6 <05 114 6.6 29.1
18 <05 <05 <05 <0.5 38 11,5 52 9.3 9.8 5.5 04 12.1 8.6 29.1
19 <0.5 <05 <05 <0.5 1.9 8.3 2.6 6.1 6.3 2.3 <0.5 7.5 2.6 236
20 <05 <05 <05 <0.5 1.5 7.6 2.1 5.3 5.5 1.7 <0.5 6.5 1.7 220
21 <05 <05 <05 <05 1.5 7.6 2.1 53 5.5 1.7 <05 6.5 1.7 220
22 <05 <05 <05 <0.5 1.5 7.6 2.1 53 5.5 1.7 <05 6.5 1.7 22.0.
23 <05 <05 <0.5 <0.5, 1.5 7.6 2.1 5.3 5.5 1.7 <0.5 6.5 1.7 220
24 <0.5 <05 <05 <0.5 1.5 7.6 2.1 53, .55 1.7 <0.5 6.5 1.7 220
25 <05 <05 <0.5 <0.5 1.5 76 21 53 5.5 1.7 <05 65 17 220
26 <05 <05 <05 <0.5 1.5 7.6 2.1 53 55 1.7 <0.5 6.5 1.7 220

Note: See Table 2 for stand names (by rank), sample sizes, area, and P and p estimates.

Allen Creek ranked second among the PALCO
stands, below the Headwaters stand and the Humboldt
Redwoods State Park Central stand, with an estimate
of 352 ha occupied, and the compounded risk of rank-
ing it above all the other PALCO stands below it in

the table of 34%. Elkhead Springs ranked third among

the PALCO stands, with an estimate of 216 ha occu-
pied. The compounded risk of at least one Type I error
in ranking it above all the stands below it .on the list
was considerable. However, each of these three stands

in this second tier of stands had a compounded risk of

ranking it above the bottom seven stands in the table
of <4% (i.e., each paired comparison had risk <0.5%).

A third tier of PALCO stands, Shaw-Gift-Road 9,
Road ,11-Boulder Creek, Grizzly-Bemis, North Fork
Elk River Southeast, Jordan Creek, and Bell Lawrence—

Booths Run, ranked next, with estimated amounts. of .

occupied area ranging from 174 to 124 ha. The com-
pounded risk of at ieast one error in ranking each of

these stands with all stands below it in the table was .

high, but the compounded risk in ranking these stands
above the seven stands at the bottom of the table was
4-46%. '

The remaining stands below this third tier in the table

all had <100 ha estimated to be occupied. Seven of

these stands comprised a fourth tier of stands with es-
timates of occupied area >0. Four of these seven stands
either had substantial amounts of area' (>150 ha) or

had limited amounts of compounded risk in comparison
with the bottom seven stands in the table: Cooper Mill
(risk <10.3%), Owl Creek (390 ha), Yager Creek—Road
3 (406 ha), and Below Road 7 & 9 (197 ha).

Of the four stands in state parklands, Park Central
ranked second overall and two others, Park South and
Park North, were ranked among the third tier of PALCO
stands.

DiscussioN

Occupancy and detectability in habitat types
and stands

Our first objective was to look for differences in
murrelet use by habitat type. Murrelet occupancy was
most closely associated with redwood habitat. Mixed
redwood—Douglas-fir habitat was of secondary impor-
tance. Old-growth and - high-canopy-cover habitats
were also -associated with murrelet occupancy. No
murrelets were detected in the purely Douglas-fir hab-
itat.

Small estimates of error for detectablhty for the
stands may be a result of several factors. Sampling
‘effort for the stands (the number of surveys per station)
was relatively high: 8-12 surveys for some stations.
Habitat was relatively homogeneous by stand, for both
large and small stands, resulting in similar visibility at
stations within each stand: Additionally, detections at
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TABLE 3. Extended.
 Risk (%), compared with stand number
15 16 17 18 ‘19 20 21 22 23 24 25
294

18.5 194

19.7 25.6 48.5 ‘

11.1 35 17.8 29.2 : :

9.2 0.8 7.4 22.1 32.5

9.2 0.8 7.4 22.1° 325 50.0

9.2 0.8 7.4 22.1 325 50.0 50.0 E

9.2 0.8 74 . 22.1 325 50.0 50.0 50.0

9.2 " 0.8 7.4 22.1 32,5 -50.0 50.0 50.0 50.0 .

9.2 *0.8 7.4 22.1 32.5 50.0 50.0 50.0 50.0 50.0

9.2 0.8 7.4 22.1 50.0 50.0 50.0 50.0 50.0 50.0°

32.5

isolated, small stands, sﬁch as Nahning, would likely"

be birds using that stand and not birds detected while
. traveling to a nearly stand; therefore, detection num-
bers between visits would be sirilar.

Contrary to our expectations, we found no evidence
that occupancy and detectability were correlated. That
is, habitat types and stands that had high occupancy
levels, possibly indicating higher abundance levels, did
not consistently exhibit higher levels of likelihood of
detection. The higher percentages of canopy cover of-
ten thought to be associated with murrelet nesting

_(Miller and Ralph 1995) may tend to reduce the visi-
bility essential for observing nesting behaviors in some
stands, thus lowering the level of detectability. When
utilizing only occupied detections for analyses, we
think that the high estimates of detectability in some
of the residual and low-canopy, old-growth habitats
were at least partially due to the relative openness of
the stands, resulting in enhanced visibility of the birds.
Although murrelets were perhaps likely to be less abun-
dant in some of these habitats, nesting behaviors were
more likely to be obseryed. Other factors, such as pred-
ator abundance and nest density, also may have. influ-
enced occupancy of stands and confounded our resulfs,

. but information for these variables was not available.

Avian species in many habitats show sensitivity to

habitat fragmentation (Paton 1994, Faaborg et al. 1998,

Walters 1998). Marzluff et al. (2000) suggest that rates

of nest predation of artificial nests in murrelet habitat

may be reduced when nesting stands are in complex
landscapes of mixed, simple-structured, mature forest,
and old-growth forest that generally contain fewer
predators. Most old-growth and residual stands in our .
study area are fragments surrounded by recently logged
or young forests. Although the more fragmented, small-
er stands had lower occupancy proportions (P), we do
not think that we can ‘make direct inferences to the
effect of fragmentation on predation rates based on the’
data collected in this study.

Multiple comparison vs. risk .

Our second objective was to provide a ranking of
the stands in order of their importance to the murrelets
for nesting, based upon estimates of occupancy. We
hoped to have a clear statistical delineation of the

~-stands into groups of equal importance to the murrelet,

for example one provided by a Bonferroni multiple-
comparisons test at a pre-established experiment-wise
level of significance. We were unable to statistically
distinguish groups of stands that might be biologically
different to the murrelets at a 5% level of significance.
However, statistics in Tables 2 and 3 enabled us to
examine rankings, based on estimates of area of oc-
cupancy, and to assess the risks of error, individual or
compounded, of including or excluding any stand in a
reserve designed on this basis. _
Multiple comparison tests were designed for con-
trolled randomized experiments, not observational
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studies such as ours. The results of a multiple com-

parison test would depend arbitrarily on the sample

‘sizes and the particular test because stands did not cor-
respond to “‘treatments,” and null hypotheses of ex-
actly equal parameters P’s or p’s were patently false.
Any level of significance used for the test in this in-
stance would have been arbitrary, imposed by the re-
searchers and not by the decision makers. Caution
against the inappropriate application of hypothesis test-
ing for observational data has been well documented
in the wildlife management and ecological literature
(Burnham and Anderson 1998, Johnson 1999, Ander-
son et al. 2001), with recommendations on the usé of
estimates of parameters and error, instead of hypothesis
testing. Our approach utilizes these estimates to pro-
vide an appropriate tool to help assess the risk of error
when designing reserves.

Our ranking (Tables 2 and 3), providing sc1ent1ﬁcally
based information for the negotiators, was one of many
documents assisting them in- reaching a decision re-
garding future status of the stands. It was important for
the negotiators to be able to assess the relative risks of
error in comparing alternatives, not to be bound by the
inflexible dichotomous outcomes of a multiple com-
parison test. Estimates of occupancy and risk (Tables
2 and.3) allow managers to elect whether and where
to take compounding of error into account when com-
paring stands in the table.

Robustness of the estimates

The adjusted b1nom1a1 model used for the analys1s

was based on the assumption that the parameters P and .

p were constant throughout a stratum. Occupancy lev-

els (P) and our ability to detect the birds (p) varied-

appreciably in this survey, both by habitat type (Table

1) and by stand (Table 2), so analyses were based on

weighted estimates of the parameters P and p, assumed
' to be constant within these strata.

A study by Matsumoto (1999) concluded that esti-
mators based on the adjusted binomial model were ro-
bust to moderate relaxation of the assumptions that the
parameters P and p remain constant within strata. She
demonstrated with computer simulation that power es-
timation from the model remained accurate, despite
moderate amounts of varjation of the population pa-

rameters (i.e., with standard deviations up te 50% of.

" parameter values). Matsumoto conducted a Monte Car-
lo simulation study of the sensitivity of the power es-
timates from the Marbled Murrelet protocol for inland
surveys in California, assuming extremely low levels
of P at 1-10%, andp at 10, 25, and 50%. She allowed

"P and p to vary, using beta distributions centered at
assumed fixed values for P and p, with standard de-
viations of varying magnitudes. Her results suggested
that estimators based on the adjusted binomial model
remain accurate, despite moderate relaxation of its as-
sumptions of constant P and p.

HOWARD B. STAUFFER ET AL.

Ecological Applications
Vol. 14, No. 5

CONCLUSIONS

- In the final negotiated agreement between the-federal
and state government and the Pacific Lumber Company,
Headwaters and Elkhead Springs stands, along with
some adjacent and connecting habitat, were purchased
as a public preserve in perpetuity. They comprised
1420 ha, with a 1620-ha buffer zone. Of the other

© stands, portions of nine others, a total of 3640 ha, were

placed in five Marbled Murrelet conservation areas, to
be preserved for 50 years, pending further review: Al-
len Creek-Below Road 3, Shaw-Gift-Road 9, North
Fork Elk River Southeast, Bell Lawrence~Booths Run,

.Cooper Mill, Yager Creek, and Below Road 7 & 9. Owl

Creek and Grizzly—Bemus have since passed into pub-
lic ownership. The remaining 11 stands, some 8265 ha,
were made available for timber harvesting, subject to
the prescriptions of the PALCO Habitat Conservation
Plan. Of the stands made available for harvesting, how-
ever, the prescriptions of the Habitat Conservation Plan
place a majority of these areas into de facto preserves,
such as riparian management zones and geolog1c areas
of concern.

Detectability can be a concern for accuracy of es-
timates when field sampling for any flora or fauna spe-
cies. The technique described here is entirely general
and can be applied to other species when sampling
yields presence—absence data to obtain estimates of the
probability of presence or occupancy; i.e., the propor-
tion of a region that is occupied by a species. The
appropriate scale for ecological studies varies by taxa,
habitat, and question, but our technique is not scale
dependent. It is applicable to any scale: salamanders
with a 1-m home range, invasive plants in a shortgrass
prairie, or freshwater, benthic invertebrates.

The methodology presented here is innovative in
separating the probability of occupancy P, from that
of apparent occupancy P,,,

P, = P,XP,

by estimating both the probability of occupancy and

the “‘nuisance” parameter, the probability of detection
P,. Thereby, it prov1ded asymptotlcally unbiased es-
timates of the probability of occupancy. This idea of
separating out estimates of the nuisance parameter, the .
probability of detection, has also been applied effec-
tively to other indices of abundance such as estimates
of counts or density (Williams et al. 2001:Chapter 12).

The estimates of occupancy for the stands and habitat
types that we described in this manuscript provided
science-based information useful in the negotiation for
this agreement on the Marbled Murrelet. Conservation
decisions are necessarily based on diverse criteria, in-
cluding scientific, political, social, and economic issues
or goals. Our technique for ranking habitat patches for
this species provided important, scientific-based infor-
mation using sample data that could be included in th1s
de01s10n-mak1ng process.
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