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The Mexican spotted owl (Strix occidentalis lucida) was listed as athreat-
ened species under the Endangered Species Act (ESA) in April 1993 (USDI
1993). Concomitantwith thelisting of the owl, a recovery team was appointed
to developa plan to recover the owl, allowing for its remova from the list of
threatened and endangered species. Therecovery plan—-“the plan” —was com-
pleted and accepted by the U.S Fish and WildlifeServicein 1995 (U.S. Fsh
and Wildlife Service 1995).

In developing the plan, the recovery team assembled and reviewed all
existing information on the ecology of the Mexican spotted owl, existing for-
est conditionsand trends, and potentia threatsto the owl. Existing informa-
tion provided a basdline understanding of owl biology and habitat correlates,
which provided a basis for the genera management recommendations con-
tained within the plan. However, little reliable data were available to assess
the statusand trend of the owl population or owl habitat.

Consequently, considerable uncertainty existed in whether or not implemen-
tation of those recommendationswould providefor adequate habitat now and into
thefutureto support a persstent om populaion. Rether than recommend cessa
tion of dl management activities that condtituted possible but uncertain effects,
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Figure1. Conceptualization of the Mexican spotted owl recovery plan( USD 1995)
asa three-legged stool (from USDI 1995).
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the recovery team developed a more flexible plan that was contingent upon an
adaptive philosophy. Therefore, theteam characterizedthis plan asathree-legged
goal (Figurel), with management recommendations, habitat monitoringand popu-
lation monitoringrepresentingthe legsof thestool. Likeastoal, if any oneof the
legs were removed, the recovery plan could fail. This concept was reinforced in
the deligting criteria contained within the plan, two of which required strong evi-
dencefor stable or increasing habitat and population. Thus, the plan was firmly
rooted in the conceptsof adaptive management (Walters 1986), whereby efficacy
of the management recommendations needed to be actively tracked and adjusted
dependingon the resultsof monitoring.

The recovery plan recommendationswere formally accepted in an amend-
ment to the Forest Plansfor all 11 Nationa Forestsin the southwestern region
(U.S. Forest Service 1996). Despite this forma adoption, and athough the
plan was basad on the best availabl escience, resource agencies have not com-
pletely embraced the recovery plan. Reasonsfor failure to adopt the plan are
numerous, and al need not be detailed here, but much of the opposition cen-
tered on reluctanceto conduct the monitoring of Mexican spotted owl popula-
tionsrequired in the recovery plan. Primary objectionsconcerned thetime and
money required to implement and conduct the population monitoring required
for delisting of the specieshy the recovery plan.

Theobjectiveof thispaper isto describethe scientific basis underlyingthe
popul ation monitoring proposed in the recovery plan, stepsrequired for imple-
mentation of this program and perceived obstaclesto itsimplementation. Im-
plicit to this objectiveisa very basic question about whether management of
wildliferesourcesshould ke basad on best availablescienceand reliable knowl-
edge. Prior to addressing this objective, however, we present some relevant
background on the Mexican spotted owl and the recovery plan.

Background

Ecology of the Mexican Spotted Owl

Our intent here isto present salient points about the owl that were key
considerations in devel oping management recommendations: detailed re-
views of various aspects of the owl's ecology are provided in the recovery
plan (U.S. Fish and Wildlife Service 1995). Although the Mexican spotted
owl occupiesa broad geographic range extending from Utah and Colorado
south to central Mexico, it occursin digunct localitiesthat correspond to
isolated mountain and canyon systems. The current distribution mimics its
historical extent, with the exception of its presumed extirpation from some
historically occupied riparian ecosystems in Arizonaand New Mexico. Of
the areas occupied, the densest populations of owls are found in mixed-
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conifer forests, with lower numbersoccupying pine-oak forests, encinal wood-
lands, rocky canyons, and other habitats. Habitat-use patterns vary through-
out the range of the owl and with respect to owl activity. Much of the
geographic variation in habitat use corresponds to differences in regiona
patterns of vegetation and prey availability. Forests used for roosting and
nesting often exhibit mature or old-growth structure; they are uneven-aged,
multi-storied, of high canopy closure, and have largetrees and snags. Little
is known about foraging habitat, although it appears that large trees and
decadence in the form of logs and snags are consistent components of for-
ested foraging habitat. The quantity and distribution of owl habitat, as well
asof areasthat can be expected to support the necessary habitat correlatesin
the future, are poorly understood. Assessment of habitat quantity and dis-
tribution are among the recovery plan recommendations.

With the exception of afew studiesof owl demography, little is known of
the population ecology of the Mexican spotted owl. The recovery team recog-
nized the limitations of existing data and the inferencesthat could be drawn
from them. Consequently, theteam reviewed and re-analyzed thosedata (White
et al. 1995) to estimate population parameters needed for the devel opment of
adesign that would provide more rigorous and defensible estimates.

Recovery Plan Management Recommendations

As noted above, the recovery plan is cast as a three-legged stool, with
management recommendationsasone of thethree legs. Three levelsof man-
agement are provided under the general recommendations of the recovery
plan: protected areas, restricted areas and other forest and woodland types
(Figure 2). Protected areas includeall recently occupied nest or roost areas,
mixed-conifer and some pine-oak forests with greater than 40 percent slope,
where timber harvest has not occurred in the past 20 years, and al legally
administered reserved lands (e.g., wilderness). Protected areas receive the
highest level of protection. Active managementwithin protected areasshould
be solely to aleviate threats of catastrophic, stand-replacing fires by usinga
combination of thinning small trees (less than 22 cm dbh) and prescribed
fire.

Restricted areas include mixed-conifer forests, pine-oak forestsand ripar-
lan areas not included in protected areas. Guidelinesfor restricted areas are
lessspecific and operate in conjunction with existing management guidelines.
Management for the owl should focuson maintainingand enhancing sel ected
restricted areas to become replacement nest and roost habitat, and abating risk
of catastrophicfire in much of the restricted habitat. The amount of restricted
area to be managed as replacement habitat varies with forest type and loca-
tion, but ranges between 10 to 25 percent of the restricted area landscape.
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Fgure 2. Gengdizaion o the management drategiesin the Mexican potted oM
recovery plan (fromUSD 1995).

Thus, between 75 to 90 percent of restricted areas can be managed to address
other resourceobjectives.

No specific guidelines are provided for other forest and woodland types
outsideof protected areas. Theseother forest and woodland typeswere prima:
rily ponderosa pine (Pinus ponderosa) and spruce-fir (Piceaspp./Abies spp.)
forests, and pinyon-juniper (Pinus spp./Juniperus spp.) and quaking aspen
(Populus tremuloides) woodlands. However, some relevant management of
these vegetation types may producedesirable resultsfor owl recovery, includ-
ing management for landscape diversity, mimicking natural disturbance pat-
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terns, incorporation of natural variation in stand conditions, retention of spe-
cid habitat elementssuch as snagsand large trees, and appropriate use of fire.

In addition, some guidelines proposed were related to specific land uses,
such asgrazing and recreation that apply to all management areas. The team
recognized that effects of such activitieson spotted owls are not well known,
thus advocated monitoring potentia effectsto provide a basisfor more spe-
cific recommendations, where warranted.

The recovery team divided the range of the Mexican spotted owl into 11
recovery units—6 in the United States and 5 in Mexico (Figures 3 and 4)
(Rinkevich et a. 1995), because aspects of owl ecology, biogeography and
management practicesvaried geographically. Recovery units were based pri-
marily on physiographic provincesand biotic regimes, but perceived threats
to owlsor their habitat, administrative boundariesand known patternsof owl
distribution were a so considered in designating recovery units. Threeof the
U. S. recovery units, Upper Gila Mountains, Basin and Range-East, and Ba-
sin and Range-West, includethe core popul ationswithin the subspecies range
(Ward et d. 1995).

By and large the management recommendationsin the recovery plan al-
lowed resource agenciesconsiderablelatitudein designing and implementing
activities. The genera philosophy of the team was to protect spotted owl
habitat where it existed, and to enhance habitat where appropriate. Whether
or not the management recommendationsare successful in meeting these ob-
jectives could only be measured through habitat and population monitoring,
theother two legsof thestool. Without monitoring, there would be no empiri-
ca and objective basis for determining whether management guidelines led
to desired outcomes, whether plan recommendationsneed reevaluation in an
adaptivemanagementcontext, or whether theowl should ultimately bedelisted.

DelistingCriteria
Delisting the Mexican spotted owl will require meeting five specificcrite-
ria (USDI 1995:76-77). Three of these criteria pertain to the entire United

States range of the owl, and two are recovery-unit specific. Thethreerange-

wide delisting criteriaare:

(1) the populationsin the Upper Gila Mountains, Basin and Range-East and
Basin and Range-West recovery units (the' core” populations) must be
shown to be stable or increasing after 10 years of monitoring, using a
design with a power of 90 percent to detect a 20 percent decline with a
Typel error rate of 0.05;

(2) scientifically-valid habitat monitoring protocolsare designed and imple-
mented to verify that (a) gross changes in macrohabitat quantity across
the U.S. range of the Mexican spotted owl and (b) microhabitat modifi-
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cations and trajectories within treasted stands meet the intent of the re-
covery plan; and

(3) along-term, range-wide management plan in the U.S. engaged to ensure
appropriate management of the subspecies and adequate regulation of
human activity over time.

~~~~~~
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Figure 3. Recovery unitsdesignated in the Mexican spotted owl recovery plan for the
United States (from USDI 1995).
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Once these three criteria have been met, delisting may occur in any of the
11 recovery unitsthat meet the final two criteria
(4) threats to the Mexican spotted owl within the recovery unit are suffi-

ciently moderated and/or regulated; and
(5) habitat of aquality tosustain persistent populationsisstableor increasing
within the recovery unit.

Implicit to the philosophy underlying thesedelisting criteria is the nead for
reliable, defensibledatato (1) assess populationstatus, (2) assesshabitet trends,
and (3) develop long-term management guidelines. Without such information,
the recovery team felt that risks to the threatened owl would be too great to
recommend alibera management regime. Asan exampleof the team's philoso-

\
ARIZONA NEW MLXICO S S

L L

[

V \
P \\ TEXAS \3
5

o
_i
/‘
/
A
Y

k4
J

"
. .
X
_llq.dr'cl\?nnm’ rte
“\,
\ \".\' ~ \

adry- Orienfal Sur

Figure 4. Recovery unitsdesignated in the Mexican spotted owl recovery plan for
Mexico (from USD 1995).
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phy, we detail the population monitoring approach presented in the recovery
plan, and discuss ramificationsof failureto implement population monitoring.

Population Monitoring

Rationale

The Mexican spotted owl was listed without quantitative knowledge of
the population size or trend (USDI 1993). Because no one can reliably esti-
mate how many owlsare required for a viable population, the proposed moni-
toring program focuses on estimating both abundanceand populationtrend. If
resultsof population monitoring indicatethat the U. S. population isstable or
increasing over the next 10 to 15 years(assuming 10 years prior to delisting
followed by 5yearsafter delistingas required by the ESA), theteam iswilling
to accept that the current population will remain viable in the foreseeable
future, given that threatsto the population do not re-occur. That is, the team
considers evidence that the existing population is maintaining itself as evi-
dence that the population size isampleto persist.

Becausethe bulk of the Mexican spotted owl population inhabitsthe Up-
per Gila Mountains, Basin and Range—East, and Basn and Range—-West re-
covery units (Ward et d. 1995), and because these three recovery units are
centralized in the subspecies's range and thus provide the best candidatesfor
assuringthe subspeciess persistence, the team felt that considerablemonetary
savingscould be achieved by assuming that population trends these three re-
covery units represented trends for the population as a whole. Owl popula
tions in the other three U.S recovery units are lower in density and more
widely dispersed, making the cost high and logistics difficult for effective
populaion monitoring. Giventhesmal proportion of the U. S. population that
would be monitored in these recovery units, the decision was made to monitor
only the three primary recovery units.

The recovery team developed the population delisting parameters using
thefollowingjustification. Theannud rateof changeof the populationwithin
arecovery unitisA = N*"!/N, A populétion isstationary if A = |, decreasing
if 1 <1, andincreasingif 1 >1. A 20 percent reduction in the population over
a 10-year period impliesa value of 1 = 0.978 (i.e., A'* = 0.8). Becausethe
Endangered Species Act requiresa review of the delisting criteriafive years
after delisting, A = 0.98523 = 0.8""* for a 15-year period To concludethat a
population is stationary, the null hypothesisthat A= 1 must not be rejected.
Thus, the 95-percent confidenceinterval on A mustinclude|. Theteam wanted
to ensure that the width of thisconfidence interval was narrow enough so that
failure to detect a decline would only happen if the population was actually
declining at adower, lessvulnerable rate. Thusa Type Il error rate of 0.10
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was used with A = 0.978 for delisting after 10 years. That is, the probability of
accepting a false null hypothesisof A =1 is0.1.

For thisstatistical evauation of trend in the Mexican spotted owl popula
tion, the Type Il error rate is more important than the Type error rate. A Type
| error would meen that we mistakenly concludethat the population isdeclin-
ing when in fact it isstableor increasing. Such a mistake would be costly in
that unnecessary measures would be taken to reverse the non-existent down-
ward trend. In contrast, a Type Il error would mean that we conclude the
population is stable or increasing when in fact it isdeclining. Persistence of
the population could be in danger, because measures would not be taken to
correct the decline. Thus, the recovery plan emphasizesthat a low Type li
error rateof B =0.10 (power is 1-B =0.90) must be met to delist the species.

Thetime span for monitoringand the amount of change required to detect
a population decline are related. The time span for monitoring of 10 years
prior to delisting and an additiona 5 years after delisting allows 70 to 83
percent of the population a the start of monitoring to have been replaced,
based on the mean life gpan of adult owls computed with an observed adult
survival rate of 0.8889 (SE = 0.0269) (Whiteet a. 1995). Further, 10to 15
years would alow the spotted oml population to be subjected to considerable
variation in environmental (such as wesather) and other extrinsic factors that
might influence demographic parametersand populationtrend. Based on the
observed adult survival rate of 0.8889, two years of no recruitment would
result ina 2! percent population decline. However, observed recruitment data
suggest that two consecutive yearsof tota failure of recruitment are unlikely
(White et a. 1995), and adult survival rates are relatively constant across
years. Thus, a 20 percent decline over a 10-year period likely indicates the
population istruly declining, and isnot the result of norma temporal variation
in recruitment and adult survivd rates.

The choiceof a Type Il error rate of 0.10 is somewhat arbitrary, but this
vaue interactswith the choice of the amount of declinethat is to be detected
over the 10-year period. For a given samplingeffort, we could specify that a
15 percent change is detectable with 67 percent power, or that a 25 percent
change is detectablewith a 94 percent power. All are approximately equiva-
lent with respect to sampling effort. Power of 90 percent for a 20 percent
declineover 10 years' postions” thecurve of statistical power relativeto the
sizeof the decline.

SamplingDesign

The monitoring program suggested in the recovery plan involves survey-
ing a number of randomly selected sample quadrats throughout the area of
interest to estimate changes in Mexican spotted owl population using mark-
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recaptureestimators. Trendsin abundancebased on thissamplearethenevau-

aed relativeto the delisting criterion from the recovery plan, given a suffi-

cient sample of quadratsto meet the power requirements.

Based on their evaluation of all previouseffortsto monitor populations of
spotted owls, especidly the methodol ogiesand ideasdiscussed in Noon et a.
(1993), the recovery team recommended:

(1) Surveying for owlson sample quadratsapproximately 50 to 75 squared
kilometersin size, randomly scattered throughout selected portions of
theowlsrange;

(2) Capturing and color bandingall owlslocated so that individual scould be
uniquely identified;

(3) Surveyingeach quadrat four times, marking and/or resighting owls on
each survey, to estimate probability of capture/resighting and size of the
breeding population on eech quadrat; and

(4) Estimating abundance of owls using capture-recapturemodelsfor closed
populations (Otiset a. 1978) and analytical features contained in pro-
gram MARK (White and Burnham in press).

The fiedld methodology needed for collecting monitoring data has been
vaidated by May et a. (1996). The next step for implementing this monitor-
ing program requires that a pilot study be conducted to alow estimation of
detection and capture probabilitiesand the variance in owl density among
quadrats. Thisinformationwill be used to determinethe number of quadrats
required to satisfy the precision requirementsin the delisting criterion. Other
issuesthat will be addressed with the pilot study are the effectivenessof sev-
eral proposed stratification schemes based on habitat, owl density and eleva-
tion, plus the overdl feasibility of such large-scale sampling. The expected
cost to survey 30 randomly selected quadratsin one recovery unit isapproxi-
mately $1 million. Once the pilot study is complete, the survey methods will
be expanded to include the three recovery units with high owl densities. We
anticipate that full execution of the monitoring program will require addi-
tiona samplesand more fundsthan required for the pilot study.

At theCrossroads: Should Wildlife M anagement be Science-based
Rather than Budget-based?

Management of wildlife has becomea paradox in recent times. However,
wildlife science has grown exponentialy over the past 50 years, especialy
since passage of the ESA (1973) and the Nationa Forest Management Act
(1976). Great strides have been made in the study of wildlife populations
(McCullough and Barrett 1992, Thompson et al. 1998) habitats(Vemer et al.
1986, Morrison et a. 1998), and numerousother subject areas. Not only have
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these advances increased basic knowledge about selected species, but they
have also provided more sophisticated, rigorous, and defensible approaches
for addressing wildlife-related questions. Clearly, the need to base manage-
ment of natura resources, including wildlife, on the best available scienceis
the rhetoricespoused by nearly every resource agency in North America. Yet
there appearsto be acertain reluctance within these agenciesto fully embrace
new scientific approachesto monitor and manage wildlife. Thisstems partly
from budget concernsin that more rigorous scientific approaches usualy re-
quire greater funds to acquire the data needed, but also from ingtitutiona re-
Sistanceto initiatingchange within many resource-management agencies. \\e
submit that the situation with the Mexican spotted owl in the Southwest illus-
trates this paradox quite clearly.

Thereare severa advantagesof the population monitoring program in the
Mexican spotted owl recovery plan. The procedure is scientifically defen-
sible and will provide accurate and precise estimatesof population trend. It
will also provide an objective criterion for delisting the species according
population trend. If the population trend meets the criterion, legd disputes
surrounding management and delisting of the owl should be avoided or at least
minimized. Alternative monitoring methods, such as night timecall indicesor
direct countsthat lack correctionsfor detection probability, do not providethe
scientific rigor to detect red trendsin population levels. Currently, promiseof
a rigorous monitoring scheme has permitted a more flexible management re-
gime; without population monitoring many management activities that might
otherwise be enjoined.

A disadvantageof the population monitoring program is that management
agencies have not embraced it, primarily because of the cost (roughly more
than $1 million per year) and lack of tradition in conducting such large-scale
research. Much of theexplanation for the high cost of the monitoring program
rests with the characteristicsof thespecies. Theowl isnocturnal and occursin
low densitiesthroughout its range. Time requiredto travel, survey, detect, and
captureowlsin widely spaced territoriesisexpensive. Becauseof thespecial-
ized techniques required to monitor this species, the surveysthat will be con-
ducted generally are not useful for providing incidental information on other
species, such asgoshawks(Accipiter gentilis) However, the estimated cost for
monitoring Mexican spotted owls is considerably less than the $3.5 million
per year ($25.7 million from 1989-1995) spent by state and federal agencies
to recover the peregrinefacon (Falco peregrinus) or the $3.5 million per year
($59.4 million from 1989-1995) spent to recover the bad eagle (Haliaeetus
leucocephalus) (U.S. Fish and Wildlife Service 1989-1995). Given the like-
lihood of fixed or declining budgets, initiating population monitoring is meet-
ing resistance within the agenciesbecauseit will require re-orienting priorities
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towards Mexican spotted owml monitoring. Population monitoring may also
limit money that can be usad for habitat monitoring and habitat improvement
for owls, and for management and monitoring of other threatened and endan-
gered species. Fom a biologica perspective, discovering that the Mexican
spotted owl population is decliningthrough monitoring will not provide strat-
egieson how to reversethedecline. Informationabout adeclining population,
however, may providea trigger for the initiation of more conservative man-
agement actionsand for research specifically designed to understand causesof
population declines(USDI 1995:116-120). A more sophisticated design that
concurrently monitorstrends in population growth and environmental factors
could accelerate our understanding of factors that regulate owl populations

(Franklin 1997). Although the joint monitoring approach would save time

over the long term, it would require additional funds over the short term.

However, resistence to funding population monitoring indicates that financial

cost rather than technical ability isa significant barrier to obtaining reliable

and decisive information.

In summary, gathering the kinds of defensible scientific information nec-
essary for delisting the Mexican spotted owl costs more than management
agencies have been able or willingto spend todate.  Although these agencies
apped for high-quality information, their budgetsand expertise are not keep-
ing up with progressin wildlifescience, namely the use of modem methodsto
monitor populations, and the need for experimenta studies to redlize cause-
and-effect relationships(Romesburg 1981).

Clearly, the wildlife professon has reached a crossroads in the manage-
ment of wildlife resources, and it is not adecision for usaone to make. The
Mexican spotted owl servesasone high-profileexampleof thisdecision point.
Relevant questionsthat the wildlife profession needsto addressare:

+  Should or can the best available science be brought to the forefront in
managing wildlife?

4+ Wha are the obstacles, and are they red or perceived?

T I the bet science cannot be applied to wildlife management, what are
the potential risksto the conservation of species, and are those risks ac-
ceptable?

As representativesof aprofession, we must ask ourselvesif wearedesiring
information beyond society's ability or willingnessto pay. Similarly, the
American society must clearly defineat what level and at what cost they are
willing to conserve our naturd resources. Failureto adequately addressthese
issues has led and will continueto leed to gridlock in naturd resources man-
agement. Without adequate data upon which to basesound management policy,
we stand a high probability that more and more important natural resource
decisionswill be made by federa judges.
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