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Abstract: The number of habitat conservation plans (HCP) has risen dramatically since the first plan was writ- 
ten over 18 years ago. Until recently, no studies have quantitatively investigated the scientificfoundations un- 
derlying these documents. As part of a larger study of HCPs, we examined 43 plans primarily to assess the avail- 
ability and use of scientific data and secondarily to determine the extent of involvement by, and influence of, 
independent scientists within the process. Specifically, our analysis focused on five key steps taken when an HCP 
is developed: assessing status of a species, determining take, predicting the project effects, mitigating for those ef- 
fects, and monitoring of take and mitigation. In general, we found that the preparers of HCPs utilized existing 
scientific information fairly well, with 60% of plans not missing any available information described by our 
study as "starkly necessary." The most common types of underutilized available data included those describing 
the influence of stochastic processes and habitat quality or quantity on species persistence. For many species, 
however, data on biology or status simply did not exist, as demonstrated by the fact that we could locate quan- 
titative population estimates for only 10% of the species. Furthermore, for 42% of the species examined we had 
insufficient data and analysis to determine clearly how predicted take might affect the population. In many 
cases, mitigation measures proposed to offset take frequently addressed the most important local threats to the 
species with moderately reliable strategies. Species with monitoring programs rated as sufficient had plans that 
proposed to collect a greater amount of "quantitative" data than did those programs rated insufficient. Finally, 
when species "experts" were consulted, plan quality was generally higher. Overall, available scientific informa- 
tion in a majority of categories was fairly well utilized, but for many species additional studies and more in- 
depth analyses were required to provide adequate supportfor issuance of an incidental take perm it. 

Las Bases Cientificas de los Planes de Conservaci6n del Habitat: una Evaluaci6n Cuantitativa 

Resumen: El nuimero de planes de conservaci6n del habitat (PCH) se ha incrementado dramaticamente 
desde que elprirner planftue escrito hace mas de 16 anlos. Hasta hace poco, no existian estudios que investi- 
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garan cuantitativamente los fundamentos cientificos bdsicos de estos docunentos. Como parte de un gran 
estudio sobre los PCHs, investigamos 43 planes, principalmente para evaluar la disponibilidad y uso de datos 
cientificos y ademds para determinar el grado de participaci6n, y la influencia de, cientificos independientes 
dentro delproceso. Especificamente, nuestro andlisis se enfoca en cinco pasos clave llevados a cabo durante 
el desarrollo de un PCH: la evaluaci6n de estatus de una especie, la, determinaci6n de cosecha, la predicci6n 
de los efectos delproyecto, la rnitigaci6n de estos efectos y el nzonitoreo de la cosecha y la mitigaci6n. En gen- 
eral, los elaboradores de PCHs utilizaron informaci6n cientifica bastante bien, con 60% de los planes sin 
carecer de ninguna informaci6n viable descrita por nuestro estudio comno "rigurosamnente necesaria." Los ti- 
pos mas comunes de datos disponibles poco utilizados incluyero n a aquellos que describ fan la influencia de 
procesos estocdsticos y de la calidad o cantidad del habitat en la persistencia de especies. Sin embargo, para 
muchas especies, los datos sobre su biologia o estatus simnplemente no existen, a como se ha demostrado por 
el hecho de que solo podiamos localizar estimaciones poblacionales cuantitativas para 10% de las especies. 
Mas aun, 42% de las especies examinadas tuvo datos y andlisis insuficientes como para que nuestros revi- 
sores pudieran determinar claramente el como la cosecha estimada pudiera afectar a la poblaci6n. En mu- 
chos casos las medidas de mitigaci6n propuestas para contrarrestar la cosecha frecuentemente toma en con- 
sideraci6n las amenazas locales mds importantespara las especies con estrategias relativamente moderadas. 
Las especies con programnas de nzonitoreo estimados como suficientes tuvieron planes queproponian colectar 
una mayor cantidad de datos "cuantitativos" que aquellos programas que fueron estimados como insufi- 
cientes. Finalmente, cuando se consult6 a "expertos" en especies, la calidad delplan flue en general mayor. En 
general, la informaci6n cientifica disponible en la mayoria de las categorfas flue bastante bien utilizada, 
pero para muchas especies se requiri6 de estudios adicionales y de andlisis de mayor profundidad para apo- 
yar adecuadamente la emisi6n de un permiso de cosecha incidental. 

Introduction 

In 1983 the first habitat conservation plan (HCP) was 
approved for San Bruno Mountain near San Francisco, 
California. This plan established measures to protect and 
maintain the endangered Mission blue butterfly (Icaricia 
icarioides missionensis) and other endemic species, while 
enabling private landowners to proceed with their devel- 
opment plans (San BrLmo Mountain Habitat Conservation 
Plan 1982). With this plan often being cited as a model 
(Hood 1998), HCPs have since been advanced as a polit- 
ically viable method for resolving potential conflicts be- 
tween private development and endangered species pro- 
tection in the United States (Bean & Wilcove 1997). 
Once an HCP is approved, an incidental take permit is is- 
sued to the project applicant, allowing them to legally 
take a designated number of individuals of a federally 
listed species (U.S. Endangered Species Act [ESA], Sec- 
tion 9: definition of take is to "harass, harm, pursue, hunt, 
shoot, wound, kill, trap, capture or collect... .or attempt 
to engage in any such conduct... .or [cause] indirect harm 
through modification of habitat"). 

In the last several years, the U. S. Fish and Wildlife Ser- 
vice (USFWS) has promoted the development of HCPs 
with active support from the Secretary of the Interior. 
Consequently, the number of approved HCPs increased 
from only 14 plans in 1992 to 225 by December 1997. 
Currently, most HCPs address effects on a single species 
in an area of <100 ha, but the number of large, multi- 
species and habitat-based plans is increasing (Kareiva et 
al. 1998). As additional populations of endangered (and 

candidate) species are included in the HCP process, it is 
important to evaluate how effectively science is used 
within these plans to ensure the long-term1 viability of 
these species (Kaiser 1997). Recognizing this, the Amer- 
ican Institute of Biological Sciences (AIBS) and the Na- 
tional Center for Ecological Analysis and Synthesis (NCEAS) 
sponsored a study to review the nature and quality of 
science in HCPs by using a large, standardized data set 
(Kareiva et al. 1998). 

Although both HCP proponents and critics agree that 
these plans should be based on a strong foundation of 
scientific data and ecological principles (Noss et al. 1997; 
USFWS & NMFS 1994, 1999), there exists considerable 
ambiguity regarding the nature of the information nec- 
essary for a scientifically credible document. At issue is 
the question of whether the "best available" science, a 
term used in USFWS policy documents, is actually used 
in HCPs. Previous reviews of HCPs report that many fail 
to make use of the best available science (Noss et al. 
1997; Hood 1998; D. Murphy et al. unpublished data). 
These studies, however, were based on case-study as- 
sessments rather than systematic analyses of a broad 
spectrum of plans. Also, it may be that the most current 
scientific data may not constitute the "best" data for 
developing a solid conservation strategy. We attempt 
to address these issues by quantitatively evaluating the 
availability and use of scientific information in habitat 
conservation planning over a large sample of representa- 
tive plans. 

We utilized data collected by the AIBS and NCEAS 
study to address three principal questions about the use 
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of science in HCPs. First, we examined how well avail- 
able scientific data and information were used during 
HCP development. Second, we evaluated whether the 
conclusions in these documents were supported by the 
scientific literature and whether the types of data pro- 
posed for collection during monitoring were relevant. 
Finally, we investigated the extent to which involvement 
of independent scientists and science advisory boards dur- 
ing plan development influenced the scientific quality of 
HCPs. Our focus was only on how science was used in 
HCPs; we did not attempt to assess how these docu- 
ments balanced biological and economic concerns or how 
well they adhered to the legal requirements defined in 
the ESA and its implementing regulations. 

Methods 

A motivating goal of the AIBS and NCEAS project was to 
conduct a quantitative analysis of the scientific informa- 
tion available during the development of HCPs and to as- 
sess how that information was incorporated into the plans. 
To achieve this goal, we selected 43 of the 227 HCPs ap- 
proved as of December 1997 to represent the range of 
HCPs by size, geographic location, subject taxa, and year 
of approval. Our subset included more than 80% of the 
listed species affected by HCPs and 14 of the most com- 
mon species (Table 1). 

We used a detailed questionnaire of 965 questions to 
review each HCP. The first 176 questions, referred to as 
plan questions, solicited data on attributes of the plan it- 
self, such as year approved, number of species covered, 
and number and affiliations of individuals on steering 
committees or science advisory boards. A second series 
of 789 questions, or species questions, examined the 
content and quality of scientific information pertaining 
to each of the primary listed species covered by the 
plan. T1he species questions were organized around five 
stages of the habitat conservation planning process: (1) 
assessment of the current status of the species (status), 
(2) estimation of the anticipated incidental take (take), 
(3) evaluation of how take would affect the species (im- 
pact), (4) measures proposed to minimize and mitigate 
the effect of take (mitigation), and (5) monitoring proto- 
cols for assessing the amount of take and effectiveness 
of mitigation measures (monitoring). For the species ques- 
tions, reviewers recorded detailed data on what specific 
types of scientific information were and were not avail- 
able to HCP developers and to what extent such infor- 
mation was used in HCPs. Reviewers were essentially asked 
to use their collective professional judgement on many 
questions dealing with the use of data in each section. 

Intensive reviews of the 43 HCPs were conducted by a 
working group of 110 researchers from eight universi- 
ties, which included faculty members, postdoctoral fel- 
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lows, and graduate students (Savage 1998). During the 
fall of 1997, the working group members participated in 
concurrent seminars at their resident institutions, among 
which the 43 HCPs were divided for review. In these 
seminars, researchers reviewed the assigned HCPs and 
the associated incidental take permits, USFWS biological 
opinions on the permits, and environmental impact re- 
ports. Researchers also conducted literature searches for 
biological information about each covered species. In all, 
researchers logged approximately 16,000 person-hours 
and generated a database of 89,903 entries. 

To assess any potential bias in these answers, all work- 
ing groups answered a subset of questions from the larger 
questionnaire, including s-ubjective ones, for a selected 
number of HCPs. These assessments were compared across 
the groups to ensure that the respective judgements were 
generally unbiased. Because no strong differences in any 
ratings were found, and because a set of summary "qual- 
ity" ratings assigned at the end of each section corre- 
sponded well with the set of prior detailed questions 
(see Kareiva et al. 1998), we also used these subjective 
"quality" ratings to address questions about general sci- 
entific quality (see following section on scientific quality 
and involvement of scientists). 

The main report on the project was released by AIBS 
in December 1998 (Kareiva et al. 1998). This report con- 
tains detailed descriptions of the project and data, in- 
cluding a list of the HCPs reviewed, how they were se- 
lected, the list of plan and species questions, and general 
results and recommendations (the AIBS report, along with the 
dataset, are available online at http://www.nceas.ucsb.edu/ 
projects/hcp). 

Analytical Methods 

Because of the large number of questions asked in this 
study, we used only a small subset for the analysis. Spe- 
cifically, we used those questions that addressed the types 
of data found across many plans, namely those dealing 
with population and habitat measures or those broadly 
applicable to many types of plans. To assess the use of 
science across all species in these plans, we used either 
species or plan questions as our unit of analysis. The 
maximum sample size was 97 for species questions and 
43 for plan questions, although the sample size for each 
analysis was often smaller because of questions being 
unanswerable or not applicable or was larger if samples 
across plans were combined (Kareiva et al. 1998). Be- 
cause 14 of the plans dealt with multiple species, we 
could not assume independence of each species, so any 
analysis by species was potentially confounded by the 
influence of a plan. To correct for this bias in species 
question data, we (1) summarized the data by plan, (2) 
used partial correlation analysis, or (3) analyzed the data 
both with and without the multispecies plans. 
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Table 1. The 14 most common threatened and endangered species in habitat conservation plans and the number of incidental take permits 
issued for each.* 

Number of incidental 
take permits 

analyzed 
Common name Scientific name allplans plans 

Golden-cheeked Warbler Dendroica chrysoparia 94 4 
Florida Scrub Jay Aphelocoma coerulescens 14 4 
Alabama beach mouse Peromyscuspolionotus ammobates 11 4 
Red-cockaded Woodpecker Picoides borealis 9 3 
Desert tortoise Gopherus agassizii 8 2 
San Joaquin kit fox Vulpes macrotis mutica 8 3 
Northern Spotted Owl Strix occidentalis caurina 8 4 
Marbled Murrelet Brachyramphus marmoratus 7 4 
California Gnatcatcher Polioptila californica californica 7 3 
Blunt-nosed leopard lizard Gambelia silus 7 2 
Bald Eagle Haliaeetus leucocephalus 6 3 
Stephen's kangaroo rat Dipodomys stephensi 6 2 
Utah prairie dog Cynomysparvidens 5 2 
Peregrine Falcon Falco peregrinus 5 2 

*Data are for plans approved before September 1997 (195 total and 30 species in analyzed plans; some plans cover more than one species and 
thus the total does not add to 30). 

AVAILABLE DATA, USE, AND ANALYSIS 

To evaluate how scientific information was incorpo- 
rated into the HCPs, we examined data available to the 
plan preparers. For each species we searched the scien- 
tific literature for information on basic biology, range- 
wide trends in abundance, and quantity of available hab- 
itat which was published prior to the plan's completion. 
We recorded whether the data were estimated quantita- 
tively or qualitatively (e.g., populations declining, but no 
estimate of rate). 

We also determined if, and how, the available scien- 
tific information was used within the documents. First, we 
calculated the percentage of species for which little or 
no available data was missing for two categories, popula- 
tion and habitat data. This information is most often rele- 
vant for assessing a species' status and determining the 
net effects of a project. Next, we calculated the number 
of plans in which at least one species was rated in each 
of four categories from "nothing significant missing" to 
"starkly necessary information missing" across all cate- 
gories of data in each section of the HCP. Further, for 
those plans where available information would have al- 
tered the outcome of assessments at least "qualitatively," 
we totaled the number of plans for each of nine broad 
categories of data (e.g., population numbers, metapopu- 
lations, genetics) within each section. 

To understand the general types of analysis used in 
HCPs, we rated the types of analytical approaches used 
on a scale from predictive models (such as population 
viability analysis), to subjective, qualitative opinions of 
plan preparers (Kareiva et al. 1998). Because different 
kinds of information may be necessary for assessing each 
species, we decided to represent the quality of all sec- 

tions by tallying the nature of the best analysis used 
across all sections. Our scoring of "best" was within a 
range that ranked quantitative data and analysis more 
highly than "expert opinion" or "qualitative" data. To avoid 
overweighting large-scale plans with many species, we 
tallied the number of plans in which at least one species 
was used for that analysis in the plan (i.e., if one species 
used "quantitative" analysis and the other four species in 
that plan did not, then that plan was counted in the 
quantitative analysis category for that section of the doc- 
ument). 

TAKE, IMPACTS, AND MITIGATION ASSESSMENT 

We performed several analyses to identify trends in how 
plan preparers made assessments in HCPs. Because cal- 
culating take is an important cornerstone of any HCP, 
we first determined the proportion of plans in which the 
amount of take was quantified as either number of indi- 
viduals or percentage of the population. Then, to clarify 
whether HCP preparers were clearly identifying the spe- 
cies-specific effects most critical to the population in the 
HCP area, we assessed whether the literature supported 
the preparer's rankings of the plan's effects. To address 
this question, we used partial correlation analysis (1) to 
determine whether the plan itself influenced this rela- 
tionship and (2) to assess the relationship between these 
rankings after plan effects were removed. Finally, we de- 
scribe the primary categories of available but unused in- 
formation that could have, at least qualitatively, changed 
the conclusions in the impact section. 

To understand whether mitigation strategies were clearly 
justified, we determined whether the most important local 
threats to each species were addressed by the proposed 
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mitigation measures by comparing the proportion of spe- 
cies in each category across three sections: (1) local 
threats, (2) stated project effects, and (3) proposed miti- 
gation strategies. Category names within each section 
varied from "habitat loss" in the local threats category to 
"habitat restoration" in the mitigation strategies cate- 
gory. Because the use of a mitigation measure should be 
based primarily on its likelihood of addressing the spe- 
cific effect and secondarily on its reliability, we analyzed 
the relationship between the use and reliability of each 
mitigation technique. By reliability we mean how well 
the effectiveness of a mitigation measure had been dem- 
onstrated and documented by the literature (rated 0 to 
3: 0, none; 3, proven to work). By use we mean the de- 
gree to which an HCP depended on a particular mitiga- 
tion technique to counter the anticipated effects (rated 
O to 3: 0, none; 3, major use in plan). We used chi-square 
analysis to assess the overall relationship between reli- 
ability and use for all categories of mitigation combined 
(e.g., avoidance, habitat preservation) over all species 
and excluding multispecies plans. 

MONITORING PROGRAM 

We asked whether the sufficiency of a monitoring pro- 
gram's ability to determine take levels or mitigation suc- 
cess was influenced by the type of data proposed for 
collection. The data were rated on a 0 to 5 scale: 0, not 
collected; 1, expert opinion; 2, qualitative; 3, quantitative 
with limited and/or poor statistical analysis; 4, quantita- 
tive with clear and relevant analysis; 5, quantitative with 
good modeling. We used chi-square analysis to compare 
the type of data collected for species answering yes (suf- 
ficient) with those answering no (insufficient) for both 
take and mitigation monitoring. This analysis was done 
for two main categories of information: population size 
and habitat amount (1) across all species and (2) exclud- 
ing species in multispecies plans. 

If plans were weak when take was predicted, we then 
hypothesized that these same plans would have been 
improved by implementing a well-designed monitoring 
program that could more accurately determine the ac- 
tual take. To test this hypothesis, we compared the num- 
ber of species with sufficient or insufficient estimates of 
take with those having a sufficient or insufficient moni- 
toring of take, as described in the HCP, by means of a 
chi-square test over all species and then excluding multi- 
species plans. 

Scientific Quality and Involvement of Scientists 

QUALITY SCORES 

At the end of each section in our species questionnaire, 
we evaluated the overall adequacy of that part of the 
assessment (status, take, impact, mitigation, monitoring) 
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based on a subjective scale from 1 to 6 (1, excellent; 2, 
above average; 3, sufficient; 4, significantly lacking; 5, in- 
adequate; 6, extremely poor). As described earlier, these 
ratings correlated well with the prior detailed quantita- 
tive questions addressed in that section. Using these sum- 
mary ratings, we asked the following questions: (1) Are 
the data analyses in some sections of the HCPs consis- 
tently better than others? (2) How consistent is the qual- 
ity of a given HCP across all sections? (3) What is the dis- 
tribution of the "average" scientific quality of data and 
analyses in HCPs, averaged over all species and sections 
covered by the HCP? 

To address the first question, we assessed the percent- 
age of species across plans that were rated as "suffi- 
cient" or better in each category. In answering the sec- 
ond, we used pairwise Spearman rank correlations of 
the scores in each section for each species over all HCPs. 
We addressed the third question in two ways. First, with- 
out weighting the importance of each step of analysis 
(e.g., status, take), we ranked plans by the score for the 
worst section in each plan and then divided the plans 
into two types based on the approximate break of a me- 
dian score between 4 (significantly lacking) and 5 (inad- 
equate). The two categories were thus above and below 
our median score: (1) plans having no sections rated "in- 
adequate" or worse, and (2) plans having at least one 
section rated "inadequate" or worse. The second approach 
to addressing overall quality was to determine the propor- 
tion of plans with a total score, summed over the 5 sections 
and averaged over all species in a plan, of less than 20-in 
other ,words, rated better than "significantly lacking" (the 
total ranges from 5, excellent, to 30, extremely poor). 

INVOLVEMENT OF SCIENTISTS 

To assess whether the involvement of scientists was 
related to our measure of quality across plans, we used 
two measures. We compared the "average" quality of 
plans with and without science advisory boards, and we 
contrasted the quality of plans that did or did not consult 
scientists recognized as species "experts." For each mea- 
sure, we divided plans into the two categories described 
above (using the median score break) and tested the as- 
sociation of scientist involvement with plan quality us- 
ing chi-square analysis. 

Results 

Availability and Use of Scientific Information 

AVAILABLE DATA, USE, AND ANALYSIS 

We found a striking lack of information on the basic bi- 
ology of many species for which take permits had been 
given (Table 2). Clutch or litter size wvas knowvn for only 
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Table 2. Number of examined species in habitat conservation plans for which information was available in the published or gray literature for 
three categories: life history, local trends, and global trends.* 

Quantitative Qualitative Unable to 
Category and informaton Known Unknown estimate estimate only answer 

Life history 
lifespan 31 17 19 
ro (reproductive rate) 13 34 20 
clutch (or litter) size 43 5 19 
any one of the above 45 5 17 

Local trends 
population size 29 5 30 3 
habitat quantity 11 3 47 6 
range change 21 2 34 10 
any one of the above 10 6 50 1 

Global trends 
population size 24 5 36 2 
habitat quantity 12 3 46 6 
range change 16 2 43 6 
any one of the above 9 6 51 1 

*"Unknown" indicates that data did not exist or could not be determined; "unable to answer" indicates that the question was not applicable; 
n = 67 species covered by at least one HCP we reviewed. 

67% of species, lifespan for 46%, and lifetime reproduc- 
tive output of individuals for 19%. There were five spe- 
cies (7%) for which none of these aspects of life history 
was known when incidental take permits were given. Pop- 
ulation trends, either local or regional, had been quanti- 
tatively estimated for <10% of species covered by HCPs. 

For 51% of species, no information was available on long- 
term local population trends, with 78% unable to provide 
a quantitative estimate of population change (lambda). 
Most of the remaining species could be qualitatively clas- 
sified as stable, declining, or increasing (Fig. 1). The less 
well-known species ranged from recently discovered cave- 

Trend 
I Not known 
El Increasing 
* Stable 

7 - Declining 
70 

60- 

50- 

40- 

30 30 
0) 

20. Cl) 20 | p 3Figure 1. Proportion of species re- 

porting a trend of either increasing, 
10 stable, or decreasing for local and 

global data on population, habitat, 

O - S | E l l E$ l l E 
and range. "Not known" includes 
answers for which data did not ex- 

Local Global Local Global Local Global ist or could not be determined. The 

Population Habitat Range total excludes those answers that 

Data type were not applicable and therefore 
Data type does not add to 100%. 
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Table 3. Percentage of examined species for which little or no 
information was missing in the habitat conservation plan compared 
with available scientific literature for four categories of commonly 
used data in each of four steps of analysis (status, take, impact, 
mitigation) within 43 examined plans. 

Species with little or no information 
missing (%o) 

Category of data status take impact mitigation 

Population size 92 95 90 82 
Population trends 93 91 92 92 
Habitat amount 89 84 91 88 
Habitat quality 85 82 89 82 

dwelling invertebrates in Texas to the intensively stud- 
ied but poorly understood Marbled Murrelet (Brachyram- 
phus marmoratus) in the Pacific Northwest. 

In general, our subset of HCPs showed that preparers 
used existing data and supporting literature quite well, 
as demonstrated by the high percentage of species-spe- 
cific assessments with little or no information missing from 
the HCP for the four most relevant categories of data 
(Table 3). Furthermore, 60% of the plans had no "starkly 
necessary" available information missing across all sec- 
tions and categories of data, for all species covered by 
the HCP (Table 4). A large number of plans (75%), how- 
ever, did not cite some data that could have altered the 
assessment at least qualitatively, but not strongly, in at 
least one section of the plan. On a section-by-section ba- 
sis, relevant information was missing from assessments 
of status and mitigation more often than take and impact 
(chi-square = 17.5, n = 43, p < 0.05) (Table 4). Yet, 
data that would have changed the conclusions in these 
assessments "qualitatively," or more strongly, were found 
in greater proportion within the impacts or mitigation 
steps. So, although many species assessments did not 
overlook literature relevant to predicting effects, this avail- 
able but unused information was often deemed impor- 
tant to the scientific conclusions. Specifically, informa- 
tion describing how stochastic processes influenced a 
species and data relating habitat quantity and quality to 
species persistence were of moderate or higher impor- 
tance to the assessment but were underused (Table 5). 

In addition, few HCPs were based only on opinion, 
without any quantitative data or analysis. In fact, plans 
used process-oriented modeling (e.g., population viabil- 

ity analysis) more often than they based their assess- 
ments on expert opinion across all sections of the plans 
(Table 6). Patterns of data and analysis quality were con- 
sistent across sections, with two exceptions. Analysis of 
mitigation was most variable in quality, and process-ori- 
ented modeling was used least often to quantify take (chi- 
square = 21, n = 97,p = 0.05). 

TAKE, IMPACTS, AND MITIGATION ASSESSMENTS 

For 42% of the species examined, data and analysis in 
the HCP and related documents were insufficient to clearly 
indicate how predicted take might affect the species. In 
fact, plan writers failed to quantify the predicted take in 
almost half of the plans (42%), with 40% describing take 
in terms of the number of individuals or the percent of 
the population, and 18% quantifying take for some but 
not all of species in a plan. Our analysis showed, how- 
ever, that the effects deemed important to a species at 
the local level, as determined by the preparers of the 
document, were in good agreement with the effects 
found to be relevant in the literature (partial correlation, 
n = 59; for 10 categories, p < 0.05 with correlation co- 
efficients, r > 0.46; for one category, p > 0.10). For ex- 
ample, a majority of the HCPs listed percent habitat loss 
as a key factor affecting the covered species, and in our 
review of the ecological literature available for each spe- 
cies, we found this a well-justified conclusion. Also, when 
assessing effects on a species, preparers of HCPs under- 
utilized one category of information: 26% of plans did 
not include available data on environmental stochasticity. 
This category includes factors such as natural or anthro- 
pogenic catastrophes, variability in the environment, suc- 
cession, and natural disturbance regimes. Thus, impor- 
tant but complex scientific information was often not 
incorporated into plans for assessment of how permitted 
activities might affect the future viability of a species. 

Habitat alteration (loss, fragmentation, and/or degra- 
dation) was the primary local threat (71%) to a majority 
of species covered by HCPs and the most prominent glo- 
bal threat. Similarly, the primary form of take for the ma- 
jority of plans was habitat loss or degradation (72%), fol- 
lowed by mortality of adults or juveniles (25%). Within 
our 43 plans, mitigation measures spanned a range of ac- 
tivities, the most common being avoidance and minimi- 
zation of effects (e.g., siting the development away from 

Table 4. Number of plans for which at least some available data were missing for a minimum of one species within each of four steps of 
analysis (status, take, impact, mitigation) in a habitat coniservation plan (n = 43). 

Across all 
Nature of missing information Status Take Impact Mitigation sections 

Nothing significant missing 3 11 5 1 0 
Not important for conclusions 14 13 15 11 11 
Would have changed conclusions qualitatively 13 13 15 17 15 
Starkly necessary information missing 13 6 7 14 17 
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Table 5. Number of habitat conservation plans -for which available scientific information, by category, would have changed the conclusions at 
least "qualitatively" within each of four steps (status, take, impact, mitigation) of analysis (n = 43). 

No. ofplans with important missing information 

Category of information status take* imnpact mitigation 

Habitat quantity and quality 5 8 5 10 
Population numbers 3 8 1 4 
Demographic rates and trends 6 4 6 5 
Metapopulations 4 5 2 4 
Genetics 4 na 2 4 
Community interactions 2 1 3 7 
External environment 3 2 5 1 
Stochastic processes 3 na 11 15 
Cumulative or interaction effects 3 na 1 3 

kna, not available. 

inhabited lands) (33%). Preservation of land, through 
habitat acquisition or conservation easement, was also 
commonly (22%) used as a mitigation measure. Overall, 
planned mitigation measures frequently (>75%/0) addressed 
the most important local threats to the species, as well as 
mitigating the specific effects of permitted activities under 
HCPs. For example, when local habitat loss was named as 
a primary threat by our reviewers, the mitigation de- 
scribed within the plan addressed this threat in 84% of 
the cases. To determine if the more scientifically tested 
mitigation strategies were used more frequently, we as- 
sessed trends for all types of mitigation used on a per- 
species basis and found a significant relationship be- 
tween reliability and use ratings of those measures (all 
species: chi-square = 181, n = 416,p < 0.0001; exclud- 
ing multispecies plans: chi-square = 52, n = 123, p < 

0.0001). 

MONITORING PROGRAM 

The more highly ranked monitoring sections collected 
more quantitative data for population size for both take 
(all species: chi-square = 17, n = 65, p < 0.05; exclud- 
ing multispecies plans: chi-square = 12, n = 16, p < 

0.01) and mitigation (all species: chi-square = 22, n = 

68,p < 0.0001; excluding multispecies plans: chi-square = 
7, n = 13, p < 0.10). When collecting data on habitat 
amount, single species plans were less likely to show dif- 
ferences in sufficiency of take (all species: chi-square = 
13, n = 59, p < 0.05; excluding multispecies plans: chi- 
square = 6, n = 16, p = 0.18) and mitigation monitor- 

ing (all species: chi-square = 29, n = 63,p < 0.0001; ex- 
cluding multispecies plans: chi-square = 7, n = 13, p = 
0.78) by the type of data and analyses proposed. In addi- 
tion, poorly ranked monitoring programs did not collect 
any data at all or used a lower proportion of statistical 
analysis and modeling for making assessments (Fig. 2; 
mitigation monitoring shown, but trends for take were 
similar). But plans rated sufficient also had a high pro- 
portion of species for which there were "no data col- 
lected." In line with the general trend of HCPs to be 
weak or strong overall, plans for species with poorly 
substantiated estimates of take also had less rigorous 
monitoring programs to document the take (all species: 
chi-square = 12, n = 66, p < 0.01; excluding multispe- 
cies plans: chi-square = 4, n = 16, p = 0.05). These re- 
sults suggest that monitoring is not often used to pro- 
vide an accurate assessment of the resulting amount of 
take or of the relative success of mitigation in mediating 
a project's effects. 

Scientific Quality and Involvement of Scientists 

QUALITY SCORES 

Examining each step of a species assessment (e.g., sta- 
tus, take) separately, we found that the authors of HCPs 
generally used adequate science when assessing the cur- 
rent status of a species and estimating the expected level 
of take (Fig. 3). Sufficient or better information and anal- 
ysis was used in the first two sections of an HCP: 64% of 
cases for status and 53% for take. But HCPs were more 

Table 6. Number of examined species that utilized each category of data or type of analysis within each assessment step (status, take, impact, 
mitigation) of a habitat conservation plan (excluding monitoring) (n = 97). 

Data and anialysis used Status Take Impact Mitigation 

Expert opinion 2 4 2 6 
Qualitative data or quantitative data, but limited or poor analysis 37 40 38 35 
Quantitative data, with clear and relevant analysis 48 40 34 35 
Quantitative data, with good modeling of processes to extrapolate into the future 8 2 7 7 
No assessment 2 11 16 14 
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40 Best data used 
* Quant. data w/analysis 
O Quantitative data 

35 - * Qualitative data 

O Expert opinion 

30 - ES Not collected 

g 25 - 

NC., G) . 20 - W 

CL 15- 

10 - Figure 2. Proportion of species with 
monitoring programs sufficient or 

5 - m m m insufficient to determine mitigation 
success for two categories of infor- 
mation often collected, population 
size and amount of habitat. Each 

Sufficient Insufficient Sufficient Insufficient category of information is further 

Population Size Habitat Quantity subdivided by the type of data col- 
lected, with the last two categories 

Data category/sufficiency of monitoring merged (see Methods). 

often lacking in scientific quality when estimating future 
effects, namely effects on species, probable success of 
mitigation, and the adequacy of proposed monitoring ef- 
forts: only 35%, 46%, and 40% of plans rated "sufficient" 
or better for each assessment, respectively. The succes- 
sive steps of assessment were strongly correlated for each 
species across plans (10 Spearman rank correlations, p < 
0.10), demonstrating that those plans with adequate sta- 
tus assessments were also rated as having logical and 
clear assessments of scientific quality in all other sections. 
As an indication of the "average" scientific quality of a 
plan (encompassing the five sections of each HCP) there 
were 18 plans with an "inadequate" or worse rating for 
the most poorly rated section, and 18 with no inadequate 
rating in any step (7 plans did not have a rating for one 
section and were excluded). When these trends were ex- 
amined by a summed total over all sections, 56% of plans 
(n = 36) were rated as "significantly lacking" or worse. 

INVOLVEMENT OF SCIENTISTS 

The USFWS currently does not require external scientiflc 
involvement during the development or review stages of 
HCPs, although non-agency scientists can be invited to 
be participants on either steering committees or science 
advisory boards, both of which are optional for the per- 
mit applicant. In our sample, steering committees were 
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employed in 14 plans, although we could locate infor- 
mation on the composition of these committees for only 
13 plans. For those plans, the average composition con- 
sisted of 37% industry, 30% government, 11% environ- 
mental group members, and 5% academics; 18% of com- 
mittee memberships were not identified. The average size 
of a committee was 15, with a range of 2-29. In compar- 
ison, science advisory boards were employed for 11 of 
the 43 plans, with data available for only 7: the average 
size was 13 individuals, with a range of 2-29. Average 
composition was 53% government, 13% industry, 8% ac- 
ademics, and 4% environmental group members; 22% of 
members were not identified. When a science advisory 
board was included in plan formation, the percentage of 
plans with at least one "inadequate" assessment was sig- 
nificantly lower than the proportion of plans with the 
same rating that did not employ a science advisory board 
(chi-square = 3.7, n = 35,p < 0.10). 

Species experts were consulted during development 
of 35 of the 43 HCPs reviewed, with developers of 6 
plans not using these scientists and data not available for 
2 plans. These consultations pertained to 87 of the 97 
species examined, with experts not consulted for 7 spe- 
cies and data unavailable for 3 species. When biological 
"experts" on the species were consulted, the quality of 
plans was higher, in general, with a greater percentage 
of these plans having no "inadequate" or worse assess- 
ments (chi-square = 3, n = 33,p < 0.10). 
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Discussion 

With the rapid proliferation of HCPs comes an increas- 
ing need to scrutinize the scientific merit of these docu- 
ments, whether they are viewed primarily as compro- 
mise measures aimed at preventing species declines or 
as an alternative proactive strategy for protecting biodi- 
versity on private lands. In either case, inherent within the 
HCP process is an assumption of flexibility that allows 
the plan preparers to address a suite of often conflicting 
biological, social, and economic objectives. Landowners 
and federal agencies (USFWS and NMFS) therefore have 
the ability to adapt the planning process to a particular 
situation, as long as the plan meets the basic require- 
ments of the ESA: take does not significantly reduce spe- 
cies survival and recovery (Section 7), impact is mitigated 
to the maximum extent practicable (Section 10), and 
the best available science is used by the USFWS during 
consultation (Section 7). This flexibility, although per- 
haps the greatest strength of the HCP process, may also 
be its greatest weakness. Individual plans, through the 
agency consultation process, are required to include the 
"best" available data, but often such information is not 
accessible or is poor by scientific standards. 

In general, we found that HCP preparers did a good 
job of using available, relevant information. For many 

categories of biological data found in both published 
and gray literature, the best available data were consis- 
tently used and cited. These results could indicate that 
either all appropriate information was used, available in- 
formation was not used because it was not relevant to the 
HCP's conclusions, or information was simply not avail- 
able and thus could not be incorporated into the docu- 
ment. For example, consider the Coast Range Conifers 
HCP, a permit to clear-cut old-growth forest inhabited 
by Northern Spotted Owls (Strix occidentalis caurina) 
and Marbled Murrelets in coastal Oregon. Information 
about habitat affiliations for the Spotted Owl was avail- 
able and used well. Data on population genetics were 
available but not used; incorporation of these data, how- 
ever, would not have affected the conclusions in the 
plan. Therefore, information that is available need not be 
included if it does not directly pertain to the specific is- 
sues being addressed. 

We found that for many species, however, there was 
little information available on basic biology and popula- 
tion status; in these cases it was not possible for the pre- 
parers of HCPs to obtain or use data that simply did not 
exist. This finding agrees with that of Wilcove et al. (1996), 
who cited USFWS statistics reporting that the status (in- 
creasing, declining, or stable) of 33% of endangered or 
threatened species was unknown. Problems due to miss- 
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ing scientific information are compounded in each suc- 
cessive section of the planning process. Plans based on 
poorly understood species cannot accurately describe the 
current status of a species. A weak assessment of the 
current status of the population in the affected area will 
make it more difficult to estimate take, and will further 
make the task of calculating the effects of take more ar- 
duous. Thus, it is critical to ensure that basic biological 
information such as population size and distribution and 
habitat affiliations for each species be known or col- 
lected before project effects create significant changes to 
the local environment, especially for multiple projects with 
cumulative effects on a species. Further, assessments of 
project effects need to more clearly account for "uncer- 
tainty," be it disturbance, succession, environmental sto- 
chasticity, or natural and anthropogenic catastrophes. 
The importance of stochastic events in creating a low- 
ered extinction threshold has been acknowledged (Man- 
gel & Tier 1994), but it is often difficult to directly link 
these data to future population trends without a solid 
understanding of the current population's viability. 

Qualitative assessments were utilized more often in 
plans because of a general paucity of quantitative data 
for many types of biological information. Although this 
type of analysis may often be appropriate, more rigorous 
analysis is required for some steps of the HCP process. 
Specifically, analyses of the future effects of a proposed 
action on a species' survival require quantitative esti- 
mates of the status and trends of the affected popula- 
tions because of the unavoidable complexity of these pre- 
dictions (Bingham & Noon 1997). If such data are not 
currently available, the potential relationships between 
a population and the specific environmental factors can 
still be assessed through the use of appropriate statistical 
or modeling techniques (Noss et al. 1997). But the lack 
of quantitative data in many HCPs points to the need for 
a strong monitoring program that links ongoing data col- 
lections with the specific biological goals of the conser- 
vation plan (Shilling 1997). 

Mitigation is one element of HCPs that would benefit 
from enhanced data collection and analysis to measure 
both the success of strategies applied to specific plans 
and for assessing general trends across plans. Mitigation 
strategies of known reliability were applied in HCPs more 
often than less documented ones, but, in general, many 
methods need to be more clearly and strongly justified. 
For example, two plans (Connel Gower and Coleman 
Company) involving the Utah prairie dog (Cynomys par- 
videns) relied on translocation as the primary form of 
mitigation, even though a previous study documented 
that 95% of all previously translocated prairie dogs did 
not survive (McDonald 1993). In this HCP, the lack of 
prior translocation success was not described, perhaps 
because this mitigation strategy was supported in the re- 
covery plan. In other cases, it is unclear whether mitiga- 
tion will actually counter a project's effects, as Kareiva 
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et al. (1998) report that the primary effects in 81% of 
plans are irreversible. 

Given this uncertainty about the reliability of mitiga- 
tion measures, it is disturbing that many of the proposed 
monitoring approaches are inadequate for determining 
mitigation success. Surprisingly, plans with the poorest 
estimates of predicted take had monitoring programs 
that failed to propose methods for collecting adequate 
data on the actual take of individuals. This suggests a 
need for increased application of adaptive management, 
which is broadly defined for HCPs as creating a data col- 
lection strategy that reduces the uncertainty surrounding 
the species conservation plan (USFWS & NMFS 1996). 
One could excuse the poor quality of most monitoring 
programs by saying that painstakingly documenting a 
small effect is irrelevant, but in cases of multiple small 
plans there may be a large cumulative effect on a spe- 
cies. For example, the 94 plans written for the Golden- 
cheeked Warbler (Dendroica chrysoparia) are likely to 
have small effects individually, but their combined ef- 
fects could be significant, with a coordinated monitor- 
ing program across plans being necessary to ascertain 
the extent of take and subsequent effects on the species. 
In this case, adaptive management would not necessar- 
ily be applied within plans but rather across plans to in- 
crease the knowledge of general population trends, and 
possibly to test and perhaps replicate different mitiga- 
tion strategies. Given the current requirements of HCPs, 
provisions appear to be inadequate for considering ei- 
ther the potential effect of cumulative activities on both 
federal and nonfederal lands or for implementing linked 
monitoring programs across plans. 

One means of ensuring that current scientific informa- 
tion and approaches are used within the HCP process is 
through the increased involvement of independent sci- 
entists. When scientists, especially experts on the spe- 
cies covered by the plan, were consulted, adequate and 
even high-quality plans were often developed. Of course, 
merely consulting experts is not sufficient to increase 
the quality of the plan; the writers must incorporate the 
expert's recommendations. In the Balcones Canyonlands 
Conservation Plan, for example, the science advisory board 
recommended a 52,610-ha reserve designed to preserve 
habitat of the Golden-cheeked Warbler and Black-capped 
Vireo (Vireo atricapillus). But the final HCP aims to pro- 
tect only 14,164 ha covering seven disjunct sites: the es- 
timates of take include removal of 74% of the warbler 
habitat and 60% of the vireo habitat. Without critiquing 
the process by which these alternative mitigation strate- 
gies were developed, it appears that the science advisory 
board in this case was ineffective at developing an accept- 
able approach to protecting habitat for these species. 

Although preparers of HCPs have the option to incor- 
porate the recommendations of outside advisors, our re- 
sults suggest that scientific rigor in HCPs increases with 
a higher degree of external scientific involvement. Two 
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explanations can be proposed for this result: (1) plans 
with a strong existing scientific foundation tend to seek 
the advice of scientists, and (2) those plans that consult 
with scientists have better scientific information and 
analyses incorporated. At present, scientific input is not 
required under Section 10(a) of the ESA and is often 
lacking in conservation planning processes (Hosack et al. 
1997), yet it seems both reasonable and feasible to in- 
clude scientists in the HCP process (Meffe et al. 1998). 

Because our results point to only a weak increase in 
scientific quality when science advisory boards were 
present during HCP development, it is unlikely that in- 
creased scientific involvement alone will be sufficient. 
Absent suitable and sufficient data, science advisory boards 
could have provided only qualitative advice based on 
their experience. If the availability and quality of scien- 
tific information were improved, then the expected ben- 
efits of scientific input could be more fully realized. Al- 
though scientific quality is not the only criterion by which 
HCPs may be judged, it is surely a key consideration in 
determining the long-term, cumulative effects of these 
projects on species survival and recovery. 

Specifically, habitat conservation planning should place 
a stronger emphasis on the collection of data that is rele- 
vant to the species. Rather than using an ad hoc ap- 
proach for monitoring or relying solely on the existing 
directives provided by recovery plans (Pyke et al. 1998), 
it would be helpful to have the USFWS and NMFS, along 
with scientific experts, create a list of prioritized biologi- 
cal questions to be addressed for each species. The con- 
servation goals of each HCP could then be directly linked 
to these larger issues within the context of the specific 
local population and the project effects. By developing 
project-specific conservation goals that relate to these 
broader biological questions, several concurrent HCPs 
could address different but complementary questions, with 
knowledge gathered across plans being evaluated and 
incorporated by the agencies into a continually updated 
ecological model of the species. Furthermore, monitor- 
ing efforts should aim to test falsifiable hypotheses and, 
when possible, to provide confidence limits through suf- 
ficient sampling. Scientific committees, in cooperation 
with the agencies, could ensure that multiple plans for 
one species incorporated conservation goals specific to 
that species while also allowing for a diversity of ap- 
proaches across plans. These oversight committees could 
review particular HCPs that had been implemented for a 
reasonable time period, with the purpose of evaluating 
the effectiveness of each plan. In particular, it would be 
worthwhile to investigate the causes of failure and to at- 
tribute them to a lack of data, poor interpretation or 
analysis, or simply unpredictable circumstances. 

To enhance the scientific underpinnings of HCPs, we 
suggest that the following actions be incorporated into 
the planning process. First, existing scientific data should 
be used by agencies to develop a general strategy for an- 

swering important questions on each species. Second, 
individual HCPs should include more independent scien- 
tists within the process to assist with developing and re- 
viewing conservation strategies that aim to increase the 
cumulative knowledge about each species within the 
constraints and opportunities of the HCP projects. As 
our review points out, scientific information is generally 
used effectively, but more relevant data are clearly needed 
if we are to understand the short- and long-term prognosis 
of many species. Therefore, not only could habitat conser- 
vation plans potentially serve as a useful vehicle for gather- 
ing critical scientific data but, if adaptive management 
approaches are well designed and rigorously applied, it is 
possible that species conservation goals could be met 
through an integrated process of conservation planning on 
both public and private lands. 
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