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ABSTRACT 

The US Endangered Species Act is legislation 
with the power to limit human activities that may 
have deleterious effects on the viability of threa- 
tened and endangered species of fauna and flo- 
ra. However, because most endangered species 
face multiple threats, it is often unclear whether 
limiting specific activities will improve the like- 
lihood of long-term survival, particularly when 
the relative importance of different stressors is 
uncertain. Wildlife managers responsible for pro- 
tecting these species face the challenge of de- 
termining the optimal allocation of limited funds 
and personnel among risk management and con- 
servation priorities, in the absence of a good un- 
derstanding of the relative importance of these 
stressors. We present an analytical framework 
that can serve as a technical basis for evaluating 
multiple risks to endangered species. Predictive 
and retrospective causal analysis applications 
are considered. The former address proposed pro- 
jects where the potential exists for adverse in- 
teraction between the project and an endanger- 
ed species. The latter involve existing projects 
or products for which a determination is being 
or has been made concerning the threats posed 
to an endangered species. The causal analysis me- 
thod described herein is a well-established pro- 
cedure that is widely used in other scientific 
fields and offers a practical and logical process 
through which threats to endangered species can 
be assessed and recovery actions prioritized. 

Keywords: Endangered Species Act; Risk  
Management; Conservation Priorities; Multiple 
Stressor Analysis; Causal Analysis 

1. INTRODUCTION 

The Endangered Species Act (ESA; 16 U.S.C. §1531 

et seq.) was enacted in 1973 to safeguard flora and fauna 
at risk of extinction in the United States. Currently about 
575 animal and 750 plant species in the USA are on the 
endangered species list [1], and approximately 250 other 
candidate species have been proposed for listing. The 
ESA is a powerful act and can restrict or prevent existing 
or proposed projects and products if these are found to 
pose a threat to an endangered species. Recent examples 
include the siting of wind farms [2], and the risks of pes- 
ticides to red-legged frogs [3] and salmon [4]. Often, de- 
terminations of threats are based on a presumption of co- 
occurrence of the potential stressor and the species. 
While this is a precautionary view and appropriate in 
some cases, there can be situations where more rigorous 
analysis is appropriate. This is especially true where the 
project or product has an overall beneficial impact on the 
environment (e.g., wind energy turbines). 

Section 4 of the ESA requires development and im- 
plementation of recovery plans to improve survival pros- 
pects for listed species. Management plans identify spe- 
cific actions needed to minimize effects of threats. How- 
ever, the amount of funding available is frequently insuf- 
ficient for agencies to implement all desired management 
activities. For example, in Fiscal Year 2004, the 100 top- 
funded species received almost 90% of recovery funding 
under the ESA, while 38% of species each received less 
than $5000 [5]. Clearly, for many endangered species the 
level of funding is not commensurate with the scope of 
required management actions. Because most endangered 
species are challenged by multiple threats, and because 
federal funding is often likely to be insufficient to ad- 
dress all those threats, a key to successful recovery of a 
species will be to identify the primary cause(s) leading to 
its decline so management actions can be focused on 
those threats. Foremost, this entails conducting a root 
cause analysis that is effective at distinguishing among 
multiple stressors to identify the key drivers for reduced 
population size, such that their removal or mitigation 
might enable species recovery. 
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Formal causal analysis offers a well-established foun- 
dation that can identify causal relationships otherwise not 
apparent, differentiate among hypothesized causes, pre- 
vent lapses of logic, build a clear weight of evidence, and 
result in prioritized management actions [6]. Causal ana- 
lysis approaches have been used for a range of applica- 
tions in both human health risk assessment and environ- 
mental analyses [6,7]. A causal analysis approach is used 
by US Environmental Protection Agency (EPA) as a 
formal method for identifying causes of impairment in 
aquatic systems [8-10]. The general principles in this 
application are relevant to issues with endangered spe- 
cies, with the goal being to identify the factor or factors 
having the largest detrimental effect on attaining bio- 
logical or management goals. 

The methodology for conducting causal analysis in- 
volves three alternative methods: elimination of causes, 
diagnostic analysis (linking specific cause and effect) 
and a strength of evidence analysis [11,12]. In many 
situations involving endangered species, multiple stress- 
ors co-occur spatially and/or temporally, so identification 
of a single cause will often be unlikely. Further, because 
different stressors may produce the same effects on an 
endangered species (e.g., decreased survival, productivity, 
etc.), linking one cause to any specific effect can be dif- 
ficult. Therefore a weight of evidence analysis may rep- 
resent the best diagnostic approach. The relevant weight 
of evidence criteria are identified in Table 1. A scoring 
system can be employed as a quantitative way to rank 
and prioritize threats [11]. 

A general framework for applying the causal analysis 
approach is shown in Figure 1. A suitable approach for 
conducting causal analysis for endangered species is to 
treat this as a multiple-stressor matter, where the focus is 
on evaluating whether or not any one stressor is negligi- 
ble in its own right, or whether its effects are additive 
with or dependent upon the predominant stressors on the 
population. Using a phased analysis allows the evalua- 
tion to begin as simply as possible while maintaining the 
level of complexity required. Detailed analysis phases 
are added as necessary to characterize risks at a level ap- 
propriate for management decisions [6]. A phased ap- 
proach is commonly used in risk assessment as a method 
of balancing available resources against the desire to re- 
duce uncertainty [6,13]. The phased stressor-based ap- 
proach entails four steps (Table 2). 

In this paper, we outline common multiple stressors 
that typically threaten or endanger sensitive species. We 
also consider analytical frameworks that have been or 
could be used to provide a sound technical basis for 
evaluating risks to endangered species. We examine two 
common situations. The first considers proposed projects 
where there is a potential for interaction between the pro- 
ject and an endangered species. Such predictive ana- 

lyses involve making predictions about the future. The 
siting of wind farms in or near habitats used by endan- 
gered bats is an example of this type of assessment. The 
second situation involves existing projects or products 
for which a determination is being or has been made 
concerning the threats they pose to an endangered spe- 
cies. These assessments involve retrospective analyses as 
the project or product is already in place. 

2. MULTIPLE STRESSORS 

One major difficulty in evaluating the role of multiple 
stressors on an endangered species is that they do not act 
independently, but rather in concert, to produce observed 
effects. Multiple stressors can elicit the same adverse 
effect, such as decreased survival or fecundity, via simi- 
lar pathways, so attribution to any individual effect be- 
comes problematic. At other times stressors may act via 
indirect pathways, through effects on food supply, com- 
petitors, predators, or habitat characteristics. In such 
cases, identification of the ultimate cause can be chal- 
lenging, especially if there is latency between the occur- 
rence of the stressor and onset of effects, or if the effects 
are relatively subtle. 

Most listed species are threatened or endangered as a 
result of the combined impact of multiple stressors. Ha- 
bitat degradation is, by far, the greatest single threat to 
listed species, being a contributing factor for population 
declines in 85% of listed species [14,15]. The second 
greatest threat comes from non-native introduced species, 
which affects almost half of all listed species [14,15]. 
Other long-recognized factors include pollution and over- 
exploitation [14,15]. 

Often, a species is listed primarily because of the sus- 
pected effects of one stressor, when subsequent research 
reveals that other stressors may also contribute to the 
decline. As a case in point, the California red-legged frog 
(Rana aurora draytonii, CRLF) is a federally endangered 
species that has been extirpated from 70% of its range in 
California. A number of factors imperil CRLF popula- 
tions, but habitat loss, water diversion, and introduced 
species are recognized as important contributing causes 
[16]. Subsequent research reported a relationship be- 
tween the amount of upwind agricultural activity in the 
California Central Valley and the percentage of extir- 
pated historical CRLF breeding sites downwind in the 
Sierra Nevada Mountains [17-19], leading to concerns 
that wind-borne pesticide drift could be having deleteri- 
ous effects on the species in parts of its range. Partially in 
response to these concerns, a lawsuit was filed in 2002 
forcing the EPA to consult with FWS to ensure that pes- 
ticides under intended uses would not harm CRLFs. This 
resulted in a federal court stipulated injunction in 2006 [3] 
that imposed no-use buffer zones around CRLF upland 
and aquatic habitats for 66 pesticides until EPA com- 
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Table 1. Established causality based on strength of evidence. 

 Strength of association—relationship between dependent and independent variables 

 Consistency of association—results replicated in different studies 

 Specificity of the relationship—cause linked with an outcome 

 Temporality—cause occurs before effect 

 Biological gradient—dose-response relationship 

 Plausibility—mechanistic basis 

 Coherence—only hypothesis that explains relevant facts or theory 

 Experiment—testing and manipulation of cause 

 Analogy—inference from similar situations 

 

 

Figure 1. General framework for applying causal analysis and vulnerability analysis approaches to endangered species cases. 
 
pletes formal Section 7 consultations with the US Fish 
and Wildlife Service (FWS), and the FWS issues a Bio- 
logical Opinion for each pesticide based on the likely- 
hood of adverse effects to frogs. A similar legal challenge 
has been issued to the use of pesticides in salmons pawn- 
ing habitats in the Pacific Northwest, necessitating the 

imposition of restricted buffer zones around spawning 
habitats until EPA completes consultations for 36 pesti- 
cide applications [4]. 

Within the last decade, climate change has also be- 
come widely recognized as a potential long-term threat 
to the survival of many spe ies. Climate change differs c 
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Table 2. Phased stressor analysis approach (modified from [6]). 

Element Key Issues 

Step 1. Develop conceptual model 
 Identify all stressors 
 Develop linkages with pertinent endpoints 
 Prioritize relative importance of different stressors 

Step 2. Screen stressors 
 Indentify stressor/pathway combinations with greatest potential effects 
 Rank stressors to identify those to carry forward 
 Identify key uncertainties 

Step 3. Evaluate effects of  
individual stressors 

 Use relevant evaluation approaches—review of scientific literature, conduct laboratory and  
field studies 

 Use GIS or other mapping approaches to visualize spatial or temporal relationships among stressors 

Step 4. Evaluate combined effects of 
stressors 

 Expands upon Step 3 in situations where individual stressor analyses do not adequately explain  
observed effects on species 

 Use appropriate statistical methods (e.g., frequentist, Bayesian) to analyze available data for  
interacting stressors 

 
in some respects from other stressors in that it is an 
emerging threat. In 2008 the polar bear (Ursus maritimus) 
was listed as threatened throughout its range because of 
threats to survival from loss of important sea ice habitat, 
resulting from rising temperatures. More recently, in 
2010, the FWS declined to list the American pika (Ocho- 
tona princeps), a small mountain-dwelling mammal, as 
an endangered species, recognizing that although climate 
change would affect some populations, the species was 
unlikely to become endangered throughout its entire 
range, or a significant portion thereof, in the foreseeable 
future. These cases represent the forerunners of what are 
likely to be numerous petitions for listing species based 
on climatic effects, as information on future climate pat- 
terns and their impacts on species’ distributions and life 
histories continues to increase. 

3. RETROSPECTIVE ANALYSES 

To illustrate the value of causal analysis, we consider 
stressors affecting the CRLF. The impacts of some of the 
threats are well understood. Loss or modification of ha- 
bitat is the primary factor affecting the species through- 
out its range in California [16]. Urbanization and agri- 
culture have eliminated much of the historic habitat of 
the species and many of the remnant patches are limited 
in extent and fragmented, resulting in small populations 
and limited ability for dispersal among populations. In- 
troduced species such as the bullfrog (Rana catesbeiana) 
have also had severe effects, either through direct preda- 
tion or through eliciting delayed metamorphosis and be- 
havioral changes that force the red-legged frog from pre- 
ferred breeding and foraging habitats [20-22]. Many sites 
in the Sierra Nevada mountain range are currently un- 
suitable for frogs because of the presence of non-native 
species [16]. Other threats are more difficult to assess, as 

their impacts are less well understood, such as fungal 
disease, or yet to be fully manifested, as in the case of 
potential long-term changes in abundance and distribu- 
tion brought on by climate change. 

When pesticides are considered as additional stressors 
on the CRLF, it is important to determine if these chemi- 
cals might be “the straw that breaks the camel’s back,” 
that is, whether they contribute to pushing the frog to- 
ward extinction because of the cumulative effect of che- 
micals plus all the other stressors. While co-occurrence 
(e.g., pesticides and frogs) is an aspect of judging causal- 
ity, it is by itself an insufficient basis for reaching a tech- 
nically sound conclusion concerning risks from pesti- 
cides. A simplified conceptual model depicting important 
stressors acting on CRLF throughout their range is 
shown in Figure 2. Screening and prioritization of stress- 
ors might reduce the complete stressor list to a more 
manageable number for a focused evaluation. GIS or 
other spatially-based habitat assessment approaches can 
be useful at this stage to visualize and prioritize stressor 
impacts. We examine one stressor, pesticides, as an ex- 
ample of this approach. 

The possibility that pesticides are a contributor to the 
lower population abundance of the CRLF and related 
ranid frog species is based largely on a spatial analysis of 
species distribution patterns in relation to a set of stress- 
ors including climate change, increased ultraviolet (UV- 
B) radiation, habitat loss, and pesticide use [17-19]. The 
predominant patterns of lower abundances were consid- 
ered consistent with the local extent of urbanization and 
amount of upwind agricultural land use. Because of this 
spatial pattern, researchers concluded that wind-borne 
agricultural pesticides are an important factor for de- 
creasing frog populations downwind from the heavily 
ultivated Central Valley. The magnitude of the relation- c    
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Figure 2. Simplified conceptual model depicting important stressors acting on the California Red-Legged Frog (Rana aurora dray-
tonii) throughout its range. 
 
ships varies among frog species [17-19]. 

While the study for the CRLF examined a number of 
stressors, it is not a full causal analysis and does not in- 
clude all potential factors affecting frog populations, 
such as introduced predators. Additionally, the causal re- 
lationship is inferred only from a proxy measure of pes- 
ticide use (extent of upwind agricultural land) and frog 
populations in adjacent areas. The extent of agricultural 
land is a relatively crude measure of pesticide use, as it 
does not take into account factors such as specific crop 
use or microenvironments that affect wind speed and 
direction. A more formal causal analysis would provide a 
framework for identifying information that could streng- 
then the assessment and reduce the inherent uncertainty. 
Such an analysis would enable firmer judgment on the 
relative contributions of factors influencing frog popula- 
tions. 

A number of other studies also provide useful data that 
can be incorporated into a formal causal analysis of pes- 
ticide effects on CRLFs and related species downwind of 
agricultural areas in California. Several studies have re- 
ported the presence of commonly-applied organophos- 
phate (OP) pesticides in air, snow, and surface water 
samples from the Sierra Nevada Mountains [23,24], with 
concentrations at times approaching within an order of 
magnitude of lethal concentrations for aquatic organisms. 
Cholinesterase (ChE) activity, a marker of exposure to 
OP and carbamates pesticides, was depressed in Pacific 
treefrog tadpoles (Pseudacris regilla) (used as a surro- 

gate for endangered species) in mountainous areas down- 
wind of the Central Valley compared to coastal and nor- 
thern California sites [25]. Furthermore, within the Sierra 
Nevada Mountains, ChE in treefrogs was more depressed 
at sites with moderate or poor ranid populations com- 
pared with sites considered to still have good populations. 
The foothill yellow-legged frog (Rana boylii) was found 
to be more sensitive than the Pacific treefrog to the OP 
pesticide chlorpyrifos and the organochlorine endosulfan 
[26], so there is some evidence that ranid frogs may ex- 
hibit greater sensitivity to common pesticides than other 
amphibian species. 

Together, these findings provide a starting basis for 
assessing some of the criteria for determining causality 
[27]. There is some evidence of exposure of frogs to pes- 
ticides in the Sierra Nevada mountain range and a plau- 
sible biological mechanism to show how exposure could 
lead to mortality or other adverse effects to frogs. There 
is an indication CRLF population declines appear to be 
greater in areas downwind of pesticide use than else- 
where in California, suggesting spatial co-occurrence. 
However, there does not appear to be a spatial gradient 
for pesticide concentrations in sediment or tadpoles 
within the Sierra Nevada mountain range with increasing 
distance from the Central Valley [28]. Temporal cooc- 
currence is less certain, as population declines may have 
been occurring prior to pesticide use. There is also no 
strong evidence for a biological gradient (i.e., a dose- 
response demonstration of increasing exposure causing a 
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greater intensity of effects). Coherence is also lacking, as 
there is strong evidence that other stressors are important 
drivers of population decline even if pesticides are not 
present. 

As discussed above, a number of studies suggest a 
plausible role of pesticides as an important stressor. 
However, as we note, this relationship is largely correla- 
tive and contrary information can also be identified. One 
line of evidence in a formal causal analysis is consis- 
tency of association. Because the implication of the role 
of pesticides in population declines relied primarily on 
geographic relationships between the stressor and pre- 
sumed effects, the same analytical approach could have 
been employed for other stressors. Ranid frog species 
have undergone population declines elsewhere where 
pesticides may be a less important stressor. For example, 
all seven species of ranid frogs native to Arizona have 
declined throughout their range [29]. Analyses found that 
factors influencing rarity included climate change, fungal 
infection, and introduced species. Data were insufficient 
to adequately evaluate pollution, but the other stressors 
are all known to be important in the Sierra Nevada re- 
gion of California, and studies such as this would have 
relevance in any causal analysis evaluating pesticide ef- 
fects. 

A formal causal analysis would provide the needed 
framework for assessing the various stressors, highlight- 
ing the types of information to discriminate among them, 
identifying data gaps or uncertainties, and pointing to 
studies needed to collect data necessary to refine man- 
agement decisions. It has been theorized that pesticides 
alone are unlikely to be causing population declines seen 
in ranid frogs in California, because the pesticides occur 
in low levels in frogs and are typically at concentrations 
below effect levels in environmental samples. Thus, an 
interactive effect may be occurring with another stressor 
such as fungal infection [30]. This hypothesis is amena- 
ble to analysis and could serve to identify the required 
research, including focused laboratory and field studies, 
to support or refute the inferred correlations. Evaluation 
methods could include meta-analysis, as has been used to 
assess the effects of UV-B on ranid frogs and its interac- 
tions with other stressors including pH, contaminants, 
and disease [31]. Another promising approach is epide- 
miological analysis, as was employed to evaluate factors 
associated with ranid frog declines in Arizona [29]. Other 
evaluation techniques that could be used include matrix 
approaches, influence diagrams, and Bayesian networks 
[6-8]. 

4. PREDICTIVE ASSESSMENT 

Any proposed action that may adversely affect an en- 
dangered species needs to be examined with respect to 
the possibility of an interaction (a taking) and, if such 

interactions are possible, whether the taking would ap- 
preciably reduce the likelihood of the survival and re- 
covery of the species in the wild. Past examples include 
impacts of logging of old growth timber in Northwest 
forests on the northern spotted owl (Strix occidentalis 
caurina) and marbled murrelet (Brachyramphus mar- 
moratus) [32], or effects of road building in Ohio on the 
endangered Indiana bat (Myotis sodalist) [33]. 

Recent attention has been given to potential conflicts 
between “clean” energy sources (wind farms and solar 
collectors) and endangered species that inhabit some of 
the areas where these projects are being proposed. Such a 
conflict was identified in 2009 when the court halted the 
construction of a wind farm in the Appalachian Moun- 
tains in West Virginia [2] based on the possibility that the 
turbines would harm the endangered Indiana bat (Myotis 
sodalis). Turbines already in place were restricted to op- 
eration in winter months when bats are hibernating, and 
erection of additional turbines was prohibited. A key is- 
sue in the ruling was that the project developer had failed 
to conduct a rigorous assessment of effects of the tur- 
bines on bats, and failed to apply for an incidental take 
permit as required under Section 10 of the ESA. Al- 
though generalizations should not be drawn from one 
specific case, this situation raises the interesting dilemma 
of balancing policies encouraging the development of 
renewable energy resources, which may benefit numer- 
ous species and ecosystems through mitigation of cli- 
matic effects, with mandates to protect other species un- 
der the ESA. The same issue is emerging with solar 
power projects in the southwestern US desert, where 
environmental groups have expressed concern over pos- 
sible effects to endangered species such as the desert 
tortoise (Gopherus agassizii). These types of issues are 
likely to become more common as other alternative en- 
ergy sources, such as geothermal and tidal power, are 
evaluated for feasibility. 

These cases are amenable to more rigorous analysis 
that can help quantify the likelihood and magnitude of 
potential takings. Because the species and the proposed 
project occupy and “utilize” parts of the landscape, spa- 
tially-explicit landscape-based approaches can be effec- 
tive at quantifying the likelihood and magnitude of im- 
pacts on individual animals (a taking) and on the viabil- 
ity of the population. Spatially-explicit exposure assess- 
ment improves the realism of ecological risk assessment 
and the value of results for complex risk-management 
decision-making. For this reason, it addresses the types 
of uncertainties that can arise when assessments are 
based largely on professional judgment in the absence of 
a quantitative spatially-explicit framework. When quan- 
titative methods are not employed, uncertainties associ- 
ated with professional judgments can lead to regulatory 
decisions that are largely precautionary in nature. 
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The Department of Energy (DOE) and the authors of 
this paper are currently developing a spatially-explicit 
model for assessing the impacts of wind farms on endan- 
gered bats; the model could also be applied to endanger- 
ed birds. The model is an adaptation of a spatially-ex- 
plicit wildlife exposure model designed to evaluate risks 
to local populations [34-38]. The general framework for 
conducting this prospective evaluation is outlined on the 
right side of Figure 1. 

Siting wind turbines in a manner that minimizes risks 
to endangered species provides a useful example of pre- 
dictive risk assessment. The endangered Indiana bat lives 
in regions where wind energy development is occurring. 
Potential harm to the bat can occur from direct collisions 
or barotrauma (pressure-related impacts) of individuals 
in close proximity to the blades of the turbines. The 
probability that this will occur can be evaluated by inte- 
grating spatially-explicit information on landscape/ habi- 
tat characteristics, bat flight patterns, foraging behav- 
iors/life stage sensitivities, bat population spatial distri- 
bution (horizontally and vertically), and the locations of 
turbines. The first portion of the assessment quantifies 
the likelihood of colocation of the bats and the turbines. 
A second module then considers whether an adverse in- 
teraction would occur and the degree of that interaction. 

The spatially-explicit model being developed by the 
authors of this paper for DOE will track potential expo- 
sures of individual bats in a local population. Each indi- 
vidual is tracked over an ecologically relevant period of 
time as it travels across a landscape according to a set of 
pre-determined behavioral rules specific to the biology 
and foraging preferences of the Indiana bat and the qual- 
ity of the habitat in the area of concern. Time periods are 
represented by periods of migration, roosting, and over- 
wintering, which are considered over the lifetime of in- 
dividual bats. Understanding spatial and temporal pat- 
terns of habitat use is necessary to accurately predict po- 
pulation effects. Inadequate documentation of Indiana 
bat habitat use patterns was an important factor in the 
court injunction halting development of the wind farm in 
West Virginia. 

The spatially-explicit model incorporates the relevant 
landscape(s) features and associated habitats and topog- 
raphy for the species of concern not only within the wind 
turbine site, but across the much larger areas used by bat 
species. The physical and biological features of the land- 
scape define areas where bats might live, migrate to and 
from, hibernate, and forage. The population of bats is 
distributed within this landscape according to existing 
knowledge about actual use or about favored habitat fea- 
tures. The individual animals are mobile and may follow 
a unique flight pathway across the landscape. Predictive 
risk assessment using spatially-explicit models for ex- 
ample, offers developers and regulators forecasting ca- 

pabilities and the flexibility to explore the influences of 
alternative designs. In the case of the model being de- 
veloped for the bat, the additional taking on the local 
population is assessed by examining the probability of 
excess collision mortality in relation to the total natural 
mortality. The probability of an incremental increase in 
mortality can also be used as an input variable to a popu- 
lation viability model to predict changes in population 
growth rate of the bat under different wind turbine con- 
figurations. 

The ultimate goal of predictive risk assessment is to 
understand the potential effect of changes in mortality or 
other population-level metrics (birth rate, growth rate) on 
the persistence of the endangered species. As these as- 
sessments incorporate increased ecological realism and 
scenario-based risk forecasting, they yield information 
that can be used to refine and support incidental take per- 
mits and associated conservation plans. Predictive risk 
assessments can guide decisions on how to proceed with 
important projects while minimizing real threats to en- 
dangered species. 

5. CONCLUSIONS 

The endangered species examples cited here are not 
unique. The issue of multiple, co-occurring stressors as 
described for the CRLF is common to most threatened 
and endangered species. Quantifying the contribution of 
a stressor to the “take” of a species provides support for 
management decisions. For example, incidental taking 
resulting from water management activities in the Mis- 
souri River system of the Great Plains was evaluated for 
the threatened piping plover (Charadrius melodus). A 
stochastic population model was used to determine the 
population decline (7.8% per year) associated with flood- 
ing of nests resulting from river water-level management 
[39]. However, even without incidental take of piping 
plover caused by flooding, the model still estimated an 
annual decline of 7.5%. So, while there is some adverse 
effect from flooding, model results suggest that other 
factors have a more important influence on long-term 
persistence of piping plover populations. A similar ap- 
proach could be employed for the CRLF, for which the 
incidental take resulting from pesticide applications 
could be evaluated in conjunction with effects of other 
stressors. If there were only a minor change in popula- 
tion growth rate with the exclusion of pesticide effects, 
then management activities should be directed toward 
other causal factors. 

Future impacts on endangered species from infra- 
structure projects, resource extraction, or deployment of 
new technologies will become more commonplace as 
competing human and wildlife requirements for dwin- 
dling habitat or resources increase. As shown by the In- 
diana bat case, inadequate evaluation of potential im- 
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pacts during the project planning stage can result in 
negative outcomes for both project developers and en- 
dangered species. The spatially explicit predictive risk 
assessment tool, integrated into a causal analysis of mul- 
tiple stressors and coupled to an appropriate population 
viability model, offers an example of a quantitative ap- 
proach that can be used to predict impacts and serve as 
an adaptive management tool to minimize effects to en- 
dangered species while optimizing the social and eco- 
nomic benefits of a project. 

The causal analysis method described herein is a well- 
established procedure that is widely used in other scien- 
tific fields and offers a practical and logical process 
through which threats to endangered species can be as- 
sessed. Application of the method allows managers to 
prioritize recovery actions that address primary threats 
while minimizing expenditure of resources on stressors 
that are of secondary or minor importance. 
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