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Abstract
The US federal government spent 6 billion dollars to protect endangered species 
in 2013. The previous studies have shown that federal funding allocated under the 
Endangered Species Act is not necessarily based on the priority a species has been 
assigned by the Fish and Wildlife Service. This paper asks whether this continues to 
be the case using more recent data from 2013. It analyzes what factors afect total 
species funding by various federal agencies under the Endangered Species Act, 
and particularly examines the role of animal charisma using the number of Google 
results per species as a proxy. Results show that, while federal priority ranking had 
no efect on funding, charisma had a signifcant efect, suggesting biased funding for 
some species of animals.
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1  Introduction

The world is currently experiencing a heightened rate of species extinction which 
has been considered reminiscent of historical mass extinctions (Barnosky et  al. 
2011). Extinction risks difer among species, with some species facing higher risks 
than others, i.e., endangered species. The need to save endangered species has been 
justifed on both moral and utilitarian grounds. Man-made changes to the planet 
have greatly contributed to this current trend which leads to a moral argument for 
eforts to save endangered species. Another moral argument is that maintaining spe-
cies is part of protecting a long evolutionary process (Rolston 1985). The loss of a 
species also risks signifcant utilitarian losses to humans. In the context of protected 
species, which may not be hunted and processed into commodities, people still may 
fnd value in conserving species in a variety of other ways; for example, recreation-
ally, by providing information, or simply through the pleasure gained from knowing 
a species exists (Norton 2014). Species are also constituent parts of valuable eco-
systems and should not be valued individually out of context. Protecting species can 
be important in maintaining the ecological integrity of an area (Fortin et al. 2005), 
with efects such as making an ecosystem more stable in the face of shocks, as well 
as unintuitive ecological benefts for humans, such as controlling zoonotic diseases 
(Levi et  al. 2012). However, simply maintaining the existence of a species, while 
ignoring population density, may not be enough to maintain the ecological processes 
which they take part in (Valiente-Banuet et al. 2015). Factors such as how asynchro-
nous they are with other species in the environment can cause some species to have 
greater efects on ecosystem stability than others (Blüthgen et  al. 2016). Despite 
this, the ecological efects of losing a species are hard to predict with the current 
information, suggesting the need for a broad conservation approach to conserve not 
just the species, but the ecosystems that they are part of.

In USA, the need to protect endangered species has long been recognized and 
legislated by the US Congress with the Endangered Species Act (ESA) of 1973. The 
act lists vulnerable species, and is intended to halt and reverse trends towards their 
extinction through legal protections and resource allocation. The ESA is enforced 
by the Fish and Wildlife Service (FWS) and National Oceanic and Atmospheric 
Administration (NOAA). Initially, decisions for listing were not based on any spe-
cifc scientifc criteria until 1982, when Congress passed an amendment to the ESA 
which prohibited favoritism in listing species. This resulted in a high correlation for 
most taxonomic clades between level of endangerment and probability of listing 
(Cash 1997). However, unbiased listing is not enough to ensure unbiased protection. 
The amount of funding received afects whether being listed has a positive efect on 
recovery (Ferraro et al. 2007; Miller et al. 2002). In fact, being listed with low fund-
ing can actually harm a species’ recovery. For example, banning development of the 
habitat of a listed species can create a perverse incentive for landowners to prema-
turely develop their land (Lueck and Michael 2003). It is, therefore, important to 
consider which characteristics of a species infuence funding and ask whether these 
are the factors which we want determining conservation outcomes.
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A crucial factor for determining funding for conservation of an endangered species 
under the FWS is its priority ranking (NOAA 2012). The priority ranking of a species 
is calculated based on the degree of threat (high, medium, and low), recovery potential 
(high and low) and degree of taxonomic distinctiveness (monotypic genus, species, and 
subspecies). The previous research suggests that the priority ranking does not have a 
signifcant efect on actual funding for vertebrates (Mahoney 2009; Restani and Mar-
zluf 2002), though evidence to the contrary exists (Metrick and Weitzman 1998). In 
contrast, attributes such as whether a species is considered a higher form of life form 
have correlated positively with funding (Metrick and Weitzman 1996). A theorized, 
but previously untested factor that could bias the funding, and, therefore, conservation 
outcomes for a species, is charisma (Mahoney 2009; Metrick and Weitzman 1998). 
According to the Oxford Dictionary, charisma is defned as “compelling attractiveness 
or charm that can inspire devotion in others” (n.d.) and it is usually associated with a 
human quality. Although there is no set defnition in the context of animal species, it 
has been used, nonetheless, in this context. Lorimer (2006) defnes it as some combi-
nation of fame, societal perceptions of the animal, esthetics, and potential to generate 
satisfaction. We do not hope to nail down a defnition in this paper, but think what-
ever the exact determinants of charisma are, which could vary from beautiful coloration 
to being associated with a popular cartoon, charisma will increase the likelihood that 
any given person will devote some time or efort towards the animal. The general US 
population’s perceived charisma of a species has the potential to translate into fund-
ing misallocation through the efect of lobbying for more popular species, regardless of 
attributes like ecological value or greater need.

This paper examines whether charisma and the priority ranking afect the total 
amount spent on a per species basis by the U.S. Federal Government in 2013 (USFWS 
2013). This was done using an econometric approach with cross-sectional data which 
should be sufcient to assess the efects these variables have, while avoiding the need 
to account for diferences in budgets, political climate, or organizational structural over 
time. In this study, we use the number of Google hits for a specie’s common name as a 
proxy for charisma. Diferent societies may have diferent views on which species are 
charismatic, with likely components of charisma varying, e.g., Tanzanian vs. British 
school children’s negative vs. positive views on large African mammals (Bowen-Jones 
and Entwistle 2002). Therefore, we used searches resulting from Google set for the 
region of the US, which should largely be made up of websites aimed, at least, in part, 
towards American interests. The Internet has previously been used as a proxy for cha-
risma with numbers of pictures of African species posted to certain social media sites 
being used to address tourism potential (Willemen et al. 2015). Furthermore, including 
a charisma variable in our regression approach should also correct for any omitted vari-
able bias resulting from not doing so and improve the model’s estimation of correlated 
variables’ efects.
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2 � Materials and methods

2.1 � Econometric approach

To assess whether charisma and the priority ranking afect the total amount spent 
on a per species basis by the U.S. Federal Government in 2013, we developed the 
following model that included additional covariates that could infuence expenditure 
per species, to correct for their potential confounding efect on Google hits and pri-
ority rank which are the factors of interest:

To estimate the model, we used both Ordinary Least Squares (OLS) and the MM 
robust regression [Stata 13, program from Jann (2010) based on the model advanced 
by Yohai (1987)] chosen for combining high efciency with a high breakdown point 
(Yu and Yao 2017). The MM robust regression was run as a model robust to outli-
ers such as highly charismatic species as a comparison to the OLS model. We ran 
diagnostic tests in the form of a White test, to check for homoscedasticity of errors, 
and a RESET test confrming the correct functional form. Scatter plots were used to 
decide whether to take natural logarithms of variables for this model, and this was 
done for the dependent variable of per species federal budget spending as well as 
species length and the number of Google hits to form the model.

The priority rank is the measure of priority compiled by the FWS for the federal 
government and by which ESA funding is meant to be determined and should theo-
retically have a negative signifcant efect, since the higher the ranking, the lower 
is the rank number (one being the highest), and the more federal funding the spe-
cies is supposed to receive. Also included is the dummy variable Confict, a legally 
required designation added by the FWS along with the priority ranking that identi-
fes whether a species’ conservation is in confict with economic activities, poten-
tially increasing the cost of conservation.

The number of Google hits as proxy for species´ charisma should be highly and 
positively correlated with how charismatic an animal is, with more popular ani-
mals having more material published online about them. This should hold for the 
two defnitions of charisma previously mentioned. If it is an animal which inspires 
some devotion, then said devotion should increase the probability of including it on a 
website.

It is possible that the presence of a species in multiple websites and Google 
searches is due to negative reasons. Since these potential negative social-economic 
factors, other than charisma, can also increase funding, we added an interaction 
variable between Confict and Google hits to control for conficts efecting Google 
hits. We predict well-publicized instances of confict will positively afect fund-
ing. Google hits should also contain information concerning the amount generally 
known about a species. However, one could argue that this is inextricably linked to 

Log(Fed_spent)
i
= �0 + �1priority_rank + �2 log (Google_hits) + �3Conflict

+ �4global_rank + �5bird + �6reptile + B7amphibian + �8mammal

+ �9land_dummy + �10 log (length) + �11endemic + �12conflict × log (Google_hits) + �
i
.
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charisma, with more charismatic animals getting studied more, as well as interesting 
facts making animals more charismatic. Since all the species on the list are endan-
gered, it is unlikely that large numbers of Google hits are caused by websites con-
sidering them pests, other than for issues of economic confict which are controlled 
for. Even if the previous assumption was untrue, any factor which systematically 
increases Internet coverage but decreases funding would bias our model against 
a signifcant positive result, and so, their omission would not detract from such a 
result being evidence for charisma.

Spending on land purchases for habitat conservation was added to other federal 
funding to create the dependent variable, despite this frst type of spending being a 
sunk cost and the second a variable cost. Since the data are a snapshot of 2013 and 
any strategy for habitat purchasing would likely only be clear over a longer period 
of time, whether a species receives this funding in 2013 would not imply priority 
over one which does not. Not including land spending would fail to control for any 
efect which it may have on other spending, yet doing so as a dependent variable 
would likely result in endogeneity. As a result, we have land spending as part of 
total spending and control for whether a species happened to receive it in 2013 with 
a dummy variable, Land dummy, to avoid omitted variable bias while preventing 
endogeneity.

Global rank is an outside ranking by the independent Nature Conservancy 
NatureServe conservation status system meant to capture worldwide threat level to 
a species and is expected to be negative (G1 is most endangered; G5 least) as more 
endangered species could get more funds.

In this model, we included dummies for the diferent vertebrate clades as these 
have factored into funding in the previous studies (Mahoney 2009; Metrick and 
Weitzman 1998), with bird, reptile, amphibian, and mammal as dummy variables 
for belonging to each respective clade, with fsh excluded to prevent perfect collin-
earity. We theorize that once charisma is controlled for these should no longer be 
signifcant.

Length is maximum length of a species which has previously been found to have 
a positive efect on funding; perhaps, larger animals are costlier to conserve, or 
charismatic mega fauna simply get more funds. The dummy variable Endemic for 
whether species were endemic (only found in the US) was included to control for a 
preference toward uniquely American species.

2.2 � Data

Overall, in 2013, the federal government spent $6,019,884,024.00 on endangered 
species protected by the Fish and Wildlife Service, only $1,519,466,060.00 of which 
was not spent on buying land. Table 1 provides a description of variables and sum-
mary of the data found. Spending data were obtained from the FWS Federal and 
State endangered and threatened species expenditures report from 2013 (USFWS 
2013) for which all data were publicly available. Any species for which the FWS 
did not compile a priority ranking was removed from the sample. This means most 
marine animals are excluded from the analysis.
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Google hits were the number of websites Google returned for a search of a spe-
cies’ common name as found on the ESA funding report (USFWS 2013). This was 
done for websites dated within the decade prior to the spending decisions made for 
2013, to make the variable exogenous. To obtain Google hits, (a) under Google’s 
‘Settings’ menu, ‘Search Settings’ was chosen, and ‘Region Settings’ was set to 
‘United States’, (b) also under ‘Search Settings’, ‘Private Results’ were set to ‘Use 
Private Results,’ and (c) under Google’s ‘Tools’ menu, ‘Any Time’ was chosen, and 
then, ‘Custom Range’ and the range of dates for search results were set to between 
January 1st 2002 and December 31st 2012. The variable is the cumulative number 
of websites over this time period and, therefore, was not refective of chance interest 
when the data happened to be collected. One pitfall emerged for Puma and Jaguar 
which share names with well-known brands. However, the same method was used in 
these cases for consistency as there is no way to tell if there might be other animals 
under similar if less well-known circumstances. These also only represented two 
data points and neither was a highly infuential point which would greatly change 
the regression (Bollen and Jackman 1990).1 It could also be argued that animals 
with companies named after them are highly charismatic. Google hits ranged from 
91 to 16.6 million hits.

The FWS recovery priority rank upon which funding decisions are meant to be 
made was obtained from the latest copy that we could fnd of the Report to Congress 
on the Recovery of Threatened and Endangered Species which was from 2011 to 
2012 (USFWS 2012). This ranges from 1 to 18 with 1 being the highest priority.

In the case of subspecies of the same species, the data sets were pooled together, 
with funding added together and rankings averaged across subspecies (all subspecies 
made up 16% of the data and averaging was only done for 10 data points). This was 
done to avoid mischaracterizing charisma, in case specifc sub species names were 
less recognizable than the species’ names, assuming that subspecies are about as 
charismatic as the general species. In addition, we had no way of reliably separating 
out subspecies which are recognizably diferent from the other members of the spe-
cies from those which are not. Doing this precluded using variables, such as whether 
a species was limited to an island, or the degree of threat and likelihood of recovery 
as individual variables outside of the priority rank, since all were dummy variables 
which varied between listed subspecies and could not be averaged to represent the 
general situation of a species.

The Global rank number was obtained from Natureserve (http://explo​rer.natur​
eserv​e.org/servl​et/Natur​eServ​e?init=Speci​es) and ranges from G5 (secure) to G1 
(critically imperiled) with two other categories GH and GX which represent pos-
sibly and presumed extinct species. If there were multiple subspecies with diferent 
rankings in the endangered species list, these were averaged. Maximum length was 
used to calculate length. Average length may have been a better measurement for 
size, but, unfortunately, was not available for all the species in the data set. Length 

1  We checked that neither was a highly infuential point on the regression by checking if they had a 
Cook’s distance, which measures the efect of deleting a given data point, greater than 4 divided by the 
sample size (4/265) (Bollen and Jackman 1990), which they did not.
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ranged from 0.02 m to 6.1 m. The length data and the data on whether a species 
was endemic to the US were gathered when possible from the encyclopedia of life 
(http://eol.org/) with 11 missing data points being flled in from any source where an 
estimate could be found (sources available upon request).

3 � Results

Diagnostic tests indicated evidence of a correctly specifed functional form,2 but 
with problems of heteroscedasticity3 which were corrected using heteroscedasticity 
consistent standard errors in the estimated regressions.

Results show that priority rank remained insignifcant, indicating that funding 
decisions are still not being made on the basis of the FWS classifcation system of 
priority (Table 2). However, the Google hits proxy variable for charisma was highly 
signifcant with a 1% increase in the number of Google hits on a species predicted 
by OLS, leading to a 0.282% increase in spending on a species if not in confict with 
economic activities, or 0.153% if in confict with them. This is evidence for an efect 

Table 2   Results for the ordinary least squares and MM robust regression models of log (federal spend-
ing)

OLS regression (n = 265, R2 = 0.5227) and MM robust regression (n = 265, efciency 85%, breakdown 
point = 0.5)
*Sig at 10%, **sig at 5%, and ***sig at 1%

Ordinary least squares MM robust regression

Coefcient Robust std. error Coefcient Robust std. error

Constant 9.263*** 0.885 9.683*** 1.056
Priority_rank 0.021 0.038 0.039 0.046
log(Google_hits) 0.282*** 0.090 0.225** 0.110
Confict 2.402*** 0.914 2.367** 0.984
Gobal_rank − 0.074 0.100 − 0.118 0.117
Bird 0.557* 0.329 0.658 0.426
Reptile − 0.399 0.391 − 0.275 0.425
Amphibian − 0.344 0.550 0.325 0.685
Mammal − 0.600 0.490 − 0.435 0.579
Land_dummy 2.332*** 0.255 2.189*** 0.283
log(Length) 0.416*** 0.137 0.466*** 0.152
Endemic 0.075 0.258 0.246 0.317
Confict × log(Google hits) − 0.129 0.092 − 0.109 0.101

2  The RESET test did not reject the null that the model is correctly specifed (F(3,249) = 0.55, 
p = 0.6499).
3  We rejected a null of homoskedasticity using a degree-of-freedom conserving form of the White test, 
indicating that heteroskedasticity is a threat to efciency (F(2,262) = 5.25, p = 0.0058).
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of charisma on funding as proxied by Google hits, although the exact underlying 
relationship is unclear given that we do not know the structure of how charisma and 
Google hits are related. The confict × log(Google hits) interaction variable was not 
signifcant. Length was also highly signifcant with a positive coefcient consistent 
with the previous studies (Mahoney 2009). The land dummy was also signifcant to 
a 1% level with an unsurprisingly positive coefcient, as species which have land 
bought for them get more money. It indicates that species which had spending on 
land had 929% more spent on them4 than those which did not. The only signifcance 
that was found for any of the clades was positive for birds at the 10% level.

Finally, unlike previous studies, the global rank now has a negative coefcient, 
though it was insignifcant. However, it is conceivable; this is largely down to the 
land dummy which distinguishes species receiving an additional type of spending. 
The robust regression results were broadly similar to OLS, suggesting that outliers 
did not drive outcomes for many variables. The only diference was that neither con-
fict × log(Google hits) interaction term nor a species being a bird, both intended as 
control variables, continued being signifcant under the model.

4 � Discussion

By controlling for charisma with the proxy of Google hits, we can get a clearer idea 
of the efects on funding of the other variables such as priority rank. Priority rank 
was insignifcant suggesting that while an animal’s charisma to humans efected it’s 
funding, a carefully researched and constructed priority did not, even with charisma 
controlled for. This could be explained by difering funding strategies, with many of 
the regional ofces of the FWS having approaches which difer from putting money 
towards highest priority species, such as focusing on animals which are about to 
recover (USGAO 2005).

The model predictably suggests that larger animals receive more funding, not 
only because they are charismatic mega fauna but also, perhaps, because larger 
animals require more funding independent of human interest and knowledge. This 
conclusion was further supported by the signifcant MM robust regression which 
excludes an efect caused solely by mega fauna. Length is also a major predictor of 
extinction threat as would be expected from the literature (Dirzo et al. 2014), and 
this variable could be collinear with priority ranking, perhaps, factoring into prior-
ity ranking’s insignifcant result.

Birds were the only vertebrate class to be found to be signifcant, and only weakly 
in the OLS. This could have been due to controlling for general diferences in cha-
risma between vertebrate classes, as well as controlling for endemism, a trait more 
likely in certain classes than others. Classes where species tend to have more limited 
ranges are more likely to be the controlled for by the endemic variable.

4  We get this from (100(exp(2.332) − 1), since the variable is a dummy and the model has a logged-
dependent variable.
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Unlike the previous research (Mahoney 2009; Metrick and Weitzman 1998), we 
found that Global rank was not signifcant. Some of the reasons for this could be 
that we controlled for charisma, whether a species is endemic, as well as the land 
dummy which were previously not included in regressions in the literature. The mod-
els strengthen the argument that charisma is important in determining funding level 
within the federal government. This suggests that funding may not be well allocated 
due to a charisma bias, irrespective of any strategies for funding such as triage (Ger-
ber 2016). Lowell and Kelly (2016) found that the FWS may be more vulnerable to 
government pressure, and base decisions on less scientifc evidence than NOAA, per-
haps, due to having less information available about many of their species. The fund-
ing in the data also includes funds from a multitude of other federal agencies, such as 
the Ofce of Surface Mining or the Army (USFWS 2013), which are not focused on 
conservation. These factors could leave open room for charisma to be more important 
in decision-making. However, while funding the conservation of particular vertebrate 
species based on charisma does not necessarily serve to best protect ecological pro-
cesses, does not allocate resources to species at higher risk, and results in humans 
picking which species get to live or die, there may also be some benefts to this 
approach. The ESA states that wildlife is of “esthetic, ecological, educational, his-
torical, recreational, and scientifc value to the Nation and its people” (NOAA 2012). 
Protecting species based on charisma refects several of these values (i.e., esthetic and 
historical) and, therefore, how certain species might be prioritized in a society with 
limited resources and will to spend on conservation. One type of intervention that 
increases with funding is an increase in educational awareness that could lead to the 
most charismatic animals having the best educational material, helping to make them 
even more appealing then underfunded and less charismatic species (Luther et  al. 
2016). Congressional earmarks (Schwartz 2008) going towards these species as well 
as independent groups lobbying harder for these species are likely two of the causal 
mechanisms to making charisma a signifcant factor. Still the ESA does not set out to 
choose which species are more worth saving.

This kind of choice making also ignores several of the other arguments for pro-
tecting species, notably ecological arguments. Ecologically important species need 
not be charismatic nor do single species approaches best preserve ecosystems. Cer-
tainly, focusing a conservation approach around charismatic species is not based on 
empirical research (Ducarme et al. 2013). Strategies to use species protection to pro-
tect ecological processes revolve around using surrogate species which serve three 
major purposes: locating areas for conservation, monitoring environmental changes, 
and public relations (Caro 2010). Only the last of these is necessarily best served 
using charismatic species. Charismatic species may help to locate and protect areas 
for conservation or indicate changes in the environment, but, if money spent due to 
charisma achieves these goals, it is accidental. Spending based on ecological impact 
may occur, but, as it is not controlled for, it would be a component of the error of the 
models. However, money spent on charisma is not going towards an evidence-based 
strategy of preserving a wide array of species, and, therefore, ecosystems.

Charisma’s linkage to funding can be understood as a way of maximizing cer-
tain types of human utility, such as protecting esthetically pleasing species, but even 
from this perspective, there is no justifcation for priority ranking not playing a role 
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in funding. Ignoring likelihood of recovery and endangerment level could prioritize 
a charismatic species over a non-charismatic one in greater need or with greater 
potential to be saved. It also ignores the taxonomic distinctiveness of the protected 
species or subspecies, thereby trying to capture how unique the evolutionary history 
and potential evolutionary future may be (Winter et al. 2013).

We should consider the limits of Google hits as a proxy for charisma. Including 
Google hits, controls for the variation in funding explained by variation in Google hits 
caused by variation in charisma, but does not control for situations where the variation 
of charisma does not afect website creation, so that part of charisma may still be omit-
ted and even biasing other variables. This is still better than omitting charisma entirely. 
It is also possible that part of the variation in Google hits explaining variation in fund-
ing is caused by something other than charisma. If this afects funding negatively, it 
only makes the signifcant result less likely, but a factor increasing Google hits and 
funding might mean that the predicted funding increase is not caused by charisma. 
Even with these limitations, it is interesting that Google hits has predictive power for 
funding and raises questions about how funding should be allocated.

We would also be careful about the statements of external validity to other years 
with diferent contexts such as the contributing agencies budgets. However, it is 
worth noting that the priority ranking which was deemed insignifcant in the previ-
ous studies (Simon et al. 1995) remains so, providing evidence for the unimportance 
of stated priority on actual spending. We cannot make conclusions on whether this 
or other trends would be improved or exacerbated by a larger or a smaller overall 
federal budget for endangered species; for example, if agencies with lower budgets 
spent more carefully. This is an interesting further direction of research.

5 � Conclusion

We provided evidence for the role of an animal’s charisma in the US Government 
federal funding decisions. This result suggests a bias in funding, whereas biases in 
decisions to list species under the ESA were previously deemed unacceptable. This 
could place less charismatic species in jeopardy or unnecessarily slow recovery, 
thereby jeopardizing ecological integrity.

Acknowledgements  I would like to thank P. Jeferson for the initial impulse which led to this paper as 
well as his feedback. I am also grateful to F. Carocciolo for providing econometric advice. Finally I would 
like to thank J. Lauderdale for comments and editing.

References

Barnosky AD, Matzke N, Tomiya S, Wogan GO, Swartz B, Quental TB, Marshall C, McGuire JL, Lind-
sey EL, Maguire KC, Mersey B (2011) Has the Earth/’s sixth mass extinction already arrived? 
Nature 471(7336):51–57

Blüthgen N, Simons NK, Jung K, Prati D, Renner SC, Boch S, Fischer M, Hölzel N, Klaus VH, 
Kleinebecker T, Tschapka M (2016) Land use imperils plant and animal community stability 
through changes in asynchrony rather than diversity. Nat Commun 7:10697

ST Reproductive Technologies, LLC EX2008
Smaxtec, Inc. v. ST Reproductive Technologies, LLC; No. IPR2024-00885

11 of 13



	 Environmental Economics and Policy Studies

1 3

Bollen KA, Jackman RW (1990) Regression diagnostics: an expository treatment of outliers and infuen-
tial cases. Modern Methods Data Anal 13(4):257–291

Bowen-Jones E, Entwistle A (2002) Identifying appropriate fagship species: the importance of culture 
and local contexts. Oryx 36(2):189–195

Caro T (2010) Conservation by proxy: indicator, umbrella, keystone, fagship, and other surrogate spe-
cies. Island Press, Washington

Cash D (1997) Science, politics, and environmental risk: regulatory decision-making in the US Endan-
gered Species Act. JFK School of Government, Harvard University, Cambridge

Charisma [Def. 1]. (n.d.). Oxford University Press. https​://en.oxfor​ddict​ionar​ies.com/defn​ition​/chari​sma. 
Retrieved 16 Oct 2018

Dirzo R, Young HS, Galetti M, Ceballos G, Isaac NJ, Collen B (2014) Defaunation in the anthropocene. 
Science 345(6195):401–406

Ducarme F, Luque GM, Courchamp F (2013) What are “charismatic species” for conservation biologists? 
BioSci Master Rev 10(2013):1–8

Encyclopedia of Life. Available via http://eol.org/. Cited 30 Aug 2017
Ferraro PJ, McIntosh C, Ospina M (2007) The efectiveness of the US endangered species act: an econo-

metric analysis using matching methods. J Environ Econ Manag 54(3):245–261
Fortin D, Beyer HL, Boyce MS, Smith DW, Duchesne T, Mao JS (2005) Wolves infuence elk move-

ments: behavior shapes a trophic cascade in Yellowstone National Park. Ecology 86(5):1320–1330
Gerber LR (2016) Conservation triage or injurious neglect in endangered species recovery. Proc Natl 

Acad Sci 113(13):3563–3566
Jann B (2010) robreg: Stata module providing robust regression estimators. http://ideas​.repec​.org/c/boc/

bocod​e/s4571​14.html. Accessed 17 Aug 2017
Levi T, Kilpatrick AM, Mangel M, Wilmers CC (2012) Deer, predators, and the emergence of Lyme dis-

ease. Proc Natl Acad Sci 109(27):10942–10947
Lorimer J (2006) Non human charisma: which species trigger our emotions and why? Ecos-Br Assoc Nat 

Conserv 27(1):20
Lowell N, Kelly RP (2016) Evaluating agency use of “best available science” under the United States 

Endangered Species Act. Biol Conserv 196:53–59
Lueck D, Michael JA (2003) Preemptive habitat destruction under the Endangered Species Act. J Law 

Econ 46(1):27–60
Luther D, Skelton J, Fernandez C, Walters J (2016) Conservation action implementation, funding, and 

population trends of birds listed on the Endangered Species Act. Biol Conserv 197:229–234
Mahoney J (2009) What determines the level of funding for an endangered species? Major Themes in 

Economics. http://busin​ess.uni.edu/web/pages​/depar​tment​s/PDFs/mahon​ey.pdf. Cited 15 June 2017
Metrick A, Weitzman ML (1996) Patterns of behavior in endangered species preservation. Land Econ 

72:1–16
Metrick A, Weitzman ML (1998) Conficts and choices in biodiversity preservation. J Econ Perspect 

12(3):21–34
Miller JK, Scott JM, Miller CR, Waits LP (2002) The endangered species act: dollars and sense? Biosci-

ence 52(2):163–168
National Oceanic and Atmospheric Administration (NOAA) (2012) Full Text of the Endangered Species 

Act. http://www.nmfs.noaa.gov/pr/laws/esa/text.htm. Cited 23 July 2017
Natureserve. http://explo​rer.natur​eserv​e.org/servl​et/Natur​eServ​e?init=Speci​es. Cited 06 July 2015
Norton BG (2014) The preservation of species. Princeton University Press, Princeton
Restani M, Marzluf JM (2002) Funding extinction? Biological needs and political realities in the alloca-

tion of resources to endangered species recovery: an existing priority system, which should guide 
the Fish and Wildlife Service in endangered species recovery, is inefective, and current spending 
patterns decrease long-term viability of island species. AIBS Bull 52(2):169–177

Rolston H (1985) Duties to endangered species. Bioscience 35(11):718–726
Schwartz MW (2008) The performance of the endangered species act. Annu Rev Ecol Evol Syst 

39:279–299
Simon BM, Lef CS, Doerksen H (1995) Allocating scarce resources for endangered species recovery. J 

Policy Anal Manag 14(3):415–432
US Fish and Wildlife Services (USFWS) (2012) Report to congress on the recovery of threatened and 

endangered species fscal year 2011–2012. https​://www.fws.gov/endan​gered​/esa-libra​ry/pdf/Recov​
ery_Repor​t_FY201​1-2012.pdf. Cited 09 Sept 2015

ST Reproductive Technologies, LLC EX2008
Smaxtec, Inc. v. ST Reproductive Technologies, LLC; No. IPR2024-00885

12 of 13

https://en.oxforddictionaries.com/definition/charisma
http://eol.org/
http://ideas.repec.org/c/boc/bocode/s457114.html
http://ideas.repec.org/c/boc/bocode/s457114.html
http://business.uni.edu/web/pages/departments/PDFs/mahoney.pdf
http://www.nmfs.noaa.gov/pr/laws/esa/text.htm
http://explorer.natureserve.org/servlet/NatureServe?init=Species
https://www.fws.gov/endangered/esa-library/pdf/Recovery_Report_FY2011-2012.pdf
https://www.fws.gov/endangered/esa-library/pdf/Recovery_Report_FY2011-2012.pdf


1 3

Environmental Economics and Policy Studies	

US Fish and Wildlife Services (USFWS) (2013) Federal and State endangered and threatened species 
expenditures. https​://www.fws.gov/endan​gered​/esa-libra​ry/pdf/2013.EXP.FINAL​.pdf. Cited 06 June 
2015

U.S. Government Accountability Ofce (USGAO) (2005) Fish and Wildlife Service generally focuses 
recovery funding on high priority species, but needs to periodically assess its funding decisions. 
http://www.gao.gov/asset​s/250/24595​3.pdf. Cited 16 Aug 2017

Valiente-Banuet A, Aizen MA, Alcántara JM, Arroyo J, Cocucci A, Galetti M, García MB, García D, 
Gómez JM, Jordano P, Medel R (2015) Beyond species loss: the extinction of ecological interac-
tions in a changing world. Funct Ecol 29(3):299–307

Willemen L, Cottam AJ, Drakou EG, Burgess ND (2015) Using social media to measure the contribu-
tion of Red List species to the nature-based tourism potential of African protected areas. PLoS One 
10(6):e0129785

Winter M, Devictor V, Schweiger O (2013) Phylogenetic diversity and nature conservation: where are 
we? Trends Ecol Evol 28(4):199–204

Yohai VJ (1987) High breakdown-point and high efciency robust estimates for regression. Ann Stat 
15:642–656

Yu C, Yao W (2017) Robust linear regression: a review and comparison. Commun Stat Simul Comput 
46:6261–6282

Publisher’s Note  Springer Nature remains neutral with regard to jurisdictional claims in published 
maps and institutional afliations.

ST Reproductive Technologies, LLC EX2008
Smaxtec, Inc. v. ST Reproductive Technologies, LLC; No. IPR2024-00885

13 of 13

https://www.fws.gov/endangered/esa-library/pdf/2013.EXP.FINAL.pdf
http://www.gao.gov/assets/250/245953.pdf

	Does animal charisma influence conservation funding for vertebrate species under the US Endangered Species Act?
	Abstract
	1 Introduction
	2 Materials and methods
	2.1 Econometric approach
	2.2 Data

	3 Results
	4 Discussion
	5 Conclusion
	Acknowledgements 
	References




