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Unearthing T. Rex:

TheLaw and Economics of Paleontological Finds
1: Introduction
This paper investigates the economic rationality . laws governing the collection of fossils
on public lands. Many fossils are mixed goods dainly private and public good values.
Private good value is realized when the pecuniatyesof a fossil is realized or if it enters
directly into a private collection; public good uak are created when a fossil-type and the
information associated with it are added to thelstaf scientific knowledge in the field of
paleontology. The two values are not necessariuaily exclusive, but the law governing
rights to fossil finds will affect incentives foearching in the field and realization of these
values.

Professional paleontologists practice an exact eoapscience; a fossil with no record of
its provenance is less valuable to science thamwithea full record. Accurate dating of a fossil
usually requires knowing in which geological stratit was found. Paleontologists are also
interested in taphonomy, or the grouping of fossilsich requires careful mapping of the
remains on a site. The taphonomy may reveal hevatimals died—for example, if in a single
catastrophic event the bones will likely be jumbiegether, whereas if they died separately over
many years, they might be nicely aligned due taattteons of flowing water. Further, if a fossil
grouping is of the same animal it may suggest hgrdehavior. Articulated skeletons are
especially valuable to paleontology because theymeaeal how an animal stood and its mode
of locomotion. Excavation of these skeletons dipalarly tricky, and “is best left to people
familiar with dinosaur anatomy. Inexperienced eciors risk destroying or losing important

elements”...“[A]rticulated skeletons commonly have@sated skin impressions preserved



around many of the bones. Preparation of the spatimust proceed extremely carefully and
slowly to avoid destroying these scientifically ior@mnt impressions” (Horner, 2001, p. 31).

The main question investigated in this paper istti@orelevant US laws as they apply to
public lands (amounting to about 500-million act@s,29% of the USA) make economic sense
when judged against the standard of attemptingawimmze the mixed good values of
paleontological resourcés@ur analysis emphasizes both the proper handfifigssils once
they are found, as well as the design of the lgatework governing incentives to search for
fossils in the first place. Our reading of the &rig literature on paleontological law is that it
virtually ignores the matter of promoting searckthe-field. Yet without investment in search
activity fewer fossils will be found.

In the 1980s professional paleontologists wereohone mind as to what new legislation
was needed to promote the social value of fosElle.Society of Vertebrate Paleontology argued
for strong protections of public good values, whaileommittee of the National Research Council
(NRC) (1987) did not. The former argued for stgetmitting requirements, depositing of finds
in approved institutions, and no commercial coltegtwhereas the latter argued that “the
science of paleontology is best served by unimpadedss to fossils and fossil-bearing rocks in
the field” (quoted by both Lazerwitz, 1994, and @ak, 1994). Its arguments were based on

several factors: that reporting of finds would inyaase have to be up to the highest standards of

! Benningtonet al. (2009) give a more detailed description of redadping in the associated field of
paleoecology. Thu$How were fossils obtained and enumerated...? Weledarhples or bedding planes
counted? What was the approximate volume or areact sample? What was the screen size used wheamgsi
samples? Was the density of fossils consistent fample to sample, or did some samples requingarlaolume
or area to produce comparable numbers of fossilsf2\Ml specimens counted or were subsamples aittthe
latter, how was the statistical robustness of samptimates (diversity, frequencies, ratios) erckurg How were
fossils extracted from the matrix? Did the methosksd to extract fossils introduce any biases cabgaize, shape,
density, differential mineralogy, or preservatior? .How were numbers of individual organisms estih&tem
bivalved and other multi-element fossils...? Weratepresented by different numbers of body partghted
differently in the analysis?” (p. 2).

2 This paper does not discuss property law as iiepf fossils found on privately owned landstes¢ are
apparently no restrictions on the disposition aftsfinds.
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academic journals; that recovery of finds shouldbeimpeded by permitting requirements
because the many specimens lying on the surfackElwmaather away; and that given the vast
scale of federal lands, policing would be ineffeetiThe NRC committee also supported
collecting by amateurs as well as by commercidectirs, albeit with the requirement that
scientifically important specimens be deliveredome fideresearch institutions.

In our analysis we designate three classes ofl fosi#ctors: professional
paleontologists, commercial collectors who loolkséd finds for a profit, and amateur collectors
who operate out of interest rather than profit. kahat exclude fossil collecting by either of the
latter two groups risks under-investment in sealcit;unrestricted collecting activity by them
risks under-investment in the recovery of scientinowledge because it is usually not their
main concern. It is unfortunate that any legatexysgoverning fossil recovery is likely to
involve a certain amount of waste—either sub-optisearch activity, or failure to maximize the
accumulation of scientific knowledge as some fassik ‘spirited away’ by the non-
paleontologists groups.

This is not to say that the paleontologists and paleontologists are ‘daggers drawn,’” as
seems to be the case between ‘treasure huntersirai®iwater archaeologists in recovering
values from historic shipwrecks (Hallwood and Mic2D06). For example, the University of
Montana runs the Paleo Exploration Project as tepstonal development program for K-12
teachers in scientific fossil collecting technigueth the goal that the teachers, once trained,
would take students into the field (AlImquist,al, 2009). Indeed, the paleontologist Jack Horner
encourages amateur collecting while advising thataid of experienced paleontologists should
be sought; he even gives two examples of commegolldctors directing paleontologists to

likely sites in the field (Horner, 2001).



The financial cost of search and recovery is a$evant to our discussion. Museums
and universities are financially constrained in tWkan expensive business. For example, one
senior practitioner estimating that of the $4 raillidollars spent by his museum in a recent year,
all but $500,000 came from private donatidnisio wonder that professional paleontologists are
happy to share search costs with the other gréupthermore, non-profit organizations such as
Earth Watch have sprung up to team professionabp#blogists with amateurs on designated
field projects. The amateurs gain the utility ohtributing to gathering scientific information in
the field, while the professional project leadezadfit from the labor of willing amateurs.

Another reason for the seemingly ‘relaxed attitualethe part of professional
paleontologists toward search and collecting by-swantists has to do with the relative
abundance of fossils in the U.S. For example, Ber($966) describes fossils in the ‘classic
localities’ of western Wyoming and southwestern kéoa as “abundant”; similarly Williams
(1973) with respect to North Central Utah, and Begtonet al. (2009, p. 1) refer to “the vast
repository of paleoecological data.” And to qubtaner again “I believe that we have found
less than 1-percent of the different species odshrs that once lived in this region [Montana].
There is so much more to discover and so much diagsaur collecting history to be made!”
(Horner, 2001, page 59). It is also the casertfaty fossils contain little if any public good
value because they are already known to sciencar@nplentiful. Thus, “there is certainly no
shortage of invertebrates; they’re practically imeuxstible. And vertebrates? EvEiRexes
aren’t unique anymore. Simply put, fossils arenao¢” (fossil hunter Tribold quoted Simmons

(2005, p. 69).

% Conversation with Patrick Leiggi, Administrativérector of PaleontologyMuseum of the Rockies, December
30", 2013.
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We continue as follows. In section 2 we offere@onomic model of optimal search and
extraction of fossils. We use this model in setBao inform our discussion of the main laws
that have been enacted or proposed for dealingthdthecovery of paleontological values on

public lands. Section 4 presents conclusions.

2: Theoretical analysis

The process of discovering valuable fossils pros@edwo stages. First, a potentially valuable
fossil must be located, and second, it must beaeted and preserved. We consider the
efficiency of both decisions, beginning with theaeery process once a fossil is located.

2.1. Optimal Recovery of Fossils

Regardless of who first locates a fossil, the pgead extraction and recovery depends on both
the commercial and scientific value of the specim&a be concrete, we |bt denote the

market, or commercial, value of a fossil once reced, representing the maximum amount that
a collector or museum would pay for it; and weSelkenote its scientific value, reflecting its
value in advancing scientific knowledge. As notedch (if not most) oSis obtained in the
recovery process, which preserves not only thalfissif but also the characteristics of its
location in the surrounding strata, its orientatiother artifacts found in the vicinity, and so on.
The proper scientific procedure is therefore ciuai@nsuring thaSis fully realized. This
depends on the technology of recovery, which weudis shortly. The value of fossils to
amateur collectors is generally subjective, refiferthe utility that amateurs derive from the
process of search and discovery, and thereforadagcessary relationshiptbor S. Thus,

while we recognize the existence of this value alvstract from it here.



Regarding the recovery process, we suppose tha #re two technologies. One,
labeledTy, represents the most efficient way to extractftissil itself so as to preserve its market
(or personal) value. Let the cost of extractiodenthis technology bie. When this technology
is used, however, we assume that much of the daerdlue is lost. Specifically, suppose that
only a fractiorn of Sis preserved by technolo@y, where &o<1. Thus, when technolody is
used, the realized value of the recovered fosdiHigS.

In contrast, the second technology, labd8lgds specifically designed to preserve the
scientific value of a fossil by ensuring that stateéhe-art excavation techniques are employed
and all relevant data is recorded. As a resudtcthst of extractiorks, is assumed to be higher
(i.e.,ki>kg). We assume, however, that the use of technolg@yso preserves the market value
of the fossil because once the scientific infororatias been gathered, the fossil itself can
(theoretically) be sold. Thus, when technoldgys used, the resulting gross value of the fossil
is M+S. Generally speaking, only trained scientists hdle the knowledge and ability to use
technologyT;.

The optimal recovery procedure depends on thécpéat values oS andM associated
with a given find. We suppose that fossils caryong both dimensions, but that the realized
values can be observed with certainty at the tifrdiszovery. Any find can therefore be
described by its§ M) pair. The optimal extraction strategy will depemdhow the realized
values ofSandM relate to the costs of extraction under the tvebelogies.

[Figure 1 and Table 1 here]
Given the preceding assumptions, Figure 1 idestigix possible regions based on the

realized values db andM, and Table 1 summarizes the allowable recovethyni@ogies in each



of these regions based on the objective of maximgite value of find$. Consider first regions
I and IlI, in whichM+S<k; andM+aS<k,. The realized value of fossils in these regiensat
large enough to make recovery worthwhile for eit@nmercial or scientific purposes, and as a
result, there is no reason to impose any limitsemovery in these regions. Indeed, it is likely
that most fossil recovery here will be by amateallectors for their personal consumption.

Next, in region lll,M+aS>ky butM+S<kj. In this case, the scientific value of fossils is
not large enough to justify use of technoldgybut the market value is large enough that
yields a net social benefit. Still, becaddek, for some fossils in this region (specifically, eo
points in region Il to the left of the dashed veat line atM=kg), commercial hunters will not
find it profitable to recover all finds here, assngithat they cannot captug In any case,
however, there is no reason to limit recovery is tkgion by either commercial or amateur
collectors.

In region IV,S+M>k; andM+aS>k, so both technologies produce a net benefit, but
S+M-k<M+aS—k, or

S <[(ki*o)/(1-w)]. 1)
Thus, the scientific value of fossils is sufficigrgmall that technologyy yields the higher
return. Consequently, there is again no basiBrfoting recovery, though, as was true in region
[Il, commercial hunters will presumably only bedrgsted irthose fossils in region IV for which
M>Ko.

In region V, both technologies again yield a pesiteturn, but in this case+M—
ki>M+aS—lg, or

S > [(ki—o)/(1-0)]. (2)

* We assume th&t>ak; to illustrate the maximum number of possible regio
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Thus, the scientific value in this region is lasg®ugh that recovery by technoloByis socially
optimal. And becausEl>k, for some fossils here, it would be necessary tbipit the use of
technologyTy by commercial (and amateur) collectors to ensusiethe scientific value of any
finds is preserved. While this prohibition doe$ peecludesearchby commercial and amateur
hunters, it would presumably require them to notifiypartner with, trained paleontologists for
carrying out the recovery of any finds that thegal in this region.

Finally, in region VI,.S+M—k>0>M+aS—k. Thus, only technology; yields a positive
return. Further, becausé<k, for all fossils in this region, commercial huntpresumably will
voluntarily refrain from extraction. However, besa amateur hunters may still find it
personally advantageous to recover fossils inrdggon, preservation of scientific value requires
a ban on their use @ here as well. Again, any recovery would requizetpering with trained
paleontologists.

This completes the categorization of the diffefessil finds regarding optimal recovery
procedures once a fossil is located. The generallasion is that when scientific and market
value are low, no limitations on recovery are neaeg but when scientific value is sufficiently
high (as dictated by the threshold condition ir),(@)prohibition on recovery by technolo@yis
necessary to prevent its use by commercial andeamaebtllectors.

A final point concerns the impact of programs diésd above that encourage amateur
collectors to collaborate in the field with palealiogists, usually at little or no cost to the
paleontologists. This has the effect of redudingvhich increases the size of regions V and VI
in Figure 1 while shrinking the size of regionsV/I-IThese programs therefore expand the
regions where technolody is favored, and in that sense represent a kirsdilogidy of the

public good (scientific) value of fossils.



2.2. Search for Fossils

The search for fossils is a costly and uncerteiividy, similar to research aimed at
developing product innovations (Mortensen, 198&2prts to gain control of an open access
resource (Lueck, 1995), or search for sunken skipks (Hallwood and Miceli, 2006).
Following this literature, we define the searchhtemogy by a functiop(x), which is the
probability that a fossil will be located as a ftion of the expenditure on searehwherep’> 0,
p”<0. Thus greater search increases the probabfléydiscovery, but at a decreasing rate.

The incentives of the various collectors to invastearch depend on the prevailing law
regarding any finds. Specifically, what legal oiailo fossil hunters have regarding the
disposition of finds, and what regulations (if agtate the extraction and recovery procedures
that they must use?

Consider first the incentives of university-spamgband other scientific searchers.
Because their primary interest is the scientifitigaof any fossils they locate, they will
necessarily internaliz& One supposes that they will also internalizentfaeket valueM,
because this represents a potential source of ueyéor example by increasing the flow of
visitors to museums, that can help to fund theieaeclt. Thus, scientific searchers should have
efficient incentives both for search and recovemgn in the absence of any legal restrictions.

As for amateur collectors, since we have assuimattheir valuation of fossils is not
systematically related to eithBtor S it is not possible to say much about their seaetiavior.

In addition, one suspects that they will rarelyngtle across scientifically important fossils,
given that they will focus most of their searchkoown fossil beds that have already been well-

searched. However, when they do locate an impifitadh the prohibition oy in the relevant

® It is possible, however, that scientists will seek the highest market value for a find if thatldanvolve sale to
certain private collectors who would not necesgaribike the artifact available for public display.
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regions will constrain their excessive use of teahnology by requiring them to notify the
appropriate authorities (assuming, that is, they tiecognize scientifically important fossils
when they find them).

Finally, the objective of commercial collectorgpigsumably to maximize the expected
profits from the sale of any discoveries. Thisiobgly requires that they acquire legal rights to
any finds. Assuming that this is true—that isuasisig that there are no restrictions on recovery
and sale—commercial collectors will extract a fbasing technologyl if and only ifM>ko.

As for search, let us suppose that the market Wlissrandomly distributed by the density
g(M), which is known. Thus, at the search stage, tinengercial hunter will chooseto
maximize

P(X)Pr(M=>ko)-E[M—ky | M—ky > 0] —x

=pX) ; (M — ko)g(M)dM — x, (3)
0
where the integral is the net expected commeraiie/of search. From a social perspective,
this clearly involves too little search, first, la@se commercial hunters ignore the scientific
value of those fossils that they expect to recavet sell; and second, because they ignore the
scientific plus market of those fossils that theynibt expect to recover (i.e., those for which
M<Kko).
The preceding has assumed that commercial huoitéas full property rights to any
finds that they locate, but the previous sectioowad that optimal recovery entails a prohibition
on the use of technologdy for scientifically important fossils (i.e., thoseregions V and VI).

Such a restriction will obviously further curtadarch efforts by commercial hunters, either

because it deprives them of rights to scientificafiportant fossils, or, if they retain rights teet
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commercial valu®f such finds after the scientific information heeen gathered, because it
raises their cost of extraction by compelling themnise technologys.

One final point regarding search concerns theipitisg of excessivaearch if numerous
collectors are competing in a “race” to find cartaaluable specimens. The situation is possibly
similar to an ‘innovation race’ (Mortensen, 1982}ite race to acquire property rights to a
common resource (Lueck, 1995). However, this moblvould not seem to be especially severe
in the current context for two reasons. First, fdasnters are not necessarily competing with
one another to locateparticular specimen, and second, fossils in general are amind
constituting what Lueck (1995, p. 405) calls a fpous’ good relative to the number of

searchers. Thus, dissipation due to excessivelsaaiuld not seem to be a serious concern.

3: The principal acts governing recovery of fossisand artifacts

3.1. Federal Laws

The Antiquities Aciof 1906 was the first US federal law aimed at @cohg the scientific value

of items of antiquity on federal lands. The relevaspects of thActare summarized in the first
row of Table 2. It can be interpretedsionglypromoting protection of scientific values as it
required excavators to acquire permits issued leyabithe Secretaries of the Interior,
Agriculture, or Army? Further, permits could only be issued to insiting that were qualified to
conduct excavations and “the examinations, excanstiand gatherings are undertaken for the
benefit of reputable museums, universities, cobege other recognized scientific or educational

institutions, with a view to increasing the knowgedf such objects, and that the gatherings

516 U.S.C. 433 section 1, and 16 U.S.C. 432, se&io
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shall be made for permanent preservation in publiseums”. Clearly, this requirement was
aimed at prohibiting the use of technology

This state of affairs changed in 1974, however,mthe Ninth Circuit Court of Appeals
in United States v. Diagverturned théntiquities Acf arguing that the phrase “object of
antiquity” was unconstitutionally vague and did e&plicitly apply to fossils. From that date
until 2009, no single federal law governed fossdavery from federal lands. Lazerwitz (1994),
Sakuria (1994) and Malmsheimer and Hilfinger (2008@nt out that the Bureau of Land
Management, the National Parks Service and thesE8ervice had their own regulations, but
there were inconsistencies between them.

Following the failure of théntiquities Actseveral attempts were made in the US
Congress, first in 1992 and then 1996, to writéslagon providing a single governance regime
for the collection of fossils on federal lands (sspecially Malmsheimer and Hilfinger (2003)
and Chew (2005)). These efforts were aimed atrfgnd balance regarding the extent to which
fossil recovery on federal lands would be permitigdcientific practitioners, amateurs, and
commercial collectors. An outline of the main detaf these two Acts, both of which failed, is
contained in the second and third rows of Table i.striking that the 1992 Act aimed to
promote amateur and scientific collecting to thelesion of commercial collecting, whereas the
1996 Act allowed commercial collecting with theovisothat commercial collectors maintained
‘dig records’ and made important finds availabléhe scientific community—essentially

requiring use of technologl; when warranted. Further, the 1996 Act, thougttldwed the

716 U.S.C. 432, section 3. Offences against thevte to be punished by fines of up to $500 andifoio 90-days
in prison (16 U.S.C. 433, section 1).

8 United States Court of Appeals, Ninth Circuit, d@4", 1974, United States v. Diaz, No 74-1177, 499 A28l
(1974).
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commercial sale of fossils, required that they digysold to museums or scientific institutions.
Since private collectors will often pay more, thisited the market for commercial hunters.
[Table 2 here]

The absence of a controlling law was ultimatelyhesd by passage of the
Paleontological Resources Preservation .. 111-011) in 2009. (See the fourth row in
Table 2.) Apart from allowing casual collecting &ypateurs on federal land administered by the
Bureau of Land Management, the Bureau of Reclamasiod the Forest Service (but not the
Department of Defenséthe Act is primarily designed to protect publiogovalues (i.e.
academic research and museum display) rather tinzatgogood values (private collection and
sale of fossils). Permits are required and areegsunly to qualified applicants for the purpose of
furthering paleontological knowledge or for the ealion of the publi¢? Moreover, any
paleontological resource and associated records toave deposited in an ‘approved repository’
such as a museum for curatidrViolations such as excavation of fossils withoyteamit or
their transportation, sale, or purchase entail icdrpenalties? These include fines and
imprisonment for up to five-years, and the doublfighese for second offences. Civil penalties

can also be incurred, the size of which dependaanrs such as the fair market value of a

specimen and/or its cost of rep&iiMoney raised through fines is used for paleontckg

° EC. 6304, Collection of paleontological resourgesagraph a (2).

19 EC. 6304, Collection of paleontological resourgesagraphs b (1), (2).

1 EC 6305, Collection of paleontological resources.

12 EC. 6306, Prohibited Acts; Criminal penaltiessltvorth noting that even when arrests are mad®#partment
of Justice often doesn't prosecute (conversatianudry 2, 2014. with Michael K. Trimble, Ph.D, RPA, Directo
Center of Expertise for Curation and Managememtrohaeological Collections, US Army Corps of Engire St.
Louis District. This affects calculations priordalecision to illegally prospect for fossils. Thastreasure’ hunter
on public lands has to consider both the probatilitbeing arrested, and the probability of beingsgcuted if
arrested.

13 EC. 6307, paragraph d(1), (2) and (3).
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related work such as repair of damaged specimens,aalucate the public about paleontological
resources and sites.
3.2. The (Failed )Montana “Compromise”
An issue with federal law as applied to public lsunglithat while protecting scientific values, it
reduces investment in prospecting by making illegptivate return on prospecting costs
through the sale of fossils. In Montana, House B8I2, State Park Excavation Bjltepresented
an attempt to deal with this latter issue (row fivd@able 2)'° It was to apply to the excavation
of fossils at Makoshika State Park — at 11,600satire largest state park in Montana. The aims
of theBill were to legalize and to raise private rates afrrebn fossil gathering in the Park; to
promote and protect the collection of scientifitles; and to raise funds for the State to
contribute toward the cost of running the Parkerpreted this way, thBill can be seen as
attempting to move toward the maximization of thged good values — private and public — of
paleontological resources recoverable from the.Park
In this respect the most relevant part of Bleis paragraph 5 revised of Section 22-3-
432. It reads:
Antiquities permits may be granted for the excanaand removal of paleontological
remains at Makoshika State Park for the purposeltihg the paleontological remains
and using revenue from the sale to benefit Mak@sBilate Park. Antiquities permits
under this subsection must be used in accordartberwes pursuant to 23-1-102(5).
And,
The department [of Fish, Wild Life and Parks] magpjat rules establishing conditions

for the use of antiquities permits granted pursta22-3-432(5).

14 EC. 6307, paragraph d (1), (2), (3).
15 The Bill was introduced by state representativenADoane in 2013.
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The first of these two paragraphs would open thk fmathe excavation and sale of fossil
specimens, something that had hitherto not beewead; and the second in effect says that the
Department of Fish, Wild Life and Parks (DFW&P) vaset rules determining how revenues
(if any) would be shared between the finder-saltet the State Park.

Though the bill was vetoed, it is possible to eageshow thé&tate Park Excavation Bill
might have worked® Prospectors would have been required to pay fansiquities permit
issued by the historic preservation officer of hentana DFW&P. These fees would have been
a source of revenue for the stht&econdly, to protect scientific values, permitsitdde
approved only for work to be carried out by musewmsversities, other scientific institutions,
as well adone fideprivate individuals with skills in fossil excavati. A permit would specify
that a summary report be written and furnishedhéohtistoric preservation officer containing
relevant maps, drawings, documents and photogrdjespreservation officer would determine
what would be a reasonable period of time to recewgentific information given a site’s
morphology and other characteristics. Moreovelyfaiadequately to fulfill these requirements
would mean that a permit would not be granted tofeending individual or institution in the
future.

Thirdly, once the forgoing requirements were metprered fossil specimens could,
according to the proposed law, be sold, therebligiyig a private rate of return to prospectors —
either institutions or private individuals. The ext to which the state of Montana would share in

these revenues, so modifying the private ratetafmewas left to rules still to be devised by the

18 The full official name of théctis “An act allowing for the excavation and salepafeontological remains from
Makoshika state park to benefit the park; grantingmaking authority, amending sections 22-3-432 28+1-102,
MCA,; and providing a termination date.”

It is presumed that this officer would be welined in the field of paleontology. By way of comjsan it can be
noted that preservation officers in the Departnoéefense overseeing fossil recovery from DOD &anthy well
hold PhDs in the subject. Such a well trained @fits necessary to ‘police’ the operation of thegmsed system.
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DFW&P.*® In any case, the provisions of the proposed Muntaw most closely reflect the
economic factors discussed in the previous sectigarding both appropriate treatment of
specimens once found, and the creation of incenfmeprivate collectors and others to
undertake costly search for fossils.

[Table 3 here]
3.3. Summary

The balance sought between paleontologist, amatelicommercial collectors by the
preceding five acts is summarized in Table 3, witdeeshown that three of them strongly favor
paleontologists over commercial collectors while tither two allow somewhat greater scope for
commercial collecting. Also, four of the five agtsuld have allowed collecting by amateurs
provided that they worked with paleontologistgriids were of scientific interest.

It is clear that the primary purpose of all of Hets is the preservation of scientific value
of fossils once discovered, with less attentioraiy) paid to the incentives for investing in
discovery in the first place. Although the Montdilh contained fairly liberal policies regarding
sale of fossils, it fell far short of creating amiyig close to optimal search incentives for
commercial hunters, which could only be accomplishye subsidies or rewards to private

searchers for scientifically valuable finds.

4: Conclusions

18 The parallels between the vetoed Montana fossivery law and the US law of salvage applied by the
Admiralty courts overseeing recovery of treasurg seientific values from historic shipwrecks istgustriking.
First, as Hallwood and Miceli (2006) explain, thdmiralty courts aim to balance the recovery of ai@v(treasure)
values and public (scientific archaeological) valfrem sunken wrecks. Neither is prioritized other other.
Secondly, property rights to work over sunken weeake granted to private companies working on sdder
(submerged) lands. Thirdly, the admiralty courtsnpote the collection of sound archaeological knogtefrom a
historic shipwreck through two devices: variatiarthe percentage of treasure value retained bivagacompany
depending on the quality of work performed; andesaof poor or nonexistent archaeological work|ieatons for
permits in the future can be denied.
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We have seen how federal legislation has navidabed very strong protection of scientific
values of fossils on federal land under Amiquities Actof 1906, through a period of wavering
between maintaining the same strong protection utheefailedVertebrate Paleontological
Resources Protection Aof 1992, and the provision of greater scope foataor and

commercial collectors under tiR®@ssil Preservation Aatf 1996, which also failed. The
Paleontological Resources Preservation thett passed Congress in 2009 has for now settled
the matter largely in favor of the protection ofestific values, while also allowing scope for
amateur collectors to act in partnership with pssfenal scientists. However, as Montana’s
vetoedState Park Excavation Bidf 2013 exemplifies, this legal equilibrium is rexactly ‘cast

in stone’ as there is still a sentiment to allowajer scope for commercial collecting, at least on
state lands.

Our analysis has shown that laws protecting séienalue are warranted based on the
public good nature of this value, but these posdigtcreate an offsetting disincentive for profit-
motivated collectors to engage in search. Thubgifscientific community has to rely at least to
some extent on private collectors to locate impurtassils, there needs to be some recognition
of the incentives that those searchers face. We Ao noted the benefit of professional
paleontologists ‘employing’ amateurs in the fielst only as low-cost search agents, but also as
low-cost recovery experts when they work on-siteeamms under the direction of professionals.
Our view is that non-profit organizations such astk Watch perform an important function in
they operate as brokers between professional palegists looking to reduce site-operating

costs ki), and amateurs looking for intellectual outlets.
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Figure 1. Categorization of fossils by market and scientialue.
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Table 1. Allowable Recovery Procedures by Fossil Type

Region

Values Allowable Technology

land I

Vi

M+S<k;
M+aS<k,

M+S<k;
M+aS>ky

M+S>k;
M+aS>ky
S <[(ki—ko)/(1-0)]

M+S>k;
M+aS>k
S >[(ki—%o)/(1-)]

M+S>k;
M+aS<kg
S >[(ki—%o)/(1-)]

ToandTy

To andTy

To andTl

T, only

T, only
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Table 2: Summary of the Various Paleontological Acts

Amateur Per mits Commercial Penaltiesfor Main Objectives
collecting collecting violation
Antiquities Act, 1906. | No Yes. Only for No Fine up to “...increasing the
Rendered “reputable $500, knowledge of such
unconstitutional, 1974. museums, imprisonment | objects [of antiquity], and
universities, up to 90-days | that the gatherings shall
colleges, or other be made for permanent
recognized preservation in public
scientific or museums” (Sec. 3).
educational
institutions” (Sec
3).
Vertebrate Allowed. Finds | Yes. Only Not allowed. | 1¥offence To protect scientific
Paleontological to be reported | granted for Rewards for max fine of values, and to eliminate
Resources Protection | to the Federal | scientific information $10K, and/or | commercial collecting.
Act, introduced 1992. | Land manager. | research and leading to up 1 yr prison.
Bill failed. Can retain if of | collecting; convictions Double if
no scientific required at the fossil value >
value. Must excavation stage $500;2"
remain the offencefine
property of the up to $100k,
US, cannot sell and/or upto 5
specimens. yrs prison.
Fossil Preservation Act| Yes. Yes, ‘the Allowed. Civil penalties | To raise money in fees
introduced 1996. Bill commercial A National of up to and royalties for the
failed. Collecting Fossil Council | $100,000. No | federal government; to
permit’, to be would criminal promote access; to colleg
sold at the determine the | penalties. specimens before they
excavation stage} uniqueness of weather away; to
“Federal lands specimens. encourage science as
shall be opento | New specimen excavations had to be
fossil collecting by | types would recorded and and record
recon- ) have to be deposited with the US
galse?;ntge gwthout deposited with Geological Survey.
permit” (Sec 4) a museum or
other scientific
institution
Paleontological Yes, under the | Yes, only for No. lllegal to | Civil and To promote scientific
Resources Preservatioh “casual scientific sell or buy criminal research.
Act, introduced 2002. | collecting research and fossils that a | penalties
Passed in 2009. exception” amateur person should
collecting, have known
required for had been
excavation. illegally
acquired.
Montana House Bill Yes. Yes, including | Yes. To promote private searc

392, State Park
Excavation Bill Passed
an d vetoed 2013.

commercial
collecting by
bone fide
individuals,
required at the

excavation stage

Paleontologica
| records to be
kept and
deposited with
a scientific
institution

and collection in
Makoshika State Park,
MT. To promote scientifig
collecting, to raise incomg
for the Park.
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Table 3: Comparison of the Various Acts

At least some
prohibition onT,

Amateur collecting
allowed

Commercial
collecting and salg
allowed

Antiquities Act,
1906,Ruled
unconstitutional,
1974.

Yes

No

No

Vertebrate
Paleontological
Resources
Protection Act
introduced in1992.

Yes

Yes

No

Fossil Preservation
Act, introduced in
1996.

Yes

Yes

Limited*

Paleontological
Resources
Preservation Act
passed in 2009.

Yes

Yes

No

Montana House Bill
392,State Park
Excavation Bil)

2013

Yes

Yes

Yes

*Sale allowed only to a museum or scientific ingtin.
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