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Inefficiency and Bias of Search Engines in 
Retrieving References Containing Scientific 
Names of Fossil Amphibians

Lauren E. Brown
Illinois State University, Normal

Alain Dubois
Muséum National d’Histoire Naturelle, Paris, France

Donald B. Shepard
University of Oklahoma, Norman

Retrieval efficiencies of paper-based references in journals and other serials containing 10 scientific names of fossil
amphibians were determined for seven major search engines.  Retrievals were compared to the number of references
obtained covering the period 1895–2006 by a Comprehensive Search. The latter was primarily a traditional library-based
search which involved intensive work from 2002–2007. Only a few references originally obtained by search engines
were included. Retrieval efficiencies were calculated by comparison to the number obtained through the Comprehensive
Search (assumed to be 100%). All percent retrievals were quite low (mean = 11.3%, range = 4.0–22.9%). For all seven
search engines combined (duplicate references excluded), the percent retrieval was only 40.7%. There was also retrieval
inefficiency and bias of the search engines in: sampling over time, the top five journals containing the most references,
the top five most prolific authors, and non-English references. Consequently, all seven search engines were unsatisfactory
for retrieval of references for our scientific research.
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The incredible world-wide spread in the use of
computers in the last 25 years has undoubtedly

been one of the most rapid expansions of technology
experienced by humankind. For the most part, this
technology has been enthusiastically welcomed, and
consequently computers have a dominant influence
in many aspects of human lives. However, this domi-
nance has been associated with a number of serious
social problems (e.g., gambling, fraudulent sale of
products in Internet auctions, sale of alcoholic bever-
ages to adolescents, sexual harassment and sexual
predation pursued in chat rooms, easy availability of
pornography to adolescents, identity theft, user
addiction resulting in social isolation, reduction in
quality of education due to overreliance on computers,
pigeon-drop scams). The international nature of the
Internet, the often unclear identity of the communi-
cants, valid concerns about infringement of freedom
of speech, plus other factors have prevented resolution
of these detrimental social problems. Not surprisingly,
there have been a number of publications (e.g., Dreyfus,

2001; Stoll, 1995, 1999) that critically evaluated the
advantages and dangers of the Internet.

The use of computers by the military and scientific
researchers preceded their widespread adoption in the
public sector. Scientists have found computers to be
particularly useful for: statistical analyses and model-
ing; recording data generated by other instruments;
storage of large amounts of data; creation of visual
images (e.g., graphs, diagrams, maps); rapid transfer of
information via e-mail between researchers; and writ-
ing, processing, and editing manuscripts. However, as
in the public sector, a number of serious problems have
surfaced which have not been rectified. This is particu-
larly important in regard to discovery and evaluation of
bibliographic resources. Dellavalle et al. (2003) and
Dubois (2003, 2006) discussed the disappearance of
Internet sites, which cannot be traced, studied, or criti-
cally evaluated at a later date. Veronin (2002) indicated
that a web page has an average life of about 77 days
(ironically, the Internet source he cited for this datum
has disappeared). These types of contributions were
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termed “phantom publications” by Dubois (2003).
Thus, it is inadvisable to use, cite, or advocate such
websites because a permanent historical literature
record plays a major role in stimulating intellectual cre-
ativity and advancing scientific knowledge.

Early recognition of the problem of incomplete cov-
erage of publications in databases was provided by
Bouchet and Rocroi (1992, 1993) for mollusk scientific
names in Zoological Record. This foreshadowed
another dilemma with search engines: their question-
able effectiveness in literature searches. The search
engine needs and expectations of the public sector and
scientists are vastly different. A moderate amount of
information on a given subject in one or a few links will
often satisfy the layperson. In contrast, scientists often
need to examine as much as possible on a topic being
researched. While conducting a preliminary literature
search for research on fossil amphibians (Dilkes &
Brown, 2006, 2007), one of us (LEB) found that there
was a substantially greater number of references
obtained through a traditional library-based search than
could be retrieved through a major bibliographic data-
base (GeoRef). Similar low retrievals were obtained
with other search engines. Consequently, we conducted
an in-depth study comparing the relative retrieval effi-
ciencies of scientific names of certain fossil amphib-
ians by several widely used search engines.

Methods

Searches were carried out using 10 generic names
of fossil labyrinthodont amphibians from the Early

Permian of the southwestern United States:
Alegeinosaurus, Aspidosaurus, Broiliellus, Cacops
(Figure 1), Conjunctio, Dissorhophus1, Dissorophus,
Ecolsonia, Fayella, Longiscitula1. These amphibians
are in the same Family Dissorophidae and are closely
related (Carroll, 1988), as well as being prominently
characterized by the presence of osteoderms—bony
plates derived from the skin (Berman, Reisz, &
Eberth, 1985; Broili, 1904; Carroll, 1964; Case, 1911;
Cope, 1895, 1896; DeMar, 1966; Olson, 1972;
Williston, 1910, 1914).

The literature on these fossil amphibians began
over 100 years ago with the 1895 publication “A
Batrachian Armadillo” by the famous paleontologist
and zoologist Edward Drinker Cope, which described
the genus Dissorophus. Paleontologists and zoolo-
gists continued to publish extensively in the United
States and internationally on the group throughout the
20th century and into the 21st century. Our literature
survey extended from 1895 until the end of 2006.

Literature retrieval efficiency was determined for the
seven following information resources: BIOSIS
Previews (R); GeoRef; Google Scholar (Advanced
Scholar Search); JSTOR Advanced Search; Meta-
Crawler Advanced; SCIRUS Advanced Search;
Zoological Record Plus. Google Scholar, MetaCrawler,
and SCIRUS are search engines, whereas BIOSIS,
GeoRef, and Zoological Record are bibliographic data-
bases, and JSTOR is an aggregated archive of journals.
All seven are similar in that they involve use of algo-
rithms to retrieve references from databases. Users typ-
ically regard all seven as “search engines,” and
consequently, that terminology will be used hereafter in
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Figure 1
Reconstruction of the Skeleton of the Fossil Amphibian Cacops aspidephorus From the 

Early Permian Red Beds, Baylor County, Texas

Note: Cacops was one of the 10 generic names used in the search engine retrieval study.
Source: Figure redrawn by Dr. David Dilkes from Williston (1916) and Dilkes and Brown (2007).
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this article. All of the search engines are well estab-
lished, heavily used, and international in scope. Also,
they all surveyed publications from the fields of pale-
ontology and zoology and searched expansive data-
bases of sources.

The time frame covered by the search engines
varied. The websites of Google Scholar and Meta-
Crawler did not mention any specific time frame, but
our research indicated that our entire study period
(1895–2006) was covered. The GeoRef website indi-
cated coverages from 1785 to current date for North
America, and 1933 to current date for “international.”
However, we found a German-language reference
published in 1912 with that search engine. JSTOR
surveyed back to the 1600s, but the last 1 to 5 years
before the current date were indicated by the website
as incompletely covered. The SCIRUS website indi-
cated coverage from 1920 to the current date, but we
found references back to 1910. The BIOSIS website
indicated coverage from 1969 to current date (but we
found one reference in 1968) for the initial runs, and
from 1928–2006 for the final run, whereas Zoological
Record covered from 1978 to current date for the
initial runs, and 1895–2006 for the last run.

For the determination of search engine retrieval
efficiency, comparisons were made with an in-depth
Comprehensive Search. This was primarily a tradi-
tional library-based search of paper sources (or copies
thereof) that involved intensive work from 2002–2007.
It was carried out mostly in Milner Library, Illinois
State University. Other secondary information sources
included L. E. Brown’s personal library, and the biology
and geology libraries, as well as the main stacks, at
the University of Illinois, Urbana-Champaign. The
titles, abstracts, text, tables, figures, literature cited,
appendices, and indices of thousands of periodical
articles and books were carefully examined for the
generic names of the amphibian fossils as well as other
references that looked like they had the potential to
include a generic name. Microfilms and microfiches
of journals were also often examined, and frequently it
was necessary to request older periodicals and books
from remote storage. A research colleague (Dr. David
Dilkes, University of Wisconsin Oshkosh) kindly sup-
plied information on, or copies of, some references.
One of us (LEB) also purchased a number of difficult-
to-obtain books containing periodical references that
contained the generic names. A few references origi-
nally found by search engines were added. Interlibrary
loan was used extensively to acquire copies of refer-
ences that could not be obtained locally. As the study
progressed, references containing the generic names

became more difficult to locate, and thus it became
necessary to search more peripheral sources. Finally,
after 2 months of searching without finding any addi-
tional references containing the generic names, the
Comprehensive Search was terminated.

Only paper-based publications were recognized as
valid in this research (articles in journals and other
serials, abstracts of papers presented at meetings and
subsequently published in journals, museum publica-
tions, geological survey publications). Books were not
included because Google has a separate search engine
for books, and it would be invalid to compare two
Google search engines with the single search engines
of the others. Furthermore, the book category includes
encyclopedias, popular books for laypersons, text-
books (often several editions and printings at differ-
ent dates), and other publications that are not on the
vanguard of scientific research.

Publications in all languages were acceptable. If a
generic name appeared in the literature cited section
of a paper-based publication but not in the text of the
publication, that publication was not included. Websites
or e-publications that did not have a paper base were
also unacceptable.

During computer searches, ambiguity sometimes
occurred at a primary link in regard to the identity
of the reference containing the generic name. If ambi-
guity persisted in three sequential secondary links,
examination of the series of links was terminated.

The list of references generated by the Comprehen-
sive Search was checked for the presence of each paper-
based publication indicated as containing one or more
of the generic names by a search engine. If not present,
the new reference was carefully examined to determine
if it actually contained the name. Those publications
that lacked the generic name were excluded.

Each generic name was entered individually in a
given search engine. Thus, there were 10 searches per
search engine, and a total of 70 searches for the seven
search engines for each series of searches. The final
series of searches comparing all seven search engines
was done from late April to early May 2007. However,
only references published through 2006 were recorded
(the 4-month time gap allowed for references with a
publication date of 2006 appearing late in 2006 or
early 2007 to be incorporated into search engine
databases).

For calculation of retrieval efficiencies, the number
of references obtained by each search engine was
compared to the number obtained through the
Comprehensive Search (assumed to be 100% of the
total references available). However, for calculations
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of percentages for search engines that sampled time
spans less than that of the Comprehensive Search, the
time spans and numbers of references for the latter
were correspondingly reduced.

Percent retrievals for those search engines that sam-
pled lesser time spans than the Comprehensive Search
could give a false impression of the value of the search
engine. For example, BIOSIS, GeoRef (international),
JSTOR, and SCIRUS cover shorter time spans than the
other search engines. Thus, their retrieval percentages
would actually be higher than they would be if the
entire time span of the Comprehensive Search was
used for calculation of percent retrievals. Therefore,
retrieval percentages for each of these search engines
were calculated and presented using both (1) numbers
of references in the comparable reduced time span cov-
ered in the Comprehensive Search and (2) numbers of
references in the total time span (1895–2006) covered
by the Comprehensive Search.

The number of publications (excluding duplicates)
retrieved by all seven search engines was totaled. An
overall percent retrieval was then calculated using the
references in the complete time span covered by the
Comprehensive Search.

To see if passage of time improved intra–search
engine retrieval, searches were carried out with three
search engines on three or four different dates (BIOSIS—
May 2004, January 2005, April 2007; GeoRef—April
2003, May 2004, January 2005, April 2007; Zoological
Record—May 2004, January 2005, April 2007). The
baseline for comparison of these intra–search engine
searches was the number retrieved on the first date. This
series involved 100 searches.

Frequencies of publications generated by the
Comprehensive Search and seven search engines were
plotted by year on spreadsheets. Visual comparison of
these distributions suggested bias in the sampling of
search engines in various time spans. To test this and
examine the nature of any bias, we grouped years into
14 eight-year intervals spanning 1895–2006. For each
search engine, we calculated the average percent
retrieval for each time interval (over 8 years). We then
calculated the mean and standard deviation of percent
retrieval for each search engine and used the Student’s
t distribution to calculate upper and lower 95% confi-
dence intervals about each search engine mean. If per-
cent retrieval for a given time interval was outside the
95% confidence interval for the search engine mean,
we considered this significant bias. A search engine’s
retrieval was considered significantly higher for a given
time interval if percent retrieval for that interval was
above the 95% confidence limit and significantly

lower if percent retrieval was below the 95% confi-
dence limit.

Percent retrieval and possible bias of search
engines were determined for sampling of the five
journals with the most publications. Numbers found
by the Comprehensive Search were compared to those
retrieved for each of the seven search engines. The
same type of comparisons were carried out for the five
most prolific authors and recovery of non-English-
language publications.

Results

The Comprehensive Search

The Comprehensive Search uncovered 253 paper-
based references in 104 different journals and other
periodicals. The number of references per year is
plotted against time span covered (1895–2006) in
Figure 2. References were published in 88 years of the
112-year time span. In the first 15 years (1895–1909)
after the first genus was described (Dissorophus
Cope, 1895), there were relatively few references
published. From 1910–1919, there was a surge of
publications, which tailed off until the beginning of
the Great Depression. During the latter period and
particularly the war years (World War II, Korean War),
there were relatively fewer publications. Recovery
started in the mid-1950s, and the publication rate
remained relatively stable for the next 40 years. In
the latter 1990s, a second surge began which lasted to
the end of our study period (2006).

Retrieval Percentages

Table 1 shows the percent retrievals of references by
the seven search engines. Percent retrievals were all
quite low. The mean for all search engines over the
entire time span (not reduced) is 11.3% (n = 7, range =
4.0–22.9%).

The total number of references retrieved by all
seven search engines (excluding duplicates) was 103,
which represents an overall percent retrieval of only
40.7%.

The percent retrievals we calculated are based on
the number of references obtained by the Compre-
hensive Search being 100% of those available, and the
percent retrievals are the absolute highest possible.
If one were to assume that the number obtained by the
Comprehensive Search was lower than 100% (e.g.,
95%), then the percent retrievals of the search engines
would only be lower. For example, at 95% for the
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Comprehensive Search, the percent retrievals for
Google Scholar drops from 22.9% to 21.8%, and
SCIRUS (not time reduced) drops from 4.0% to 3.8%.
Thus, assuming 100% for the Comprehensive Search
gives the most conservative (i.e., best-case scenario)
percent retrievals of the search engines.

Effects of Passage of Time

There was little change in the number of references
retrieved when BIOSIS, GeoRef, and Zoological
Record were run in different years (using the number
retrieved in the first year as the baseline for compari-
son). The time spans covered for each search engine

were as follows: BIOSIS, 1968–2003; GeoRef,
1895–2000; Zoological Record, 1985–2003. BIOSIS
retrieved the same number (13) in all 3 years (2004,
2005, 2007). Similarly, Zoological Record retrieved 6
references in 2004, 2005, and 2007. GeoRef retrieved
21 references in 2003 and 2004, 22 in 2005, and 21 in
2007. References were individually checked, and they
were the same for each year for each search engine,
with the exception of the one extra reference for
GeoRef in 2005.

Thus, passage of time does not appear to improve
retrieval efficiency of references by BIOSIS, GeoRef,
and Zoological Record, when the number retrieved in
the first year is the baseline for comparison.

Brown et al. / Search Engine Inefficiency and Bias 283

Table 1
Comparison of Percent Retrievals of References by Seven Search Engines

BIOSIS GeoRef Google Scholar JSTOR MetaCrawler SCIRUS Zoological Record

Dates covered 1928–2006 1895–2006 1895–2006 1895–2001 1895–2006 1910–2006 1895–2006
Number of references 21 26 58 27 31 10 27
Percent retrieval

Reduced time spana 12.3 10.4 — 12.3 — 4.2 —
Complete time span 8.3 10.3 22.9 10.7 12.3 4.0 10.7

a. Reduced time span comprises percentages for those search engines that covered a shorter time span than the Comprehensive Search.
See text for further explanation.

Figure 2
Distribution of References Retrieved by the Comprehensive Search Covering 1895–2006
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Sampling Bias Over Time

Table 2 presents a summary of bias in percent
retrievals of search engines grouped in 8-year inter-
vals from 1895–2006. Of the 98 cells, 7  (NA) do not
present data, as the search engines did not sample
those time spans. Of the remaining 91 cells, 21 show
retrieval that is significantly higher than average,
whereas 29 cells indicate retrieval significantly lower
than average. Thus, 50 of 91 cells show significantly
different retrieval from average (either higher or lower),
indicating 54.9% bias in sampling. When the 7 empty
cells are included, the bias increases to 58.2%.

Top Five Journals

The five journals containing the most references
obtained by the Comprehensive Search were: Journal
of Vertebrate Paleontology (17 references), Journal of
Geology (14), Journal of Paleontology (11), Fieldiana:
Geology (9), and New Mexico Museum of Natural
History and Science Bulletin (9). The number of refer-
ences in the top five journals obtained by the
Comprehensive Search was 60 (23.7% of the total
number of references).

Table 3 presents a comparison of retrieval rates of
references in the top five journals by the seven search
engines. Percent retrievals are all quite low. The mean
for all search engines over the complete time span is
3.9% (n = 7, range = 0.4–5.9%). This mean and the
individual percentages are substantially lower than the
23.7% obtained by the Comprehensive Search.

Also shown in Table 3 are intra–search engine per-
centages for the number of top five references of each
given search engine over the total number of refer-
ences retrieved by that search engine. These percent-
ages for four search engines (BIOSIS, GeoRef,
MetaCrawler, Zoological Record) are much higher
(mean = 50.4%, range = 44.4–61.9%) than the cor-
responding mean of 23.7% for the Comprehensive
Search. The four search engines thus oversampled the
top five journals (compared to other journals). This
may reflect (1) preferential sampling of the top five
due to programming of the search engine (i.e., once a
reference is found in a given journal, the search
engine is programmed to search that journal more
thoroughly); (2) an inadequate number of journals in the
search engine databases; (3) parasitism among search
engines; or (4) two or more of the preceding.

284 Bulletin of Science, Technology & Society

Table 2
Summary of Average Percent Retrieval for Each Search Engine Grouped by 8-Year 

Intervals From 1895–2006 Showing Sampling Bias

Years BIOSIS GeoRef Google Scholar JSTOR MetaCrawler SCIRUS Zoological Record

1895–1902 NA 40.0a 20.0 60.0a 20.0 NA 20.0a

1903–1910 NA 23.1a 20.0 13.3 26.7a NA 26.7a

1911–1918 NA 4.7 9.3b 11.6 4.7b 2.3 4.7b

1919–1926 NA 0.0b 11.1b 11.1 0.0b 0.0 0.0b

1927–1934 20.0a 0.0b 0.0b 0.0b 16.7 0.0 0.0b

1935–1942 0.0b 0.0b 11.8b 5.9 0.0b 0.0 0.0b

1943–1950 20.0a 0.0b 60.0a 0.0b 40.0a 0.0 0.0b

1951–1958 6.3 0.0b 18.8 18.8 6.3b 0.0 25.0a

1959–1966 0.0b 25.0a 62.5a 37.5a 12.5 0.0 25.0a

1967–1974 30.0a 25.0a 35.0a 10.0 20.0 5.0 20.0a

1975–1982 14.3 14.3 28.6 0.0b 14.3 0.0 7.1
1983–1990 0.0b 12.5 12.5b 0.0b 12.5 6.3 12.5
1991–1998 11.8 0.0b 11.8b 5.9 5.9b 17.7a 5.9
1999–2006 17.8 13.3 33.3 NA 20.0 6.7a 8.9

Meanc 12.0 11.3 23.9 13.4 14.3 3.2 11.1
Standard deviation 10.3 12.9 18.5 17.4 11.0 5.3 10.3
Lower 95% confidence limit 4.7 3.9 13.3 3.0 8.0 –0.2 5.2
Upper 95% confidence limit 19.3 18.7 34.5 23.8 20.6 6.5 17.0

Note: We calculated mean, standard deviation, and 95% confidence intervals for each search engine and then examined percent retrieval
for each time interval to determine whether the search engine was biased by being either significantly higher or lower than average at
retrieving references for that time interval.
a. Above upper 95% confidence limit.
b. Below lower 95% confidence limit.
c. Based on the average of the means for each interval.
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The intra–search engine percentage for Google
Scholar (25.9%) is rather close to the corresponding
percentage obtained by the Comprehensive Search
(23.7%). However, Google Scholar retrieved nothing
from the Journal of Vertebrate Paleontology, which had
the highest number of references (17) of the top five
journals. Thus, that important journal was not ade-
quately sampled by Google Scholar. The intra–search
engine percentages for the two remaining search
engines are quite small (JSTOR, 3.7%; SCIRUS,
10.0%), indicating inadequate sampling by the search
engines.

Hence, there was both selection bias and low percent
retrieval by the search engines for references in the
top five journals.

Top Five Authors

The five most prolific authors among references
obtained by the Comprehensive Search were: Everett
C. Olson (19 references), Robert R. Reisz (16), Samuel
W. Williston (13), David S. Berman (12), and E. C.
Case (12). Six references were coauthored among four
of these researchers (Berman and Reisz, 5; Case and
Williston, 1). Therefore, a total of 66 references was

produced by the top five authors in the Comprehensive
Search, which represents 26.1% of the total number
of references. Table 4 presents a comparison of the
seven search engines in regard to their retrieval of ref-
erences by the five most prolific authors. Percent
retrievals were all quite low, with the mean for all
search engines over the complete time span being 3.4%
(n = 7, range = 1.2–7.1%). This mean and the indi-
vidual percentages are substantially lower than the
26.1% obtained in the Comprehensive Search.

Among the intra–search engine percentages in
Table 4, six of the seven search engines have percent-
ages greater than the 26.1% of the Comprehensive
Search. Those of MetaCrawler (35.5%) and Zoological
Record (40.7%) are notable in that they are consid-
erably higher than the 26.1% obtained by the
Comprehensive Search. This suggests that these two
search engines oversampled the most prolific authors.
See the previous section for possible explanations.

Non-English References

The number of non-English references obtained by
the Comprehensive Search was 39 (15.4% of the total
number of references). Twenty-one are in German,
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Table 3
Comparison of References Retrieved by Seven Search Engines in the Five Most Frequently 

Used Journals Obtained by the Comprehensive Search

Google Zoological 
BIOSIS GeoRef Scholar JSTOR MetaCrawler SCIRUS Record

Number of references in top five journals 13 13 15 1 14 1 12
Number of references in all other journals 8 13 43 26 17 9 15
Percent retrieval

Reduced time span 7.6 5.2 — 0.5 — 0.4 —
Complete time span 5.1 5.1 5.9 0.4 5.5 0.4 4.7

Percentage of total number of search engine 61.9 50.0 25.9 3.7 45.2 10.0 44.4

Table 4
Comparison of Seven Search Engines in Their Retrieval of References That Were Produced by the 

Five Most Prolific Authors Obtained in the Comprehensive Search

Google Zoological 
BIOSIS GeoRef Scholar JSTOR MetaCrawler SCIRUS Record

Number of references by top five authors 6 8 18 4 11 3 11
Number of references by all others 15 18 40 23 20 7 16
Percent retrieval

Reduced time span 3.5 3.2 — 1.8 — 1.3 —
Complete time span 2.4 3.2 7.1 1.6 4.3 1.2 4.3

Percentage of total number of search engine 28.6 30.8 31.0 14.8 35.5 30.0 40.7
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17 in Russian, and 1 in Afrikaans. Table 5 presents a
comparison of the numbers of non-English references
retrieved by the seven search engines. Percent
retrievals were all quite low, with four search engines
retrieving no non-English references. The mean for
all search engines over the complete time span is only
0.3% (n = 7, range = 0–1.2%). This mean and the indi-
vidual percentages are much lower than the 15.4%
obtained by the Comprehensive Search.

The intra–search engine percentages in Table 5 are
also quite low, with the exception of 14.3% for BIOSIS
which is close to the 15.4% obtained by the
Comprehensive Search. However, the 14.3% for BIOSIS
is misleading, as only three references were retrieved
(compared to 39 for the Comprehensive Search).

Discussion

Our results clearly show that the seven search
engines had low percentages of reference retrieval and
bias in sampling. However, these are not the only
problems that characterize search engines. Particularly
serious is the lengthy amount of time necessary to
complete a search. Four factors were primarily respon-
sible for this. First, the search engines presented a
number of literature references that did not contain the
amphibian generic names. These references had to be
thoroughly examined (regardless of length), just like
any other newly discovered reference that might
potentially contain the generic names. Second, many
links were presented that did not contain any literature
references (e.g., advertisements for posters and slides;
fossil holdings of museums; course outlines, lecture
notes, laboratory instructions, and exams; lists of
species; electronic appendices for paper publications;
bloglike essays; résumés; lists of systematic hierar-
chies). Third, sometimes a publication was thoroughly
examined but the generic name occurred only in 

the literature cited section. Fourth, redundancies of
formerly listed links were often presented, sometimes
under a different title. All of the above links had to be
examined which involved a major time investment and
rarely resulted in any additional literature references
containing the generic names in the text.

Prior researchers have typically approached assess-
ment of retrieval efficiency in a manner different than
ours. For example, Kleiner (1999) used available pages
on the web, Lawrence and Giles (1998) used coverage
of the indexable web, Bar-Ilan (1998) used the recall of
URLs, Tomaiuolo and Packer (1996) used number of
“hits,” and Lawrence and Giles (1999) chose “random
Internet Protocol (IP) addresses” and number of pages.
All of these workers assessed search items located
only on the web.

Our Comprehensive Search was not restricted to
the web. It was primarily a traditional library search of
paper-based publications. Only a few references origi-
nally located by search engines were included in the
Comprehensive Search. The overall retrieval (excluding
duplicates) of all seven search engines combined was
only 103 of 253 publications in the Comprehensive
Search (40.7% retrieval). This suggests that a major
proportion of the publications obtained by the
Comprehensive Search may not have occurred within
the web or databases of the search engines. This is a
major difference between our study and those previ-
ously mentioned. Thus, for a complete literature
search of information, it is advisable that scientists not
restrict themselves to materials on the web. Should
researchers rely solely on the Internet, serious prob-
lems can result (e.g., erroneous use of obsolete scien-
tific names of frogs—Dubois, 2007).

Data on retrieval efficiency may be difficult to
obtain in many cases because of the general nature,
common usage, and/or multiple meanings of the terms
or terminology being searched. For example, when
we entered “rural male poverty” into Google Scholar
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Table 5
Comparison of Non-English References Retrieved by Seven Search Engines

Google Zoological 
BIOSIS GeoRef Scholar JSTOR MetaCrawler SCIRUS Record

Number of non-English references 3 1 0 0 0 0 1
Number of all others 18 25 58 27 31 10 26
Percent retrieval

Reduced time span 1.8 0.4 — 0 — 0 —
Complete time span 1.2 0.4 0 0 0 0 0.4

Percentage of total number of search engine 14.3 3.8 0 0 0 0 3.7
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(Advanced Scholar Search), we got “about 73,600”
links. For “urban female poverty,” there were “about
94,400.” Using the scientific generic dinosaur name
Tyrannosaurus, there were “about 2,380.” If these
figures represent only 4.0–22.9% (range of search-
engine retrievals in this study) of the total publica-
tions available, then there would be extremely high
numbers of unretrieved references. The immense
amount of time required to search for and check all
references for these literature searches presumably
makes it unlikely (given present resources) that an
investigator would attempt to calculate percent
retrieval efficiencies. Terms that have specific mean-
ing and moderate usage (such as the generic names
we used) are easier to work with for determining
retrieval efficiency.

Because of overall poor performance of the seven
search engines we used, it is inappropriate for us to
advocate any one of them as superior or the best for
literature retrieval. We feel that the ideal search
engine for scientists conducting literature searches
should have the following characteristics: (1) it should
have comprehensive coverage of the topic being
searched; (2) coverage should not be biased in any
manner; (3) results should be error free (e.g., biblio-
graphic errors or the inclusion of references that do
not contain information on the topic being searched);
(4) it should not contain large amounts of irrelevant or
redundant links; (5) it should be easy to use, not
requiring advanced computer skills; (6) it should be
time efficient, not requiring the scientist to spend
lengthy periods of time at a computer; (7) results should
be clearly presented, not ambiguous; and (8) there
should be options for advanced, in-depth searching.
Each of the seven search engines was deficient in sev-
eral (in some cases most) of these characteristics.

Some researchers (e.g., Lawrence & Giles, 1998,
1999; Tomaiuolo & Packer, 1996) advocated use of
several search engines to increase coverage. Our
research shows that there is considerable variation in
percent retrieval among the search engines we used.
Thus, it is of greatest importance to use search engines
with the highest retrieval, and such search engines
probably differ with scholarly discipline and search
terms. Non-English search engines could also be used,
although we found no additional non-English refer-
ences when we carried out 30 co-lateral searches for
German, French, and Russian publications with
Google Scholar and Google Foreign Language Search.
The larger the number of search engines used, the
greater the time investment, and there is no guarantee

that anywhere near 100% retrieval will be attained.
(Recall that we obtained a total of only 40.7% retrieval
for all seven search engines combined.) Ultimately, the
success of a search engine probably depends, in large
part, on the size of its database.

There is no quick and easy solution to perform-
ing comprehensive literature searches. Obviously,
researchers should not rely only on one or two search
engines. We feel the best approach (at present) is to
use several of the best search engines as an introduc-
tion to a traditional paper-based library search.
Unfortunately, it is not easy for the scientist to iden-
tify the best search engines.

Note

1. Dissorhophus and Longiscitula are junior synonyms of
Dissorophus. Some authors used these synonyms, hence we used
them in our searches to maximize information retrieval for
Dissorophus.

References

Bar-Ilan, J. (1998). On the overlap, the precision and estimated
recall of search engines. A case study of the query “Erdos.”
Scientometrics, 42, 207-228.

Berman, D., Reisz, R., & Eberth, D. (1985). Ecolsonia cutlerensis,
an Early Permian dissorophid amphibian from the Cutler
Formation of north-central New Mexico. New Mexico Bureau
of Mines & Mineral Resources, Circular, 191, i-iii, 5-31.

Bouchet, P., & Rocroi, J.-P. (1992). Supraspecific names of mol-
lusks: A quantitative review. Malacologia, 34, 75-86.

Bouchet, P., & Rocroi, J.-P. (1993). The lottery of bibliographical
databases: A reply to Edwards & Thorne. Malacologia, 35,
407-410.

Broili, F. (1904). Permische Stegocephalen und Reptilien aus
Texas. Palaeontographica, 51, 1-120.

Carroll, R. (1964). Early evolution of the dissorophid amphibians.
Bulletin of the Museum of Comparative Zoology, 131, 161-250.

Carroll, R. (1988). Vertebrate paleontology and evolution. New
York: W. H. Freeman.

Case, E. (1911). Revision of the Amphibia and Pisces of the
Permian of North America. Carnegie Institution of Washington,
Publication Number 146, i-vii, 1-179, 32 plates.

Cope, E. (1895). A batrachian armadillo. American Naturalist,
29, 998.

Cope, E. (1896). The ancestry of the Testudinata. American
Naturalist, 30, 398-400.

Dellavalle, R., Hester, E., Heilig, L., Drake, A., Kuntzman, J.,
Graber, M., & Schilling, L. (2003). Going, going, gone: Lost
Internet references. Science, 302, 787-788.

DeMar, R. (1966). Longiscitula houghae, a new genus of dis-
sorophid amphibian from the Permian of Texas. Fieldiana:
Geology, 16, 45-53.

Dilkes, D., & Brown, L. (2006). Biomechanics of the vertebrae and
associated osteoderms of the Early Permian temnospondyl Cacops
aspidephorus. Journal of Vertebrate Paleontology, 26, 56A.

Brown et al. / Search Engine Inefficiency and Bias 287

 © 2008 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.
 at UNIV OF OKLAHOMA LIBRARIES on July 14, 2008 http://bst.sagepub.comDownloaded from 

http://bst.sagepub.com


Dilkes, D., & Brown, L. (2007). Biomechanics of the vertebrate
and associated osteoderms of the Early Permian amphibian
Cacops aspidephorus. Journal of Zoology (London), 271,
396-407.

Dreyfus, H. (2001). On the internet. London: Routledge.
Dubois, A. (2003). Should Internet sites be mentioned in the bib-

liographies of scientific publications? Alytes, 21, 1-2.
Dubois, A. (2006). Alytes as a forum. Alytes, 24, 1-5.
Dubois, A. (2007). Naming taxa from cladograms: Some confu-

sions, misleading statements, and necessary clarifications.
Cladistics, 23, 390-402.

Kleiner, K. (1999). Search engines can’t keep up. New Scientist,
163, 11.

Lawrence, S., & Giles, C. (1998). Searching the World Wide Web.
Science, 280, 98-100.

Lawrence, S., & Giles, C. (1999). Accessibility of information on
the web. Nature, 400, 107-109.

Olson, E. (1972). Fayella chickashaensis, the Dissorophoidea
and the Permian terrestrial radiations. Journal of Paleontology,
46, 104-114.

Stoll, C. (1995). Silicon snake oil: Second thoughts on the infor-
mation highway. New York: Doubleday.

Stoll, C. (1999). High tech heretic: Why computers don’t belong
in the classroom and other reflections by a computer contrar-
ian. New York: Doubleday.

Tomaiuolo, N., & Packer, J. (1996). An analysis of Internet search
engines: Assessment of over 200 search queries. Computers in
Libraries, 16, 58-62.

Veronin, M. (2002). Where are they now? A case study of health-
related web site attrition. Journal of Medical Internet Research,
4, e10.

Williston, S. (1910). Cacops, Desmospondylus; new genera of
Permian vertebrates. Bulletin of the Geological Society of
America, 21, 249-284.

Williston, S. (1914). Broiliellus, a new genus of amphibians from
the Permian of Texas. Journal of Geology, 22, 49-56.

Williston, S. (1916). Synopsis of the American PermoCarboniferous
Tetrapoda. Contributions From Walker Museum, 1, 193-236.

Lauren E. Brown is professor emeritus of vertebrate zool-
ogy and curator of amphibians and reptiles in the Department
of Biological Sciences at Illinois State University, Normal
as well as affiliate professional scientist at the Center for
Biodiversity, Illinois Natural History Survey. He has authored
131 publications and 20 reports in the public domain, is the
recipient of 53 grants, and has held editorships for two inter-
national journals (Herpetologica, Alytes). Address correspon-
dence to: Department of Biological Sciences, Illinois State
University, Campus Box 4120, Normal, IL 61790-4120,
U.S.A.; phone (309) 438-5990; fax (309) 438-3722; e-mail
cawinch@ilstu.edu.

Alain Dubois is professor first class and director of
Laboratoire du Muséum National d’Histoire Naturelle in
Paris, France. His docteur ès sciences was awarded at
Université Montpellier in 1985. He has authored 295 pub-
lications and reports. Presently, he is chief editor of Alytes
and has also held five other editorships and eight memberships
on editorial boards. Address correspondence to: Reptiles et
Amphibiens, Département de Systématique & Evolution,
Muséum National d’Histoire Naturelle, CP 30, 25 rue Cuvier,
75005 Paris, France; phone (33).(0)1.40.79.34.87; fax
(33).(0)1.40.79.34.88; e-mail adubois@mnhn.fr.

Donald B. Shepard is currently a PhD student in the
Department of Zoology and the Sam Noble Oklahoma
Museum of Natural History at the University of Oklahoma,
Norman. His research focuses on the evolutionary ecology
of amphibians and reptiles. He has authored 24 publications
and is presently an assistant editor for Herpetological
Conservation and Biology. Address correspondence to:
Department of Zoology and Sam Noble Oklahoma Museum
of Natural History, University of Oklahoma, 2401 Chautauqua
Avenue, Norman, OK 73072-7029, U.S.A.; phone (405) 325-
7771; fax (405) 325-6202; e-mail dshepard@ou.edu.

288 Bulletin of Science, Technology & Society

 © 2008 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.
 at UNIV OF OKLAHOMA LIBRARIES on July 14, 2008 http://bst.sagepub.comDownloaded from 

http://bst.sagepub.com


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslon-Ornaments
    /AGaramond-BoldScaps
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-RomanScaps
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGar-Special
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-BoldIt
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine401BTSPL-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /Aldus-Italic
    /Aldus-Roman
    /AlternateGothicNo2BT-Regular
    /Anna
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Arcadia
    /Arcadia-A
    /Arkona-Medium
    /Arkona-Regular
    /AssemblyLightSSK
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /BakerSignetBT-Roman
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /BaskervilleBook-Italic
    /BaskervilleBook-MedItalic
    /BaskervilleBook-Medium
    /BaskervilleBook-Regular
    /BaskervilleBT-Bold
    /BaskervilleBT-BoldItalic
    /BaskervilleBT-Italic
    /BaskervilleBT-Roman
    /BaskervilleMT
    /BaskervilleMT-Bold
    /BaskervilleMT-BoldItalic
    /BaskervilleMT-Italic
    /BaskervilleMT-SemiBold
    /BaskervilleMT-SemiBoldItalic
    /BaskervilleNo2BT-Bold
    /BaskervilleNo2BT-BoldItalic
    /BaskervilleNo2BT-Italic
    /BaskervilleNo2BT-Roman
    /Bauhaus-Bold
    /Bauhaus-Demi
    /Bauhaus-Heavy
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Medium
    /Bauhaus-Light
    /Bauhaus-Medium
    /BellCentennial-Address
    /BellGothic-Black
    /BellGothic-Bold
    /Bell-GothicBoldItalicBT
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellGothic-Light
    /Bembo
    /Bembo-Bold
    /Bembo-BoldExpert
    /Bembo-BoldItalic
    /Bembo-BoldItalicExpert
    /Bembo-Expert
    /Bembo-ExtraBoldItalic
    /Bembo-Italic
    /Bembo-ItalicExpert
    /Bembo-Semibold
    /Bembo-SemiboldItalic
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /Berling-Bold
    /Berling-BoldItalic
    /Berling-Italic
    /Berling-Roman
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BremenBT-Black
    /BremenBT-Bold
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Carta
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /Caslon540BT-Italic
    /Caslon540BT-Roman
    /CaslonBT-Bold
    /CaslonBT-BoldItalic
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /CastleT-Bold
    /CastleT-Book
    /Caxton-Bold
    /Caxton-BoldItalic
    /Caxton-Book
    /Caxton-BookItalic
    /Caxton-Light
    /Caxton-LightItalic
    /CelestiaAntiqua-Ornaments
    /Centennial-BlackItalicOsF
    /Centennial-BlackOsF
    /Centennial-BoldItalicOsF
    /Centennial-BoldOsF
    /Centennial-ItalicOsF
    /Centennial-LightItalicOsF
    /Centennial-LightSC
    /Centennial-RomanSC
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /Christiana-Bold
    /Christiana-BoldItalic
    /Christiana-Italic
    /Christiana-Medium
    /Christiana-MediumItalic
    /Christiana-Regular
    /Christiana-RegularExpert
    /Christiana-RegularSC
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /CMTI10
    /CommonBullets
    /ConduitITC-Bold
    /ConduitITC-BoldItalic
    /ConduitITC-Light
    /ConduitITC-LightItalic
    /ConduitITC-Medium
    /ConduitITC-MediumItalic
    /CooperBlack
    /CooperBlack-Italic
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-BoldCond
    /CopperplateGothicBT-Heavy
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Critter
    /CS-Special-font
    /DextorD
    /DextorOutD
    /DidotLH-OrnamentsOne
    /DidotLH-OrnamentsTwo
    /DINEngschrift
    /DINEngschrift-Alternate
    /DINMittelschrift
    /DINMittelschrift-Alternate
    /DINNeuzeitGrotesk-BoldCond
    /DINNeuzeitGrotesk-Light
    /Dom-CasItalic
    /Dom-CasualBT
    /Ehrhard-Italic
    /Ehrhard-Regular
    /EhrhardSemi-Italic
    /EhrhardtMT
    /EhrhardtMT-Italic
    /EhrhardtMT-SemiBold
    /EhrhardtMT-SemiBoldItalic
    /EhrharSemi
    /ElectraLH-Bold
    /ElectraLH-BoldCursive
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /EnglischeSchT-Bold
    /EnglischeSchT-Regu
    /ErasContour
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /EUEX10
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuropeanPi-Four
    /EuropeanPi-One
    /EuropeanPi-Three
    /EuropeanPi-Two
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldExtendedTwo
    /Eurostile-ExtendedTwo
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /ExPonto-Regular
    /Fenice-Bold
    /Fenice-BoldOblique
    /FeniceITCbyBT-Bold
    /FeniceITCbyBT-BoldItalic
    /FeniceITCbyBT-Regular
    /FeniceITCbyBT-RegularItalic
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FlashD-Ligh
    /Folio-Bold
    /Folio-BoldCondensed
    /Folio-ExtraBold
    /Folio-Light
    /Folio-Medium
    /FontanaNDEeOsF
    /FontanaNDEeOsF-Semibold
    /FormalScript421BT-Regular
    /Formata-Bold
    /Formata-MediumCondensed
    /FournierMT-Ornaments
    /FrakturBT-Regular
    /FranklinGothic-Book
    /FranklinGothic-BookItal
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-Demi
    /FranklinGothic-DemiItal
    /FranklinGothic-DemiOblique
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItal
    /FranklinGothic-HeavyOblique
    /FranklinGothic-Medium
    /FranklinGothic-MediumItal
    /FranklinGothic-Roman
    /FrizQuadrataITCbyBT-Bold
    /FrizQuadrataITCbyBT-Roman
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Oblique
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond-Antiqua
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Halbfett
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-BoldNarrow
    /GaramondITCbyBT-BoldNarrowItal
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /GaramondITCbyBT-Light
    /GaramondITCbyBT-LightCondensed
    /GaramondITCbyBT-LightCondItalic
    /GaramondITCbyBT-LightItalic
    /GaramondITCbyBT-LightNarrow
    /GaramondITCbyBT-LightNarrowItal
    /GaramondITCbyBT-Ultra
    /GaramondITCbyBT-UltraCondensed
    /GaramondITCbyBT-UltraCondItalic
    /GaramondITCbyBT-UltraItalic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /GaramondThree
    /GaramondThree-Bold
    /GaramondThree-BoldItalic
    /GaramondThree-Italic
    /GaramondThreeSMSspl
    /GaramondThreespl
    /GaramondThreeSpl-Bold
    /GaramondThreeSpl-Italic
    /GarthGraphic
    /GarthGraphic-Black
    /GarthGraphic-Bold
    /GarthGraphic-BoldCondensed
    /GarthGraphic-BoldItalic
    /GarthGraphic-Condensed
    /GarthGraphic-ExtraBold
    /GarthGraphic-Italic
    /Geometric231BT-HeavyC
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Giddyup
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gill-Special
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Oblique
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-ExtraBold
    /Goudy-Italic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudySans-Bold
    /GoudySans-BoldItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GoudySans-Medium
    /GoudySans-MediumItalic
    /Granjon
    /Granjon-Bold
    /Granjon-BoldOsF
    /Granjon-Italic
    /Granjon-ItalicOsF
    /Granjon-SC
    /GreymantleMVB-Ornaments
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-BlackCond
    /HelveticaNeue-BlackCondObl
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldCond
    /HelveticaNeue-BoldCondObl
    /HelveticaNeue-BoldExt
    /HelveticaNeue-BoldExtObl
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-ExtBlackCond
    /HelveticaNeue-ExtBlackCondObl
    /HelveticaNeue-Extended
    /HelveticaNeue-ExtendedObl
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyCond
    /HelveticaNeue-HeavyCondObl
    /HelveticaNeue-HeavyExt
    /HelveticaNeue-HeavyExtObl
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightCond
    /HelveticaNeue-LightCondObl
    /HelveticaNeue-LightItalic
    /HelveticaNeueLTStd-Md
    /HelveticaNeueLTStd-MdIt
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-MediumExt
    /HelveticaNeue-MediumExtObl
    /HelveticaNeue-MediumItalic
    /HelveticaNeue-Roman
    /HelveticaNeue-ThinCond
    /HelveticaNeue-ThinCondObl
    /HelveticaNeue-UltraLigCond
    /HelveticaNeue-UltraLigCondObl
    /Helvetica-Oblique
    /HelvLight
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist777BT-BlackB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /ICMEX10
    /ICMMI8
    /ICMSY8
    /ICMTT8
    /ILASY8
    /ILCMSS8
    /ILCMSSB8
    /ILCMSSI8
    /Imago-Book
    /Imago-BookItalic
    /Imago-ExtraBold
    /Imago-ExtraBoldItalic
    /Imago-Medium
    /Imago-MediumItalic
    /Industria-Inline
    /Industria-InlineA
    /Industria-Solid
    /Industria-SolidA
    /Insignia
    /Insignia-A
    /IPAExtras
    /IPAHighLow
    /IPAKiel
    /IPAKielSeven
    /IPAsans
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /KlangMT
    /Kuenstler480BT-Black
    /Kuenstler480BT-Bold
    /Kuenstler480BT-BoldItalic
    /Kuenstler480BT-Italic
    /Kuenstler480BT-Roman
    /KunstlerschreibschD-Bold
    /KunstlerschreibschD-Medi
    /Lapidary333BT-Black
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LASY10
    /LASY5
    /LASY6
    /LASY7
    /LASY8
    /LASY9
    /LASYB10
    /LatinMT-Condensed
    /LCIRCLE10
    /LCIRCLEW10
    /LCMSS8
    /LCMSSB8
    /LCMSSI8
    /LDecorationPi-One
    /LDecorationPi-Two
    /Leawood-Black
    /Leawood-BlackItalic
    /Leawood-Bold
    /Leawood-BoldItalic
    /Leawood-Book
    /Leawood-BookItalic
    /Leawood-Medium
    /Leawood-MediumItalic
    /LegacySans-Bold
    /LegacySans-BoldItalic
    /LegacySans-Book
    /LegacySans-BookItalic
    /LegacySans-Medium
    /LegacySans-MediumItalic
    /LegacySans-Ultra
    /LegacySerif-Bold
    /LegacySerif-BoldItalic
    /LegacySerif-Book
    /LegacySerif-BookItalic
    /LegacySerif-Medium
    /LegacySerif-MediumItalic
    /LegacySerif-Ultra
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Slanted
    /Life-Bold
    /Life-Italic
    /Life-Roman
    /LINE10
    /LINEW10
    /Lithos-Black
    /Lithos-Regular
    /LOGO10
    /LOGO8
    /LOGO9
    /LOGOBF10
    /LOGOSL10
    /LOMD-Normal
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaMath-Symbol
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /LydianCursiveBT-Regular
    /Marigold
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /Melior
    /Melior-Bold
    /Melior-BoldItalic
    /Melior-Italic
    /MercuriusCT-Black
    /MercuriusCT-BlackItalic
    /MercuriusCT-Light
    /MercuriusCT-LightItalic
    /MercuriusCT-Medium
    /MercuriusCT-MediumItalic
    /MercuriusMT-BoldScript
    /Meridien-Medium
    /Meridien-MediumItalic
    /Meridien-Roman
    /Minion-Black
    /Minion-Bold
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-BoldItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /MinionExp-Italic
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /MonaLisa-Recut
    /MSAM10
    /MSAM10A
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM10A
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MTEX
    /MTEXB
    /MTEXH
    /MTGU
    /MTGUB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MTSYN
    /MusicalSymbols-Normal
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-CnSemibold
    /Myriad-CnSemiboldItalic
    /Myriad-Condensed
    /Myriad-Italic
    /Myriad-Roman
    /Myriad-Sketch
    /Myriad-Tilt
    /NeuzeitS-Book
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


