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Developmental biology is the study of the developing organism,fromfertilization and gestation through
bti, growth, and @rig. Originating in the nineteenth-century disciples of embryology,comparative
anatomy, and histology,developmentalbiologynow sfso draws from such fields as biochemistry,
molsxulsr and cell biology, and genetics. Using ISI” citation data, this essay identifies the core and
highty cited noncore li&sture. -

In a previous essay we explored the liter-
ature of teratology, the science devoted to
the study of birth defects, or developmen-
tal anomalies. 1 Teratology is a branch of
developmental biology. This, in turn, is the
study of the process by which a single cell
(a fertilized egg) gives rise to the patterns
and forms of organized masses of cells we
recognize as tissues and organs. This in-
cludes not only macroscopic changes that
occur at the organismic level, but changes
at the cellular and molecular levels as well.
The essential problem in developmental bi-
ology, according to Lewis Wolpert, Depart-
ment of Anatomy and Biology as Applied
to Medicine, Middlesex Hospital, London,
UK, is to understand how this process is
controlled by the genetic information con-
tained in the egg.z

As in past journal studies, our primary
aim is to identify the core journals of the
field as well as the highly cited noncorejour-
nals of interest to the field. We also highlight
the most-cited articies from the core jour-
nals of developmental biology.

Overview of Deveiopmerttal Biology

Developmental biology originated in-and
now subsumes-the science of embryology.
Born in the mid-nineteenth cx=mturyas an ex-
tension of comrmrative anatomy and histol-

ogy, embryology is the study of the devel-
opment of art organism throughout its life,
from the stages of fertilization and gestation
through birth, growth, and rnaturation.s
The foundations of developmental biology
were laid during the period 1885-1914.’t
One of the major advances during this time
was the rediscovery of the laws of heredity
that had originally been deduced by Gregor
Mendel (1822-1884).s$

There were many other pioneers, of
course. A sampling includes Belgian bio-
chemist Jean Louis Brachet (born in 1909),
a specialist in nucleic acids in cell differen-
tiation, whose most-cited articleT has re-
ceived over 240 citations. German zoologist
Viktor Hamburger (born 1900) has written
extensively in experimental neuroembryol-
ogy; his most-cited papsd has received
over 3,200 citations. US zoologist Ross
Granville Harrison (1870-1959) developed
the first successful animal-tissue cultures;
his most+ited papet$ has received over 240
citations. German embryologist Johannes
I%iedrich Karl Holtfreter (born 1901) has
studied differentiation and specialization in
animals; his most-cited worklo has been
cited over 170 times. French biologist
Alfred Jest (born 1916), whose most-cited
workl 1has received over 480 citations, has
published extensively on fetal hormones.
And French experimental teratologist and
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Table 1: Core development biology journals indexed
in the SCP in 1986,with tjreii cditnrs, years of origin,
pubfisbcrs,and, where different, spmsmirrg organim-
tions, and places of publication.*

Anstomy and Embryology (1877)
R, BWairs, K. F1eischbauer, W.-G. Forssmann,

W. Kriz, S,L, PaJay & F. Walbcrg, eds.
Springer-Verlag
Berlin, Federal Republic of Germany

Cell Differentiation (1972)
Jrrtematiomd Society of Developmental Biologists
L. Saxen, ed.
Elsevier Scientific Publishers Ireland
Limerick, Ireland

Development (1953)
C. Wylie, ed.
Company of Biologists Limited
Cambridge, United Kingdom

Development, Growth & Differentiation (1950)
M. Yoneda, cd.
Japanese Society of Developmental Biologists
Tokyo, Japan

Developmentrd Biology (1959)
Society for Developmental Biology
P.J. Bryant, ed.
Academic Press
Orlando, FL

Differentiation (1973)
W.W. Frsnke, ed.
Springer-Verlag
Berlin, Federal Republic of Germany

Gamete Resemch (1978)
R.B. L. Gwatfrin, cd.
Alan R. Liss
New York, NY

Placenrs (1980)
H. FOX,cd,
BailJiere TindaU
London, United Kingdom

Roux’s Archives of Developmental Biology (1894)
European Developmental Biology Organization
R. Webcr, ed.
Springer-Verlag
Berlin, Federal Republic of Germany

Teratology (1968)
Teratology .%cieey
R.L. Brent, ed.
Alan R. fiSS
New York, NY

*Includes all superseded titfes.

embryologist Etieme Wolff (born 1904),
specialized in the in vitro culture of embry-
onic organs. His most-cited paperlz has re-
ceived over 495 citations.

Improvements in techniques, as well as
the adoption of the methods of cell biology
and genetics, helped change experimental
embryology into the modem science of de-

velopmental bioiogy. For instance, devel-
opmental biologists rearrange genes and
chromosomes to observe the effezt of the
presence or absence of a specific sequence
on development. 13In this sense, develop-
mental biology is very closely allied with the
field of medical genetics, which deals with
hereditary diseases. 14

Developmental Biology Journals

Since Germany was the hub of embryo-
logical research from the mid-18C0suntil the
1930s, it is not surprising that the first jour-
nal devoted exclusively to experimental
embryology was German: the Archiv j%
Entwicklungsmechanik der Organismen,
founded in 1894 by Wilhelm Roux
(1850-1924), University of Halle. Roux was
smong the pioneers of embryology, making
important contributions as well as helping
to publicize the field. In addition to the
Archiv, he also produced two monograph
series and introduced some of the field’s ter-
minology. “To the degree that he performed
these tasks more zealously than his contem-
poraries,” noted Frederick B. Churchill, In-
diana University, Bloomington, in his biog-
raphy of Roux, “he was the titular sire of
modem experimental biology. ” 15

After Roux’s death, the journal he
founded changed its name to Roux Archiv
@r Entwicklungsnw+ianik in his honor. To-
day called Roux’s Archives of Developmen-
tal Biology, this journal is among the core
publications for the field of developmentzd
biology; the other nine journals are listed
in Table 1. This list by no means includes
every journal that publishes developmental
research. The core journals were selectd
by consulting the Science Citation Index@’
(SCI@) and the Journal Citation l?eports~
and carefully examining the citation records
of the journals listed under the heading
“Embryology.” With the advice of experts
in the field, we determined the journals that
predominantly cover general subjects in de-
velopmentalbiology and are most often cited
by other developmental biology journals.
Since this study focuses on journals, book
series, such as Current Topics in Develop-
wntal Biology, were not included in this
process.
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Tabie 2: Must-citing developmental biology journals. The 49 journals that most frequently cited the cure jour-
nals in 1986.Asterisks (*) indicatecorejourrrals. A=citrrtiorrsto core jourrrrds.B=citations to aJljournals. C =self-
citations. D= percent of total citations that are core-joumsJ citations (A/B). E= percent of totaJ citations that are
self-citations (self-cited rate, C/B). F = percent of core-ieurnal citations that are self-citations (C/A). G = 1986
impact factor. H= 1986 irrrnrediacyindex. I= 1986 source items,

*Develop. Biol.
*Development
J, Cell BioI.

*Roux. Arch. Devel. BioL
*Differentiation
J. Neurosci.
Pmt. Nat. Acad. Sci. USA

*Develop. Growth Differ.
*Teratology
J, Exp. ZooL

*CeO Differentiation
Cell
J. Comp, Neurol.
1. Cell Sci.
Exp. Cell Res.

*Gamete Res.
Int. Rev. Cytol.
J, Craniofac. Genet. Dev. BIOI

*Anat. Embryo].
J. B1oI. Chem.
Cell Tksue Res.
Nature
EMBO J.
Develop. Brain Res.
Mol. Cell. Biol.
Amer. J. Anat.
J. Reprcd. Fertil.
Teratogen. Carcin. Mut.
Amt. Rec.
Annu. Rev. Cell BIO1.
Brain Res.
Biol. Reprod.
2001. Sci.
Genetics
Scanning Electron Microsc.
Biochiro. Biophys. Acts
Develop. Genetics
Eur. J, Cell BIOL
Science
J. Cell Physiol.
Acts Anat.
Acts Histochem.
Insect Biochem.
J. Physiol.–London
Frog. Histochem. Cytcchem.
Bio. Cell

*Placenta
Biol. Bull.
Brain Res. Bull.

A

2,689
1,508

672
650
588
421
414
409
407
403
388
387
381
372
368
358
332
301
2%
251
243
226
216
211
209
177
165
162
160
153
153
137
137
130
116
112
110
108
108
105
103
103
102
101
101
98
98
94
94

B

12,258
5,238

22,727
1,938
4,077

17,145
64,318

1,668
2,540
4,933
1,814

18,276
23,089

7,187
10,096
2,725
6,700
1,583
3,415

94,501
10,677
35,096
19,298
7,689

23,333
3,741
6,928
1,430
4,678
2,634

46,816
8,261
2,922
7,040
3,909

66,751
797

6,001
28,600

8,407
3,264
3,410
3,419

15,850
632

3,2MI
1,405
3,020
7,458

I
Anatomy and Embryology is the oldest

journal on the list. Lke Roux’s Archives,
itbegan publication in the nineteenth cen-
tury; also like Roux’s Archives, it and
several other journals on the list changed
their titles over the years. Anafomy and
Embryology was originally known as Archiv

CD

1,735 21.9
647 28.8

— 3.0
242 33,5
182 14,4

— 2.5
— 0.6
86 24.5

297 16.0
— 8.2
45 21.4
— 2.1
— 1.7
— 5.2
— 3.6

150 13.1
— 5.0
— 19.0

143 8.7
— 0.3
— 2.3
— 0.6
— 1.1
— 2.7
— 0.9
— 4.7
— 2.4
— 11.3
— 3,4
— 5,8
— 0.3
— 1.7
— 4.7
— 1.8
— 3.0
— 0.2
— 13.8
— 1.8
— 0.4
— 1.2
— 3.2
— 3.0
— 3.0
— 0.6
— 16.0
— 3.0
70 7.0
— 3.1
— 1.3

E

14.2
12.4

—
12.5
4.5
—
—

5,2
11.7

—
2.5
—
—
—
—

5.5
—
—

4.2
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

5.0
—
—

FGH 1

64.5 3.63 0.97 346
42.9 2.61 0.63 161

— 8.80 1.5s 504
37.2 2,55 0.97 66
31.0 2,21 0.28 93

— 0.13 0,05 384
— 9.17 1.52 2,043

21.0 1.13 0.25 79
73.0 2.07 0.2S 80

— 1.40 0.39 173
11.6 1.95 0.38 58

– 20.10 3.40 430
— 4.11 0.84 430
— 2.21 0.59 184
— 2.48 0.67 322

41.9 1.73 0.32 90
— 4.61 1.16 38
— 0.49 0.13 56

48.3 1.45 0.34 91
— 6.32 1,20 2,638
— 1.98 0.47 338
— 15,25 3.26 1,165
— 8.14 1.47 498
— 1.98 0.41 244
— 6.63 1.39 585
— 2.11 0.39 105
— 1.92 0.38 247
— 1.01 0.21 48
— 1.45 0.46 159
— 14.13 1.11 18
— 2,86 0.43 1,578
— 2.54 0.41 263
— 1.01 0.31 126
— 3.05 0.96 204
— 0.95 0.18 122
— 2.74 0.46 2,079
— 1.33 0.14 28
— 2,29 0.32 170
— 12.44 3.cm 803
— 3.07 0.57 25I
— 0.67 0.15 146
— 0.88 0.21 161
— 1.80 0.62 I 14
— 3.98 0.58 396
— 2.40 0.50 2
— 1,82 0.18 87

71.4 1.61 0.38 47
— 1.74 0.37 85
— 2.02 0.29 223

jilr Anatow”e und Physiologic, Anazomische
Abteilung. Similarly, Development is the
new name for the Journal of Embryology

and Expen”mental Morphology, and Devel-
opment, Growth & Dt~erentiation super-
seded Embryologic. Citations to and from
a journal under all its previous titles have
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Table 3: Moat-cited devetopmentat biulogy Joursmls. TJse developmental bia?ogy juurnals must cited by core
joornals in 1984-1986. Asterisks (*) indicate core journals. A=citstions fmm core journsls. B= citations from
all journals. C = self-citations. D =percem of total citations that are coce-juumal citations (A(B), E= percent of
total citations that are self-citations(self-citedrate, C/B). F= pcrcem of core-jmumalcitatiom that are self-citations
(C/A). G= 1986 impact factor. H= 1986 immediacy index. I= 1984-1986 source items.

A B CD EFGHI

*Develop. Biol. 8,935 34;024 4,951 26.2 14.6 55.6 3.63 0.97 984
*DcvelOpment 4,019 10,479 1,604 38.4 15.3 39.9 2.61 0.63 417
J. Cell BIoI. 3,507 107,883 –3.3–– 8.80 1.58 1,540
J. f?xp. Zool. 2,414 15,043 – 16.0 – – 1,40 0,39 615
Exp. Cell. Res. 2,130 37,411 –5.7–– 2.48 0.67 1,018

●Roux. Arch. Dcvel. Biol. 1,591 3,938 492 40.4 12,5 30.9 2,55 0.97 187
J. Comp, Neurol. 1,452 56,037 – 2.6 – – 4,11 0.84 1,230

*Teratology 1,231 5,598 1,133 22.0 20.2 92.0 2.07 0.28 260
Cell Tissue Res. 979 30,111 – 3.3 – – 1.98 0.47 1,051

*D(fferentiatinn 960 4,491 345 21.4 7.7 35.9 2.21 0.28 273
J, Reprod. Fertil. 894 20,365 – 4.4 – – 1.92 0.38 718
Biol. Reprod. 844 19,528 – 4.3 – – 2.54 0.41 7%
Anat. Rec. 798 16,898 – 4.7 – – 1.76 0.46 496
J. Cell Sci. 783 11,957 –6.5–– 2.21 0.59 548

●Develop. Growth Differ. 782 2,318 278 33.7 12,0 35.5 1.13 0.25 215
Amer. J. Amt. 744 12,246 –6,]–– 2.11 0.39 279
J. MorphuL 693 7,239 –96-– 0.88 0.26 290

*Anat. Embryol. 614 4,668 406 13.2 8.7 Ml 1,45 0.34 279
●CeO Differentiation 504 2.054 109 24.5 5.3 21.6 1,95 0.38 184
J. Neumaci. Res. 502 18,382 – 2.7 – – 22.62 3,66 274

*Gamete Res. 481 1,885 326 25.5 17.3 67.8 1.73 0.32 233
J. Ultrastmct. Molec. Struct. Re. 480 13,905 – 3.5 – – 1.42 0.35 212
Geeetics 449 22,870 –2.0–– 3.05 o.% 517
Amer. Z.Onl. 394 8,421 – 4.7 – – 2.53 0.61 229
J, Amt. 377 10,893 –3.5–– 1,04 0,39 330
Int. Rev. Cytol. 366 9,253 – 4.0 – – 4.61 1.16 [22
Biol. Bull. 331 9,144 – 3.6 – – 1.74 0,37 287

*P1acenta 229 1,187 192 19,3 16.2 83.8 1.61 0.38 156

been included in the information under that
journal’s current title.

Both Anatomy and Embryology and
Roux’sArchives are published in the Federal
Republic of Germany, as is the much newer
journal Dzjferentiation. US publishers also
account for three journals on the list: De-
velopmental Biology, Teratology, and
Gamete Research. Two journals-Develo-
pmentand Placenta-are published in the
UK. One each is published in Irekmd and
Japan: Cell Dlferentiation is published in
Limerick, while Development, Growth &
Differentiation is published in Tokyo. All
the joursuds in Table 1 publish articles in En-
glish, but Anatovnyand kktbryt’ogy and De-
velopment, Growth & Dz~erentiation also
include articles in German and in French.

The Journak T&t Most Often Cited
the Core

We will consider the 10 core journals a
sintzle iournal. constitutisw a ‘‘macroiour-

nal of developmental biology, ” if you will.
Using this macrojoumal, we identified and
ranked both the journals that cite it as well
as those that are cited by it. At ISI@we have
a computer program that facilitates this pr~
cess on a mainframe. We hope to develop
it for a personal computer in the future.

Tables 2 and 3 show citation information
for the journals that, respectively, cite and
are cited by the core developmental biology
joumsds. The 10core developmental biology
journals published slightly over 1,100 ar-
ticles in 1986, representing 0.18 percent of
the 625,400 items covered in the 1986 SCI.
These articles contained 37,078 references
in 1986, about 0.37 percent of the approx-
imately 10 million references processed that
year to create the SC1. Thus, the average
developmental biology article in 1986 cited
approximately 33 references, as compared
with the average of 16 for all the other SCl
items. The latter, however, includes short
items like letters and editorials.

“. .
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Table 4 Core-]ourrud tmpact factors. The 1986 impsct factors of core journats using different two-year bsses.
Jourrrals are listed in alphabetic order. A= 1984-1985. B= 1983-1984. C= 1982-1983. D= 1981-1982.
E=19S0-1981.

A B c D E

Anat. Embryol. 1.45 1.91 1.68 1.44 1.53
Cell IXfferentiation 1.95 2.01 1.71 1.23 1.15
Development 2.61 3.37 2.87 2.40 2.05
Develop. BioL 3.63 4,30 4.15 3.73 3.s7
Develop, Growth DMfer. 1.13 1,23 1.31 1.22 1.05
Differentiation 2.21 2.58 2.62 2.% 2.78
Gamete Res. 1.73 1.93 1,74 1.90 1.77
Placents 1.61 1.95 1.88 2,65 2.85
Roux. Arch. Devel. Biol. 2.55 2.29 1.65 1.57 1.49
Teratology 2.07 1.77 1.89 2.06 1.91

The journals in Table 2 are ranl&d by the
number of their citations to the core in 1986;
the threshold for inclusion was 94 or more
citations. The 10 core journals appear on the
list and are denoted by asterisks. The 49
journals in Table 2 accounted for 15,600 of
the 26,200 citations to the core, or 59.7 per-
cent of all the citations the 10 core journals
rweived in 1986. The 39 noncore journals
on the list gave out approximately 617,000
citations, of which 8,200 (or 1.3 percent)
were to the developmental biology core, By
contrast, of the core journals’ 37,000 cita-
tions, 7,400 (about 20 percent) were to the
core. The core journal that has the highest
percentage of citations to other core jour-
nals is Roux’s Archives: 33.5 percent of its
citations were to core journals. Development
was a close second at 28.8 percent. The non-
core journal that had the highest percentage
of citations to the core is the Journal of
Craniofacial Genetics and Developmental
Biology, at 19 percent.

The Jowwds Most often Cited
by the Core

To identify the joumais most frequently
cited by the core developmental biology
journals, we used three years of data, from
1984 through 1986. We also used a “dou-
ble threshold, ” based on the number of cita-
tions from the core and the percentage of
core citations to total citations. Table 3 lists
the 28 journals most frequently cited by the
core. The8ejournats had to have at least 220
citations from the core. In addition, in order
to fitter out the large, mukidiscipliiary jour-
nals such as Science, Nature, and Cell that

would o&erwise have appear~ on the table,
at least 2 percent of each journal’s citations
had to be from the core.

The journals in Table 3 received 37,500
citations from the core journals from 1984
to 1986, accounting for 37.7 percent of the
99,300 citations given out by the core jour-
nals during that span. About 27.3 percent
(19,300) of the core journals’ total of 70,6fXl
citations came from other core journals. The
noncore journal with the highest percentage
of cites from the core is the Journal of fi-
perimental Zuology: 16 percent of its cita-
tions came from core journals in the period
1984-1986. The core journal with the high-
est percentage of core citations is Roux’s
Archives, at 40.4 percent. In terms of ab-
solute number of citations from the core, the
most-cited core journal is Devebpmenfal Bi-

ology.

Impact
A journal’s impact factor gives an indi-

cation of how much the material it publishes
is used. Each journal’s 1986 impact factor
was calculated by dividing the number of
1986citations to the journal’s 1984 and 1985
articles by the number of articles it published
in those two years. The 1986 impact factor
for the field of developmental biology as a
whole was about 2.1, meaning that 1984and
1985 articles received, on average, two ci-
tations from 1986 articles.

It should be mentioned that impact fac-
tors are partly dependent on the base years
used to calculate them. For instance, we can
also derive a 1986 impact factor by using
a journal’s 1986 citations to articles pub-
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Table 5 Hatf-fives. The 1986 SCF cited and citing
half-lives of core developmental biology jeurnafs.
Journals are listed in alphabetic order. A =cited half-
tife. B=citirrg half-life.

A B

Anat. Embryol, 5.1 7,8
Cell Differentiation 3,7 6.6
Development 6.9 6.5
Develop. Biol. 5.7 6.2
Develop. Growth Differ. 5.8 6.7
Differentiation 4.7 5.1
Gamerc Res. 4,0 6.7
Placenta 3.8 6.9
Roux, Arch. Devel. Biol. 7.8 7.8
Teratology 6.7 7.7

lished in, say, 1981 and 1982; this usually
results in a slightly different impact factor.
In Table 4, we provide the 1986 impact fac-
tors for all 10 core journals using five dif-
ferent two-year bases. The table shows that,
for developmental biology, the highest value
is obtained when the 1983-1984 period is
used as a base.

Half-Life Data

“Half-life” refers to the median ages of
a journal’s cited and citing literature and in-
dicates the speed with which a field moves.
Table 5 lists the cited and citing half-lives
for the 10 developmental biology core jour-
nals. The cited half-lives shown are the me-

dian ages of the articles from each core jour-
nal that were cited in 1986. Cell Dl~ererr-
tiation is the core developmental biology
journal with the shortest cited half-life, at
3.7 years; with a figure of 7.8, Roux’s
Archives has the longest cited half-life,

The average is 5.4 years, meaning that,
on average, half of the 1986 citations to core
developmental biology journals were to ar-
ticles they published over the past 5.5 years
or so. Since the average cited half-life for
all journals covered in the 1986 Xl is 6.8
years, this figure indicates that developmen-
tal biology literature obsolesces somewhat
faster than average. The average age of the
articles cited in developmental biology jour-
nals is somewhat higher than that for other
fields in the life sciences; for example, the
cited half-life for immunology is 4.3 years.
However, the average cited half-life for de-
velopmental biology is identicrd to that for
molecular biology (5.4) and shorter than that
for astronomy (6. 1).

Citing half-life is the median age of the
literature cited by a journal, giving an indi-
cation of the age of the literature that each
journal cites. In 1986the average citing half-
life of developmental biology core joumrds
was 6.8 years, which matches the average
for all 1986journals covered in the SCI. Dif
ferentiation has the shortest citing half-life,

Table 6: The 1986 SCF’ /SSCP research frmrts that include at least 25 citing decuments published in core
developmental biologyjermrafs. A=number of developmental biology core articles citing the core of each frnnt.
B= tetal number of citing dncuments. C =mtal number of core dncuments.

Nnmber

86-6423

86-0259

86-3239

86-1382

86-4325

86.0403

86-3428

86-2889

86-0338

86-4823

Nnme

Antigen recognition, general immunological detection, and rnammatian skeletal
muscles

Putative fibroncctin receptor complex, kamininsynthesis, PC 12 cells, and typc-
IV cwllagen

Preirnplantation of mouse embryos, starfish wcyte maturation, md cocytes of
the Pmsobranch mollusk Parefla vrelgafa

Hemaggfutinirrneumrninidase gene of Newcastle-disease vims, nucleetide-
sequencennalysis, transcription of genes, and cDNA clones

Xenopus faevis embryos, Xenopus eggs, early Drosophila development, mitotic
FTK 1 ceils, gene activity, histene gene-expression, and multipolar spindtes

Drosoplrifn embryos, mouse homeo box gene, spatial expression of bemeotic
genes, and bithor’axcnmplex

frrtraceflufarpattern reversal, mechanical medels for biological pattern formation,
peaitiorral systems, cell patterning, and early development

Early meusc embryos, twe-rfimcnsioradelectropboresis, heat-shock protein
synthesis, and in viw biosynthesis

Intermediate fhment proteins, cytokeratin expression, hurrumepidemad keratin
ftiarnerrta,epitheliaf keradns, and myoepitheliaf basal cells

Cell surface cAMP receptors of Dictyxtefi.m discoideurn, developmental

ABC

125 8,512 3

88 1,155 56

62 241 20

59 7,995 36

55 135 7

47 357 20

44 147 10

34 817 2

29 829 59

26 132 10
regulation. presperecells, and pm-stalk gene-expression in d~ctyosteliunr
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Table 7: The most-cited articles from each core developmental biology journal according to the 1955-1986SCP
Articles are listed in alphabetic order by fmt author. A= 1955-1986 citations. The number of 1986 citations
appears in Wnth=. B‘t@d number OfWvrs fmm thatjournal cited at least 50 times. An aaterisk (*) indicates
that the papsr waa dresubject of a CirudonCfassic@ corrrrnerrtary.The issue, year, and editionof Curreru Corrtents@
in which the cormnerrraryarrpearedfollow the bibliographic reference, SCI research-frmrt numbers for 1986also. . .
follow the reference.

-.

A

120 (o)

51 (17)

188 (11)

253 (9)

468 (26)

282 (13)

227 (56)

91 (o)

326 (1)

311 (15)

270 (26)

104 (14)

289 (14)

177 (16)

295 (9)

313 (3)

449 (26)

Bibfiugra@dc Data

Bkmfe G D, MaePtrail E, YarrragB D, Getz M J & pad J. The diversity of the
messenger RNA population in growing Friend cells. Celf Diflereroiation 3:221-32,
1974.

Brown P J & Jokrsam P M. Isolation of a trsrrsfemin receptor structure from sodium
demxycholate-sohrbilizedhuman placental syncytiormphoblast plasma membrane.
Pfacerrra 2: I-10, 1981.

Cherrroff G F. The fetrd alcohol syndrome in mice: an animal model.
Teratology 15:223-9, 1977.

Curry J L & Trentbr J J. Hemopoietic spleen colony studies. I. Growth and
differentiation. Develop. BioL 15:395-413, 1967.
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ai 5.1 years, while Anatomy and EmbrYol- average, each article in the 1986 S61 aver-
ogy and Rok’s Archives have the longest,
at 7.8 years.

Immediacy

An indication of how quicldy the material
in a field is used is the immediacy index,
a measure of how often a journrd’s articles
are cited in the same year in which they were
published. The immediacy index for each
journal is given in column H in Tables 2 and
3. The average 1986 immediacy index for
the entire SC1is 1.35, which means that, on

aged a little more than 1 citation from other
1986 articleg; the average 1986 immediacy
index for developmental biology journals is
0.48. In 1986 Developmental Biology and
Roux’s Archives ranked first among the core
journals, with immediacy indexes of 0.97
each. Development was next with an imme-
diacy index of 0.63.

Research FrorIts
To get an idea of the research topics ad-

dressd in developmental biolotzv. we com-
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Table 8 Highly cited articles published in noncore jnurnafs cited at least 13 times by cure dcvelopmentaf biology
jnurrrals in the 1986SCF. Articles are Listedin sfphstx?ticorder by first author. Articles appearing in tbe 1,IXX3
mnst-cited psper$ indexed in the the 1%1-1982 SCI hsve been excluded. A = 1986citations from core jnurrrsfs.
B= total 1955-1986SCI citations, An asterisk (*) indimtes that the psper was tie subject of a CimtkwrCLzssic@
commentary. The issue, year, rmdedition of Current Contenrs@in which the cxxmtrentaryappeared foffow the
btbliographlc reference, SCI research-front numbers for 1986 sfsa follow the reference.

AB Bibffograpbk Data

14 471 Dumont J N. Ongenesis in Xerwpu.r faevis (Daudirr). J. Morphol. 136153-80, 1972.
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13 60 Gerhart J, Ubbets G, Black S, Ham K & Kiracbner M. A reinvestigation of the role of the

grcy crescent in sxis formation in Xrrropre.rMs. Nature 252:511-6, 1981.
15 226 God H C, Feizi T, Kapdia A, Knowles B B, Salter D & EvnrLs M J. Stage-specific

embryonic antigen brvolves a 1+ 3 fucosylatcd type 2 blnod group chains.
Nature 292:156-8, 1981.86-6038
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867641

21 221 Maaui Y & Clarke H J. Occyte maturation. Int. Rev. Qtol. 57:185-282, 1979.86-3239
13 87 Meltdy M C, Ratner D & Ffrtel R A. Induction snd modulation of cell-type-spec~lc gene

expression in dictyostefiurm Celf 32:763-71, 1983.86-4823
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filed lists of highly cited articles from both
core and noncore developmental biology
journals, as wefl as an inventory of 1986 re-
search fronts that include at least 25 articles
published in core developmental biology
journals among their citing documents. The
latter are shown in Table 6.

It should be noted that, on the basis of
their titles afone, the connection between de-
velopmental biology and these research
fronts may not be immediately apparent in
all cases. An example is the research front
with the greatest number of citing papers
from developmental biology journals. ‘Ilk
front, entitled’ ‘Antigen recognition, generaf
immunological dekxtion, and mammalian
skeletal muscles” (#86-6423), like several
others in Table 6, focuses on methods papers
that are broadly applicable in a number of

fields-including developmental biology. Of
the 8,500 articles published in 1986 that con-
stitute this front, only 125 were published
in core developmental biology journals. The
relevance of the subject matter of this front
to developmentaf biology might not be evi-
dent to someone keeping up with the field
by browsing through a dozen core journals.

Classic Papers

Table 7 lists the most-cited articles from
each of the developmental biology core jour-
nals for the period 1955-1986. The most-
cited paper on the list was published in De-
velopment in 1962 by M. Enesco and C. P.
Leblond when they were at the Department
of Anatomy, McGill Urdversi~, Montreal,
Canada. Cited about 470 times (26 times in
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1986 alone), their paper discusses cell en-
largement and proliferation in relation to the
growth of organs and tissues. It also helped
inspire another paper that appears in Table
7, a classic by Myron Winick and Adele No-
ble, Department of Pediatrics, Cornell Urti-
versity Medicaf Coliege, New York. Cited
about 450 times, it is aiso the most-cited
paper published in Developmental Biology.

Wirtick and Noble’s paper used quantita-
tive changes in prenatal and postnatal DNA,
RNA, and protein in rats to chart the cellular
growth of various organs from before birth
to adulthood. They found that growth could
be divided into three diadnct phases: a period
of increase in cell number (hyperplasia); a
period of increase in both cell number and
cell size (hypertrophy); and a period in
which cell size alone increased. The Devel-
opmental Bio@y paper both wnftrmed and
extended the work of Enesco and Leblond,
and in his recent Cikr.tikmCkzrsica commen-
tary on this work, Winick also credited it
with providing the foundation for later stud-
ies of growth in children. lb Interestingly,
thk paper also led Winick and Noble to ex-
periment with the effects of malnutrition oc-
curring during one or another of these
growth periodslT-a paper that itself is a
classic and appears in our upcoming study
of nutrition journrds.

Table 8 lists the most-cited developmen-
trd biology articles that were published in
noncore journals. We selected these atticles
by processing all the references cited in the
1986 editions of the 10 core journals. We
then created a “mini-citation index” of the
papers cited and ranked these papers by their
frequency.

The papers its Table 8 have each been
cited at least 13 times by the core journals.
Cell, Nature, Science, and the Proceedings
of the National Academy of Sciences of the
USA are well represented on this list. It
should be noted, however, that this neces-
sarily limited list omits numerous older,
hlgltly cited papers that dld not meet the
threshold for inclusion. For instance, Hamb-
urger’s most-cited Paper,a on the stages in
the development of chick embryos, appeared
on a list of 100 highly cited papers.]* But

it has not received enough citations from the
relatively new journals that make up the core
of this field to meet the criteria for Table 8.

Gerald M. Edelman, Rockefeller Urtiver-
sity, New York, the winner of the 1972
Nobel FYizein physiology or medicine, has
a paper on cdl adhesion in Table 8. Wolpett
wrote a paper describing patterns of cell dif-
ferentiation in 1969; he authored a Citation
Classic commentary on the paper in
1986.19

In it he writes that he was intrigued by
what he called

the French Flag Problem: how a line of
similar cells could form a pattern such that
one-thirdwas blue, one-third white, and
one-thirdred. I was collaboratingwith two
theoreticians, Mary W- and Michael
Apter. Apter was keen on the obvious sc-
Iution-number the cells from each end,
and the IXllScan thus compute which third
of the line they are in! For some time, I
resisted this solutionas beiig too complex
but suddenlyrdir.ed that, in rrKu’egeneral
terms, if cells knew their position, then
a larger numtnx of pattern problems could
be accounted for .. . . The paper has been
frequently cited because, I hope, it both
defined the general field of pattern forms-
tion and provided a particular conceptual
framework. 19

conclusion

Comparing the data from Tables 2 and 3,
we find that not only do alf 10 core jotrr-
nals appear on both but that the same 2 core
journals are at the top of each list—Devef-
opmental Biology and Development. These
two journals thus rank highest both in terms
of their citations to the core developmerttrd
biology journals and their citations from the
core.

Perhaps not surprisingly, these two jour-
nals also rank fmt and SOrtd in terms of
the number of source items they published
(346 for Developmental Biology and 161 for
Development) and in terms of impact (3.63
for Developmental Biology and 2.61 for De-
velopment). As mentioned earlier, Develop-
mental Biology and Roux’s Archives rartk
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first in immediacy, with Development third,
at 0.63.

Clearly, these two journals, aJong with
Roux’s Archives, are quite influential in the
field of developmental biology. But perhaps
more than in other specialties, developmen-
tal biologists also rely on large, multidisci-
plinary journrds, such as Cell, Science, and
Nature, and other broad journals too numer-
ous to mention. The most telling indication
of this is in Table 6, where the research
fronts, cutting across artificial journal
boundaries, show how large the ancillary lit-
erature really is. Over 20,000 papers were
published on these research-front topics in
1986. It is not surprising that so many read-
ers of Current Contenrsm find it necessary
to scan the contents pages of a diversified
group of journals each week. It would have

been interesting to create a detded map of
the field of developmental biology using
some of the techniques we have described
elsewhere,zo but such ad hoc clustering in-
volves more computer time than we can jus-
tify for an essay. That’s an exercise for fu-
ture consideration. However, since we are
frequently asked about this possibility we
would be glad to discuss such projects with
anyone interested. Please contact Dr. Henry
Small, 1S1’sdirector of corporate research,
at (215) 386-0100, extension 1307.

*****

My thanks to Stephen A. Bonaciuce and
Eric Z?turschwell for their help in the
preparation of this essay.

~:w,~,
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