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Reportcd is the information llow from the Croatian journal Acta Adriatica to international 
media . The analysis was performcd by means of a convenient information transfer map. Based 
on empirical evidcnce, two major features of Acta Adriatica's citation patterns wcre established: 
(i) high cxtent of citcdncss and (ii) stability of the clustcr of journals in marine biology field . 

INTRODUCTION 

ln our previous papers (P e n a v a and P r a v d i ć, 1989a, b), compnsmg 
comparative evaluation of information flow from national and international joumals, 
Acta Adriatica was identified as the major carrier of scientific information produced 
in Croatia in the field of marine biology. 

The method applied was based on citations, which in recent years, have frequently 
been used to look at various aspects of scientific literature: As early as in 1965, P r i 
c e was the first to recommend a study of the topography of science through the analysis 
ofjournal-to-journal citation pattems . Nar i n et al. (1972) and Car p e nt e r and 
N a r i n (1973) introduced the clustering process for partitioning of joumals in a 
scientific discipline into clusters of related joumals. The appearance of the Science 
Citation Index (SCI) in 1961 an<l of the Journal Citation Reports (JCR) in 1975, two 
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well known publications of the esteemed Institute for Scientific Information, 
Philadelphia, USA (ISI), considerably stimulated investigations of the citation 
relationships among scientific joumals. A number of sophisticated methods and 
techniques have emerged to date. They were elaborated with the aim to detect the 
linkages between scientific fields as well as to better understand the related joumal 
structure within particular fields. To mention only some of them: data could be found 
for joumals in chemistry (C a r p e nt e r and Nar i n, 1973; P i n s ki, 1977), 
physics and molecular biology (C a r p e nt e r and Nar i n, 1973), instrumentation 
and control engineering (M i y a m o t o and N a k a y a m a, 1980), mathematics 
(S I ate r, 1983), genetics (B a I o g, 1986), aquatic ecology and occupational hygiene 
(Le y d e sd o r f f, 1986), chemical physics (Le y d e sd o r f f, 1987), astrophysics 
and astronomy (T i j s e e n et al . , 1987), and agricultural biochemistry (B r a a m 
et al., 1988). 

The field of our interest was biology . However, in our investigations we added a 
specific nation-oriented condition. Namely, the relationships among scientific joumals 
were considered, but only for those joumals in biology in which the authors from 
Croatia published their papers. In this way, relying basically on the procedure by 
Car p e nt e r and Nar i n (1 973), it was possible: 

(a) to reveal the areas of active research in Croatia, 
(b) to detect the national joumal which occupies the leading position for a given 

subfield, and 
(c) to establish the information transfer process from Croatia to international 

media . 

It was assumed that the chosen, defined group of authors publishing in biology might 
represent the scientific performance at the national level. Then, from the empirical 
models (P e n a v a and P r a v d i ć, 1989a), it appeared that among the biology 
subfields with major research activity there were: plant biology, animal physiology, 
endocrinology, cancer, biochemistry, and marine biology. Only in two subfields, the 
leading _joumals were found to be domestic ones; for plant biology it was Acta 
Botanica Croatica, for marine biology, Acta Adriatica. Based on aggregated 

. citations, the links of the leading joumals with related joumals in the clusters formed, 
were organized and displayed ina novel-type infonnation transfer map (P e n a v a and 
Prav d i ć, 1989b). 

In order to check whether the linkages of Acta Adriatica with foreign (i .e. other 
national and international) joumals are random or whether they show the characteristics 
of a stable cluster, we expanded our study. To obtain another sample, full contents of 
Acta Adriatica were taken for scanning. In this paper we report on an analysis of the 
Acta Adriatica citation pattems with a special emphasis on the extent of the joumal's 
citedness. 
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METHODS AND DATA PROCESSING 

Sample.1· 

A sampk lllćans herć, a set of thosć articlćs which werć citćd by other authors in a 
given period of timć. Self - citatio11s werć excluded. Two approaches Wćre applied for 
sample construction: 

A - starting from a <ldinć<l group of authors, i.ć. from 130 scientists holding a PhD 
in biology. l11spection of SCI for lhć years 1965-1981 revealed (P e 11 a v a, 

1984), among others, citations to thćir papćrs publishe<l in Acta Adriatica in the 
paiod from 1949 to 1978. There were 23 such papers. The sample A of the present 
stu<ly is based on thesć 23 papćrs. 

B - starting from the_journal; articles publishć<l in Ada Adriatica from 1973 to 1980 
Wćfć now ćxaminćd. ln this ćight-yćar period I 15 papers Wćre publishćd; as 3 of 
thćse papers Wćrć alrea<ly incorpornlćd i11to thć sample A, they Wćrć now omitted. 
Citations were fou11d to 36 papers; these papers make the contents of the sample B. 

Citmion Search 

For sample B thć sćarching was <leme by means of the SCISEARCH <latabase 
through DIALOG l11formation Service, Palo Alto, CA, USA . The tiks coveri11g the 
pćrio<l 1974 - March 1989 were checkć<l up for citations . 

Citi11g Jouma/.1· 

Citations to papers from each of the sampks werć found in a 11u111hćr of citing 
joumals ; i11 the sample A citations wen:! <listrihute<l amo11g 21, in the sample B 
among 37 _journals. Thć lists accor<ling to thć frequćncy of citations were prepared for 
hoth sets of the citing journals. 

Extenr of Citedness 

In or<ler to ohtai11 a scale which might i11dicate the exte11t of visibility achieved by a 
citation. impact factor <lata were applied. An explanatio11 i11 support of such a choice 
was givćn earlia (P ć 11 a v a a11<l P r a v d i ć, 1989b). Impact factor dala were 
taken from the JCR ( I 982). 
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Suhject Category Arrangemellf of Citing Journals 

The joumals covere<l by SCI are <livi<le<l accor<ling to the suqject into aproximately 
120 groups (SCI, 1987) . This classification was use<l in or<ler to distinguish the citing 
joumals relate<l to Acta Adriatica. It was foun<l that they belong to following 
categories : Fisheries, Marine an<l Freshwater Biology, Oceanography, Water 
Resources, Zoology an<l several others. 

/11for111ario11 Transfer Map 

Base<l on interrelationships of scientific _joumals a novel design for the construction 
of information transfer maps was propose<l (P e n a v a an<l P r a v <l i ć, 19896). 
Acta Adriatica found its place in the complex map which was constructe<l to 
combine citation <lata from national an<l international journals, aroun<l a hackhone 
forme<l by joint citing journals. An excerpt from this information tramfer map, 
encompassing only journals from the marine hiology cluster, is presente<l in Fig. I. 

RESUL TS AND DISCUSSION 

The features of the information transfer process in the marine biology cluster as 
<lisplaye<l in Fig. I will he <liscusse<l first. Citations given to articles written hy the 
Croatian biologists an<l publishe<l either in <lomestic or in foreign journals are observe<l 
as journal aggregates. 

The map summarizes information tlow towar<ls seven joint citing journals: (a) from 
two domestic journals, Acta Adriatica an<l Thalassia Jugoslavica, on the left -
han<l side an<l (h) from eight foreign journals situate<l in the right-han<l column. There 
are two types of lines <lenoting an ascen<ling (a)- or a descending (d)-link between each 
pair of the cite<l an<l the citing joumal. Since the sequence of the citing journals in the 
mi<l<lle column retlects the relative values of their impact factors in <lescen<ling or<ler, 
the map provides a convenient tool for <lirect comparntive evaluation of the extent of the 
joumals' cite<lness . lt appears that the first ranke<l citing_journal isa review-type journal 
(Advances in Marine Biology) followed by two prestigeous foreign journals (Marine 
Biology an<l Journal of the Marine Biological Association of the United Kingdom). 

Let us bridly contrast the citations to domestic journals on the one han<l, and to 
foreign joumals on the other. lt is clearly <lemonstrate<l that Acta Adriatica is the 
most cite<l journal in the cluster; next to it is the foreign journal Puhlicazioni della 
Stazione zoologica di Napoli. As both journals are non-SCI journals, the un<ler 
stan<ling of the structure of their citedness is very important. The citation patterns of 
these two joumals inclu<le the (a)-links to ali highly ranke<l citing _journals, whereas 
some foreign joumals of high eminence (Marine Biology, Netherlands Journal 
of Sea Research) are cite<l by journals of lower impact, i.e. information tlow is 
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Fig . 1. lnfonnalion transfer mup for thc. mnrinc biology subfic ld tukcn from thc cusc study ofhiology in Croatia (cxcerptcd 
from Fig. 2 in: P c nn v n nnd P r u v <li ć. 1989b). Combincd ure thc inbfonnntion flows from nutionnl (lcft) 

tmd forc ignjounlfllit (right) towurds thc joint citing journuls (in thc middlc) . Thc urrows dcnotc thc dircction from citcd 
to citing joumuls . 111c links bctwccn thc joumals ure of two typcs : asccnding - brokcn lincs and dcsccnding link.s -

soli<l linc.CJ . Thc citing joumuls ure urrnngcd nccording to thcir impuct fnctors . in dcsccnding ordcr. lmpuct fnctors are 
ure known for thrcc of wclght forc ign c itcd joun1uls~ thcsc joumuls ure situutcd ut U1c nppropriatc pluccs on thc sume 

scalc ; non-SCI joumnls ure in ulphubcticnl ordcr. Jounml tit lcs un<l uhbrcviutions wcrc tukcn from SCI. 
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expressed hy the (d) -links. 
The empirical example presented in Fig. I imlicates that there is no correlation 

between the status of a scientific journal and the extent of citedness which its articles 
might achieve. We are making a point here, since scientists all over the world are 
almost convinced that publishing in prestigeous international journals would make their 
papers more easily visible . ln a recent paper (L u u k k o n e n, 1989) under a 
provoking title 'Publish ina Yisible Journal or Perish')' , it is formulated as follows: "the 
extent to which authors from smaller countries are cited reveals not only the quality of 
the work they have produced, but also how well they have been able to overcome 
structural harriers, e .g. whether they have heen able to enter networks which give them 
credihility as researchers in spite of the fact that they do not come from dis tinguished 
institutions , or whether they publish in visible 111ternational _journals as contrasted with 
journals of national character, etc." ln the case of the Croatian biologists publishing in 
the marine hiology suhfield, as revealed by our study, the visibility of the domestic 
journal Acta Adriatica is evident. lt should also he emphasized that ali foreign cited 
journals, in which papers hy the contrihuting authors in this field appeared, are 
completely incorporated into a single map (Fig. I). This faci leads to the assumption that 
the information transfer process from both domestic and foreignjournals exhibits a high 
degree of similarity . Therefore , Acta Adriatica, the major source of information in the 
subfield, deserves additional analysis. 

Whereas in Fig . I the cited/citing links are given only in pari, i.e., as directed by the 
citing journals which are common to both domestic and foreign sources, full coverage 
of the Acta Adriatica's citing journals is specified in Fig. 2. ln this presentation there 
are 2 I journals in which citations were found in the sample A, together with 37 citing 
journals for the sample B. All these _journals are arranged in the same manner, in 
decreasing order of their impact factors . Titles of journals which appear in both 
samples are underlined; there are 9 recurring _journals . Distribution of citations is noted 
as well. 

It can he seen from Fig. 2 that the distribution patterns in both samples are similar: 
one or two citations are given hy a large numher ofjournals , while there are only a few 
journals with greater frequency of citations. This stands in full agreement with the 
well -known dispersal/concentration phenomenon (Y a h I o n s k y, 1980), which is 
typical of and common to all distrihutions of scientific productivity. In other words it 
means that there exists a great numher of units with minimal contribution. This evident 
tendency towards a dispersal is always manifested, irrespective of the type of dala: it 
occurs that the majority of authors in a set under investigation are single-paper authors; 
large numher of journals give one citation each, etc. On the other hand, the 
concentration means that a small number of units carry a large amount of data (i.e. a 
great number of papers is produced hy a small number of scientists; scientific literature 
ina given field is concentrated ina limited numher ofjournals; only a few journals give 
greater number of citations to a specific item, etc.). As a result of this unsymmetrical 
frequency distrihution, concentration of citations to Acta Adriatica in this case was 
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Fig. 2. Survcy of uli citutions co llcdcd for Actu Adriulica. ·111c dting joun1Ul~ L1rc listcd uccording to their impuct factors 

in dcsccnding ordcr. Joumnls in which citutions wcrc found in hoth samplcs ure undcrlinc<l . Journul~ bc\onging to 

thi.: N Murinl! nnd Frcshwutcr Biology· !iubjc1.:l cutcgory ure murkcd with un ustcrix. 
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fountl to be associatetl with four journals . 
ln ortler to get a better insight into the citation structure, the citing journals were 

, groupetl accortling to the subject categories. The correspontling hreaktlown of citations 
is given in Table I . Inspection of <lata organizetl in such a way clearly shows certain 
tlifferences between the two samples . In the sample A, journals helonging to 'Marine 
antl Freshwater Biology', carry 6 I out of 74 citations (82 % ). The rest is tlistributetl 
among journals in categories such as 'Fisheries' , 'Zoology', etc . Citations from the 
sample B are fountl in the following subgroups: 'Marine antl Freshwater Biology' (39 
citations, 51 % ), 'Oceanography' (28 % ), an<l 'Water Resources· (9 % ). In the analysis 
of these results major consi<leration is first given to the appearance of new subfieltls (OC 
antl WR) in the sample B; besitles, the absence of FI shoultl not he overlooketl. 
Plausible interpretation of these facts might he searchetl in: 

(a) inequalities of the two stutly samples, 
(h) possihle changes in the authors' fieltls of interesi 

over time, 
(c) a numher of reasons which an::, however, beyontl the 

scope of ohjective information scientists. 

Our tliscussion will be, therefore, limite<l to (a). As explainetl in the precetling 
section, the genesis of the sample A tliffers from that of the sample B, suggesting that 
inequality of the two stutly samples woultl primarily refer to the authors' corpora 
structure. Whereas the authors of ali papers in the sample A are biologists, the authors 
in the sample B are of unitlentifietl, hut most prohahly, various profiles. The 
consequences of this structural tlifference hecome apparent by means of the clustering 
procedure, through the groupings of the correspontling citing journals: the cluster of 
journals relatetl to Acta Adriatica, as foun<l for the sample A, belongs pre<lominantly 
to the fieltl of marine biology proving the major interesi of the contributing biologists; 
the emergence of new clusters (of 'Oceanography' as well as of 'Water Resources' 
journals) in the sample B, on the other han<l, intlicates that among the Acta Adriatica's 
authors, along with biologists there might be a number of scientists with tlifferent 
etlucational backgrountl (geologists, chemists, etc .), or possihly those having multi 
<lisciplinary interests . lt shoultl be notetl in passing, that ten journals appearing in the 
OC cluster (e.g . Deep-See Research, Oceanologica Acta, Estuarine, Coastal and 
Shelf Science, Marine Chemistry, etc.) belong to the core oceanography journals, 
those which accortling to G a r f i e I tl (1987), "make the higgest waves". This again 
cxcmplilics thc high cxtcnl or thc Acta Adriatica's citetlness. 

Although comparative analysis of the tlata presentetl in Tahle I was startetl by 
stressing tlifferences observetl in citation patterns of the samples A antl B, the most 
important feature of these tlata is, in fact , a rather high tlegree of congruence. Namely, 
in each of the samples the greatest numher of citations (82 % in A, 51 % in B) is fountl 
in journals of the MFB suhject category. Since in the sample 8, full contents of Acta 
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Tahle I. Citations to Acta Adriatica given by the citing journals, according to _the subject 
catcgory arrangemcnt 

Numher of citations 

Suhject category Ahhr. Sample A Sample B 

Fishcrics FI 4 -

Marine and Frcshwatcr MFB 61 39 
Biology 

Ocean o graph y oc - '.?.l 

Watcr Rcsourccs WR I 7 

Zoology zo 3 '.?. 

M is<.:cllancous 5 7 

Total 74 76 

Adriatica was taken at the outset, it appears that according to the citations received, the 
articles from marine hiology subfield are the first-ranked. 
This fact should , by no means, be taken as an indication of visibility relation of the 
M FB-articles and articles in other subfields, because the subject ralio of Acta 
Adriatica's articles was not known . But, the faci that marine biology articles received 
the greatest number of citations enables us, at least, to use the MFB-fragment from the 
sample B for comparison with the sample A. 

With this in mind, let us examine Fig. 2; journals from M FB su~ject category are 
marked by an asterisk. Not only that there are seven MFB-journals which carry citations 
in the sample A and again in the sample 8, but moreover, in four of the recurring 
journals the citations are concentrated. These are the journals of high impact, Marine 
Biology ( 19 citations) and Journal of the Marine Biological Association of' the Uni
led Kingdom (14) followed by Hydrohiologia (11), and lnvestigacion pesquera 
( I O). lt appears that citat ion patterns found for the sample B show distinct similarity 
with the dala reported earlier (P e na v a and Pravdi ć, 1989b). Consequently, 
this finding might suggest an affirmative answer to the question about possihle stahility 
of the cluster fonned hy Acta Adriatica as the cited journal and a numher of foreign 
citing journals in the marine hiology suhfield. By applying some other analytical 
techniques, a recent paper (L e y d e s d o r f f, 1986) demonstrated that essential 
stability over time occurred for journals in a related suhject specialty such as aquatic 
ecology. 
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CONCLUSIONS 

The investigation of Acta Adriatica's citation pattems performed here is based on 
bibliographic data. It is a typical example of the macro-scale study which involves the 
joumal as the unit of analysis, assuming that characteristics of articles are 
transferred upwards to the joumals in which they are published. 

Methodology applied includes a fully objective approach to relevant experimental data 
with the aim to uncover certain regularities and patterns of behaviour of a given suhject 
literature. However , cautious interpretation of the ohserved patterns permits 
fragmentary, but at least indicative conclusions . Since there are certainly no 
straightforward and simple relations in scientific puhlishing , the analysts trying 
to gather better understanding need to go heyond the scientometric measures. 

Along these lines, Acta Adriatica, the leading joumal for the field of marine 
biology in Croatia, was examined by citation analysis with respect to its role in the 
transfer of information towards the international media . Foreign joumals which give 
citations to Acta Adriatica were identified; the linkages with a number of these citing 
journals were shown to be stable over time. 

Next, the analysis of joumals in the marine biology cluster, displayed in an 
appropriate information transfer map, revealed that non-SC[ journals are linked with 
highly ranked and prestigeous international joumals. Since the same was no! established 
for the SCl-joumals, it appears that !here is no correlation between the status of a 
scientific journal and the extent of citedness which its articles might achieve. Empirical 
evidence for the extent of the Acta Adriatica's citedness, proving its international 
visibility, might serve at least as an indirect indication of quality . More openly, this 
finding might be a reward ti.Jr the Acta Adriatica's present authors and an 
encouragement for the future ones. 

Finally, the citation analysis, the method which is highly restrictive as a recognition 
tel01 in terms of the size of science in small countries (P r a v d i ć er a/., I 988), ap 
peared to be sensitive and reliable enough in the differentiation of national joumals, 
especially in appreciation of the structure of citedness of non-SCI joumals. 
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KRATKI SADRŽAJ 

Ovaj je rad tipičan primjer iz reda studija na makro-razini, koje uzimaju časopis kao 
jedinicu, pretpostavljajući da se karakteristike članaka prenose na časopise u kojima su 
o~javljeni. Oblici citiranosti časopisa Acta Adriatica analizirani su na osnovi 
bibliografskih podataka. Primijenjena metodologija temelji se na potpuno objektivnom 
pristupu relevantnim eksperimentalnim podacima s ciljem da se ustanove određene 
nepravilnosti i obrasci ponašanja stručne literature , pa je pažljivom interpretacijom 
primijećenih pojava moguće doći do indikativnih zaključaka . Razumljivo je da 
scientometrijska analiza ne može pružiti više nego fragmentarne zaključke. 

Uz ova ograničenja , Acta Adriatica kao vodeći časopis za područje biologije mora 
u Hrvatsk<~j, ispitivana je citatnom analizom s obzirom na ulogu i:asopisa u prijenosu 
informacija u međunarodne medije. U radu su prikazani: 
(I) pregled od ukupno 49 stranih časopisa koji citiraju Acta Adriatica; 
(2) usporedba citiranosti dvaju uzoraka s rezultatom da je ustanovl_jena 

ponovljivost časopisa u kojima su citati nađeni, što ukazuje na određenu stabilnost 
veza između Acta Adriatica i srodnih časopisa u području biologije mora; 

(3) prikladan shematski prikaz tokova informacija pomoću kojeg je vidljivo da se među 

časopisima koji citiraju Acta Adriatica nalaze časopisi velikog internacionalnog 
ugleda. tj. da domet ci ti ranosti kojeg su postigli i:lanci objavljeni u Acta Adriatica 
nije ovisan o i: injenici da sam ča sopis nije uključen u sistem Instituta za znanstvene 
informaciji:! (]SI, Philadelphia, SAD). 

Citatna analiza, metoda koja je inače izrazito nepovol_jna za procjenu znanstvenog 
doprinosa malih zemalja (P r a v d i ć er al., 1988) , pokazuje se o~jetljivom i 
dovoljno pouzdanom u razlikovanju domaćih časopisa, a posebno u razabiranju 
strukture njihove cit iranosti. 


