T'EOIOKN AHANU BAJIKAHCKOTA TTOJTYOCTPBA
ANNALES GEOLOGIQUES DE LA PENINSULE BALKANIQUE

BEeorrafn, nenem6ap 2015
BELGRADE, December 2015

76 1-9

DOI: 10.2298/GABP1576001R

Splash-like marine biodiversity additions after the Cambrian

DMITRY A. RUBAN!

Abstract. Some Phanerozoic biotic radiations in the marine realm led to marine biodiversity additions, i.e.,
increases in the global number of genera to unprecedented levels. Each of the two alternative biodiversity
curves implies five post-Cambrian events of this kind, which coincided with parts of the biotic radiations.
However, differences between these curves do not allow to find coherent marine biodiversity additions with
the only exception of those occurred at the interval of the Great Ordovician Biodiversification. The attempt-
ed interpretations indicate that the marine biodiversity additions increased the number of marine genera by
10-30 % (from the previous unprecedented level to that new). All additions were relatively brief and occurred
as splashes throughout the Phanerozoic. Peculiar intrinsic and extrinsic factors, as well as the speed of diver-
sification should be considered when triggers of these events are looked for. Undoubtedly, splash-like marine
biodiversity additions played an important role in the evolution of life in the sea, but a lot of research is
required in order to understand their true nature.
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AncrpakT. [lojenune 6noTHuke panujanyje Koje Cy ce J0rofnie y MOPCKHM o0JlacTUMa TOKOM (aHepo-
30MKa JI0JIaTHO Cy yTHUIlaJle Ha Pa3HOBPCHOCT MOPCKMX OpraHu3ama (0oaTHO MOpPCKa pajaujanyja), OAHOCHO
yrunane cy Ha nosehame 6pojHOCTH poioBa Ha II0OATHOM HMBOY KOje 110 Taaa Huje Omio mo3Haro. CBaka of
JIBE aJITepHATHBHE KpHBe OMOAMBEP3UTETA YKa3yjy Ha IMET MOCTKaMOPHjyMCKHIX Joraljaja oBoOT THIIa, KOjU Ce
moAyaapajy ca aeiaoBuMa OHoTHUKe paaujanuje. naxk, paznuke usmely oe nBe kpuBe He oMoryhaBajy ma ce
3aKJBYYH O jeMWHCTBEHO] IOjaBH rmoBehaBama MOpPCKOT OMOAMBEP3UTETa Ca M3Y3€TKOM KOjU je TPUCYTaH y
MEpUOy BENHWKE OpAOBUIMjyMcKe OmommBepcudukamnmje. Objanmmene JaT0 OBOM IIPIIINKOM YKasyje na je
JIOAAaTHO yBehame MOPCKe pa3HOBPCHOCTH JJOBENO 10 nmoBehama Mopckux poxosa 3a 10-30 % (ox mpeaxomHor
HUBOA 10 HOBOI HMBOa). CBa nomaTHa moBehama pPa3sHOBPCHOCTH OWJIa Cy pENaTHBHO KPaTKOTpajHa U
TMojaBHJIa Cy ce Kao OJbecak TokoM (eHepo3onka. [loceOHM yHYTpalllby U crioJballlbi pakTopH, Kao U Op3nHa
nuBep3udukaimje Tpedano Ou na Oyny y3eTd y o03Mp NPHIMKOM pa3Marparma y3poka oBux jorahaja. bes
CYMIbE, MyEEBUTH JI0OJJaTHH MOPCKH OMOAMBEP3UTET Urpa Ba)KHY YJOTY Y €BOJYLHjH )KUBOTA Y MOpPY, ajH
HEONXOJHO CYy JI0ZIaTHa UCTPAXHBambha Kako Ou ce 00Jbe pasyMeo HEeroB MpaBH KapakTep.

Kibyune peun: Mopcku OHOAMBEP3UTET, pajrjalija, €BOIyNHja, GEeHEPO3OHK.

Introduction

Marine biodiversity neither remained stable, nor in-
creased gradually through the Phanerozoic; it experi-
enced significant fluctuations (SEPKOSKI ef al. 1981;
RAUP & SEPKOSKI 1982; SEPKOSKI & RAUP 1986; SEP-
KOSKI 1993; BENTON 1995, 2002; PETERS & FOOTE
2001; FootEe 2003, 2007; BAMBACH et al. 2004; BaM-
BACH 2006; BENTON & EMERSON 2007; STANLEY 2007;
ALROY et al. 2008; PURDY 2008; MILLER et al. 2009;

ALROY 2010; KIESSLING et al. 2010; LIEBERMAN &
KAESLER 2010; MARSHALL 2010; BUsH & BAMBACH
2011; HANNISDAL & PETERS 2011; HEIM & PETERS
2011; MEeLOTT & BamMBACH 2011a,b; PETERS & HEM
2011; ABERHAN & KIESSLING 2012; ABERHAN et al.
2012; VALENTINE et al. 2013; MANNION et al. 2014).
There were several major radiations in the history of
the marine life, including those occurred in the
Cambrian and the Ordovician (SEPKOSKI & SHEEHAN
1983; DROSER & SHEEHAN 1995; DROSER et al. 1996;
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MILLER & FOOTE 1996; GEYER 1998; CONWAY MORRIS
2000, 2003; CONNOLLY & MILLER 2001, 2002; MILLER
& ConNoLLY 2001; WEBBY 2001; KIRSCHVINK & RAUB
2003; Dzik 2005; HARPER 2006; LIEBERMAN 2008;
MARUYAMA & SANTOSH 2008; SERVAIS et al. 2008,
2009, 2010; TROTTER et al. 2008; BRASIER 2009; MA-
SUDA & EzAk1 2009; MEYER 2009; VANNIER 2009; PLO-
TNICK et al. 2010; RuBaAN 2010, 2013; MALETZ et al.
2014; SANTOSH et al. 2014). However, many of these
radiations were only recoveries after precedent biodi-
versity losses. For instance, the number of genera incre-
ased strongly in the Middle Triassic, but this radiation
did not permit marine invertebrates to reach the same
diversity as it was before the Permian/Triassic mass
extinction (ALROY et al. 2008; PURDY 2008). Therefore,
it appears very important to focus on those time inter-
vals, when the marine biodiversity reached unprece-
dented levels. Such radiations (often parts of longer
radiations) can be called “biodiversity additions”. An
interest to them is also facilitated by the present discus-
sions of thresholds for the global biodiversity and car-
rying capacity of the planetary ecosystem (ABERHAN &
KIESSLING 2012; ABERHAN ef al. 2012; RUBAN 2013).

The issues relevant to the marine biodiversity addi-
tions were considered earlier by ALROY et al. (2008),
ABERHAN & KIESSLING (2012), ABERHAN et al. (2012),
and RuBaN (2013), but in only general form. The
main objective of the present brief paper is to estab-
lish biodiversity additions in the post-Cambrian evo-
lution of the global marine fauna on the basis of the
already-documented Phanerozoic biodiversity chan-
ges. The Cambrian is excluded from the present ana-
lysis because much has been told already about the so-
called “Cambrian explosion” (GEYER 1998; CONWAY
Morris 2000, 2003; KiRSCHVINK & RAUB 2003; Dzik
2005; LIEBERMAN 2008; MARUYAMA & SANTOSH
2008; BRASIER 2009; VANNIER 2009; PLOTNICK et al.
2010; RuBaN 2010; ErRwWIN & VALENTINE 2013;
MALETZ et al. 2014; SANTOSH et al. 2014).

Terms, original biodiversity curves,
and method

Marine biodiversity addition can be defined as a
long-term event in the biotic evolution, when the bio-
diversity increased from the previous unprecedented
level to the new unprecedented level (Fig. 1). Evi-
dently, such an event differs from “usual” biotic radi-
ations, including those Paleozoic major radiations rec-
ognized in the marine realm by RuBaN (2010). Ra-
diation (sensu lato) is an increase in the biodiversity
from the minimum to the maximum. If the minimum
was below the previous unprecedented biodiversity
level and the maximum was above it, the only part of
the radiation corresponded to the marine biodiversity
addition (Fig. 1). And in those rare cases, when the
biodiversity reached unprecedented level, remained

on its for some time, and then started to rise again, this
latter rise marks the radiation, which completely coin-
cides with the biodiversity addition. The definition
presented above may leave an impression that each
biodiversity addition is an “occasional” event. How-
ever, one should note that reaching unprecedented
level of biodiversity means fundamental change in the
ecological state of the planet, which begins to sustain
a higher number of organisms than anywhen earlier.
The proposed idea of the marine biodiversity addition
is linked to the modern ideas on thresholds for biodi-
versity, global carrying capacity, etc. (ABERHAN &
KIESSLING 2012; ABERHAN et al. 2012; RUBAN 2013).

A biodiversity
addition

new unprecedented
biodiversity level

previous unprecedented
bicdiversity level

biodiversity
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Y
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Fig. 1. A simple graph demonstrating biodiversity addition
(projected on the geologic time line by dashed lines) and its
relationship with biotic radiation (projected on the geologic
time line by grey area).

Following its definition, the marine biodiversity ad-
ditions can be identified on the basis of graphical analy-
sis of “simple” biodiversity curves reflecting total num-
ber of taxa and their changes through the geologic time.
Now, two curves are available (Fig. 2). The first curve
was proposed by PURDY (2008, Fig. 1, p. 653) on the
basis of the “classical” palaeontological database com-
piled by SEPKOskI (2002) (this database is also avail-
able on-line: strata.geology.wisc.edu/jack/start.php).
The second curve was proposed by ALROY et al.
(2008, Fig. 1, p. 98) on the basis of the new palaeon-
tological database (available on-line: paleodb.org).
The both reflect changes in the number of genera of
marine organisms (chiefly invertebrates) throughout
the Phanerozoic. When the first curve is reconstructed
via “simple” calculation of the number of genera per
geologic time intervals, the second curve employs a
more complex, sample-standardized approach (see
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ALROY et al. (2008) for details and BENTON et al. (2011)
for discussion of the utility of this approach). In the
other words, these are alternative curves presenting dif-
ferent views on marine biodiversity, and the both
should be considered in the analysis of marine biodi-
versity additions. The other reconstruction of ALROY
(2008, Fig. 4, p. 100) is not considered in this article,
because it does not depict really alternative curves.

Analysis of each biodiversity curve (ALROY ef al.
2008; PurDY 2008) allows to outline radiations in the
marine realm between the minima and maxima in the
total number of genera. Presumably, the “Cambrian
explosion” reflects the first Phanerozoic unprecedent-
ed level of biodiversity. The curves permit to find the
forthcoming biodiversity increase, when this level
was exceeded and, consequently, the new unprece-
dented level was established. This increase is the
marine biodiversity addition. Projecting it on the geo-
logic time line allows to evaluate its duration in the
history of the Earth. Then, the procedure is repeated to
look for the next biodiversity additions.

The present study is based on the modern relative
and absolute time scales developed by the International
Commission on Stratigraphy (GRADSTEIN et al. 2012;
see on-line: www.stratigraphy.org). Differences be-
tween the time scales employed by ALROY et al. (2008)
and PurDY (2008) and the modern chronostratigraphy

Alray et al. (2008)

should be considered. Some modern developments in
the lower Paleozoic chrono- and biostratigraphy and
absolute geochronology (OGG et al. 2008; COCKS et al.
2010; LoypeLL 2012; COMPSTON & GALLAGHER 2012)
are also taken into account. Formal chronostratigraphi-
cal units are capitalized (e.g., Middle Ordovician, Late
Cretaceous, etc.) in this article to be distinguished from
those informal, which are not capitalized (e.g., early
Paleozoic, late Oligocene, etc.).

Nomenclature of post-Cambrian marine
biodiversity additions

A total of five post-Cambrian marine biodiversity
additions can be established with each original curve
(ALROY et al. 2008; PUurDY 2008) to be labelled A1-5
and S1-5 respectively (Fig. 2, Tables 1, 2). The curve
of PURDY (2008) permits to establish the only marine
biodiversity addition in the Paleozoic and a series of
such events in the late Mesozoic—Cenozoic (Fig. 2,
Table 1). The curve of ALROY et al. (2008) implies
“concentration” of marine biodiversity additions in
the early Paleozoic and two ‘“separate” events in the
end-Paleozoic and the end-Mesozoic (Fig. 2, Table 2).
The only A2 and S1 events coincided, whereas the
other interpreted additions did not. The noted coinci-
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Fig. 2. Alternative curves of the marine biodiversity changes through the Phanerozoic and the relevant interpretations
of the marine biodiversity additions. See Tables 1, 2 for more details. Chronostratigraphy follows the latest develop-
ments of the International Commission on Stratigraphy (see on-line: stratigraphy.org).
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Table 1. Marine biodiversity additions established with the curve of PURDY (2008) on the basis of data from SEPKOSKI

(2002).

Abbreviature
(see Fig. 2)

Approximate timing

Approximate increase in

the total number of taxa

relatively to the previous
unprecedented level

Correspondence
to biotic radiation

Relevant interpretations*®

Sl Dapingian—Katian +85-95 % middle and last parts of | major biotic radiation
(Middle-Late Ordovician) the Ordovician radiation | (DROSER ef al. 1996;
RuBaAN 2010, 2013),
regional biodiversity
peak (KALJO ef al. 2011)
82 Campanian +20-30 % second half of late Late | threshold for biodiversity
(late Late Cretaceous) Cretaceous radiation (ABERIIAN & KIESSLING
2012)
83 Priabonian (late Eocene) +10-20 % middle and last parts of
the Priabonian radiation
$4 Chattian (late Oligocene) +1% terminal part of the
Chattian radiation
S5 Burdigalian—Serravallian +10-20 % second and last parts

(mid-Miocene)

of the Early—Middle
Miocene radiation

* In all cases, there was only partial correspondence between the marine biodiversity additions and the earlier-interpreted

events.

Table 2. Marine biodiversity additions established with the curve of ALROY et al. (2008).

Abbreviature

Approximate timing

Approximate increase in
the total number of taxa

Correspondence

Relevant interpretations™®

(see Fig. 2) relatively to the previous to biotic radiation
unprecedented level
Al Early Ordovician +5-15% first phase of the major biotic radiation
Ordivician radiation (DROSER et al. 1996,
RUBAN 2010, 2013)
A2 Middle—Late Ordovician +10-20 % second phase of the major biotic radiation
Ordovidian radiation (DROSER et al. 1996;
RUBAN 2010, 2013),
regional biodiversity
peak (KALJO et al. 2011)
A3 late Silurian (Ludlow?)— +25-35% middle and last parts of | major biotic radiation
Early Devonian the SilurianEarly (Runan 2010), threshold
Devonian radiation or biodiversity (ABCRHAN
& KIESSLING 2012)
A4 late Early Permian and/or +1-5 % end of Permian radiation | major biotic radiation
early Middle Permian (RUBAN 2010)
A5 early Late Cretaceous +10-20 % second half of early Late | threshold for biodiversity

Cretaceous radiation

(ABERIAN & KIESSLING
2012)

* In all cases, there was only partial correspondence between the marine biodiversity additions and the earlier-interpreted

events.

dence is not surprising, because it corresponds to the
Great Ordovician Biodiversification (DROSER &
SHEEHAN 1995; DROSER et al. 1996; MILLER & FOOTE

1996; MILLER & ConNoLLy 2001; WEBBY 2001;
HARPER 2006; SERVAIS et al. 2008, 2009, 2010;
Masupa & Ezaxi 2009; RusaN 2010, 2013). The
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absence of coincidence of the other established events (a
challenge for the modern palaeobiologists) should be
explained by the differences of the original curves of
ALROY et al. (2008) and PURDY (2008) with regard to the
data and the methods employed for their construction.
The both original curves (ALROY et al. 2008;
PurDY 2008) permit to make some interesting obser-
vations. Firstly, the marine biodiversity additions can
be subdivided into three categories, namely those that
led to significant (up to 90%), moderate (10-30 %), and
small (~1%) increases in the number of genera. The
events of the second category prevailed (Tables 1, 2).
However, the cumulative effect of the marine biodi-
versity additions was very significant. These rare
events facilitated increase in the number of genera of
marine organisms by several times after the Cam-
brian. Secondly, the marine biodiversity additions
were relatively short-term events, except for the A3
and S1 events (Fig. 2). Thirdly (hypothetically), the
marine biodiversity additions occurred in a splash-like
mode, and some of them tended to “concentrate” at
the 100 Ma-long intervals of the geologic time (Fig.
2). If so, the strength, brevity, and rarity, of the marine
biodiversity additions echo the scenario of punctuated
equilibrium proposed by ELDREDGE & GOULD (1972)
and GouLDp (2002, 2007), as well as some general
ideas on critical transitions in evolution (SCHEFFER
2009). All above-said underlines the outstanding
importance of marine biodiversity additions in the his-
tory of life on the Earth. The necessity of their separa-
tion from “usual” biotic radiations is also proven.
Yet another interesting observation is worth to
made. One would expect that biodiversity additions
were only culminations of “usual” biotic radiations,
i.e., the former were the only terminal parts of the lat-
ter. However, the both biodiversity curves (ALROY et
al. 2008; PurDpY 2008) (Fig. 2) and the interpretations
made in this article (Tables 1, 2) do not support this
idea. In contrast, the majority of the marine biodiver-
sity additions corresponded to significant parts of the
relevant biotic radiations (the S4 and A4 events are
exceptions). On the one hand, this observation pro-
vides an evidence against “occasional” nature of the
marine biodiversity additions. On the other hand, the
same observation allows to hypothesize that there was
a specific category of biotic radiations that quickly
“lifted” biodiversity to new unprecedented levels.

Possible triggers: a general framework for
analysis

Various intrinsic (biological) and extrinsic (palaeo-
environmental) processes and events, as well as their
combinations might have triggered marine biodiversity
additions, similarly to how this occurred with “usual”
biotic radiations (RuBan 2010, 2013; ABERHAN &
KIESSLING 2012; ABERHAN ef al. 2012). However, it

should be noted that the former were very peculiar
events, because they changed the state of the planetary
ecology (see above). Extraordinary forces were requ-
ired. One should take into account several assumptions.
The first assumption is the action of very specific fac-
tor(s) influencing the carrying capacity of the global
ecosystem at the intervals of the marine biodiversity
additions. E.g., the latter might have been triggered by
the highest position of the global sea level, extraordi-
nary global warming, etc., i.e., by processes/events that
were extraordinary at the interval of the marine biodi-
versity addition. The second assumption is as follows.
If all post-Cambrian marine biodiversity additions were
triggered by the same force (or combination of several
forces), this force strengthened at the time of the
younger additions, because the latter needed more
“support” to exceed the previous additions.

The third assumption is that a given marine biodi-
versity addition requires certain time. It is possible
that one extraordinary intrinsic or extrinsic process or
event did not necessarily lead to the biodiversity addi-
tion if there was not enough time for the relevant
acceleration in the number of taxa. Sudden catastro-
phes (like mass extinctions) or gradual development
of unfavourable conditions were able to interrupt a
trend towards biodiversity acceleration. As a result,
the similarly strong (but not stronger!) trigger repeat-
ed later could facilitate diversification above the
unprecedented level. In the other words, the potential
of each biotic radiation to culminate as a biodiversity
addition can be realized either in full or partly. Most
probably, more assumptions can be formulated in the
same manner. Consideration of them reveals a diver-
sity of models explaining marine biodiversity addi-
tions (Fig. 3). Development and further discussion of
these models in the light of the available palaeonto-
logical and geological data will permit to judge about
triggers of the marine biodiversity additions. The
complexity of the “Cambrian explosion” (BRASIER
2009; ERWIN & VALENTINE 2013; SANTOSH et al.
2014) demonstrates how challenging is this task.

An agenda for further research

This brief article stresses the importance of splash-
like marine biodiversity additions in the history of life
in the Earth’s seas. However, much work is yet to be
done for correct and comprehensive understanding of
these events. The urgent tasks for further studies are
as follows. Firstly, the new, globally-representative
biodiversity curve is required in order to bring the
nomenclature of marine biodiversity additions in
order. The absence of coherence of the “classical”
(PurDpY 2008) and “innovative” (ALROY et al. 2008)
curves is a serious challenge. Achievement of the
noted task will also permit to establish the exact dura-
tion of each marine biodiversity addition.
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Fig. 3. Selected examples of possible relationships between biodiversity changes and potential single triggers of biodiversi-
ty additions. A, biodiversity addition as a result of the strengthened trigger. B, no biodiversity addition occurred despite the
strengthened trigger, because the time, when the latter persisted, was not enough for recovery from the previous biodiversi-
ty loss. C, biodiversity addition did not require a stronger trigger, because the previous unprecedented level was below the

maximum carrying capacity.

Secondly, it should be understood whether marine
biodiversity additions involved all or some fossil
groups and whether they occurred in all or some
regions. A correspondence to coeval events in the evo-
lution of terrestrial biota should be also discussed.
Thirdly, a diverse set of models explaining marine
biodiversity additions have to be developed and test-
ed, and the assumptions presented above need to be
verified. The works of ABERHAN & KIESSLING (2012),
ABERHAN et al. (2012), and RuBAN (2013) are the first
stepts in this direction. This third task can be achieved
partially by special attention to biological and
palaeoenvironmental peculiarities of time intervals of
these events and their comparison.
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Pe3ume

IHocT-KaMOPHUjyMCKO 0/b€CKOBUTO
yBehame MopcKkor 6MoguBep3uTETA

BuonuBep3uTeTr MOpCKHUX cpenrHa TOKOM (eHepo-
30MKa HHje 0o ctaduiaH, a Takohe ce Huje HU yBeha-
Bao MOCTETeHO, Beh ce oIMKoBao 3HaYajHIM Bapupa-
meM. McTopujy MOpCKHX opraHm3ama KapaKTepullie
HEKOJIMKO BEIMKUX pajdjallfja y Koje cranajy u OHe
KOj€ Cy ce JemaBaie y KaMOpHjyMy U OpIOBUIIH]yMY.
Mehytrm, MHOTE O] OBHX paaHjalidja MpeacTaBibaie
Cy caMO OIopaBak OMOAMBEP3UTETA KOjU j& YCIETUO
HakKoH KaractpoduuHux morabaja. 300r Tora je Beoma
BaXHO OOpaTHTH NMaXiby Ha OHE BPEMEHCKE HHTEp-
Bajie y KOjUMa jé MOPCKH OMOIMBEP3HUTET ITOCTH320
BUIIIe HUBOE KOjU C€ paHHUje HUCY jaBspanu. OBakBa
panujamija (Koja 9ecTo mpencraBiba neo Behe panuja-
1IMje) Moriia O ce Ha3BaTH ‘‘NOAaTHUM OWMOTUBEp3H-
tetom”. JlomaTHH MOPCKH OMOIMBEP3UTET MOXKE J1a C€
YCTaHOBU Ha OCHOBY IpadHuKuX aHaln3a “TIpocTux’’
KpUBU OHOIMBEpP3UTETa KOje Cy OApa3 IENOKYITHOT
Opoja TakCcOHa W HUXOBUX MPOMEHA KPO3 TEOIOIIKO
Bpeme. CBakM O TMET MOCTKaMOPHjCKUX TOJATHUX
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MOPCKHX OMOAMBEP3UTETa MOXE C€ YTBPAWUTH JBEMa
nmoctymHUM KprBuMa. [lomohy mpBe KpuBe U3/1BOjEH je
JeOVHH TONAaTHW MapWHCKH OWOAMBEpP3HWTET Yy Ta-
JIE030HKY, Ka0 U CepHje TaKBUX Jloral)aja TOKOM TOpHer
Me3030MKa W KeHo3owka. Jlpyra kpumBa ykasyje Ha
“KOHIIEHTpAIN]y”’ JOAaTHUX MOPCKHUX OMOIUBEP3UTETA
Yy paHOM TMajeo30uKy, Ka0 W Ha JABa ‘‘pa3mBojeHa’
nmorahaja Ha Kpajy Tajie030MKa M Ha KPajy Me3030HMKa.
OBaxBo nogyaapame Hije n3HeHalyjyhe ¢ 003upom na
OJIrOBapa BEJIMKO] OPAOBHIIMjYMCKOj OMOmnMBepcUbU-
karju. OJCYCTBO Moaynapama apyrux Beh mozHarmx
norahaja Moxe ce 00jaCHUTH pa3fiKama OpUTHHAITHE
KPHBE Y OTHOCY Ha TIOIaTKE U METO/IE MMPUMEHEHNX Y
IUXOBO] PEKOHCTPYKUHWjU. JlomaTHu MOpCKH OHOIH-
BEP3UTET MOXe OWTH TIOIeJbeH y TPU KaTeropuje, OHe
Koje Bofe 10 3Ha4dajHor (10 90%), ymepenor (10-30%),
u ciabor (~1%) nosehama Opoja pomosa. [Ipeosnalyyjy
norahaju cekyHmapHe kareropuje. JlomatHu MapuHCKH
OMOMUBEP3UTET je peNlaTUBHO KPaTKOTpajHu norahaj ca

HEKOJIMKO M3y3eTaka. Morio Ou ce O4YeKHBaTH Ja cy
JIofaTHA OWOAMBEP3UTETH CaMO KylIMHHamuja ‘“‘o0u-
yHe” OMOTCKE pajaujainuje, Tj. Ja Cy OHEe CaMO HHUXOBH
3aBpiiHA AenoBu. Melhytum, obe OmommBep3uTCKe
KpHBE WM FHMXOBa HHTEpIpeTalldja y OBOM paay He
moAipkaBajy oBy miejy. Hacympor tome, Behuna mo-
JMATHIX MOPCKHX OHOAWMBEp3WTETa ONroBapa 3HAUaj-
HUM JIeIOBIMa ofpeh)eHnx OHOTHUYKMX pajujaiyja.
Pasmautn yHyTpammy (OHONOMIKH) W CIIOJHAIIEHH
(yTrmaj maneocpenuHe) mpormecd W gorahaju, kKao u
FbUXOBE KOMOHMHAIIM]€ MOTY J]a U3a30BY JOIAaTHU MOp-
ckn OmonmuBep3uTet, Mnak, Tpedaao Ou HamTacuTH 1a
Cy oMeHyTH joralaju Ouiam BeoMa pPeTKH, jep Cy YTH-
[AJTM HA TIPOMEHY EKOJIOIIKUX yCJIOBa Ha YMTABO] IjIa-
HeTH. HeolrxoHo je ycTaHOBUTH M TIPOOATH Pa3uanTe
Mojienie koju Ou 00jacHIUTH T10jaBy JONATHOT MOPCKOT
OnommBep3nTeTa, a Takohe je MOTpeOHO W MPOBEPUTH
MIPETIOCTaBKy KOja je OB/Ie U3HeTa.
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