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INTRODUCTION

Information about the sources of organic matter in the water column and

surficial sediments of estuaries and nearshore marine environments can

b° obtained using different tracers. Recently, the use of multiple source

Inaicators, especially stable isotopes, has given valuable information

OPU biogeochemistry of organic matter in particular areas (Fry & Sherr,

19- Gearing et al., 1984; Peterson et al., 1985; Cifuentes et al., 1988).

The use of stable isotopes as tracers is based on assumption that organic

matter from terrestrial, anthropogenic and marine inputs are isotopically

distinct, that isotopic ratios are conservative and that physical mixing

of end members regulate the isotopic distribution of organic matter in the

sea.

Distinct compositional differences between carbon and nitrogen contents in

organic matter from land-based sources and in situ (marine) inputs have

also been found and multiple tracer approacn provides nore power to resolve

the organic matter source dilemma in the nearshore marine environment.

The chemical and isotopic variability of organic matter (0M) produced and

transformed in the Gulf of Trieste and lana-oased inputs were examined with

the intention to define the sources of organic matter and to trace its

faith in the water column and surficial sediments in the area. We

investigated elemental (C, N) and stable carbon isotope compositions of the

organic matter in the water column and surficial sediments along gradients

from freshwater input into the waters of the Gulf of Trieste as well as the

riverine and sewage OM as major terrestrial organic matter inputs.
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STUDY AREA

Morphologically, the southern part of the Gulf of Trieste can be divided

inbo two parts, one comprising the shallow bays of Koper and Piran (max.

depth about 15 m), both having similar origin and largeness, with rather

high sedimentation rates. Both originated from the rise of sea level

during the last transgression. Tne Panzano Bay is of Quarternary origin

formed by the deposition of material from Isonzo river. The open part of

the southern Gulf of Trieste is, on the other hand, more uniform.

Despite its shallowness, the Gulf of Trieste (Fig. 1) has a pronounced

impact on the general counterclockwise circulation pattern of the Adriatic

Sea. Its nydrological characteristics are influenced by inflowing istrian

waters and, on the ether hand, by the freshwater inflows of rivers from

northern Istria, Friuli., and Karst. Isonzo and Timavo are the main rivers

3 -1
in the area with average yearly inflows of about 100-130 m s (Table 1).

The minor rivers are Dragonja, Rizana, Osp, and Rosandra. entering the bays

of Piran. Koper, and Muggia, respectively.

The seasonal variations of freshwater inflow and the occurence of particular

winds affect the circulation regime of the entire northern Adriatic;

however, the water circulation of tne Gulf of Trieste is mostly controlled

by winds (especially NME) and tides (tidal range approx. 0.5 m), though it

is also affected by the mentioned northern Adriatic circulation system.

Strong southerly wind and nigh atmospheric pressure over the middle and

southern Adriatic may rise the seawater level in the Gulf of Trieste up to

1 m.

The salinity of the waters in the central part of Gulf is typically marine

ranging roughly between 33 and 3<j.5 in the surface layer and between 36 and

39 in the bottom. Seasonal fluctuations of surface salinity exhibit Lower



Fig. 1: Sketch map of the study area in the Guif of Trieste

(Northern Adriatic)



Table 1 Main rivers entering the Gulf of Trieste (approximative

yearly averages)

3 —1
River Approximative rate of flow (m . s )

Dragonja 1 - 2

Hi Sana 4 5

Timavo 16 - 20

Isonzo 80 - 110



values in late spring in parallel with increased freshwater inflow and the

Jigh.er water layer is spread over the entire basin. During the winter the

cold water masses nave high densities with <oT up to 30, while during the

o
summer the vertical temperature gradiens up to 8-10 C could be measured.

The pycnocline located close to the bottom in the late summer may be

associated with oxygen depletion of the bottom waters. Strong winas can

mix the entire water column in a few days enhancing the exchange of water

masses and the renovation of the water in the Gulf in the period of few days

to few weeks. The seasonal variations of water temperature are rather

pronounced, normally ranging between 8-24 C in the surface and between

8-20 C in the bottom layer.

EXPERIMENTAL

Samples

Samples for particulate organic matter (POW) were collected at the fixed

sampling points at the depths of 0.5, 5, 10, and 15 m approx. bimonthly

using Niskin samplers. Marine POM was also sampled using cylindrical

sediment craps (i.d. 4 cm height /Width ratio of about 5), located approx.

1 ra above the bottom to reduce resuspension. Net-zooplankton, jelly fish

Pelagia noctiluca, oenthic macrophytes Fucus virsoides and Ulva rigida were

collected periodically during 1985-1988. A dinoflagellate bloom of

C-yroainium so. was sampled in September 1984 in the Bay of Koper. a diatom

bloom of Hemiaulus hauckii in the central part of the Gulf of Trieste in

December 1987, and a mixed diatomaceous bloom (with Skeletonema costaturn.

Leptocylindrus danicus, Nitzschia closterium. Chaetoceros simplex as

dominants; Fanuko, pers. comm.) during July-August 1988. Samples for

riverine POM were taken in the Rizana river and sewage 0M in the Koper and

Piran sewage systems. Samples of POM and phytoplankton blooms were filtered

through preignited (4 hours at 480 C) Whatman GF/C glass fibre filters.



_ 4 -

Zooplankton samples were collected by standard 10 250 urn mesh size net.

Kacrophytes were sampled by hand in the mediolitoral and jellyfish using

plastic beakers. Surficial sedimentary 0;v' (0-4 cm) were taken at the

sampling points represented in Fig.- with a '>'>ieischner-Kumonr (1974)

gravity core sampler (i.d. 4 cm).

Analyses

Samples for C and N elemental and c/ C analyses of POM. plankton and

macrophytes were freeze-dried without pretreatment. Samples for organic

analyses of marine sediments were firstacid-treated with 1 N MCI and

subsequently freeze-dried.

C and N contents of the samples were determined with a commercial CHN

elemental analyzer (Coleman). calibrated with acetanilide. For isotopic C

analyses of organic matter the samples were ignited to C0m at 1200 C in

oxygen. The isotopic composition of all samples were determined with a

Varian MAT 250 mass spectrometer. The results of C isotopic analyses are

reported relative to Pee Dee Belemnite (PDB) standard, as:

Jx = ( (H /R )-l)xl03 °/oo,
sample stand.

13 13 .12 13
where X = C and R = C/ C content. The analytical precisions of C

measurements were - 0.2 /oo.

RESULTS AND DISCUSSION

13
The variations of C isotopic composition of POC measured over a yearly

cycle in a fixed station in the Gulf of Trieste showed isotope depletion

in the period of lower phytoplankton biomass expressed as chlorophyll a

concentrations (Fig. ?.) . This period of lower <S C values was found

in parallel *'ith lower sea water salinity normally present in the Gulf



- 5 -

during the summer in the period June-July originating from the increased

fresh water inflow of local rivers. The lower a C values of POC observed

in that period indicated the higher percentage of allochtonous riverine POC

in the mixture with marine POC. The cJ C values of allochtonous riverine

and sewage POC are significantly lower than that of marine POC as represented

in Fig. 3. Zooplankton organisms as consumers showed noticable seasonal

12
isotopic variations; most depleted in light isotope C were during spring

p 13

and autumn, but showed & C values similar to the corresponding terrigenous

end-members in July and November. Zooplanktonic cT C data did not show-

consistent relationships to temperature and salinity (Fig. 4), however the
f I1}

timing ensuing isotopic changes in consumers to varying o C values of

their diet may explain the lack of correlation between cJ C of zooplankton

ana salinity. As POC C7 C values change, zooplankton isotopic values

changes may be delayed - such lag effects may account in part for the

variable isotopic enrichment observed between zooplankton and their food.

The distribution of c/ C values of surficial sedimentary organic matter

in the Gulf of Trieste is depicted in Fig. 5, together witn the areal

distribution of the C/M ratio of sedimentary organic matter. The C/N ratios

observed in the surficial sediments of the Gulf indicate more the different

degree of organic nitrogen preservation than the origin of sedimentary organic

matter. Thus, the C/N ratio could not be used as an indicator of sources

of organic matter in the Gulf of Trieste.

Using the mixing equations of a C values of terrigenous (C ) and marine

(C ) organic matter in the Gulf in the form:
ni

r 13 , 1 3 ».13
6 C = F j C + F d C and F + F = 1 (Fon tugne . 1983) .

we established the percentage of terrigenous (F ) and marine (F ) organic
t m

matter in the sedimentary organic matter in the Gulf.

For cT C and O C we used the mean values of terrigenous (-28.0 °/oo)
t in



and marine (-21.0 /oo) POM in the Gulf (Fig. S). omitting the contribution

of macrobenthic primary producers ( $" C = -17 /oo) wnich are. on the

other hand., important in shallow Bays of Koper and Piran. The terrigenous

fraction of sedimentary organic matter (Fig. 5) showed higher percentages

(Ft - > '5 %) in the NW part of the Gulf. originating from tne river Isonzo

outflow, and along the coast, but mixed with the contribution of benthic

macrophytes in the Bays of Koper in Piran. The deposition of almost entirely

marine organic matter is restricted to rather narrow strip in the central part

of the Gulf located between two areas affected by increased contribution of

terrigenous organic matter (Fig. 5).

From the O C values of sedimentary organic matter in the surficial

sediments in the Gulf emerges that the impact of riverine organic matter

to the Gulf is in general restricted to the areas near the main fresh water

inflows - rivers Isonzo and Timavo. This allocntonous organic matter is

partially deposited in the high turbidity zone before reaching the sea water.

This is probably the case of Isonzo river, drainaging the calcareous

hinterland with lower organic carbon content and partially depositing in

the river Delta. Rizana, Dragonja ana Rosandra rivers drainaging prevalently

flycsh hinterland have, on the other hand.low average discharge and relatively

small impact on the sedimentary organic carbon distribution in the Gulf.
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COIVCLUSIONS

The particulate and sedimentary organic matter in the nearshore marine

environments are mixtures of OK derived from ma.-ine and continental

sources. The definition of proportions of each of these sources is an

important ecological question relevant to biological ana geochemicai

cycles as well as local pollution.

We studied the C/N ratios and the isotopic composition of the

organic matter in the water column and surficial sediments along

gradients from the freshwater input into the water of the Gulf of Trieste.

The data collected were supplemented with those from earlier studies to

provide more definitive answers to questions of the origin of organic

matter in the Gulf of Trieste.

The overall picture that emerges from our study of particulate and

sedimentary OM is that the land-based sources along the eastern coast

of the Gulf of Trieste are of minor importance. Our results also point

to the existence of distinct regions in the Gulf of Trieste which are

under the freshwater influence and indicate the need for further

elucidation of the role of river Isonzo and complex biological and

chemical mecanisrns of formation and cycling of the OM within this Gulf.
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SUXMARY

Chemical and isotopic composition of marine organic matter

as indicators of its origin

Institute of Biology, University of Ljubljana

Marine Biological Station Piran

Principal investigator: Alenka Malej

Period covered: 1988

Identification of the origin of organic matter (OW) in the nearshore

environments poses a major problem for marine scientists. No simple means

exists for separation of autochtonous marine and terrestrially derived organic

material. Recently, the use of multiple source indicators, especially stable

isotopes, has given a valuable information about biogeochemistry of 01*1 in

oarticular areas.

A combination of stable C isotopic measurements ana C/N ratios was used to

obtain the information about the sources of the 01<\ in the water column and

surficial sediments in the Gulf of Trieste (Northern Adriatic).

y 13
The lower O C values of particulate OK were observed during the summer in

parallel with lower surface salinities indicating the presence of allochtonous

X 13
0M characterized by more negative O C. The data for sedimentary OK in the

surficial sediments suggest that the impact of riverine 0M is in general

restricted to the areas close to the freshwater inflows in the eastern part

of the Gulf while the impact of river Isonzo seems more widespreaa. In these

areas the use oi two-source mixing model indicate ^ 25 % of the terrigeneous

fraction in the sedimentary 0M. We suggest that further elucidation of the

rols of river Isonzo is needed to get overall picture.


