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Abstract

Lake Ohrid and Lake Prespa are one of the oldest lakes on earth. They are situated in
southeastern Europe and the largest parts belong to R. Macedonia. Although the upstream Lake
Prespa has no surface outflow its waters reach the 160 m lower Lake Ohrid by underground
hydrological connection. Several studies have been performed on the hydraulic connection between
the two lakes using stable isotopes and St. Naum Springs, the largest spring area, is one of their
connections.

The goal of this investigation was to compare the water trophic state of St. Naum Springs
with the water trophic state of Lakes Ohrid and Prespa. The investigative period of this study took
place over the years 2001 and 2002.

According to the results obtained during these investigations it was determined that in the
spring water at St. Naum there was not a presence of phytoplankton and measurable chlorophyll a
content. Total nitrogen concentration was significantly higher in spring water than in Lake Ohrid and
lower than in Lake Prespa. Average total phosphorus concentration in the spring water was 13,73 pg I’
1in 2001 and 13,62 pg 1 in 2002. It was 2.5 times higher than in Lake Ohrid and 2.5 times lower than
in Lake Prespa, This represents approximately 40% of the average concentration of TP in Lake
Prespa. This percentage is almost identical to data of all the previous investigations for determination
the percentage of water in St. Naum Springs that originate from Lake Prespa.

Key words: Lake Ohrid, Lake Prespa, St. Naum Springs, trophic state

N3BOPUTE CBETH HAYM KAKO ETHA OJ1 XUAPOJTOMKHUTE BPCKH
IIOMET'Y OXPUICKOTO U ITPECITAHCKOTO E3EPO

Cysana [TaTueBa', Baca Mutuk', Momuyna Jopmanocku', Andreas Matzinger?,
Enuza6era Benjanocka-Capadumocka'

' Xuopobuoaowru 3aso0, Oxpuo, Peiiyoauxa Makedonuja
*lllsajuapcru Pedepanen MHCUITYIT HA akeailiudHU HAYKU U ilexHoaoZuja (Eawag)
Hlsajuyapuja

AmncTpakTt

Oxpupckoto u [Ipecnanckoro E3zepo ce equu ofi Hajcrapute e3epa Ha 3emjata. Tue ce
CMeCTeHH BO jyrouctouna EBpona u co Hajronem pmen npunaraat Ha Peny6nnka MakepgoHuja.
N nokpaj toa mto IIpecmanckoro E3epo HeMa NOBPIIMHCKH WUCTEK HETOBUTE BOJU
pocturayBaaT Bo 160 M monmckoto Oxpupacko E3zepo co mopzemMHa XuMApOJIOIIKa BpCKa.
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Hekonky crygum ja mpukaxkane XujgpayluyHaTa BpcKa IOMely MBETE e3epa KOPUCTEJKH
cTabwiHN n30Tony, a n3gopute kaj Ceetu Haywm, HajronemaTa n3Bopcka o0nacT, ce efHa of
THE BPCKU.

LlenTa Ha oBHe McTpaxKyBama Oellle KoMIapaluja Ha TPO(PUUKUOT CTaTyC Ha BojiaTa
Bo m3Bopute kKaj CBetu Haym co TpoduukuoT cratyc Ha BopaTa BO OXpHUICKOTO
ITpecnanckoro E3epo. [leprogoT Ha ncTpakyBame Ha OBHE MPOYUyBama Ce OIBUBAIIE BO TEK
Ha 2001 n 2002 roguHa.

Cnopep pe3ynrature JOOMEHM BO TEKOT Ha OBUE MCTpaXKyBamwa Oellle yTBPAEHO JeKa
BO BoguTe Ha m3BopuTe Kaj Cetm HayMm Hema mpucycTBO Ha (PUTOIJIAHKTOH M MEpiMBa
cofpxkuHa Ha xjiopocun a. KoHueHTpanujaTa Ha BKYIeH a30T Oellle 3HaUYUTEJIHO TOBUCOKA BO
U3BOpCcKaTa Bofa OTKOJKY BO Oxpupackoro E3zepo m monucka oTkonky Bo IIpecmaHckoTo
E3zepo. ITpoceunara KoHIeHTpanyja Ha BKyreH (ocgop Bo m3Bopckara Boga 6emre 13,73 pg 17!
Bo 2001 u 13,62 pg 1! Bo 2002 roguna. Toa e 2,5 maTu IOBMCOKA BPENHOCT Off Taa BO
Oxpupackorto Ezepo u 2,5 matu nonmncka otkoisky Bo IIpecnanckotro E3epo. Toa npercraByBa
npubmkHo 40% of mpoceuHaTa KOHIIeHTaluja Ha BKyneH ¢occdop Bo [Ipecnanckoro Ezepo.
OBOj MPOLIEHT € CKOPO HICHTUYEH CO MOAATOLUTE HAa CUTE MPETXOJHU MCTPaKyBama 3a
ofipelyBame Ha MPOLEHTOT Ha BopuTe off m3BoputTe Kaj CBetu Haym kom moTekHyBaaT of
IIpecnmanckoro E3epo.

Knyunn 36o0posu: Oxpupcko Esepo, IIpecnancko Esepo, ussopu Csetu Haym, Tpoduuku
craTyc

Introduction

Several different studies have been performed on the hydrological connection
between Lakes Ohrid and Prespa (Anovski et al., 1980; Anovski et al., 1992; Eftimi and Zoto,
1997; Eftimi et al., 2001; Zoto et al., 2004).

According to the investigations of Anovski et al. (1980), 56% from the water of the
St. Naum Springs originates from Lake Prespa.

Eftimi and Zoto (1997) found similar numbers for St. Naum Springs and a slightly
increased share of Lake Prespa water in the Tushemisht spring area (Albania). In total, the
two areas contribute about 4.5 m® s of Lake Prespa water to Lake Ohrid. This corresponds to
58% of the total underground outflow from Lake Prespa.

The last investigations by isotopes of Zoto et al. (2004) indicated that 37.3% from the
water of St. Naum Springs and 54.4% from the Tushemisht Springs originate from Lake
Prespa.

The newest investigation for argumentation of this connection from Matzinger et al.
(2006), were carried out in the period 2001-2003, which coincided with our investigations
period. The results from this investigation implies that 43 + 5% of the spring water at St.
Naum is fed from Lake Prespa and 57 + 5% from local precipitation.

Materials and methods
Water samples were collected during 2001 and 2002 from the pelagic zone of Lake

Prespa on four depths (0, 5, 10 and 15 m) and from the pelagic zone of Lake Ohrid on nine
depths (0, 10, 20, 30, 40, 50, 75, 100 and 150 m) by Niskin bottles, seasonally and with a
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monthly frequency of sampling in the summer period. Also, the material was collected from
the St. Naum Springs with a monthly frequency of sampling.

The physic-chemical parameters were carried out by standard limnological methods.
The Phytoplankton identification was carried out in sedimentation chamber under an inverted
microscope (Utermohl 1958).

The determination of chlorophyll a content was carried out spectrophotometrically after
extraction in 90% ethanol (ISO 10260, 1992; Meyns et al., 1994).

Results and discussion

During the investigated period in the spring water at St. Naum there was not a
presence of phytoplankton and measurable chlorophyll a content.

Tab. 1. Values of the investigated physic-chemical parameters in the spring water of St. Naum
during 2001

Jan'01 [Feb’01 | Mar01]May01 | Jun'01 | Juf0l |Aug0l | Sep01 | OctOl | Novol
t°C | 113 | 115 | 1.4 | 115 | 116 | 11,6 | 1,6 | 116 | 115 | 112
%g-l'l 660 | 657 | 701 | 717 | 682 | 693 | 647 | 714 | 667 | 7.05
0.% | 67.82 | 67,87 | 72,32 | 74,05 | 7055 | 71.78 | 69,95 | 7405 | 68.94 | 72,38
LZ'I_l 887 | 667 | 7.25 | 2390 | 2511 | 39,00 | 341 | 964 | 995 | 353
':'lgi_'l 1316 | 0 0o | 438 | 217 | 430 | 470 | o 0 0

':'lg?l’:l 188,17 | 17549 | 353,82 | 385,68 | 409,26 | 875,93 |338,66 |316,14 |329.30 357,81
N_

org. | 21336 | 1387,99| 520,34 | 616,28 | 356,61 | 266,53 [1061,76 | 175,50 | 456,74 |397,85
pglt

Ig'l_'l 402,85 | 1563,48 | 883,16 [1006,34 | 768,04 [1146,76 |1405,12| 491,64 | 786,04 | 755,66

Tab. 2. Values of the investigated physic-chemical parameters in the spring water of St. Naum
during 2002 and 2003

Feb'02 Mar'02| May'02 | Jun'02 | Jul'02 |Aug'02 |Sep'02 | Feb'03 | May'03 | Jun'03
t°C 11,5 11,2 11,6 11,6 12,8 11,6 11,5 114 1150| 115
0, - 7,06 7,18 7,26 6,85 7,48 6,79 7,37 7,02 791 7,73
mg I
0, % 7294 13,70| 7512 | 7094 | 7963| 7031| 76,18 | 7241 | 80,80 | 79,01
TP - 7,44 | 3,875 589 | 22,32 | 30,38 | 1581 9,61 3.72 | 19.53 | 16.43
pglt
NO;. 0 0 1,82 1,82 2,52 0,41 3,78 3,22 | 16,52 0
pg It
NOs. | 233,52 | 247,52 | 256,90 | 589,19 | 363,93 | 216,51 | 361,76 | 449,40 | 278,88 | 440,97
pglt
N-org.| 425,88 | 327,66 | 646,80 | 354,48 | 134,12 | 512,12 | 485,24 | 202,44 | 518,28 | 579,60
pg It
TN - | 659,40 | 575,18 | 905,52 | 945,49 | 500,57 | 729,04 | 850,78 | 655,06 | 813,68 | 1020,57
pg It

156




1%t International Symposium for protection of the natural lakes in Republic of Macedonia

The high concentration of dissolved oxygen and high oxygen saturation in the spring
water (Tab. 1, 2) indicated that during the underground transport come at oxidative
mineralization of the organic matter.

N-org

N-NO3

TN

0 200 400 600 800 1000

pg ™

O Lake Ohrid @ St. Naum B Lake Prespa

Fig. 1. Graphic review of the annual average values of nitrate, organic and total nitrogen
comparatively in Lake Prespa, spring water at St. Naum and Lake Ohrid during 2001

Nitrate nitrogen concentration was considerably higher in the spring water than in the
lake water of Lake Ohrid and Lake Prespa. The mean concentration in 2001 was 373.03 ug I*
(Fig. 1) and 382.85 pg It in 2002 (Fig. 2).

N-org

N-NO3

TN
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@ Lake Ohrid #@ St. Naum M Lake Prespa

Fig. 2. Graphic review of the annual average values of nitrate, organic and total nitrogen
comparatively in Lake Prespa, spring water at St. Naum and Lake Ohrid during 2002

For the spring water at St. Naum was characteristic high total nitrogen (TN)
concentration, which value of 920.91 pg I in 2001 exceed value in Lake Prespa (Fig. 1) and
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in 2002 was within the ace of it (738 pg I™%). It contributes for the higher values of the total
nitrogen in Lake Ohrid (Fig. 2).

N-org
N-NO3
TN
£ £ . . . .
0 200 400 600 800 1000 1200
pg I
O Lake Ohrid B St. Naum B Lake Prespa

Fig. 3. Graphic review of the summer average values of nitrate, organic and total nitrogen
comparatively in Lake Prespa, spring water at St. Naum and Lake Ohrid during 2001
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Fig. 4. Graphic review of the summer average values of nitrate, organic and total nitrogen
comparatively in Lake Prespa, spring water at St. Naum and Lake Ohrid during 2002

The graphic review of the average summer values of the nitrogen forms,
comparatively in Lake Prespa, St. Naum Springs and Lake Ohrid is similar to the graphic
review of the average annual values. The average total nitrogen concentration in the summer
period 2001 was 952.89 pug I (Fig. 3) and in 2002 was 756.47 ug I (Fig. 4).

Average annual total phosphorus concentration in the spring water at St. Naum was
relatively constant in the both years which values were 13.73 pg 1t in 2001 (Fig. 5) and 13.62
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pg 17 in 2002 (Fig. 6). It was 2.5 times higher than in Lake Ohrid and 2.5 times lower than in
Lake Prespa,

This value represents approximately 40% of the average concentration of TP in Lake
Prespa. This percentage is almost identical to data of all the previous investigations for
determination the percentage of water in St. Naum Springs that originate from Lake Prespa.

Matzinger et al (2006) concluded that 65% of the total phosphorus (TP) leaving Lake
Prespa (average 31 ug I) entering into the karst underground is retained. They assumed this
ratio to be constant for higher phosphorus concentration as well.

2002
2001
0 5 10 15 20 25 30 35 40
TP (ug 1)
@ Lake Ohrid # St. Naum W Lake Prespa

Fig. 5. Graphic review of the annual average values of total phosphorus comparatively in
Lake Prespa, spring water at St. Naum and Lake Ohrid during 2001 and 2002

2002
2001
0 10 20 30 40
TP (g 1)
@ Lake Ohrid @ St. Naum W Lake Prespa

Fig. 6. Graphic review of the summer average values of total phosphorus comparatively in
Lake Prespa, spring water at St. Naum and Lake Ohrid during 2001 and 2002
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In October 2002 with SeaBird 19 CTD profajler was carried out measurement of the
conductivity in the lake water in the whole water column on the depths, from the inflow of
the spring water at St. Naum in Lake Ohrid to 1800 meters distance from the inflow.
Conductivity reflects the quantity of the total soluble salts and ions in the water.

From the Figure 7 is clearly that the spring water which inflow in the lake has much
higher conductivity (210 uS cm™) than lake water (204 uS cm™). This water layer with higher
conductivity than lake water which originates from the St. Naum Springs, from the beginning
of the flow to 700 m distance of the inflow falls to 15 m depth, and from 700 m distance
further be situated in the layer of 20 m depth and this water layer is clearly separate from the
surrounding lake water. This is a clear review of the spring water movement which is with
different composition and quality in the water of Lake Ohrid. Surely, it has clearly correlation
with the maximal average phytoplankton density and the maximal average TP concentration
on the same depth in the water column. The graphic review of the vertical array of these
parameters from the surface to 40 m depth is practically identical with the previous review
(Patceva, 2005).

Sv. Naum Spring Inflow to Lake Ohrid, 18-Oct-2002 %x

205.0

208.0
20

207.0

Depth [m]

W
(&)

208.0

40 208.0

. . ', 2
400 600 800 1000 1200 1400 1600 1800 200

Distance from spring inflow [m]

Fig. 7: Review of the conductivity values on different depths in the water column of Lake Ohrid
from the beginning of the spring water at St Naum inflow in the lake to 1800 m distance from
the inflow (measurements were carried out from A. Matzinger, Z. Spirkovski and B. Cakaloski)

With the proven connection between Lake Ohrid and Lake Prespa and due to water

level decrease, worsened trophic state and eutrophication of Lake Prespa, come into question
what will be its influence on the water level and trophic state of Lake Ohrid.
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Last years not be seen more significant decrease of the water level of Lake Ohrid, and
results from the triennial investigation indicated that there isn't more significant increase of
the water trophic state of Lake Ohrid and also more significant changes of the phytoplankton
community as the most sensitive indicator of the water quality changes. There were observed
small changes in the percentage participation of the existing phytoplankton species but there
were not observed changes in the phytoplankton density and its production.

Matzinger et al. (2006) found that about 20% of the Lake Ohrid water inflow and 7%
of the TP load originate from Lake Prespa. Hence, the water level drop most likely is
reducing the underground flow. Such a decrease has no influence on the water level of Lake
Ohrid. However, its outflow is reduced, and consequently the hydraulic residence time of
Lake Ohrid increases.

In the same investigations Matzinger et al. (2006) found that increase in the
phosphorus load from Lake Prespa will augment the TP concentration of Lake Ohrid by
merely 0.1 ug I"t. They assumed that if the phosphorus load from Lake Prespa increase four
times, the total increase of the TP concentration in Lake Ohrid would still be below 1 ug I*%.
Still, the eutrophication potential of the underground connection between Lake Prespa and
Lake Ohrid seems limited, thanks to the puryfying effect of the underground.

Conclusions

During the investigated period in the spring water at St. Naum there was not a
presence of phytoplankton and measurable chlorophyll a content.

Nitrate nitrogen, organic nitrogen and total nitrogen concentration were significantly
higher in spring water at St. Naum than in Lake Ohrid and lower than in Lake Prespa, except
for nitrate nitrogen which was with the highest concentration in the spring water.

Total phosphorus concentration in the spring water was 2.5 times higher than in Lake
Ohrid and 2.5 times lower than in Lake Prespa, This represents approximately 40% of the
average concentration of TP in Lake Prespa.

With the exception of small changes in the phytoplankton composition, in Lake Ohrid
were not observed significant difference in the trophic state values. Although, for the sake of
their connection there is negative influence of Lake Prespa to Lake Ohrid, however this
influence is considerable limited.

From all of these investigations originates the conclusion that Lake Prespa necessarily
must be protect in order to prevent process of eutrophication, primarily for the sake of its own
protection as one of the oldest and more significant lakes in the world and for protection of its
rich living world and its originality, and than for the sake of Lake Ohrid protection.

References

Anovski, T., Andonovski, B. and Minceva (1992): Study of the Hydrological Relationship
between Lake Ohrid and Prespa, Proceedings of Symposium on Isotope Techniques
in Water Resources Development, IAEA, Vienna, Austria, March 1991.

Anovski, T., Naumovski, J., Kacurkov, P. (1980): A study of the origin of water of St. Naum
Springs, Lake Ohrid. Fizika 12: 76-86.

161



1%t International Symposium for protection of the natural lakes in Republic of Macedonia

Eftimi, R., Micevski, E., Stamos, A. (2001): Geological and Hydrogeological Conditions of
the prespa Region. In: Progress in the Study of Prespa Lake Using Nuclear and
Related Techniqus. Project Report. Anovski, T. (ed): 11-22. IAEA Regional Project
PER/8/008/ ISBN 9989-650-21-7. Skopje, Macedonia.

Eftimi, R.. and Zoto, J. (1997): Isotope study of the connection of Ohrid and Prespa lakes.
Proceedings of International Symposium Towards Integrated Conservation and
Sustainable Development of Transboundary Macro and Micro Prespa Lakes, 32-37,
PPNEA, ILAR Typography, Tirana, Albania.

ISO 10260 (1992): Water quality - measurement of biochemical parameters - spectrometric
determination of the chlorophyll A concentration, 1SO, Geneva.

Meyns, S., Illi, R. and Ribi, B. (1994): Comparison of chlorophyll a analysis by HPLC and
spectrophotometry: Where do the differences come from? - Arch. Hydrobiol. 132:
129-1309.

Matzinger, A., Jordanoski, M., Veljanoska-Sarafiloska, E., Sturm, M., Miiller, B. and Wiiest,
A. (2006): Is Lake Prespa jeopardizing the ecosystem of ancient Lake Ohrid.
Hydrobiologia 553:89-109.

Patceva, S. (2005): Comparative analysis of the phytoplankton community and the trophic
state of Lakes Ohrid and Prespa . PhD thesis. University "ST. Kiril and Metodij"
Skopje.

Zoto, J., Leontiadis, I., Anovski, T., Gourcy, L. and Eftimi, R. (2004): Environmental
Isotopes in the study of Prespa Lake and underground connection between Prespa
and Ohrid Lakes. Conference on water observation and information system for
decision support BALWOIS, Ohrid.

Utermohl, H. (1958): Zur Vervollkommnung der quantitativen Phytoplankton - Methodik.
International association of theoretical and applied limnology. Mitteil. Int. Ver.
Limnologie, 1-38.

162


https://www.researchgate.net/publication/332633683

