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Original Research Article
ESTIMATION OF N/P RATIOSLEVELSIN A COASTAL BAY,
SOUTHERN ADRIATIC SEA

ABSTRACT

The | DIN:DIPatomicratio (N/P xonsidered optiméor phytoplankton growth is 16 {il{Bases
{Redfield ratig. Significant deviations from 14 at low N/P ratios
might indicate potential nitrogen limitation, ratieetween 14 and 16 both nitrogen and phosphorus co-
limitation and from 16 at high N/P ratios potent@thosphorus limitation of phytoplankton primary
production. This might affect to biological stafettee ecosystem, in particular the phytoplanktaniass,
species composition and eventually food web dynan€; and PQ*concetrations of surface waters in
six station samples were measured with spectropteigr UV-VIS monthly whereas tot@lhl a using
flourometric method from May - October 20atdfrom June - October 2012. The data are convented o
molar concentration (NO3-N and PO4-P) to calculdtié ratios. Comparing N/P ratios of year 2011 to
2012 in Durres Bay, results that in 2011 botraiNI P co-limitation, whereas in 2012 N limitation of
primary production. Comparing N:P ratio of both 2@hd2012 years in Durres Bay to Southern Adriatic
Sea, it resulted that in Durres Bay had N limitatiwhereas in open waters both N and P co-limitabio
primary production. There is a strong positive tielsship between primary production (toGtl a) and
nitrogen in coastal waters and a moderate positlegionship of primary production and N/P ratio in
coastal waters of Durres Bay.
In Durres Bay the concentration of M8 & PO,-P were higher than permitted standards for surface
waters, while in the Southern Adriatic Sea theseentrations had been presented within standands; s
clearly oligotrophic characteristics.

KEYWORDS: N/P ratio, horizontal distribution, Southern AdicaSea, coastal waters.

INTRODUCTION

Since the observation of Redfield (Redfield, 19B358) that marine phytoplankton contains a molecula
C:N:P ratio of 106:16:1 (50:7:1 by weight), the wdeelemental ratios has become widespread in marin
and freshwater phytoplankton studies.

Ratio N/P (called "Redfield ratio") is an importandicator which nutrient restricts eutrophicatidinthe
ratio N: P > 16, phosphorus (P) is a limiting fadtr the growth of algae (Redfield al., 1963; Hodgkiss

& Lu, 2004).

If N: P is between 14 and 16, are botlaiNI P limiting factors (Koerselman & Meuleman, 1996ij|#et

al., 2008) and if the ratio N: P < 14 indicates thatagien (N) is the limiting factor for the growth algae
(Redfieldet. al., 1963; Hodgkiss & Lu, 2004).

The dominant nutrient limitation (of primary prodion) paradigms applied to this continuum for more
than one-half a century, were that phosphorus Wjilability controlled primary production in
freshwaters, while nitrogen (N) was the dominamiiting nutrient in the more saline downstream
estuarine and coastal waters (Ryther & Dunstan ;19¢hindler 1975; Nixon 1995; Boesehal., 2001;
Smith & Schindler 2009). Recent analyses of diversgient limitation studies in both freshwater and
marine ecosystems indicate that these paradigms leayeroding” (Elseret al., 2007; Lewis &
Wurtsbaugh 2008; Sterner 2008; Conétyal., 2009; Lewiset al., 2011). Increasingly, incidences of N
and P “co-limitation”, i.e., the stimulation of primarproduction by the addition of N and P in
combination, where N or P alone stimulate productar less, have been reported (Elseal., 2007,
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Lewis et al., 2011). Concurrently, recent estuarine and coastalies indicated that bind P [@@/ or P
limitation are geographically widespread (PeeterBeperzak 1990; ElImgren & Larsson 2001; Sylean

al., 2006; Paerl & Justi2011; Laurengt al., 2012; Paerét al., 2014).

Durres Bay is located between Selita Cape (Laggouth and Durres Cape in north, that are 20 km far
away from each others. The coastline of DurresiBaykm in the east and the highest width is ine@ol
Beach. In the west of the coastline the depth igertttan 10 m. In this bay are known two types @fsts:

the low coast where there are dominated storageepses, and high coast where are dominated abrasion
processes. The first coast covers from Dajlan Eritly Karpen, whereas the second coast covers the
Karpen-Lagj Cape and Currila area (www.updurres.abjn

The first aim of this study was to estimate limitinutrient of phytoplankton primary production lesi

on N/P ratios and studying relationship li&€hBl a to NOs-N, Chl a to PO4-P andChl ato N/P in surface
waters of Durres Bay.

Second aim was comparing average concentratioféafN and PQ-P of coastal waters to average
concentrations of N&N and PQ-P in surface open waters as Southern Adriaticl#8séng on previous
study (Mancat al., 2004).

Also another aim was comparing M8 and PQ-P concentrations of Durres Bay with the recommednde
standard of N@N and PQ-P for surface waters in natural conditions (Chapm®&96).

MATERIALSAND METHODS

Samples were monthly collected from May - Octol@gtand from June - October 2012 in the following
stations: Golemi Beach (GB), Plepa Channel (PClekurudha Beach (HB), Ex-Fuel Quay in Marine
Durres Harbour (EFQ), Water Channel of Durrés QWChDC) and Currila Beach (CB), at 1 meter
depth from the water surface. Sea water (~ 2 |) ealected for N@ and PQ@ total Chl a and other
investigation purposesnvpat are the®). Nitrate NQ and PQ*concetrations of surface waters in six
station samples were measured with spectrophotordte/IS, whereas totaChl a using flourometric
method (Ildromar sonde) according to APH# al. (2005) and Grasshofét al. (1999). The plastic
container was filled up, and preserved in an ia@sthrhereafter, the samples were taken to thedsdy
for analyses.

Figure 1. Locations of sampling stations at Durres Bay (froght to left Golemi Beach (GB), Plepa
Channel (PCh), Hekurudha Beach (HB), Ex-Fuel Quayarine Durres Harbour (EFQ), Water Channel
of Durrés City (WChDC) and Currila Beach (CB). (GtEarth, 2014).

NO; and PQ* arereportedin NO;-N and PO,-P in uM, and th<jlfe \/P ratiosas computed,
according to ICES (International Council for the  Exploration ofthe  Sea;
http://ocean.ices.dk/Tools/UnitConversion.aspx). atiStical programs were Excel (2007) and
MegaStat.xla (2007). Pearson correlation coeffisigip <0,05 and p <0,01) were measured through
program MegaStat.xla (2007).
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RESULTSAND DISCUSSIONS

3.1 I O - I, i cs

Surface water of nitrate (NEN) concentration for all stations for period Mayetober 201%and from
June - October 2012 ramybetween 0.97 — 93.54 uM, respectively October 201RCh and May 2011
in HB (Fig. 2) (Gjyli & Bacu, 2014; Gjylet al., 2013a, b; Gjyli & Kolitari, 2011).

In 2011, GB had the highest NEN concentration (30.52 uM * 35.68) (Tab. 1). Thieaere were ranked
CB, HB, EFQ, WChDC, whereas the lowest concentnatras in PCh (23.91 uM + 28.62).

Nitrogen values of 201tvere higher than the recommended standard of-Nd< 7.14 uM) converted
according ICES for surface waters in natural cood# (Chapman, 1996; Gjyét al., 2013b; Gjyli &
Bacu, 2014).

Referring 2012, EFQ had the highest D concentration (19.03 uM +9.36Jhen there were ranked
PCh, GB, HB, CB whereas the lowest concentratios iwadVChDC (11.61 uM  3.10).

Nitrogen values of 2012 were higher than the recended standard of NO3-X (7.14 uM) for surface
waters in natural conditions (Chapman, 1996; Gjyél., 2013b; Gjyli & Bacu, 2014).

NOs-N concentration of 2012 was 1.8 times smaller th@hl, improving situation of coastal waters in
Durres Bay.

—4—GB ——PCh #—HB —<—EFQ —4—WChDC »—CB

100.00

80.00 —%-

60.00 +—

40.00

NO3-N (M)

Figure 2: Nitrogen concentrations as MM (uM) during period of study according sampldists: GB, ChP, HB,
EFQ, WChDC and CB.

If we compare total average of MY (21.77 + 23.41uM) concentration for years 20Xkind 2012 of
Durres Bay to N@N (0.57 pM £ 0.47) of surface open waters in SetthAdriatic Sea (Mancet al.,
2004) converted according ICES, it resulted thatabncentration of nitrogen in Durres Bay was 8&8
higher than in Southern Adriatic Sea and 3 timghéi than the recommended standard of nitrogen for
surface waters in natural conditions. Unlike cdasters, the surface open waters of Southern Adria
Sea are approximately 13 times better than themmaended standard of nitrogen for surface waters in
natural conditions (Tab. 1) (Chapman, 1996; Maecal., 2004). There is a positive correlation (r =
0.412; p-value< 0.01) between totalhl a and NQ-N (Table 2, Fig.4 C). This explains the relaticpsbf
primary production and nitrogen in coastal waters.

32 I O~ I, - - cs

Surface water phosphate (PP) concentration for all stations for period Ma@etober 2011and from
June - October 2012 range between 0.22 — 6.32 jid4 3 (Gjyli & Bacu, 2014; Gjyliet al., 2013a, b;
Gjyli & Kolitari, 2011).
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In 2011, PCh had the highest R® concentration (2.11 + 2.16M). Then there were rank&afChDC,
EFQ, HB, CB, whereas the lowest concentration wasB (1.47 uM = 1.78) (Tab. 1).

Phosphorus values of 2011 are considered higherttiearecommended standard of /A//k0(0.16 - 0.65
puM) converted according ICES for surface watersiatural conditions (Chapman, 1996; Gjgtial.,
2013b; Gjyli & Bacu, 2014).

Referring 2012, ChP had the highest,fOconcentration (2.95 uM % 0.84). Then there wemeked
WChDC, EFQ, GB, HB whereas the lowest concentrad®B (2.34 uM % 0.32).

Phosphorus values of 2012 were higher than thememmded standard of R® (0.16 - 0.65 uM) for
surface waters in natural conditions (Chapman, 189di et al., 2013b; Gjyli & Bacu, 2014).

PO,-P concentration of 2012 was nearly 1.4 times highan 2011, reporting an increase in phosphorus
loads of coastal water bodies. It is probable tdtewater discharges like sewage especially frGim P
andWChDC channels may be increased the amount ofgblooss loads in coastal waters bodies.

—4—GB —@—PCh —&—HB =—=—EFQ —4—WChDC —8—CB

PO4-P (uh)
w
2

Figure 3: Phosphorus concentrations as,/BYuM) during period of study according sampléictes: GB, ChP,
HB, EFQ, WChDC and CB.

If we compare total average of PP (2.17 uM = 1.61) concentration for years 2@h# 2012 of Durres
Bay to PQ-P (0.04 + 0.03.M) of surface open waters in Southern Adriatic Sdancaet al., 2004)
converted according ICE® resulted that the concentration of phosphoruPirres Bay was 54 times
higher than in Southern Adriatic Seand 3.5 times higher than the highest level recentad standard of
phosphorus for surface waters in natural conditidrdike coastal waters, the surface open waters of
Southern Adriatic Sea are approximately 4 timesebdhan the lowest level recommended standard of
phosphorus for surface waters in natural conditiireb. 1) (Chapman, 1996; Maneaal., 2004). In
Durres Bay resultdhere is no or negligible relationship (r = -0.1B@fween totaChl a and PQ-P (Table
2, Fig.4 D). This explains that there is no refasioip of primary production and phosphorus in aast

3.3. Estimating nutrient limitation basing on N/P ratio in Durres Bay and relationship of
total Chl ato NOs:-N, PQ-P and NG-N / PQi-P

There is a very strong positive relationship betwBléP and N@N (r = 0.774, p-value< 0.01), while a
moderate negative relationship between N/P angRP® = -0.359, p-valug 0.01) (Tab. 2; Fig.4 A, B).
So N/P ratio is influenced more from nitrogen th@rorosphorus in Durres Bay (http://www.solving-
math-problems.com/statistics-pearson-correlatiom)ht

Basing on the N/P ratios calculated from NXDand PQ-P values taken ifiable 2 stations of Durres
Bay, Durres Bay mean 2011, Durres Bay mean 2012reBBay mean 2014nd 2012, and
Southern Adriatic Sea mean are classifiel iimitation, P limitation oboth NandP co-limitation
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of phytoplankton primary productiofRedfield et. al., 1963; Hodgkiss & Lu, 2004Koerselman &
Meuleman, 1996; Mill€t al., 2008)

In 2017 it resulted WChDC and PCh had lowest N/P ratiespectively 11.9 and 11.34. So there was N
limitation of primary production growth in WChDC éi#®Ch.

GB and CB had highest ratios N/P respectively 20.75 a8dd So there was P limitation of
phytoplankton growth in these coastal water bodispecially in GB. Whereas HB and EFQlmatios
N/P respectively 16.41 and 14.68, showing for oautition of N and P of primary production. So in
2011 the stationswere divided in all three types of nutrient limitatioof phytoplankton primary
production.

As it resulted only in WChDC and PCh, nitrogen (#s the dominant limiting nutrient. As the sewage
waters were discharged permanently in WChDC and, P€te there was brought a good quantity of
nutrients loads in these stations. May be thisrdason of lowest ratios N/P, favoring N limitation
WChDC and PCh.

The results in GB and CB and in HB and EFQ, re$pelgtP limitation and co-limitation of MndP of
primary production are in line with recent estuarine and coastalistudPeeters & Peperzak, 1990;
Elmgren & Larsson, 2001; Sylvaat al., 2006; Paerl & Justj 2011; Laurentt al., 2012; Paerkt al.,
2014.

In 2011, the mean N/P for all stations was 15.1btH&re was a NndP co-limitation of phytoplankton
classified in hypertrophic level according to€il a mean in 2011 (46.04 + 19.04g/]). Basing on
Hakanson et al. (200%pastal water systems of different trophic levedsdal on the content of Chl a
could be classified into four trophic classes: afigphic (Chl a < 2ug/l), mesotrophic (2-6ug/l),
eutrophic (6-2Qug/l), hypertrophic (> 2Qg/l) (Gjyli et. al., 2013a, b; Gjyli & Bacu, 2014).

Table 1: NOs-N (uM) and P@Q-P (uM), N/P ancChl a (ug/l) ratios according sample stations: GB, GHB, EFQ,
WChDC and CB in years 2011, 2012, and Southernatidrbea mean (Man&hal., 2004).

NO3-N (uUM)  PO4-P (uM) N/P L'fr;‘é‘t'gf Chl a (ug/l)
GB 3052:3568 147:178 20.75 3 4720 £ 17.45
PCh 23.01+2862 2.11+2.16 11.34 N 41.14 +21.15
o HB 29.04+3626 1.77+2.16 16.41 N & P 49.72 +17.22
S EFQ 27.04+33.16 1.82+2.29 14.86 N &P 56.28 + 20.46
~ WChDC 2426+2593 2.04+250 11.90 N 53.11 + 16.76
cB 29.76 +32.93  1.65+2.40 18.00 p 28.75 + 14.08
mean 27.42+30.03  1.8142.07 15.15 N &P 46.04 +19.04
GB 1451655  2.46%0.28 5.89 N 2101851
PCh 18.06+563  2.95+0.84 6.13 N 24.47 +9.31
~ HB 1419+751 2.44+035 5.80 N 21.27 +10.10
g EFQ 10034936  2.59 +0.57 7.35 N 20.55 +7.31
‘\' WChDC 1161+3.10 2.86+0.51 4.05 N 26.44 + 11.30
CcB 1258 +10.03  2.34+0.32 5.38 N 16.26 + 8.20
mean 1500 +7.28  2.61 052 5.75 N 21.82 +8.99
2011 82012 total mean 2177 +23.41  2.17+ 161 10.02 N 35.03 + 19.47
Southern
Adriatic Sea  0.57+0.47  0.04+0.03 14.25 N & P

In 2012 ratios N/P in all stations resulted N limitaticas in the more saline downstream estuarine and
coastal waters. The highest N/P ratio value wasH® (7.35). Then there were ranked ChP, GB, HB, CB,
whereas the lowest N/P ratio was WChDC (4.05).

This result is in line with the result reportedfrdBillen et al. (1991), which report the N/P ratio in
nutrient loads from urban areas tends to be qaiute further favoring N limitation in the coastalstgms
that receive such loads, especially it is evidentWChDC, where there is permanent discharge of
wastewater including sewage.

If we compare the total mean N/P of 2011 to 2008 reported that this ratio is decreased sigarfity
(from 15.15 to 5.75), passing from co-limitationNfand P, to limitation of N Ror primary production.
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So in 2012, there was a N limitation of phytoplamktlassified in hypertrophic level according tagal

amean in 2011 (21.82 ug/l £ 8.99).
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Figure 4: Relationships: A) N/P to NEN (uM); B) N/P to PQ-P (uM); C)Chl a (ug/l) to NQ-N; D) Chl a (ug/L)
to PO-P; E)Chl a (ug/L) to N/P; according data collected in samgtétions: GB, ChP, HB, EFQ, WChDC and CB.

Table 2: The correlation matrix, expressing Pearson cdicglaoefficients between parameters: NO
(LM) and PQ-P (uM), N/P andChl a (png/l).

NO3-N PO4-P N/P Chl a

NO3-N 1.000

PO4-P 137 1.000

N/P 774 -.359 1.000
Chl a 412 -.179 .389 1.000
Legend: 66 sample size

+.242  critical value .05 (two-tail)
+.315 critical value .01 (two-tail)

Comparing total mean of N/P ratio (10.02) of 2@% 2012 years in Durres Bay to N/P ratio (14.25) of
surface open waters in Southern Adriatic Sea (Mahah, 2004), it is resulted that N had been identified
the limiting nutrient in Durres Bay. This resultirsline with the result reported from Billes al. (1991),
where N/P ratio in nutrient loads from urban areasls to favoring N limitation in the coastal syste
that receive such loads.

Whereas in surface waters of the Southern Adriaéia there is co-limitation of N and P (Maretal.,
2004). The offshore central and southern Adridtiowever, show clearly oligotrophic characteristics
(Vilicic et al., 1989) and the primary production cycle is regadaby the nutrient supply to the euphotic
zone from the deep part of the water column byediffit upwelling and mixing processes (Zavatagelli
al., 2000). In oligotrophic environments where ambigatrient concentrations are extremely low, the
paradigm of a single nutrient limiting phytoplanktanay not always be valid, and the autotrophic
community can be co-limited by multiple nutriergrigo, 2005). Similarly results like Southern Aatiic
Sea, there are reportéor the Eastern Mediterranean (Thingseidal., 2005) andfor the oligotrophic
Central North Atlantic (Millset al., 2008), where phytoplankton community was showbedNandP co-
limited.

We observeca strong positive correlation (r = 0.412; p-valu®.01) between totaChl a and NQ-N
(Table 2, Fig.4 C)thatexplains the strong positive relationship of pmiynaroduction and nitrogen in
coastal watersOn the other handhére is no or negligible relationship (r = -0.1B@tween totalChl a
and PQ-P (Table 2, Fig.4 D)from which it is inferred thathere is no relationship of primary production
and phosphorus iDurres Baycoastal waterszinally, there is a moderate positive relationship (r = 0,389
p-value< 0.01) between total Chl a and N/P (Table 2, Fig).4Thisof course agrees with Figure 4 C, and
confirms the moderate positive relationship of primary patbn and N/P ratio in coastal waters of
Durres Bay.

CONCLUSIONS

Shallow coastal waters of Durres Bay had N limitatdf primary production, whered8lin open waters
wereboth N and P co-limitatiofior primary production, basing on N/P ratios calcudabe NQ-N and
PQO,-P meanlt was highlighteda strong positive relationship between primarydpiction (totalChl a)
andN, in'coastalWaters and a moderate positive relsitiprbetweerprimary production and N/P ratio in
coastal waters of Durres Bayhile no relationship between totéhl a and PQ-P was showedin Durres
Bay, the concentration of NEN and PO,-P were higher than permitted standards for surfeaters,
showing also fromChl a levels hypertrophic characteristics, while in theuthern Adriatic Sea these
concentrations had been presented within standsindsy clearly oligotrophic characteristics. The éstv
N/P ratio it was in WChDC, as wastewaters like sggwaere discharged frequently. This discharge favor
a quite low N/P ratio. This distribution patternyrae attributed mostly to anthropogenic influent¢he
surface waters in high N and P loads, which maked\/P ratio values differ easily passing from mto
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limitation or N and P co-limitation of primary prodtion in marine coastal waters of Southern Adriati
Sea, like Durres Bay. Excessive loads of nutrie@its cause the eutrophication of coastal waterways.
Therefore it is recommended to build sanitatiopeeslly in Golem area, process that has beguni@and
build plants to process sewage and other pollutgens of city Durres.
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