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

ABSTRACT

The DIN:DIP atomic ratio (N/P)considered optimafor phytoplankton growth is 16:(Redfield ratig.
Significant deviations from 14 to low N/P ratio rhigindicate potential nitrogen limitation, the mati
between 14 and 16 indicates both nitrogen and plowep co-limitation, whereas from 16 to high N/P
ratios indicates potential phosphorus limitatiompbjtoplankton primary production. This might afféoe
biological state of the ecosystem, in particula pinytoplankton biomass, species composition aad fo
web dynamics. N© and PQ@’concetrations in surface waters in six station dampvere measured
monthly by using spectrophotometer UV-VIS, wher¢aisl Chl a was measured using flourometric
method, from May - October 2014nd from June - October 2012. The data are converteanolar
concentration (N@N and PQ-P) in order to calculate N/P ratios. The comparisd N/P ratios from
2011 to 2012 in Durres Bay, results in botlahNd P co-limitation for 2011 and N limitation of prima
production in 2012. Comparing N:P ratio in DurresyBo Southern Adriatic Sdar both 2011and2012,
resulted in N limitation for Durres Bay and bdthand P co-limitation of primary productian open
waters. There is a strong positive relationshipveen primary production (tot&hl a) and nitrogen in
coastal waters and a moderate positive relationshgsimary production and N/P ratio in coastal evat
of Durres Bay.

The concentrations of NEN and PQ-P in Durres Bay werhigher than permitted standards for surface
waters, while in the Southern Adriatic Sea theseentrations resulted within standards, showingrtte
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 importantlicator that serves to specify which nutrierstriets
eutrophication. If the ratio N: P > 16, phosphaof@¥is a limiting factor for the growth of algaeddield

et al., 1963; Hodgkiss & Lu, 2004).

If N: P is between 14 and 16, bothalNd P arelimiting factors (Koerselman & Meuleman, 1996; Miét

al., 2008) and if the ratio isl: P < 14, itindicates that nitrogen (N) is the limiting facfor the growth of
algae (Redfielatt. 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,



46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

63

64
65
66
67
68
69
70
71

72

73
74
75
76
77
78
79
80
81

82

Lewis et al., 2011). Concurrently, recent estuarine and coasttadies indicated that Mnd P or P
limitation are geographically widespread (PeeterBeperzak 1990; ElImgren & Larsson 2001; Sylean
al., 2006; Paerl & Justi2011; Laurentt al., 2012; Paerét al., 2014).

Durres Bay is located between Selita Cape (Lagihé@south and Durres Cape in therth. These points
are 20 km far from each other. The coastline ofrf@8iBay is 7 km in the east and the highest wiglih i
Golem Beach. In the west of the coastline the dispthore than 10 m. In this bay are known two typles
coasts: the low coast where predominate the stqremgesses, and tiégh coast where predominate the
abrasion processes. The first coast covers the feomga Dajlan Bridge to Karpen, whereas the second
coast covers the Karpen-Lagj Cape and Currila @eav.updurres.com.al.).

The first aim of this study was to estimate thatiimy nutrient of phytoplankton primary productibased
on N/P ratios and to study the relationshipCbf a to NO;-N, Chl a to PO4-P andChl a to N/P in the
surface waters of Durres Bay.

The second aim was to compare average concensafddO;-N and PQ-P of coastal waters to average
concentrations of NN and PQ-P in the open water surface of Southern Adriata Based on previous
studies (Mancat al., 2004).

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

MATERIALSAND METHODS

Samples were collected monttitpm May - October 2011 and from June - OctoberZidlthe 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. Sea water (~ 2 I) was collected for N®Q*> and totalChl a measurements. NOand PQ*
concentrations of surface waters in six stationgaswere measured with spectrophotometer UV-VIS,
whereas totaChl a was measured using flourometric method (Idromadsed according to APH/At al.
(2005) and Grasshott al. (1999). The plastic container was filled up, andsprved in an ice chest.
Thereafter, the samples were taken to the labgré&toanalyses.

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).

NOs; and PGQ* arereportedin NO-N and PQ,-P intM, and theN/P ratioswas computedaccordingto
ICES (International Council for the Exploration of the Sea;
http://ocean.ices.dk/Tools/UnitConversion.aspx). atiStical programs were Excel (2007) and
MegaStat.xla (2007). Pearson correlation coeffisigp <0,05 and p <0,01) were measured through
program MegaStat.xla (2007).
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RESULTS AND DISCUSSIONS
3.1 NOs-N estimates

The nitrate (N@N) concentration in the surface water for allistad from May - October 201&ndfrom
June - October 2012 rarfjbetween 0.97 — 93.54 uM, respectively October 201RCh and May 2011
in HB (Gjyli & Bacu, 2014; Gjyliet al., 2013a, b; Gjyli & Kolitari, 2011).

In 2011 GB had the highest N§N concentration (30.52 + 35.68 uM) (Tab.Fig. 2. Further on are
ranked CB, HB, EFQ, WChDC. However, the lowest emiation was in PCh (23.91 + 28.62 uM).
Nitrogen valuesn 2011 were higher than the recommended standard of-NC< 7.14 uM) converted
according ICES for surface waters in natural coods (Chapman, 1996; Gjyét al., 2013b; Gjyli &
Bacu, 2014).

Referring t02012, EFQ had the highest M@ concentration (19.03 £9.36M). Then were ranked PCh,
GB, HB, CB. However, the lowest concentration wa¥MChDC (11.61 £ 3.10 uM).

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

NOs-N concentration in 2012 was 1.8 times smaller ha2011, improving the situation of coastal waters
in Durres Bay.
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Figure 2: Nitrogen concentrations as N® (meant standard deviationyM) during the period of study, according
to sample stations: GB, ChP, HB, EFQ, WChDC and CB.

If we compare total average of N (21.77 £ 23.411M) concentration for 2014nd2012 inDurres Bay

to NOs-N (0.57 + 0.47 uM) of open water surface in Socth&driatic Sea (Mancet al., 2004) converted
according tdCES, it resulted that the concentration of nitroge Durres Bay was 38 times higher than in
Southern Adriatic Sea and 3 times higher thaneésemmended standard of nitrogen for surface waters
natural conditions. Unlike coastal waters, the opeater surface of Southern Adriatic Sea are
approximately 13 times better than the recommersiaddard of nitrogen for surface waters in natural
conditions (Tab. 1) (Chapman, 1996; Martal., 2004). There is a positive correlation (r = 0.4f2;
value< 0.01) between totalhl a and NQ-N (Table 2, Fig.4 C). This explains the relatiapsbf primary
production and nitrogen in coastal waters.

3.2 PO4-P estimates
Surface water phosphate (PB) concentration for all stations for the periodyM October 2014ndJune

- October 2012 ranges between 0.22 — 6.32 uM (GjyBacu, 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, were ranked/ChDC, EFQ,
HB, CB, whereas the lowest concentration was in(GB7 uM + 1.78) (Tab. 1, Fig. 3).

Phosphorus values in 2011 are considered higherttferecommended standard of ,/R0(0.16 - 0.65
pnM) converted accordint ICES for surface waters in natural conditions (Chap, 1996; Gjyliet al.,
2013b; Gjyli & Bacu, 2014).

Referring t02012, ChP had the highest PP concentration (2.95 puM £ 0.84). Then were ranked
WChDC, EFQ, GB, HB. CB resulted with the lowest cantration (2.34 uM + 0.32).

Phosphorus valuds 2012 were higher than the recommended standaRDgP (0.16 - 0.65 uM) for
surface waters in natural conditions (Chapman, 189di et al., 2013b; Gjyli & Bacu, 2014).

PQ,-P concentration i2012 was nearly 1.4 times higher thar2@11, reporting an increase in phosphorus
loads of coastal water bodies. It is probable wedtewater discharges, like sewage, especially Qi
andWChDC channels, mayaveincreased the amount of phosphorus loads in doaatar bodies.

W 2011 mean 201150 MW2012mean MW20125D

2.95

PO.-P (uM)

GB PCh HB EFQ wchDc CB

Figure 3: Phosphorus concentrations as; /B0 meant standard deviationyM) during the period of study
according to sample stations: GB, ChP, HB, EFQ, WCland CB.

If we compare total average of PP (2.17 + 1.61 uM) concentration for 2041d2012 in Durres Bay to
PQO,-P (0.04 £ 0.03.M) in open water surface in Southern Adriatic Searfbaet al., 2004) converted
according to ICESit resulted that the concentration of phosphoru®iirres 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 open waters surface of
Southern Adriatic Sea are approximately 4 timesebdhan the lowest level recommended standard of
phosphorus for surface waters in natural conditi@ab. 1) (Chapman, 1996; Manegal., 2004). The
resultin Durres Bayshows that there is no or negligible relationship ¢0.179) between tot&hl a and
PO,-P (Table 2, Fig.4 D).

3.3. Estimating nutrient limitation based on N/P ratio in Durres Bay and the relationship of
total Chl ato NOz-N, PO,-P and NOs-N / PO,-P

There is a very strong positive relationship betwBd#P and N@N (r = 0.774, p-value< 0.01), and a
moderate negative relationship between N/P angRP® = -0.359, p-valug 0.01) (Tab. 2; Fig.4 A, B).
This shows that N/P ratio is influenced more fromtrogen than phorosphorus in Durres Bay
(http://lwww.solving-math-problems.com/statisticsamon-correlation.html).

Based on the N/P ratios calculated from:NOand PQ-P values taken from Table &tations of Durres
Bay, Durres Bay mean 2011, Durres Bay mean 2012reBBay mean 2014nd 2012, and
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Southern Adriatic Sea mean are classifie limitation, P limitation oboth NandP co-limitation
of phytoplankton primary productiofRedfield et. al., 1963; Hodgkiss & Lu, 2004Koerselman &
Meuleman, 1996; Mill€t al., 2008)

In 2011 it resulted that WChDC and PCh had the lowestnafi®s, respectively 11.9 and 11.34. So there
was N limitation of primary production growth in VWDC and PCh.

GB and CB had highest ratios N/P respectively 20.75 aBdA So there was P limitation of
phytoplankton growth in these coastal water bodispgecially in GB. Whereas HB and EFQ hratios
N/P respectively 16.41 and 14.68, showing co-litetaof N and P of primary production. So in 2011
the stationsveredivided in three types of nutrient limitation dfiygoplankton primary production.

It was found that only in WChDC and PCh, nitrog®&) (vas the dominant limiting nutrient. As the
sewage waters were discharged permanently in WCGRiRICPCh, a good quantity of nutrients’ loaetss
brought in these stations. May tigs explains théowest ratios N/P, favoring N limitation in WChD@é
PCh.

The results in GB and CB and in HB and EFQ, respagtP limitation and co-limitation of NindP 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 15.1fis Tclearly shows, the existence ofaxd P co-
limitation of phytoplankton classified in hypertiap level according to totalhl a mean in 2011 (46.04 +
19.04p0/l). Based on Hakanson et al. (20@8jstal water systems of different trophic levelsda on
the content of Chl a could be classified into foaphic classes: oligotrophic (Chl a .g/l), mesotrophic
(2-6 ng/l), eutrophic (6-2Qug/l), hypertrophic (> 2@g/l) (Gjyli et. al., 2013a, b; Gjyli & Bacu, 2014).

Table1: NOs-N (uM) and PQ-P (M), N/P andChl a (png/l) ratios according tseample stations: GB, ChP, HB,
EFQ, WChDC and CB in 2011, 2012, and Southern Aidrigea mean (Manca al., 2004).

NO3-N (uUM)  PO4-P (uM) N/P L'fr;‘gt'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 the ratios N/P in all stations resultedNrimitation, as in the more saline downstream ashte
and coastal waters. The highest N/P ratio valueiw&$Q (7.35). Then, were ranked ChP, GB, HB, CB.
The lowest N/P ratio was WChDC (4.05).

This result is in line with the result reportedrfrdBillen et al. (1991), who reports thahe N/P ratio in
nutrient loads from urban areas tends to be qaute further favoring N limitation in the coastalstgms
that receive such loads, it is especially evidensWChDC, where there ia permanent discharge of
wastewater including sewage.

If we compare the total mean N/P of 2011 to 200B, ieported that this ratio hdecreased significantly
(from 15.15 to 5.75), passing from co-limitationMfand P, to limitation of Nor primary production. So
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Table 2: The correlation matrix, expressing Pearson cdicglaoefficients between parameters: NO
(UM) and PQ-P (uM), N/P andChl a (ug/l).

NO3-N PO4-P N/P Chl a
NOs-N 1.000
PO,-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)

Total mean of N/P ratio of 2014nd 2012 (10.02) indicated that N had been identifsdthe limiting
nutrient in Durres Bay. This result is in line withe result reported from Billegt al. (1991), where N/P
ratio in nutrient loads from urban areas tendst@ifN limitation in the coastal systems that receivehsu
loads. Whereas N/P ratio (14.25) of open water surfaceSaathern Adriatic Sea (Maneh al., 2004)
shows that there is co-limitation of N and P.

The offshore central and southern Adriatic, howgeshow clearly oligotrophic characteristics (Vitiait

al., 1989) and the primary production cycle is regdaby the nutrient supply to the euphotic zone from
the deep part of the water column by different upmage and mixing processes (Zavataredial., 2000).

In oligotrophic environments where ambient nutriemmcentrations are extremely low, the paradigra of
single nutrient limiting phytoplankton may not alygebe valid, and the autotrophic community candse ¢
limited by multiple nutrients (Arrigo, 2005). Sirail results, like the one about Southern Adriatia, 3ee
reportedfor the Eastern Mediterranean (Thingstidal., 2005) andfor the oligotrophic Central North
Atlantic (Mills et al., 2008), where phytoplankton community was showbetdNandP co-limited.

We observeca strong positive correlation (r = 0.412; p-valu®.01) between totaChl a and NQ-N
(Table 2, Fig.4 C)that explains the strong positive relationship of priynaroduction 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 waters:inally, 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 limitatof primary production, whereas open wateis
both N and P co-limitatiofior primary production, based on N/P ratios calculatedNG;-N and PQ-P
mean.It was highlighteda strong positive relationship between primarydpiation (totalChl a) andN,

and a moderate positive relationshigtweerprimary production and N/P ratio in coastal wat#rBurres
Bay, while no relationship between totahl a and PQ-P wasshown. In Durres Baythe concentration of
NO;-N and PO,-P was higher than permitted standards for surfeaters, indicated even fro@hl a
levels for hypertrophic characteristics, while e tSouthern Adriatic Sea these concentrations kad b
presented within standards asitow clearly oligotrophic characteristics. The Istvd/P ratio was found

in WChDC, as wastewaters like sewage were discddrggquently. This discharge favors a quite low N/P
ratio. This distribution pattern may be attributexbstly to theanthropogenic influence of the surface
waters in high N and P loads, which makes the Niv rvalues differ; easily passing from P to N
limitation or N and P co-limitation of primary prodtion in marine coastal waters of Southern Adriati
Sea, like Durres Bay. Excessive loads of nutrieats cause the eutrophication of coastal waterways.
Therefore it is recommended to build sanitatiorpeeglly in Golem area, a process that has already
begun, and tase plants in order to process sewage and othietgmblwaters froneity Durres.
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