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RESUME
Occurrence des dinoflagellés néfastes dans les pguniques de Carthage (golfe de Tunis, Tunisie) e
leurs corrélations avec les paramétres physico-chigues: Afin de fournir une meilleure idée sur la struetu
et la dynamique de la communauté des dinoflageflsurs relations avec les paramétres environngmgn
dans les zones semi-fermées en communication avgelfe de Tunis, une étude a été réalisée darngolgs
puniques de Carthage afin d’'estimer les densitda eynamique des espéces de dinoflagellés airsileg
variations des concentrations en nutriments, deigard juin 2006. Un nombre de 66 espéces de @igeflés
ont été identifiés dont 14 espéces sont connuesgirinocives et responsables d'efflorescencesines alors
gue 21 especes sont connues pour étre produdtiecesines. L'analyse statistique nous a permigdéer des
corrélations significatives entre les densités denbreuses especes, telles quBinophysis sacculus, D.
acuminata, Alexandrium spp, Gymnodinium. aureolum, Gymnodinium impudicum, Akashiwo sanguinea,
Scrippsiella spp et Prorocentrum gracile avec la température de I'eau et la concentratiaorthophosphates.
Mots clés :Dinoflagellés, nutriments, ports puniques, Carthamlfe de Tunis.

ABSTRACT
In order to provide a better understanding of damgllates structure and their relationship withiemnmental
parameters in typical semi-enclosed areas commumgcavith the gulf of Tunis, a study was carriedt dol
estimate the dinoflagellate assemblage structudenarients contents in seven stations during ai-samual
survey (from January to June 2006) in Punic harlodrCarthage (gulf of Tunis, soulftediterranearsSea). 66
species of dinoflagellates weigentified among which 14 species are known to be harmfulrasgonsible for
farmful blooms and 21 species are known to be priogutoxins. Statistical analysis showed significan
correlations between many species, such RBmophysis sacculus, D. acuminata, Alexandrium spp,
Gymnodinium. aureolum, Gymnodinium impudicum, Akashiwo sanguinea, Scrippsiella spp and Prorocentrum
gracile with water temperature and orthophosphate coratonis.
Key words: dinoflagellates, nutrients, punic harbors, Cagehayulf of Tunis.

INTRODUCTION problem (Smayda, 1997). These increases are,

mostly, related to anthropogenic activities which
Marine coastal areas are important ecosystems and iaclude eutrophication and increases of confined
resource for fishing, aquaculture and tourism.areas associated with construction of jetties uteis
However, they are subject of pollution, eutroptimat  harbors (Garcéet al., 2000). It should, however, be
and harmful algal blooms which cause a widespread
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noted that the increasing tendency is partially aMediterranean type with a hot and dry summer and a
consequence of the enhanced monitoring programs. soft and rainy winter.

Increase of harmful algal blooms events appliey,al Sampling

to the Mediterranean Sea where they are mainlyin order to study the hydrobiologic conditions bét
associated with locations characterized by a mtetti  site and to characterize the phytoplanktonic indica
water exchange, such as harbors (\Mdlaal. 2001; of the Punic harbors, 7 sampling stations were

Aissaouiet al., 2007), small bays (Bellakhat al., selected in this very disturbed ecosystem. In the
2009 ) and coastal lagoons (Tugkial., 2006, Armi  southern basin where the development of the ar@rchi
etal., 2008). proliferations of the macroalgae take place, 4tat

The north coasts of Tunisia, located between the tw were identified (the average depth is about 2.2unq)
main basins of the Mediterranean Sea through the stations were localized in the northern basi (8)
Tunisian-Sicily Strait, has many coastal lagoons,(Fig 1). Stations are located in the way to cover t
lakes and harbors subject to anthropogenicwhole area. At each station, a sample was collected
disturbance, where phytoplankton often presentfrom the whole water column using a hose with a
mono-specific trends (Ben Rejeb-Jenhatrdl., 1991;  variable length, for phytoplankton study. This
Armi et al., 2010). The Punic harbod Carthage sampling technique allows to overcome the diffigult
consist of two basins, communicating witach other of the heterogeneous vertical phytoplankton
and with the bay of Tunis by channels. The Bay ofdistribution (Lindahl, 1986). In addition, water
Tunis is open to the gulf of Tunis on its northeile =~ samples were collected at 0.5 m of depth from the
and Tunis lagoon in the Southwest (Fig 1). surface to analyze nutrients and chlorophyll a (&hl
Punic harbors of Carthage are semi-enclosed coastalontents.

basins characterized by poor exchange with theDissolved oxygen (mg/ I), temperature (°C), sajinit
seawaters, and is considered to have undergonf@o) and pH were measuredn situ using a
eutrophication, which is caused by increased mitrie multiparameter probe (Multi 340i / SET). The
loading as a result of rapidly expanding humantransparency of the water column was estimated
population growth in this region since 1990. During using a Secchi disc. All samples and measurements
the second week of January 2006, the southern basiwere carried twice per month from January to June
of the Punic harbors was the area of a significant2006. Analyses of dissolved inorganic nutrients (N-
development ofUlva lactuca. The strength of such NOs;, N-NO,, N-NH,", P-PQ*) were performed
«green tides» was not encountered, especially aftefollowing the method of Strickland and Parsons
the dredging of this area in 1990 (Hafnaoui, pers.(1972). Potential nutrient limitation was ratednggi
comm.). the method developed by Juséical. (1995). Water

In this present work, we provide the first studyttie  sampling for nutrients analyses were taken from the
coastal area, Punic harbors of Carthage, aimed tgurface  simultaneously  with phytoplankton
analyze the relationships between the density ofsampling. For Chl.a quantification, 1 liter of water
potentially harmful phytoplankton species and thewas filtered on nitrocellulose filters with 0.4&m

abiotic environmental parameters. pore size. The Chh was extracted in 10 ml of 90%
acetone for 24 h, in the dark at - 4°C, and theaexkt

MATERIAL AND METHODS concentration was analysed spectrophotometrically
(UV-Visible Spectrophotometer PU-8800).

Description of the site Microscopic analysis

The Punic harbors of Carthage (36°5010°19 E) Phytoplankton samples (1 I) were concentrated @ 10
are represented by two basins. In the north, theml and preserved with neutralized formalin (4%). 10
military basin which covers an area of approximatel ml of fixed water samples were settled in a countin
35 600 Mandhas the shape of a crown surrounding chamber for 24 h (Utermohl, 1958; Andersen and
the small island of admiralty (120 m in diametén).  Trondsen, 2003). The entire chamber was scanned at
the south, the mercantile port covers an area ofnagnifications of 200 - 400 x for quantitative
approximately 34 600 fThe two basins are determinations using an IMT2 inverted Olympus
communicating witheach other, and with the bay of microscope. Dinoflagellate species were identified
Tunis by channels. These communications mpé  with a BH2 Olympus microscope with a
adequate enough because of the low tides, the higmagnification of Gx1000. Species were expressed as
rate of the sedimentation along these entriesCells L* (Throndsen, 1995). The identification of
Consequently, water renewal is very slow, which isdinoflagellates species was performed according to
favorable for the development of aquatic vegetationthe descriptions established by Balech (1988),
the creation of organic mud on the bottom and theSournia (1995) and Steidinger and Tangen (1997).
appearance of bad smells during hot weather. Thé\lexandrium species were identified according the
west coast of the bay of Tunis was an eutrophi@zon works of Balech (1995), Daly Yahia-Kéfit al.
(Souissiet al., 2000). In this area the climate is a (2001).
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Figure 1. Sampling stations in the Punic harborGanrthage.
Statistical analysis umol/l. In the Punic harbors, the maximum mean

A Pearson test performed with StatView was used taconcentration was about 16mol/l (Fig 5). The
determine the correlations between 19 observationsnean nitrite (N@) concentrations was indicating
composed of dinoflagellate phytoplankton groups andrather heterogeneous spatio-temporal fluctuations

environmental variables. with a maximum recorded on March in sampling
Results and Discussion station S2 (2.9umol/l) (Fig 5).
1- Physico-chemical parameters The maximum nitrate (N§ concentrations was

The variations of the mean water temperatureabout 15.7umol/l in March and 9.7umol/l in June,
oscillated between 13.2 °C during January to 28.1 ° with a peak of 36.4umol/l in station S4 (Fig 5).

in June (Fig 2). The average values of salinityjecar ~ According to Stirn (1988), the trophic state in Run
between 35.5 %o in January and 38.5 %o in June. Atharbors was eutrophic to hypereutrophic by taking
the beginning of April, the increase of the saliihd  into the consideration the classification of the
water temperature coincided with a decline of Mediterranean waters in which nitrate concentration
dissolved oxygen (Fig 2). was up to 0.umol/l.

The mean dissolved oxygen content increased-or each basin of the Punic harbors, the physital a
gradually from 9.7 mg/l in January to 12.8 mg/l in chemical parameters were summarized by their
February, and abruptly decreased reaching the valueaverage values in Tab I.

of 4.6 mg/l in May (Fig 2). Averages of pH varied 2-2- Phosphates compounds

from 8.0 to 8.4 (Fig 3). Averages of turbidity were The mean orthophosphate (B{Pconcentrations was
varying between 15.8 NTU in March to 4.9 NTU in varying between 0.gmol/l in March, to 17.lumol/l

June (Fig 4). in late January (Fig 6). This last concentration
2- Spatio-temporal variations of the nutrients exceeded by far those recorded in the Mediterranean
2-1- Nitrogen compounds Sea, ranging between 0 to 4u&ol/l (Stirn, 1988).

The maximum ammonium (N concentrations The ratio N/P varied from 0.5 to 51.7, with the ajre
were respectively recorded in the southern basi (S variations during the study period (Fig 8).

and S4 with 19.2umol/l and 19.0umol/l), as it is the  3- Chlorophyll a

case in the station S7 of the northern basin whigk  Chlorophyll a (Chl.a) and the phaeopigments have
about 19.8umol/l. Stirn (1988) noted that aquatic fluctuated between 1,61 mgm 4,87 mg it and
ecosystems located near urban discharges or 6,77 mg ¥ - 12,1 mg it (Fig 7). The concentrations
rivers are characterized by high ammoniumof the chlorophyll a were comparable to those
concentrations approximately about 20u0nol/l, registered at the level of the bay of Tunis by Ssiui
whereas the normal value in sea water is about 0.5

129



Bull. Inst. Natn. Scien. Tech. Mer de Salammbd, \36l. 2012

45
42 -
39 -
36
33 .-
30
27
24
21
18
15 [

mg/I

-
Swaen
T
(]

T S S S S — R

L o o o e o ool el o o
RO @“@“@f?’,\'v\“\":‘ XX \'b\“v:‘“ib‘ \h‘%f\h}{\\t‘ S \'o\ RN XD \QZ\':"“\@“

—»— Salinity % —e— temperature °C ---=--- 02 (mg/1)

Figure 2. Mean water temperature, salinity andadV&sl oxygen in the Punic harbors
of Carthage (January 06 - June 06).
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Figure 3. Mean pH in the Punic harbors of Carthdgauary 06 - June 06).
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Figure 4. Mean turbidity in the Punic harbors aftBage (January 06 - June 06).
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Figure 5. Variations of average nitrogen conceiunatin the Punic harbors of Carthage (JanuaryXifie 06).

Table I. The physicochemical parameters in the baibors of Carthage.

Parameters North Basin | South Basin
Salinity %o 36.79 36.73
Temperature of water C° 19.39 18.78
Dissolved oxygermg/l) 9.23 9.59
pH 8.20 8.23
Turbidity (NTU) 8.54 7.65
NO,  (Hmol/l) 1.01 1.02
No3 (mol/l) 7.51 7.56
NH4* (umol/l) 5.18 7.04
Po,° (umol/l) 0.80 2.81
NT (umol/l) 35.08 39.24
PT (umol/l) 1.53 1.30

et al (2000), which is considered as a very eutrophicThe species attributed to thPeridiniaceae and
ecosystem in the Mediterranean Sea. Dinophysiaceae, which were perennial, were
4- Dinoflagellates community structure characterized by high densities in April and Maig(F
The dinoflagellates community occurred in Punic 9). The max. concentrations were recorded in the
harbors was belonging to four families: sampling stations S5 and S6.

Prorocentraceae, Peridiniaceae, Dinophysiaceae and  The densities of Gymnodiniaceae were more
Gymnodiniaceae (Tab Ill). During our study period, significant in the southern basin of which the legh
Prorocentraceae was the dominant group (Fig 9). density (1.3 x 18cells ') was recorded in June at
The proliferations were announced at the beginningthe station S3 (Fig 9).

of March until the end of May all ovehe sampling The analysis of average relative abundances and the
stations, reaching their maximum on May"2®06 frequencies of the various species of dinoflagediat
(2.41 x 106 cells L* at stations S5 and S6) were reported in Tab I.
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4-1- Speciesresponsible for colored water and known an important variability in the taxonomic structwke
to be harmful the phytoplankton (Daly Yahia- Kéfi, 1998).
In the Punic harbors, 14 species are recorded/likel  Significant negative correlations were found betwee
cause colored water. Certain species are associatdtle dissolved oxygen content and the densitie.of
with ichtyotoxins production. The most significant sacculus, D. acuminata and Scrippsiella spp (Tab
species responsible for water coloration are:lV). The great diversity of dinoflagellates in the
Akashiwo sanguinea, Gymnodinium aureolum, Punic harbors of Carthage was associated with calm
Gyrodinium spirale, Prorocentrum micans, and  water and low oxygen content (4.6 mg /I entregistre
P.triestinum; their maximum densities are mentioned in May).
in Tab IIl. The absence of correlation between nutrient loading
4-2- Potentially toxic species and Dinophysis speciesdensity fits well with other
During this study, 21 potentially toxic species wer studies (Delmast al., 1992; Blancoet al., 1998;
identified. The most abundant species were:Aubryetal., 2000; Caroppet al., 2001; Smayda and
Dinophysis acuminata, D. sacculus, Alexandrium Reynolds, 2001; Godhet al., 2002) and this may be
pseudogyaulax, A. margalefii and Coolia monotis. attributed to the potential mixotrophic charactér o
All detected potentially toxic species are presgrite  Dinophysis cells and to the tendency of this species to
Tab Il accumulate in low depths.
The total abundance of dinoflagellates presented &/ariations of densities of the species of the genus
very significant correlation with the content of Prorocentrum and Alexandrium are independent of
Chlorophyll a. But onlyP. triestinum was highly  the dissolved oxygen content.
correlated with this parameter. Indeed the maximumHighly significant correlations were found between
density ofP. triestinum (1.77 x 18 cells L) recorded  the content of orthophosphates and the total densit
in the station S5 (April 2006) corresponding to a of dinoflagellatesD. sacculus, D. acuminate, P.
content of chlorophyll a of about 4.8 mg®m triestinum, P. gracile, andP. micans (Tab IV). This
The variations in the temperature have direct irhpacconfirms that orthophosphate is an essential
on the variation of the phytoplanktonic density. component for the development of dinoflagellates.
Significant correlations were founded between theThis proves that the deficit in this element imasha
temperature and the species of dinoflagellatés : severe production limitation.
sanguinea, G. aureolum, G .impudicum, Alexandrium Daly Yahia-Kéfi et al. (2005) reported that, in the
spp, andD. acuminata. In fact, during May and June Bay of Tunis, red tides of athecate forms such as
we noticed relatively important densities of these Gyrodinium impudicum and Akashiwo sanguinea,
species,D. acuminata: 3.04 x 10 cells L', and A. primarily considered as authotrophic species,
sanguinea: 7.24 x 10 cells L* respectively for water appeared under high phosphate levels versus nitroge
temperatures of about 26.2 °C and 24.7 °C (Fig 2). (nitrogen limited conditions). In comparison with
Other species such &srippsiella spp, Prorocentrum other groups, dinoflagellates presented higher
gracile, Prorocentrum micans, and Prorocentrum contents of nucleic acids that could imply higher
triestinum proliferated independently of the water phosphorus requirements (Costas and Lépez-Rodas,
temperature variations , which could explain the 1991).
presence of these species during all the studgpgeri A high negative significant correlation was found
Highly significant relations were found between the between the density of dinoflagellates and thel tota
salinity and the densities oA. sanguinea and G. nitrogen content. In fact, dinoflagellates preseote
aureolum. Indeed, the maximum concentrations of diversified trophic behaviour than diatoms, being
these two species which are respectively about¥.24 more independent of the nutrient levels. Several
10% cells L* and 6.41 x 1dcells L* were recorded on species of dinoflagellates appeared at very low
June 8th in the station S3 for a salinity of ab®ui9 nutrient concentrations and consequently a mixo-
%o (Fig. 2). G. impudicum and Alexandrium spp heterotrophic behavior can be expected (Daly Yahia
presented significant relationships with salinifyalp Kéfi et al., 2005). Heterotrophy has been reported in
V). Akashiwo sanguinea (Bockstahler et Coasts, 1993a;
Salinity has a great influence for the phytoplanidco  1993b),Prorocentrum and mixotrophy ibinophysis
communities, the strong densities increase thespecies (Jacobson et Andsersen, 1994; Bedaal,
chlorophyl biomass and stimulate the growth of the1995; Parket al., 2006; Parket al., 2008). Thus, it
phytoplankton. The effect of salinity is especially seems that most species of this class can multiply
striking in the coastal ecosystems which receive awater with law nitrogen contewin the contrary t@.
fresh water flow varying during seasons. Theimpudicum which presented a highly significant
seasonal variations of salinity in these mediumsea relationship to the content nitrates afd spirale
physiological and ecological conditions very diflet ~ which is significantly correlated with the content
from one season to another and consequently, led tammonium. Indeed, ammonium is absorbed twice
more quickly
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Figure 6. Variations of average phosphate conceoisin the Punic harbors of Carthage (JanuaryJifhe
06).
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Figure 7. Spatio-temporal variations of the chldrgpa and phaeopigments in the Punic harbors of
Carthage(January 06 - June 06).
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Table 1l. Relative Average abundances and frequencieqofldgellates species in the Punic harbors
of Carthage.

Frequency % Abundance %

Species South basin North basin South basin N@smb
Akashiwo sanguinea 88 .64 87,88 6,66 1,09
Gyrodinium aureolum 79,55 63,64 3,02 0,84
Gyrodinium impudicum 34,09 45,45 0,18 0,59
Gyrodinium spirale 47,73 45,45 0,27 0,60
Diplopsalislenticula 77,27 75,76 1,25 3,36
Scrippsiella subsalsa 100 96,97 15,90 13,27
Peridinella sphaeroidea 20,45 33,33 3,82 1,69
Prorocentrum gracile 43,18 57,58 0,57 32,44
Prorocentrum triestinum 38,64 33,33 31,08 27,61
Prorocentrum micans 100 90,91 24,68 7,77
Dinophysis sacculus 93,18 81,82 2,94 3,01
Dinophysis acuminata 65,91 75,76 7,45 6,06

than the two other inorganic nitrogen forms, theref  microalgae blooms were representing two eutrophic
the use of nitrates takes place only when ammoniunsituations in this ecosystem.

is exhausted (Parsossal., 1977; Valiela, 1984). The study of the correlation established between th
Nutrients have been considered as one of the majovarious physicochemical parameters and the
factors controlling the composition and abundarfce o variations of the densities of the dinoflagellates
phytoplankton community, and also the occurrence ofspecies revealed a close relationship between the
the blooms. It has been generally thought thatdevelopment of the phytoplanktonic densities ard th
dissolved silicate and dissolved nitrogen playedvariations of salinity, temperature and dissolved
important roles on population dynamic and blooms ofoxygen content. Thus, the content of ion
diatoms (Eppley, 1977; Hodgkiss and Lu, 2004),orthophosphates shows a significant relation with t
while dissolved phosphorus and N/P ratio onharmful species of dinoflagellates in particular.
dinoflagellates blooms (Riegman, 1995; EscaravageA. sanguinea such asAlexandrium species seem to

et al., 1996; Hodgkiss and Ho, 1997; Yutaéaal.,
1998). In a Sicilian lagoon, Giacoblze al. (1996)
reported that Alexandrium occurrence
associated with nitrate limited waters.

thrive in water relatively salt, hot, with low didsed
oxygen and alkaline pH. Significant correlations

being between abundances of this species and the abiotic

parameters can explain its dominant presenceein th

Among the red tide species, the eutrophication and?unic harbors.

the modification of the habitats seem to be assetia Dinophysis species seems to prefer water with low
with the increase and expansion of red tide evients oxygen content, rich in orthophosphates and with
the Mediterranean Sea (Garcét al., 2000). high temperatures. The development of the spedies o
Moreover, fish mortality has been reported in thethe kind Prorocentrum (P. micans, P. triestinum)
north coastal lagoon of Tunis associated with theseems to be independent of the variations of $glini
presence of blooms ofyrodinium aureolum and  the temperature and oxygen. However, these
Alexandrium minutum (Romdhanest al., 1998). microalgae would require mediums rich in
orthophosphates.

The results of this survey indicate that the patdigt
toxic dinoflagellates species and densities withie
Punic harbors constitute a great archaeological sit Punic harbors of Carthage conditions were
This semi enclosed site was mainly characterized bydetermined essentially by the interactive effedts o
reduced communications with the gulf of Tunis. The temperature, salinity, water column stability and
nutrients contents revealed an hypereutrophic stat@utrients status. While the analysis of the
associated with macroalgal proliferations, such asphytoplankton community structure covering all
Ulva lactuca which invaded the total surface of the seasonal stage successions, we suggest that more
southern basin, recorded four times during all thedetailed analyzes as well as comparisons of
study period. Within This work, many harmful ecosystems will be necessary to understand why
phytoplanktonic species were recorded, some of thenspecific Mediterranean coastal ecosystems are cubje
could be the origin of discolored water like the to develop harmful microalgae events.

species: Sripsiella trochoidea and Prorocentrum

micans. Then, macroalgal proliferations and harmful

CONCLUSION
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Table Ill. Harmful dinoflagellates species occurred in thai®harbors of Carthage and their

maximum concentrations (January - June 2006).

Max. Concentration

Order Species (Cell LY Date
Dinophysis acuminata 3.04 x 14 25.05.2006
D. sacculus 1.7 x 1¢ 25.05.2006
D. caudata 7.7 19.01.2006
Dinophysiiales D. fortii 16.5 23.06.2006
D. rotundata 38.3 31.03.2006
D. rapa 3.01 31.03.2006
D. acuta 2.4 16.03.2006
ﬂer);?r?&ﬂr‘:]m catenella 280.7 19.01.2006
A. pseudogyaulax 54.08 11.05.2006
A tararense 2.3 x 10 23.06.2006
A margalefii 271.4 23.06.2006
A. peruvianum 3.8x 16G 23.06.2006
A insuetum 9 16.02.2006
A foedum 2.5 16.02.2006
Coolia monotis 34 23.06.2006
o Ostropsis Samensis 2.3 x 10 23.06.2006
Peridiniales Protoperidinium 126.3 23.06.2006
depressum 23,5 19.01.2006
Scripsiella trochoidea 28,31 11.05.2006
G, spinifera 1,2 x 16 08.06.2006
G. polyedra 163,6 25.05.2006
G. polydramma 8,2 31.03.2006
Amylax triacantha 222,1 11.05.2006
C. furca 3,6 28.04.2006
C lineatum 3,1 16.03.2006
13,8 13.04.2006
C. fusus
Prorocentrum lima 11.27 19.01.2006
P. concavum 2.6 19.01.2006
Prorocentrales P. COmpr essum 5.9 16.02.2006
P. minimum 12.9 19.01.2006
P. micans 1,86 x 10 13.04.2006
P. triestinum 1,77 x 16 28.04.2006
Akashiwo sanguinea 7,2 x 16 08.06.2006
Gymnodiniales Gyrodinium aureolum 6,4 x 16 08.06.2006
Gyrodinium spirale 1,9 x 16 16.02.2006
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Dinophysiaceae

Gonyaulacaceae

Prorocentraceae

Figure 10. Microphotographies of harmful phytophamkspecies detected in the Punic harbors of Ggethg, B, D, and H: Specimens stained with
Calcofluor. A Dinophysisacuminata; B: Dinophysis sacculus; C: Dinophysis fortii; D: Dinophysis acuta; E: Dinophysis rotundata; F: Dinophysis caudata;
G: Alexandrium catenella Chain of 4 cells; H-IOestropsis ovata.l hypothecal viewk-L: Coolia monoatis, L plates and PpM: Prorocentrum lima; N:
Prorocentrum compressum ; P: Prorocentrum minimum, Q: Hypothecal and epithecal viewsRyforocentrum emar ginatum.
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Table IV. Correlations study between dinoflageadpecies and abiotic parameters in the Punic tmdidarthage.

Dinof G.impudicum | A.sanguinea | G.aureolum | G. spirale | Scrippsiella.spp | Alexandriumspp | P. gracile | P. micans | P.triestinum | D. sacculus | D. acuminata

T 0.24* 0.32* 0.47* 0.38** -0.23* 0.15 0.32* 03 -0.08 0.03 0.35* 0.31*
S 0.18 0.23* 0.46** 0.35** -0.16 -0.01 0.27* 0.06 -0.03 0.08 0.17 0.21*
O, 0.29* -0.09 -0.26* -0.11 0.22* -0.37** -0.12 -0.16 0.17 -0.14 -0.32** -0.31**
pH -0.19 0.07 0.26* 0.22* -0.21* -0.06 0.07 -0.01 0.17 -0.26* 0.01 0.04
NO; -0.14 0.44* 0.06 0.20* -0.01 -0.14 -0.01 -0.10 1B -0.03 -0.13 -0.11
NH,"* -0.06 -0.09 0.00 -0.01 0.24* -0.19 -0.02 0.09 50.0 -0.04 -0.05 -0.04
PO | 0.44* -0.06 -0.10 -0.11 -0.04 -0.03 -0.05 0.40*7 0.39* 0.36** 0.37* 0.39**

NT 0.34* 0.00 0.02 0.14 -0.08 0.04 -0.06 -0.211 .10 -0.27* -0.16 -0.22*
Chl.a | 0.36** -0.06 0.01 -0.04 0.02 0.07 -0.03 0.16 0.22 0.31* 0.19 0.25*

Marked correlations are significantat 0.05
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