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1  |  INTRODUC TION

Marine ecosystems are experiencing many changes in response to 
natural processes, human activities and climate change, with phy-
toplankton community structure and dynamics strongly affected by 
shifts in hydrological regimes (Chavez et al., 2011; Kulk et al., 2020; 

Marty et al., 2002; Marty & Chiavérini, 2010). Phytoplankton is a key 
component of marine ecosystem functioning, being represented by 
primary producers contributing about half of the global net primary 
production with strong implication for global carbon fluxes, biogeo-
chemical cycles, and ocean– atmosphere interactions (e.g., Bauer 
et al., 2013; Litchman et al., 2015; Tweddle et al., 2018).
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Abstract
The rapid response of phytoplankton communities to environmental changes makes 
this compartment one of the most important biological variable to consider in deal-
ing with ecology and trophodynamic of coastal areas, especially in relation with on-
going	climate	changes	and	increased	human	pressures.	 In	the	 last	30 years,	the	use	
of chemotaxonomy has improved the capability to detect phytoplankton community 
composition in terms of chemofunctional groups, especially for small size species re-
quiring specific expertise and techniques, as well as time- consuming observation with 
light microscope. In this study, the temporal variability of chemotaxonomic functional 
groups has been investigated in surface waters of a LTER station in the Gulf of Naples 
over 12- year weekly sampling activities (2003– 2015). Data reveal increasing trends 
in the percentage contribution of diatoms, prasinophytes, cryptophytes to the total 
phytoplankton biomass, while other groups show a decreasing trend. Nevertheless, 
strong differences in the intervals of periodicity for each chemofunctional group have 
emerged, both in terms of timescale and strength of periodicity over time, implying 
that temporal dynamics of groups were not stationary over the time and that they 
have different relationships with environmental variability. Our results contribute to 
enrich scientific knowledge on the ecology of this LTER site and underline the impor-
tance of chemotaxonomy as a monitoring tool in coastal marine systems.
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The rapid response of phytoplankton to environmental changes 
makes	them	one	of	the	indicators	of	the	Marine	Strategy	Framework	
Directive	 (MSFD)	 for	 the	 assessment	 of	 the	 Good	 Environmental	
Status (GES) of the marine environments (Danovaro et al., 2016; 
Ferreira	 et	 al.,	 2011;	 Finkel	 et	 al.,	 2010; Garmendia et al., 2013; 
Mangoni et al., 2013). Changes in environmental conditions do af-
fect the abundance of phytoplankton, as well as its community 
composition in terms of size classes and functional groups (Bolinesi 
et al., 2020; Mangoni et al., 2017; Rodríguez et al., 2001). The rapid in-
creases in phytoplankton standing stocks are often followed by rapid 
declines due to resources depletion or herbivores grazing and other 
export processes consuming phytoplankton (e.g., Behrenfeld, 2010; 
Falkowski	et	al.,	1998; Martinez et al., 2009; Siegel et al., 2005).	For	
these reasons, both seasonal and short- term environmental varia-
tions affect the community structure and trophodynamic in differ-
ent ways, so that the information on phytoplankton dynamics in 
Long Term Ecological Research (LTER) sites can represent a tool for 
the	evaluation	of	the	ongoing	climate	changes	(Acri,	2020;	Alvarez-	
Cobelas et al., 2019; Colijn, 1998;	Vihervaara	et	al.,	2013).

The Gulf of Naples, located in the Tyrrhenian Sea at the bor-
der between the central and southern regions of the western 
Mediterranean, represents a suitable site for the study of seasonal 
and interannual variations of coastal phytoplankton species and as-
semblages. Indeed, the MareChiara station (LTER- MC) represents 
one of the most coastal Long- Term site in the world, with a high- 
resolution time series of data collected since 1984 (Longobardi 
et al., 2022;	Ribera	d'Alcalà	et	al.,	2004). This long- term time series 
focuses on characterizing the structure of the plankton communi-
ties, in terms of standing stocks and species composition, and fol-
lowing their variability at different temporal scales in relation to 
environmental	conditions.	Since	2006,	 the	MareChiara	time	series	
has been part of the International network of Long Term Ecological 
Research (I- LTER; https://www.ilter net.edu). In a global comparison 
of planktonic systems based on chlorophyll data, the site has been 
shown to be highly variable at both the seasonal and interannual 
scale (Cloern & Jassby, 2010) which is compatible with its nature of 
a mid- latitude coastal site not far from one of the most populated 
areas	of	the	Mediterranean	Sea	(Ribera	d'Alcalà	et	al.,	2004).

In recent years, HPLC has been used to estimate phytoplankton 
composition by identifying photosynthetic pigments and include 
rapid	 turnover	 and	 reproducible	 results	 (Jeffery	 &	 Vesk,	 1997; 
Wright et al., 1996). The method is based on analysis of acces-
sory pigments, in addition to chlorophyll- a (Chl- a) or the modified 
divinyl- Chl- a found in all phytoplankton species, and that some 
of these accessory pigments are specific for the individual phy-
toplankton groups (Brunet & Mangoni, 2010; Millie et al., 1997; 
Wright & Jeffrey, 2006). HPLC technique is advantageous in the 
large scale- mapping of pigments in the world oceans (Higgins 
et al., 2011; Llewellyn et al., 2005; Mantoura & Llewellyn, 1983; 
Tester et al., 1995;	Vidussi	et	al.,	2001). In addition, this technique 
allows to detect and identify microscopically overlooked or unde-
termined ultraphytoplankton species (prokaryotes and eukaryotes 
<5 μm),	 based	 on	 their	 pigment	 content	 (Ansotegui	 et	 al.,	 2003; 

Antajan	et	al.,	2004; Garibotti et al., 2003). The usage of this tech-
nique requires particular attention, since changes in cellular pig-
ment contents due to light and temperature variations, nutrient 
availability or distinct growth phases could lead to a misinterpreta-
tion of data (Havskum et al., 2004; Irigoien et al., 2004; Llewellyn 
et al., 2005). In this paper, temporal variations of phytoplankton 
biomass and chemotaxonomic functional groups have been ana-
lyzed at the surface water of LTER- MC station, over a 12- year 
weekly observation period from 2003 to 2015 to shed light on the 
timescale variability of different phytoplankton groups, and their 
trends in relation with underlying abiotic dynamics.

2  |  METHODS

2.1  |  Study site

MareChiara (MC) is a LTER sites located ~3 km	from	the	coastline	(40	
48.5′	N	14	15′	E),	on	the	75 m	isobath	at	the	boundary	between	two	
subsystems: the coastal eutrophic area, influenced by the land run- 
off from a very densely populated area, and the offshore oligotrophic 
area represented by the open Tyrrhenian waters. Over the seasons, 
the location and the width of the boundary between the two sub-
systems vary (Carrada et al., 1981; Marino et al., 1984) and highly 
dynamic water mass distributions may enhance the exchange be-
tween the two subsystems (Casotti et al., 2000; Cianelli et al., 2015; 
D'Alelio	et	al.,	2015).	A	high	temporal	and	spatial	variability	for	the	
physical and chemical parameters characterizes the inner part of the 
Gulf	of	Naples	(Ribera	d'Alcalà	et	al.,	2004). Phytoplankton is domi-
nated by diatoms and flagellates (mainly prymnesiophytes and cryp-
tophytes) for most of the year (Scotto di Carlo et al., 1985), including 
summer, when surface blooms of small species succeed and overlap 
each other (Piredda et al., 2017; Zingone et al., 1990). Sediment trap 
sampling has revealed high production rates for dinoflagellate cysts 
from spring to late autumn (Montresor et al., 1998). The autumn 
bloom in October– November has been associated with calm and 
stable weather conditions known as ‘St. Martin's Summer’ (Zingone 
et al., 1995).

2.2  |  Sampling activities

Weekly samplings were carried out from 2003 to 2015 on M/N 
Vettoria at the Long Term Ecological Research site MareChiara 
(LTER- MC) of the Gulf of Naples.

2.2.1  |  Environmental	parameters

The water column structure was obtained by CTD SeaBird 911 Plus 
multiparametric probe with sensors for temperature, conductivity, 
and dissolved oxygen, fluorescence, water turbidity, and derived pa-
rameters, such as salinity and density. The multiparametric probe 
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was mounted on a Carousel bearing 12 Niskin bottles with a volume 
of	10 L.	Sampling	at	surface	 (0 m)	was	carried	out	with	Niskin	bot-
tles. Water samples for the different analysis were then accurately 
collected	from	the	Niskin	bottle.	About	20 mL	samples	for	dissolved	
inorganic nutrients were collected in HDPE vials and immediately 
stored	 at	 −20°C.	 Two	 different	 instruments	 were	 used	 for	 nutri-
ent	analyses:	an	Autoanalyzer	Technicon	II	series	until	2005	and	a	
FlowSys	Autoanalyzer	(SYSTEA)	thereafter,	following	the	protocols	
developed by Hansen and Grasshoff (1983) adapted for the different 
instrumentation.

2.2.2  |  Biological	parameters

For	the	analysis	of	 the	total	phytoplankton	biomass,	~500 mL	of	
sea	water	were	filtered	through	Whatman	GF/F	membrane	filters	
(25 mm	diameter).	Filters	for	the	determination	of	Chl-	a	and	phae-
opigments (phaeo) were mechanically grinded in a solution of 90% 
acetone,	 then	 the	 extract	was	measured	with	 a	 SpexFluoromax	
spectrofluorometer	until	July	2006,	and	a	SHIMADZU	(mod.	RF-	
5301PC) spectrofluorometer (Holm- Hansen et al., 1965) from 
August	2006	onward.	Both	instruments	were	checked	daily	with	
a	 Chl-	a	 standard	 solution	 (Sigma-	Aldrich).	 For	 the	 determina-
tion of phytoplankton chemofunctional groups by chemotaxo-
nomic criteria (Mackey et al., 1996; Wright et al., 2010),	 1–	3 L	
of	 seawater	 were	 filtered	 on	 board	 onto	Whatman	 GF/F	 filters	
(47 mm	 diameter)	 and	 stored	 in	 liquid	 nitrogen	 until	 pigments	
HPLC analysis. HPLC pigments separations were made on an 
Agilent	1100	HPLC	(Agilent	technologies,	United	States)	accord-
ing	 to	 the	method	outlined	 in	Vidussi	et	al.	 (1996) and modified 
by Brunet and Mangoni (2010). The system was equipped with 
an	HP	1050	photodiode	array	detector	and	a	HP	1046A	fluores-
cence detector for the determination of chlorophyll degradation 
products. Instrument calibration was carried out with external 
standard	pigments	provided	by	the	 International	Agency	for	14C 
determination-	VKI	 Water	 Quality	 Institute.	 Pigment	 concentra-
tions were used to estimate the contributions of the main chemo-
functional groups to the total Chl- a using the matrix factorization 
program	CHEMTAX	1.95	following	Latasa	(2007). The initial and 
final ratio matrix used for the estimation of chemotaxonomically 
defined groups is reported in Table 1.

2.2.3  |  Statistical	analyses

Statistical	analyses	were	carried	out	using	PAST	PAleontological	
STatistics	Version	3.20	 (Øyvind	Hamme).	The	 continuous	wave-
let transform has been applied on monthly averaged time series 
to examine the seasonal patterns of chemotaxonomically de-
fined groups at different scales (small, intermediate, and large 
scales simultaneously) over the 2003– 2015 sampled period. The 
Morlet wavelet has been used as base function in the analyses 
(Grinsted et al., 2004) and Lag values (null hypothesis) have been 

prior	determined	thought	ARMA	analyses	 (Prokoph	et	al.,	2000; 
Torrence & Compo, 1998). The algorithm is based on fast con-
volution of the signal with the wavelet at different scales, using 
the	 Fourier	 transform.	 The	 so-	called	 “cone	 of	 influence”	 shows	
the region where boundary effects are present. To investigate the 
relationship between environmental variables (temperature, sa-
linity, dissolved inorganic nutrient concentrations) and biological 
ones (Total phytoplankton biomass, chemotaxonomically defined 
groups)	a	principal	component	analysis	(PCA)	based	on	a	Pearson	
correlation matrix was performed, dealing missing data with pair-
wise deletion.

3  |  RESULTS

The percentage contribution of each chemotaxonomically defined 
groups	 have	 been	 reported	 in	 a	 XY	 plot,	 to	 highlight	 the	 point	
distribution of values over the time (Figures 1 and 2). To statisti-
cally check if there is an upward or downward trend of the vari-
able of interest over time, the Mann– Kendall test (Gilbert, 1987; 
Mann, 1945;	 Tragin	&	Vaulot,	2018) has been applied (Table 2). 
In general, diatoms represented the most abundant group in the 
entire sampled period, with a significant increase over the time. 
The	group	 showed	an	 annual	mean	 ranging	 from	26%	 (2003)	 to	
45% (2011), with a different contribution of subgroups Diato1 
and Diato2 (non- containing and containing Chl_c3, respectively). 
Diato1	showed	a	decrease	over	the	time	(with	a	minimum	of	6%	in	
2006),	while	Diato2	experienced	a	net	increase	with	percentages	
ranging from 9% (2005) to 37% (2015). Dinoflagellates represented 
the second most abundant groups with a mean of 20%. However, 
it must be noted the strong differences between Dino1 (peridinin- 
containing dinoflagellates) and Dino3 (without peridinin). Dino 1 
ranged between 3% (2007) and 7% (2014), with a significant (al-
though weak) increasing trend, while Dino3 ranged between 10% 
(2015) and 25% (2012) with a significant decreasing trend over 
the time. Haptophytes represented the third most representa-
tive group, accounting globally for 15% of community considered 
in	 this	 dataset.	Also	 in	 this	 case,	 the	 two	 considered	 subgroups	
(further	details	are	available	in	the	public	library	CHEMTAX	1.95)	
Hapto6HF	and	Hapto6LF	showed	distinct	trends,	with	Hapto6HF	
ranging from 0.7% (2014) to 8% (2004) displaying a decreasing 
trend,	and	Hapto6LF	ranging	from	9%	(2003)	to	19%	(2012)	dis-
playing an increasing trend. Chlorophytes, generally considered 
as	low-	salinity	lovers	(Tragin	&	Vaulot,	2018),	showed	a	decreas-
ing trend with annual mean values ranging between 19% (2003) 
and	6%	(2014).	Cryptophytes	(Crypto)	showed	a	slight	increasing	
trend, with annual means ranging from 4% (2012) to 8% (2013); 
cyanophytes (Cyano1) showed a decreasing trend, with annual 
means ranging from 4% (2014) to 11% (2003). Prasinophytes 
(Prasi), characterized by the presence of the marker pigment pra-
sinoxanthin, showed a net increasing trend, being almost absent in 
the first part of the sampling period and mean annual percentages 
ranging between 0.1% (2003) and 7% (2015).
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F I G U R E  1 Percentage	contribution	of	chemotaxonomically	functional	groups	over	the	time	(Diato1:	diatoms	1,	Diato2:	diatoms	2,	Dino1:	
dinoflagellates 1, Dino2: dinoflagellates 2, Cyano1: cyanophytes 1).
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F I G U R E  2 Percentage	contribution	of	chemotaxonomically	functional	groups	over	the	time	(Hapt6HF:	haptophytes_6HF,	Hapt6LF:	
haptophytes_6LF,	Chloro:	chlorophytes,	Crypto:	cryptophytes,	Prasi:	prasinophytes).
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The trend of chemotaxonomic groups is summarized in Table 2, 
with	Diato2,	Dino3,	Hapto6LF,	Crypto,	and	Prasi	experiencing	a	pos-
itive trend, contrarily to the other groups.

Wavelet analysis revealed strong differences in the intervals 
of periodicity for each chemofunctional group, both in terms of 
timescale and strength of periodicity over time, implying that the 
time series of chemotaxonomically group were not stationary 
(Figure 3).

A	marked,	 statistically	 significant	 ~12- month periodicity of 
Diato1	was	only	evident	 in	the	first	60	sampled	months,	with	a	
less marked ~1–	3 months	periodicity	(80,	100,	120 months)	in	the	
last part of the entire sampling period. On the contrary, Diato2 
showed	a	marked	short-	time	periodicity	(2–	6 months)	in	the	sec-
ond	 half	 of	 the	 sampling	 period	 (80–	130 months).	 As	 concerns	
haptophytes,	Hapto6HF	showed	a	moderate	~12 months	period-
icity at the beginning of the sampling period, which disappeared 
except	 for	 the	middle	part	 (80–	100 months);	Hapto6LF	showed	
only	short	 (1–	8)	month	periodicity	 in	the	first	24 months,	and	a	
moderate ~3- month periodicity over 110– 130 sampled months. 
Dino1 (peridinin- flagellates) showed a ~12 months	 periodic-
ity which is significant between 50 and 90 sampled months as 
well	 as	 in	 the	 last	part	of	 the	plot,	while	 short-	term	1–	2 month	
periodicity appeared in the second half of the sampled period; 
Dino2 also presented a ~12 months	 periodicity	 stretching	 from	
20 to 110 sampled months, with a short- term (1– 2 and 3– 5) pe-
riodicity in the same periods, without significant periodicities in 
the	last	50 months.	Cyano1	showed	a	periodicity	trend	similar	to	
that of Dino2, with less marked strength in shorter term varia-
tions. Chlorophytes showed ~38 months	periodicity	until	120th	
sampled months, and weakly periodicity of ~12 and ~1– 3 peri-
odicity between 20– 50, 40– 130 sampled months respectively. 
Crypto evidenced a significant ~12- month periodicity during 
the first 50 sampled months, with a 7/8- month periodicity at 
the end of the overall sampled period between months 120– 
140. Prasinophytes, contrarily to other groups, showed a first 
significant periodicity in the second half of the sampled period, 
with a ~12- month periodicity between months 70– 100, and after 
120 months.

The univariate Pearson correlation analysis between chemo-
taxonomically defined groups and environmental variables showed 
correlation (~0.5) only for Crypto with N- NO4, N- NO3, P- PO4, 
Si- SO4, and DIN (Figure 4). Other groups were weakly correlated 
to other parameters. Diato1 and Dino1 showed a similar correla-
tion	with	temperature	(0.29,	0.24)	and	salinity	(−0.2,	−0.35).	Dino3	
showed	a	negative	correlation	with	temperature	(−0.37)	and	a	weak	
positive one with salinity (0.13). Cryptophytes were negatively 
correlated	 with	 both	 temperature	 and	 salinity	 (−0.23).	 Cyano1	
showed a relatively high positive correlation with temperature 
(0.45), salinity (0.27), and were negatively correlated with nutrient 
concentrations.

The	three	first	components	of	the	PCA	on	environmental	and	
biological	variables	explained	52.26%	of	total	variance	(Component	
1:	28.73%;	Component	2:	14.63%,	Component	3:	8.9%)	Figure 5. TA
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Considering the first two components (Figure 5a), the distributions 
of observations (colored for each year) in a biplot chart, with an 
eigenvalue scale and month group labels in red, showed a slightly 
negative	factor	 loading	for	environmental	variables	 (salinity	−0.2	
and	 temperature	 −0.17)	 and	 a	more	 evident	 positive	 correlation	
with nutrients (factor loading ~0.4) with respect to component 1. 
There was an inverse correlation between salinity and tempera-
ture with respect to the component 2, with total Chl- a, P- PO4 
and Diato2 grouping in the second quadrant with spring months 
(April,	May),	 suggesting	 that	diatoms	 (in	particular	Diato2)	domi-
nated in the presence of high amount of phytoplankton biomass 
reached during lower salinity and higher P- PO4 load. The presence 
of winter months in the first quadrant, specified by red numbers 
12,	1,	2,	3	(December,	January,	February,	and	March)	indicate	the	
major contribution of Prasi, Crypto e Dino3 in this period of the 
year. DIN, N- NO3, and Si- SiO4 almost overlap with component 1 
(factor loading ~0.4)	while	Diat1,	Hapto6HF,	and	Temperature	fit-
ted	within	 the	 third	quadrant	 represented	by	 June,	 July,	August,	
September,	 and	October	 (6–	10).	Cyano1	and	Hapto6LF	were	 the	
two groups (beyond November - 11-  labeled in red) belonging to 
the fourth quadrant, characterized by relatively higher values of 
salinity. When the third component was considered (Figure 5b), 
Diato2 showed the highest factor loading (0.51) with respect to 
this component, appearing overlapped to it. On the other hand, 
except Dino 3 and Prasi, other groups were negatively correlated 
to Diato2 with respect to the component 3. Salinity was the only 
variables within the third quadrant, and it was inversely correlated 
to other nutrients (except N- NO2).

4  |  DISCUSSION

The interannual variability of phytoplankton communities became 
one of the main relevant questions of investigation carried out in 
the framework of the ongoing climate changes and human pressure 
on marine ecosystems (Poloczanska et al., 2013). In recent years, 
several studies have investigated the long- term changes of the mag-
nitude and the timing of phytoplankton blooms (e.g., Edwards & 
Richardson, 2004; Longobardi et al., 2022; Thackeray et al., 2008), 
with seasonal pattern of total and species- specific phytoplankton 
biomass that may not persist over time (Carey et al., 2016; Thackeray 
et al., 2008; Winder & Cloern, 2010). In this study, the temporal vari-
ability of chemotaxonomic defined groups has been investigated in 
surface waters of the LTER station in the Gulf of Naples over 12- year 
weekly sampling activities (2003– 2015).

The overall picture of the entire dataset indicates diatoms as 
the dominant group, followed by dinoflagellates, haptophytes, 
chlorophytes, and to a minor extent, by cryptophytes, cyano-
phytes	 and	 prasinophytes.	 PCA	 analyses	 reveal	 the	 strong	 in-
fluence of seasonal scale in structuring the phytoplankton 
community in a highly fluctuating environment as the Gulf of 
Naples, in accordance with Longobardi et al. (2022). In a more 
general perspective, the timescale intervals of seasonal varia-
tions often override small- scale variations linked to local inputs. 
It follows that, in the multiannual analysis, what we see is the 
result of the major forces (seasons) that include the small- scale 
effects of local perturbations (Cianelli et al., 2017). This is partic-
ularly true for the phytoplanktonic compartment characterized 
by a high turnover rate that regardless of everything, cannot be 
unread without short- term timescales (Brunet et al., 2003).	All	
these aspects have emerged in the wavelet analyses that high-
lighted different periodicity among the considered groups, both 
in terms of short and long timescales, suggesting different re-
sponses of groups over the time (Figure 3).	For	example,	Diato1	
and Diato2 showed distinct periodicity, with the first one dis-
playing a 1- year periodicity in the first part of the time series, 
and the second one displaying a shorter periodicity in the second 
half of the sampling period. Dino, Cyano, and Crypto showed a 
significant marked 1- year periodicity in the first half of the time 
series that decreased over the time. Prasinophytes, almost com-
pletely absent in the first half of the sampled period, showed a 
1- year periodicity in the second part of the series although in a 
non- continuous way. In addition to the scale- related periodicity, 
also the Mann– Kendall test reveals upward or downward trend 
over time of different chemofunctional groups, with Diato2, 
Dino3,	 Hapto6LF,	 Crypto,	 and	 Prasino	 experiencing	 a	 positive	
growing trend, contrarily to what observed for other groups. The 
degree of accuracy plays a pivotal role in dealing with this kind 
of studies, since the higher the number of subgroups is, higher 
is the resolution of the study, since the possibility to check- in 
intragroup or intraspecific temporal variations.

To this end, the choice of pigment:Chl- a ratios need accurate 
analyses, since the pigment pool spectra of species strongly de-
pends from environmental conditions (e.g., nutrient and light avail-
ability; Brunet et al., 2003), and the detectable pigments capacity 
depends on methodology as well as standard libraries. One of the 
advantages of this method, based on the use of pigment as che-
motaxonomical marker, consists of a rapid individuation of chemo-
functional groups (or in some cases the recognition of species) 
beyond body- cell size spectra, allowing for the identification and 

F I G U R E  3 Wavelet	graph.	The	X-	axis	represents	the	set	of	progressive	sampling	months,	with	each	unit	comprising	an	interval	of	
20 months.	The	vertical	axis	in	the	plot	represents	the	signal	observed	at	timescale	of	only	two	consecutive	data	points	at	the	top	(first	
interval-	unit	2.8 months),	and	at	a	scale	of	one-	fourth	of	the	whole	sequence	at	the	bottom	(last	interval-	unit	26 months).	Thus,	the	top	
of the figure represents a detailed, fine- grained view, while the bottom represents a smoothed overview of longer trends. Statistically 
significant powers are materialized by black contours (squared correlation strength with the scaled mother wavelet) on the following spectra.

 14390485, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/m

aec.12745 by U
ni Federico Ii D

i N
apoli, W

iley O
nline L

ibrary on [30/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    |  9 of 14SAGGIOMO et al.

 14390485, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/m

aec.12745 by U
ni Federico Ii D

i N
apoli, W

iley O
nline L

ibrary on [30/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



10 of 14  |     SAGGIOMO et al.

contribution of small species usually difficulties to identity under 
a light microscope (Goela et al., 2014; Nunes et al., 2019) and re-
quiring	different	technique	and	long-	term	analyses.	Among	recent	
literature dealing with phytoplankton community at the MC sta-
tion, our results agree with Cerino and Zingone (2006) that report 
the presence of cryptomonads throughout the year with main an-
nual maxima in spring and summer and suggest the presence of a 
slightly increasing trend of this group toward in more recent years 
(Table 2). McDonald et al. (2007) analyzed the genetic diversity of 
ultraphytoplankton (<5 μm) between 2003 and 2004 reporting the 
presence of prasinophytes sequences only in the winter libraries 
(October and December). Many authors consider the chemotaxo-
nomic method better that the traditional microscopy in oligotro-
phic waters, where 80% of the algae species are <3 μm (Goericke & 
Montoya, 1998) and different functional groups difficult to identify 
(Higgins et al., 2011).	Although	for	the	detection	of	different	size	
classes (e.g., micro-  nano-  and pico- phytoplankton) in coastal water 
samples should be pre- filtered (Mangoni et al., 2017), a procedure 
not performed in sampling activities considered in this study, our 
results indicated that prasinophytes group was poorly detected 
until 2007 (except for a relative peak in the first half of 2004), be-
coming more abundant after this year, showing an increasing tem-
poral trend (Table 2). Piredda et al. (2017) in a study dealing with 
HTS–  metabarcoding approach to track temporal changes in protist 
communities at MC site in 2011, showed the dominance of diatoms 
and an over- representation of some groups (e.g., dominance of di-
noflagellate sequences) not matching with light microscopy, report-
ing a considerable amount of unknown or undecipherable diversity 

in the study area. Our data confirm the net dominance of diatoms 
highlighting the existence of scale- related temporal patterns and 
different trends especially for less representative chemofunctional 
groups (e.g., chlorophytes, cryptophytes, prasinophytes) in a very 
long sampling period. We believe that our approach contributes 
significantly to the enrichment of the literature on the MC- LTER 
sites, representing a valid monitoring tool that must be considered 
in studying phytoplankton community dynamic over the time. Thus, 
the integration of chemotaxonomic and molecular technique, to-
gether with light microscopy (with its limits related to the use of 
fixatives causing cell disruption and the underestimation of the 
smaller cells), can strongly improve our capability in detecting tem-
poral and spatial dynamics in high productive and dynamic sys-
tems such as the MC station. Since many studies have predicted a 
gradual shift toward smaller primary producers in a warmer ocean 
(Henson et al., 2021; Morán et al., 2010), the use of this technique 
represents an important tool in assessing phytoplankton commu-
nity structure and composition in relation with the ongoing cli-
mate changes, improving our capability in describing temporal and 
spatial pattern as well all as alterations in the carbon sequestra-
tion and functioning of oceanic ecosystems. Taken together these 
results shed light on the complexity of temporal patterns within 
phytoplankton community, with different subgroups responding 
in a different way beyond overlapped seasonal scales. Our data 
highlight the importance of the LTER sites in the ocean monitoring, 
especially in highly dynamic and impacted coastal area as the Gulf 
of Naples, representing an important research investment for the 
near future.

F I G U R E  4 Pearson's	matrix	correlation	between	all	the	considered	variables.	Blue	and	red	colors	represent	the	strength	of	correlation	
with box squares indicating significance p < .05.
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explaining	28.73%,	14.63%,	and	8.9%	of	total	variance,	respectively.	Axes	scales	report	the	eigenvalues.

 14390485, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/m

aec.12745 by U
ni Federico Ii D

i N
apoli, W

iley O
nline L

ibrary on [30/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



12 of 14  |     SAGGIOMO et al.

DATA AVAIL ABILIT Y S TATEMENT
The datasets generated during and/or analysed during the current 
study are available from the corresponding author on reasonable 
request.

ORCID
Maria Saggiomo  https://orcid.org/0000-0001-5794-0050 
Francesca Margiotta  https://orcid.org/0000-0003-0757-5934 

R E FE R E N C E S
Acri,	 F.	 (2020).	A	 long-	term	 (1965–	2015)	 ecological	marine	database	

from	 the	 LTER-	Italy	 northern	 Adriatic	 Sea	 site:	 Plankton	 and	
oceanographic observations. Earth System Science Data, 12, 
215– 230.

Alvarez-	Cobelas,	M.,	Rojo,	C.,	&	Benavent-	Corai,	J.	(2019).	Long-	term	
phytoplankton dynamics in a complex temporal realm. Scientific 
Reports, 9(1),	15967.	https://doi.org/10.1038/s4159 8- 019- 52333 
- z

Ansotegui,	 A.,	 Sarobe,	 A.,	 Trigueros,	 J.	 M.,	 Urrutxurtu,	 I.,	 &	 Orive,	 E.	
(2003). Size distribution of algal pigments and phytoplankton as-
semblages in a coastal— Estuarine environment: Contribution of 
small eukaryotic algae. Journal of Plankton Research, 25(4), 341– 355. 
https://doi.org/10.1093/plank t/25.4.341

Antajan,	E.,	Chrétiennot-	Dinet,	M.-	J.,	Leblanc,	C.,	Daro,	M.	H.,	&	Lancelot,	
C.	(2004).	19′-	hexanoyloxyfucoxanthin	may	not	be	the	appropriate	
pigment to trace occurrence and fate of Phaeocystis: The case of 
P. globosa in Belgian coastal waters. Journal of Sea Research, 52(3), 
165–	177.	https://doi.org/10.1016/j.seares.2004.02.003

Bauer,	 J.	 E.,	 Cai,	W.,	 Raymond,	 P.	 A.,	 Bianchi,	 T.	 S.,	 Hopkinson,	 C.	 S.,	
&	Regnier,	P.	A.	G.	 (2013).	The	changing	carbon	cycle	of	585	the	
coastal ocean. Nature, 504, 1– 10. https://doi.org/10.1038/natur 
e12857

Behrenfeld,	M.	J.	(2010).	Abandoning	Sverdrup's	critical	depth	hypothe-
sis on phytoplankton blooms. Ecology, 91, 977– 989.

Bolinesi,	F.,	Arienzo,	M.,	Donadio,	C.,	Ferrara,	L.,	Passarelli,	A.,	Saggiomo,	
M.,	Saggiomo,	V.,	Stanislao,	C.,	Trifuoggi,	M.,	&	Mangoni,	O.	(2020).	
Spatial and temporal variation of phytoplankton community 
structure in a coastal marine system subjected to human pres-
sure. Regional Studies in Marine Science, 35, 101198. https://doi.
org/10.1016/j.rsma.2020.101198

Brunet,	C.,	Casotti,	R.,	Aronne,	B.,	&	Vantrepotte,	V.	(2003).	Measured	
photophysiological parameters used as tools to estimate verti-
cal water movements in the coastal Mediterranean. Journal of 
Plankton Research, 25, 1413– 1425. https://doi.org/10.1029/2002J 
C001541

Brunet, C., & Mangoni, O. (2010). Metodologie di campionamento e di 
studio del plancton marino. In G. Socal, I. Buttino, M. Cabrini, O. 
Mangoni,	A.	Penna,	&	C.	Totti	(Eds.),	Manuali e Linee Guida	(Vol.	56, 
pp.	343–	349).	ISPRA.

Carey,	C.	C.,	Hanson,	P.,	Lathrop,	R.	C.,	&	St	Amand,	A.	L.	(2016).	Using	wave-
let analyses to examine variability in phytoplankton seasonal succes-
sion and annual periodicity. Journal of Plankton Research, 38, 27– 40.

Carrada,	G.	C.,	Fresi,	E.,	Marino,	D.,	Modigh,	M.,	&	Ribera	d'Alcalà,	M.	
(1981). Structural analysis of winter phytoplankton in the Gulf of 
Naples. Journal of Plankton Research, 3(2), 291– 314. https://doi.
org/10.1093/plank t/3.2.291

Casotti,	 R.,	 Brunet,	 C.,	 Aronne,	 B.,	 &	 Ribera	 d'Alcalà,	 M.	 (2000).	
Mesoscale features of phytoplankton and planktonic bacteria in a 
coastal area as induced by external water masses. Marine Ecology 
Progress Series, 195, 15– 27.

Cerino,	F.,	&	Zingone,	A.	(2006).	A	survey	of	cryptomonad	diversity	and	
seasonality at a coastal Mediterranean site. European Journal of 

Phycology, 41(4),	 363–	378.	 https://doi.org/10.1080/09670	26060	
0839450

Chavez,	F.	P.,	Messi,	M.,	&	Pennington,	J.	T.	(2011).	Marine	primary	pro-
duction in relation to climate bariability and change. Annual Review 
of Marine Science, 3,	 227–	260.	 https://doi.org/10.1146/annur	
ev.marine.010908.163917

Cianelli,	D.,	D'Alelio,	D.,	Uttieri,	M.,	Sarno,	D.,	Zingone,	A.,	Zambianchi,	
E.,	&	d'Alcalà,	M.	R.	 (2017).	Disentangling	physical	 and	biological	
drivers of phytoplankton dynamics in a coastal system. Scientific 
Reports, 7(1), 1– 15.

Cianelli,	D.,	Falco,	P.,	Iermano,	I.,	Mozzillo,	P.,	Uttieri,	M.,	Buonocore,	B.,	
Zambardino, G., & Zambianchi, E. (2015). Inshore/offshore water 
exchange in the Gulf of Naples. Journal of Marine Systems, 145, 37– 
52. https://doi.org/10.1016/j.jmars	ys.2015.01.002

Cloern,	J.	E.,	&	Jassby,	A.	D.	(2010).	Patterns	and	scales	of	phytoplankton	
variability in estuarine- coastal ecosystems. Estuaries and Coasts, 
33, 230– 241.

Colijn,	F.	(1998).	The	temporal	variability	of	plankton	and	their	physico-	
chemical environment. ICES Journal of Marine Science, 55(4), 557– 
561.	https://doi.org/10.1006/jmsc.1998.0400

D'Alelio,	D.,	Mazzocchi,	M.	G.,	Montresor,	M.,	Sarno,	D.,	Zingone,	A.,	Di	
Capua,	I.,	Franzè,	G.,	Margiotta,	F.,	Saggiomo,	V.,	&	Ribera	d'Alcalà,	
M. (2015). The green– blue swing: Plasticity of plankton food- webs 
in response to coastal oceanographic dynamics. Marine Ecology, 36, 
1155– 1170. https://doi.org/10.1111/maec.12211

Danovaro,	 R.,	 Carugati,	 L.,	 Berzano,	 M.,	 Cahill,	 A.	 E.,	 Carvalho,	 S.,	
Chenuil,	 A.,	 Corinaldesi,	 C.,	 Cristina,	 S.,	 David,	 R.,	 Dell'Anno,	 A.,	
Dzhembekova,	 N.,	 Garcés,	 E.,	 Gasol,	 J.	 M.,	 Goela,	 P.,	 Féral,	 J.-	
P.,	 Ferrera,	 I.,	 Forster,	 R.	M.,	 Kurekin,	 A.	 A.,	 Rastelli,	 E.,	 …	Borja,	
A.	 (2016).	 Implementing	 and	 innovating	 marine	 monitoring	 ap-
proaches for assessing marine environmental status. Frontiers in 
Marine Science, 3, 213. https://doi.org/10.3389/fmars.2016.00213

Edwards,	M.,	&	Richardson,	A.	 J.	 (2004).	 Impact	 of	 climate	 change	on	
marine pelagic phenology and trophic mismatch. Nature, 430, 
881– 884.

Falkowski,	 P.	 G.,	 Barber,	 R.	 T.,	 &	 Smetacek,	 V.	 (1998).	 Biogeochemical	
controls and feed- backs on ocean primary production. Science, 281, 
200–	206.

Ferreira,	J.	G.,	Andersen,	J.	H.,	Borja,	A.,	Bricker,	S.	B.,	Camp,	J.,	Cardoso	
Da	Silva,	M.,	Garc,	S.	E.,	Heiskanen,	A.	S.,	Humborg,	C.,	Ignatiades,	
L.,	Lancelot,	C.,	Menesguen,	A.,	Tett,	P.,	Hoepffner,	N.,	&	Claussen,	
U. (2011). Overview of eutrophication indicators to assess environ-
mental status within the European marine strategy framework di-
rective. Estuarine, Coastal and Shelf Science, 93, 117– 131.

Finkel,	Z.	V.,	Beardall,	J.,	Flynn,	K.	J.,	Quigg,	A.,	Rees,	T.	A.	V.,	&	Raven,	J.	
A.	(2010).	Phytoplankton	in	a	changing	world:	Cell	size	and	elemen-
tal stoichiometry. Journal of Plankton Research, 32, 119– 137.

Garibotti,	 I.	A.,	Vernet,	M.,	Kozlowski,	W.	A.,	&	Ferrario,	M.	E.	 (2003).	
Composition and biomass of phytoplankton assemblages in coastal 
Antarctic	 waters:	 A	 comparison	 of	 chemotaxonomic	 and	 micro-
scopic analyses. Marine Ecology Progress Series, 247, 27– 42.

Garmendia,	M.,	Borja,	A.,	Franco,	J.,	&	Revilla,	M.	(2013).	Phytoplankton	
composition indicators for the assessment of eutrophication in 
marine waters: Present state and challenges within the European 
directives. Marine Pollution Bulletin, 66,	7–	16.

Gilbert, R. O. (1987). Statistical methods for environmental pollution 
monitoring, United States. Library of Congress Catalog Card 
Number:	86-	26758	ISBN	0-	442-	23050-	8.

Goela, P. C., Danchenko, S., Icely, J. D., Lubian, L. M., Cristina, S., & 
Newton,	 A.	 (2014).	 Using	 CHEMTAX	 to	 evaluate	 seasonal	 and	
interannual dynamics of the phytoplankton community off the 
south- west coast of Portugal. Estuarine, Coastal and Shelf Science, 
151, 112– 123. https://doi.org/10.1016/j.ecss.2014.10.001

Goericke, R., & Montoya, J. P. (1998). Estimating the contribution of 
microalgal taxa to chlorophyll a in the field– variations of pigment 

 14390485, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/m

aec.12745 by U
ni Federico Ii D

i N
apoli, W

iley O
nline L

ibrary on [30/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0001-5794-0050
https://orcid.org/0000-0001-5794-0050
https://orcid.org/0000-0003-0757-5934
https://orcid.org/0000-0003-0757-5934
https://doi.org/10.1038/s41598-019-52333-z
https://doi.org/10.1038/s41598-019-52333-z
https://doi.org/10.1093/plankt/25.4.341
https://doi.org/10.1016/j.seares.2004.02.003
https://doi.org/10.1038/nature12857
https://doi.org/10.1038/nature12857
https://doi.org/10.1016/j.rsma.2020.101198
https://doi.org/10.1016/j.rsma.2020.101198
https://doi.org/10.1029/2002JC001541
https://doi.org/10.1029/2002JC001541
https://doi.org/10.1093/plankt/3.2.291
https://doi.org/10.1093/plankt/3.2.291
https://doi.org/10.1080/09670260600839450
https://doi.org/10.1080/09670260600839450
https://doi.org/10.1146/annurev.marine.010908.163917
https://doi.org/10.1146/annurev.marine.010908.163917
https://doi.org/10.1016/j.jmarsys.2015.01.002
https://doi.org/10.1006/jmsc.1998.0400
https://doi.org/10.1111/maec.12211
https://doi.org/10.3389/fmars.2016.00213
https://doi.org/10.1016/j.ecss.2014.10.001


    |  13 of 14SAGGIOMO et al.

ratios under nutrient- and light- limited growth. Marine Ecology 
Progress Series, 169, 97– 112.

Grinsted,	A.,	Moore,	J.	C.,	&	Jevrejeva,	S.	(2004).	Application	of	the	cross	
wavelet transform and wavelet coherence to geophysical time se-
ries. Nonlinear Processes in Geophysics, 11,	 561–	566.	 https://doi.
org/10.5194/npg-	11-	561-	2004

Hansen,	H.	P.,	&	Grasshoff,	K.	 (1983).	Automated	chemical	analysis.	 In	
K. Grasshoff, M. Ehrardt, & K. Kremlin (Eds.), Methods of seawater 
analysis	(pp.	347–	379).	Verlag-	Chemie.

Havskum, H., Schluter, L., Scharek, R., Berdalet, E., & Jacquet, S. (2004). 
Routine quantification of phytoplankton groups— Microscopy 
or pigment analyses? Marine Ecology Progress Series, 273, 31– 42. 
https://doi.org/10.3354/meps2 73031

Henson,	S.	A.,	Cael,	B.	B.,	Allen,	S.	R.,	&	Dutkiewicz,	S.	(2021).	Future	phy-
toplankton diversity in a changing climate. Nature Communications, 
12, 5372. https://doi.org/10.1038/s4146	7-	021-	25699	-	w

Higgins, H. W., Wright, S. W., & Schluter, L. (2011). Quantitative inter-
pretation of chemotaxonomic pigment data, phytoplankton pigments: 
Characterization, chemotaxonomy and applications in oceanography 
(pp.	257–	313).	Cambridge	University	Press	S	Roy,	C	A.	Llewellyn,	
ES	Egeland	and	G	Johnsen	(ed).	ISBN	9780511732263.

Holm- Hansen, O., Lorenzen, C. J., Holmes, R. W., & Strickland, J. D. 
H.	 (1965).	 Fluorometric	 determination	 of	 chlorophyll.	 Journal du 
Conseil/Conseil Permanent International Pour l'Exploration de la Mer, 
30, 3– 15.

Irigoien,	X.,	Meyer,	B.,	Harris,	R.,	&	Harbour,	D.	(2004).	Using	HPLC	pig-
ment analysis to investigate phytoplankton taxonomy: The impor-
tance of knowing your species. Helgoland Marine Research, 58(2), 
77– 82.

Jeffery,	S.	W.,	&	Vesk,	M.	(1997).	Introduction	to	marine	phytoplankton	
and	their	pigment	signatures.	In	S.	W.	Jeffery,	F.	C.	Mantoura,	&	S.	
W. Wright (Eds.), Phytoplankton pigments in oceanography (pp. 85– 
126).	UNESCO	Publishing.

Kulk,	G.,	Platt,	T.,	Dingle,	J.,	Jackson,	T.,	&	Jönsson,	B.	F.	(2020).	Primary	
production, an index of climate change in the ocean: Satellite- based 
estimates over two decades. Remote Sensing, 12,	826.	https://doi.
org/10.3390/rs120	50826

Latasa, M. (2007). Improving estimations of phytoplankton class abun-
dances	using	CHEMTAX.	Marine Ecology Progress Series, 329, 13– 21.

Litchman,	 E.,	 de	 Tezanos	 Pinto,	 P.,	 Edwards,	 K.	 F.,	 Klausmeier,	
C.	 A.,	 Kremer,	 C.	 T.,	 &	 Thomas,	 M.	 K.	 (2015).	 Global	 bio-
geochemical	 impacts	 of	 phytoplankton:	 A	 trait-	based	 per-
spective. Journal of Ecology, 103,	 1384–	1396.	 https://doi.
org/10.1111/1365-	2745.12438

Llewellyn,	C.	A.,	Fishwick,	J.	R.,	&	Blackford,	J.	C.	(2005).	Phytoplankton	
community	assemblage	in	the	English	Channel:	A	comparison	using	
chlorophyll	 a	 derived	 from	HPLC-	CHEMTAX	 and	 carbon	 derived	
from microscopy cell counts. Journal of Plankton Research, 27(1), 
103– 119.

Longobardi,	L.,	Dubroca,	L.,	Margiotta,	F.,	Sarno,	D.,	&	Zingone,	A.	(2022).	
Photoperiod- driven rhythms reveal multi- decadal stability of phy-
toplankton communities in a highly fluctuating coastal environ-
ment. Scientific Reports, 12(1), 3908.

Mackey,	 M.,	 Mackey,	 D.,	 Higgins,	 H.,	 &	Wright,	 S.	 (1996).	 CHEMTAX	
program for estimating class abundances from chemical markers: 
Application	to	HPLC	measurements	phytoplankton.	Marine Ecology 
Progress Series, 114,	 265–	283.	 https://doi.org/10.3354/meps1 
44265

Mangoni,	O.,	Basset,	A.,	Bergamasco,	A.,	Carrada,	G.	C.,	Margiotta,	F.,	
Passarelli,	 A.,	 Rivaro,	 P.,	 Saggiomo,	M.,	 &	 Saggiomo,	V.	 (2013).	 A	
case	 study	 on	 the	 application	 of	 the	 MSFD	 to	 Mediterranean	
coastal systems: The Po plume, as a transitional water system in the 
northern	Adriatic	basin.	Transitional Waters Bullettin, 7(2), 175– 201. 
https://doi.org/10.1285/i1825	229Xv	7n2p175

Mangoni,	O.,	 Lombardo,	 R.,	 Camminatiello,	 I.,	Margiotta,	 F.,	 Passarelli,	
A.,	&	Saggiomo,	M.	(2017).	Phytoplankton	community	to	assess	the	

environmental	status	of	the	Adriatic	Sea	via	non-	linear	partial	least	
squares regression. Quality & Quantity, 51(2), 799– 812. https://doi.
org/10.1007/s1113	5-	016-	0440-	0

Mann, H. B. (1945). Nonparametric tests against trend. Econometrica: 
Journal of the Econometric Society, 13, 245– 259.

Mantoura,	R.	 F.	C.,	&	Llewellyn,	C.	A.	 (1983).	The	 rapid	determination	
of algal chlorophyll and carotenoid pigments and their breakdown 
products in natural waters by reverse- phase high- performance liq-
uid chromatography. Analytica Chimica Acta, 151, 297– 314. https://
doi.org/10.1016/S0003	-	2670(00)80092	-	6

Marino,	D.,	Modigh,	M.,	&	Zingone,	A.	(1984).	General	features	of	phy-
toplankton communities and primary production in the Gulf of 
Naples and adjacent waters. In O. Holm- Hansen, L. Bolis, & R. Gilles 
(Eds.), Marine phytoplankton and productivity (pp. 89– 100). Springer- 
Verlag.	https://doi.org/10.1029/LN008 p0089

Martinez,	E.,	Antoine,	D.,	D'Ortenzio,	F.,	&	Gentili,	B.	 (2009).	Climate-	
driven basin- scale decadal oscillations of oceanic phytoplankton. 
Science, 326,	1253–	1256.

Marty, J., & Chiavérini, J. (2010). Hydrological changes in the Ligurian 
Sea	 (NW	Mediterranean,	DYFAMED	 site)	 during	 1995–	2007	 and	
biogeochemical consequences. Biogeosciences, 7(7), 2117– 2128.

Marty,	J.-	C.,	Chiavérini,	J.,	Pizay,	M.-	D.,	&	Avril,	B.	(2002).	Seasonal	and	
interannual dynamics of nutrients and phytoplankton pigments 
in	 the	western	Mediterranean	 Sea	 at	 the	 DYFAMED	 time-	series	
station (1991- 1999). Deep Sea Research Part II: Topical Studies in 
Oceanography, 49(11),	1965–	1985.

McDonald,	S.	M.,	Sarno,	D.,	Scanlan,	D.	J.,	&	Zingone,	A.	(2007).	Genetic	
diversity of eukaryotic ultraphytoplankton in the Gulf of Naples 
during an annual cycle. Aquatic Microbial Ecology, 50, 75– 89. https://
doi.org/10.3354/ame01148

Millie,	D.	F.,	 Schofield,	O.	M.,	Kirkpatrick,	G.	 J.,	 Johnsen,	G.,	 Tester,	P.	
A.,	&	Vinyard,	B.	T.	(1997).	Detection	of	harmful	algal	blooms	using	
photopigments	 and	 absorption	 signatures:	 A	 case	 study	 of	 the	
Florida	 red	 tide	 dinoflagellate,	Gymnodinium breve. Limnology and 
Oceanography, 42(5part2), 1240– 1251.

Montresor,	M.,	Zingone,	A.,	&	Sarno,	D.	(1998).	Dinoflagellate	cyst	pro-
duction at a coastal Mediterranean site. Journal of Plankton Research, 
20(12), 2291– 2312. https://doi.org/10.1093/plank t/20.12.2291

Morán,	 X.	 A.	 G.,	 López-	Urrutia,	 Á.,	 Calvo-	Díaz,	 A.,	 &	 Li,	 W.	 K.	 W.	
(2010). Increasing importance of small phytoplankton in a 
warmer ocean. Global Change Biology, 16, 1137– 1144. https://doi.
org/10.1111/j.1365-	2486.2009.01960.x

Nunes, S., Perez, G. L., Latasa, M., Zamanillo, M., Delgado, M., Ortega- 
Retuerta,	E.,	Marrasé,	C.,	Simó,	R.,	&	Estrada,	M.	(2019).	Size	frac-
tionation, chemotaxonomic groups and bio- optical properties of 
phytoplankton along a transect from the Mediterranean Sea to 
the	SW	Atlantic	Ocean.	Scientia Marina, 83(2), 87– 109. https://doi.
org/10.3989/scimar.04866.10A

Piredda,	 R.,	 Tomasino,	M.	 P.,	 D'Erchia,	 A.	M.,	Manzari,	 C.,	 Pesole,	 G.,	
Montresor,	 M.,	 Kooistra,	 W.	 H.	 C.	 F.,	 Sarno,	 D.,	 &	 Zingone,	 A.	
(2017). Diversity and temporal patterns of planktonic protist as-
semblages at a Mediterranean long term ecological research site. 
FEMS Microbiology Ecology, 93(1), fiw200. https://doi.org/10.1093/
femse c/fiw200

Poloczanska, E. S., Brown, C. J., Sydeman, W. J., Kiessling, W., Schoeman, 
D.	S.,	Moore,	P.	J.,	Brander,	K.,	Bruno,	J.	F.,	Buckley,	L.	B.,	Burrows,	M.	
T.,	Duarte,	C.	M.,	Halpern,	B.	S.,	Holding,	J.,	Kappel,	C.	V.,	O'Connor,	
M.	I.,	Pandolfi,	J.	M.,	Parmesan,	C.,	Schwing,	F.,	Thompson,	S.	A.,	&	
Richardson,	A.	J.	(2013).	Global	imprint	of	climate	change	on	marine	
life. Nature Climate Change, 3, 919– 925.

Prokoph,	A.,	Fowler,	A.	D.,	&	Patterson,	R.	T.	(2000).	Evidence	for	period-
icity and nonlinearity in a high- resolution fossil record of long- term 
evolution. Geology, 28(10),	867–	870.

Ribera	d'Alcalà,	M.,	Conversano,	F.,	Corato,	F.,	Licandro,	P.,	Mangoni,	O.,	
Marino, D., Mazzocchi, M. G., Modigh, M., Montresor, M., Nardella, 
M.,	Saggiomo,	V.,	Sarno,	D.,	&	Zingone,	A.	(2004).	Seasonal	patterns	

 14390485, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/m

aec.12745 by U
ni Federico Ii D

i N
apoli, W

iley O
nline L

ibrary on [30/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.5194/npg-11-561-2004
https://doi.org/10.5194/npg-11-561-2004
https://doi.org/10.3354/meps273031
https://doi.org/10.1038/s41467-021-25699-w
https://doi.org/10.3390/rs12050826
https://doi.org/10.3390/rs12050826
https://doi.org/10.1111/1365-2745.12438
https://doi.org/10.1111/1365-2745.12438
https://doi.org/10.3354/meps144265
https://doi.org/10.3354/meps144265
https://doi.org/10.1285/i1825229Xv7n2p175
https://doi.org/10.1007/s11135-016-0440-0
https://doi.org/10.1007/s11135-016-0440-0
https://doi.org/10.1016/S0003-2670(00)80092-6
https://doi.org/10.1016/S0003-2670(00)80092-6
https://doi.org/10.1029/LN008p0089
https://doi.org/10.3354/ame01148
https://doi.org/10.3354/ame01148
https://doi.org/10.1093/plankt/20.12.2291
https://doi.org/10.1111/j.1365-2486.2009.01960.x
https://doi.org/10.1111/j.1365-2486.2009.01960.x
https://doi.org/10.3989/scimar.04866.10A
https://doi.org/10.3989/scimar.04866.10A
https://doi.org/10.1093/femsec/fiw200
https://doi.org/10.1093/femsec/fiw200


14 of 14  |     SAGGIOMO et al.

in plankton communities in a pluriannual time series at a coastal 
Mediterranean	 site	 (gulf	 of	 Naples):	 An	 attempt	 to	 discern	 re-
currences and trends. Scientia Marina, 68(S1),	 65–	83.	https://doi.
org/10.3989/scimar.2004.68s165

Rodríguez,	 J.,	Tintoré,	 J.,	Allen,	 J.	T.,	Blanco,	 J.	M.,	Gomis,	D.,	Reul,	A.,	
Ruiz,	J.,	Rodríguez,	V.,	Echevarría,	F.,	&	Jiménez-	Gómez,	F.	J.	(2001).	
Mesoscale vertical motion and the size structure of phytoplankton 
in the ocean. Nature, 410,	360–	363.

Scotto	Di	Carlo,	B.,	Tomas,	C.	R.,	 Ianora,	A.,	Marino,	D.,	Mazzocchi,	M.	
G.,	 Modigh,	 M.,	 Montresor,	 M.,	 Petrillo,	 L.,	 Ribera	 d'Alcalà,	 M.,	
Saggiomo,	V.,	&	Zingone,	A.	(1985).	Uno	studio	integrato	dell'eco-
sistema pelagico costiero del Golfo di Napoli. Nova Thalassia, 126, 
99– 128.

Siegel,	 D.	 A.,	 Maritorena,	 S.,	 Nelson,	 N.	 B.,	 Behrenfeld,	 M.	 J.,	 &	
McClain, C. R. (2005). Colored dissolved organic matter and its 
influence on the satellite- based characterization of the ocean 
biosphere. Geophysical Research Letters, 32,	 L20605.	 https://doi.
org/10.1029/2005G	L0243	10L20605

Tester,	P.	A.,	Geesey,	M.	E.,	Guo,	C.,	Paerl,	H.	W.,	&	Millie,	D.	F.	(1995).	
Evaluating phytoplankton dynamics in the Newport River estuary 
(North	 Carolina,	 USA)	 by	HPLC-	derived	 pigment	 profiles.	Marine 
Ecology Progress Series, 124, 237– 245.

Thackeray, S. J., Jones, I. D., & Maberly, S. C. (2008). Long- term change in 
the phenology of spring phytoplankton: Species specific responses 
to nutrient enrichment and climatic change. Journal of Ecology, 96, 
523– 535.

Torrence,	C.,	&	Compo,	G.	P.	(1998).	A	practical	guide	to	wavelet	analysis.	
Bulletin of the American Meteorological Society, 79(1),	61–	78.

Tragin,	M.,	&	Vaulot,	D.	(2018).	Green	microalgae	in	marine	coastal	wa-
ters: The Ocean Sampling Day (OSD) dataset. Scientific Report, 8, 
14020. https://doi.org/10.1038/s4159 8- 018- 32338 - w

Tweddle,	J.	F.,	Gubbins,	M.,	&	Scott,	B.	E.	(2018).	Should	phytoplankton	
be a key consideration for marine management? Marine Policy, 97, 
1– 9. https://doi.org/10.1016/j.marpol.2018.08.026

Vidussi,	F.,	Claustre,	H.,	Bustillos-	Guzman,	J.,	Cailliau,	C.,	&	Marty,	J.	C.	
(1996).	 Determination	 of	 chlorophylls	 and	 carotenoids	 of	marine	
phytoplankton: Separation of chlorophyll a from divinylchloro-
phyll a and zeaxanthin from lutein. Journal of Plankton Research, 18, 
2377– 2382.

Vidussi,	F.,	Claustre,	H.,	Manca,	B.	B.,	Luchetta,	A.,	&	Marty,	J.	C.	(2001).	
Phytoplankton pigment distribution in relation to upper thermo-
cline circulation in the eastern Mediterranean Sea during winter. 
Journal of Geophysical Research: Oceans, 106(C9),	19939–	19956.

Vihervaara,	 P.,	 D'Amato,	 D.,	 Forsius,	 M.,	 Angelstam,	 P.,	 Baessler,	 C.,	
Balvanera, P., Boldgiv, B., Bourgeron, P., Dick, J., Kanka, R., Klotz, 

S.,	Maass,	M.,	Melecis,	V.,	Petřík,	P.,	Shibata,	H.,	Tang,	J.,	Thompson,	
J., & Zacharias, S. (2013). Using long- term ecosystem service and 
biodiversity data to study the impacts and adaptation options in 
response to climate change: Insights from the global ILTER sites 
network. Current Opinion in Environmental Sustainability, 5(1), 53– 
66.	https://doi.org/10.1016/j.cosust.2012.11.002

Winder, M., & Cloern, J. E. (2010). The annual cycles of phytoplank-
ton biomass. Philosophical Transactions of the Royal Society B, 365, 
3215–	3226.

Wright,	S.	W.,	&	Jeffrey,	S.	W.	(2006).	Pigment	markers	for	phytoplankton	
production.	In	J.	K.	Volkman	(Ed.),	Marine organic matter. Biomarkers, 
isotopes and DNA	(pp.	71–	104).	Springer-	Verlag.

Wright, S. W., Thomas, D. P., Marchant, H. J., Higgins, H. W., Mackey, 
M.	 D.,	 &	Mackey,	 D.	 J.	 (1996).	 Analysis	 of	 phytoplankton	 of	 the	
Australian	sector	of	the	Southern	Ocean:	Comparisons	of	micros-
copy and size frequency data with interpretations of pigment HPLC 
data	 using	 the	 “CHEMTAX”	matrix	 factorisation	 program.	Marine 
Ecology Progress Series, 144, 285– 298.

Wright,	 S.	W.,	 van	 den	Enden,	 R.	 L.,	 Pearce,	 I.,	Davidson,	A.	 T.,	 Scott,	
F.	 J.,	&	Westwood,	K.	 J.	 (2010).	Phytoplankton	community	struc-
ture and stocks in the Southern Ocean (30– 80 E) determined by 
CHEMTAX	analysis	determined	by	HPLC	pigment	signatures.	Deep 
Sea Research II, 57, 758– 778.

Zingone,	 A.,	 Casotti,	 R.,	 Ribera	 d'Alcalà,	 M.,	 Scardi,	 M.,	 &	Marino,	 D.	
(1995). ‘St Martin's summer’: The case of an autumn phytoplankton 
bloom in the Gulf of Naples (Mediterranean Sea). Journal of Plankton 
Research, 17(3), 575– 593. https://doi.org/10.1093/plank t/17.3.575

Zingone,	 A.,	 Montresor,	 M.,	 &	 Marino,	 D.	 (1990).	 Summer	 phyto-
plankton physiognomy in coastal water of the Gulf of Naples. 
PSZNI: Marine Ecology, 11(2), 157– 172. https://doi.org/10.1111/
j.1439-	0485.1990.tb002	36.x

How to cite this article: Saggiomo,	M.,	Bolinesi,	F.,	Brunet,	C.,	
Passarelli,	A.,	Margiotta,	F.,	Saggiomo,	V.,	&	Mangoni,	O.	
(2023).	A	CHEMTAX-	derived	phytoplankton	community	
structure during 12- year observations in the Gulf of Naples 
(LTER- MC). Marine Ecology, 00, e12745. https://doi.
org/10.1111/maec.12745

 14390485, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/m

aec.12745 by U
ni Federico Ii D

i N
apoli, W

iley O
nline L

ibrary on [30/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.3989/scimar.2004.68s165
https://doi.org/10.3989/scimar.2004.68s165
https://doi.org/10.1029/2005GL024310L20605
https://doi.org/10.1029/2005GL024310L20605
https://doi.org/10.1038/s41598-018-32338-w
https://doi.org/10.1016/j.marpol.2018.08.026
https://doi.org/10.1016/j.cosust.2012.11.002
https://doi.org/10.1093/plankt/17.3.575
https://doi.org/10.1111/j.1439-0485.1990.tb00236.x
https://doi.org/10.1111/j.1439-0485.1990.tb00236.x
https://doi.org/10.1111/maec.12745
https://doi.org/10.1111/maec.12745

	A CHEMTAX-derived phytoplankton community structure during 12-year observations in the Gulf of Naples (LTER-MC)
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Study site
	2.2|Sampling activities
	2.2.1|Environmental parameters
	2.2.2|Biological parameters
	2.2.3|Statistical analyses


	3|RESULTS
	4|DISCUSSION
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


