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SUMMARY: In temperate areas, lack of nutrients during summer, particularly N, is the main limiting factor of macroalgal 
growth. However, Nemalion helminthoides (Velley) Batters in northern Spain is conspicuous in the field during this time 
(from mid-May to late-July). Therefore, we assumed that its nutrient requirements are low enough to be sustained by tran-
sient nutrient inputs and we hypothesized that the physiological condition of the thalli was transiently improved when nutri-
ent pulses occurred. A range of proxies for physiological condition (internal N, C, proteins and phycobilins), growth and 
phenological status of N. helminthoides were measured over time and related to temporal variations in nutrient availability, 
irradiance, temperature and daylength. Data were analyzed using a multivariate approach (redundancy analysis). Transient 
nutrient inputs were mainly due to freshwater runoff and wind-driven upwelling events; however, these pulses did not lead 
to any short-term improvement in the physiological condition of the algae because in such dominant nutrient limiting condi-
tions plants divert transient available resources directly to growth and reproduction. Probably because of the strong endog-
enous nature of the N. helminthoides life-history, only daylength and temperature were found to be major environmental 
factors: increasing daylength was associated with growth, sexual maturation, fertilization and the increment of internal N 
and C, the amount of proteins and phycobilins. Decreasing daylength together with increasing temperature were correlated 
with spore release and senescence. This research suggests that N. helminthoides requires a high light dose to sustain growth 
and reproduction, and therefore it must grow and reproduce in summer even though it has to overcome nutrient deprivation 
during this period. 

Keywords: carbon, daylength, multivariate, Nemalion helminthoides, nitrogen, phenology, phycobilins, protein, RDA, 
temperature.

RESUMEN: Control ambiental de la fase macroscópica de NemalioN helmiNthoides (Rhodophyta) en el campo. –
En las costas templadas la falta de nutrientes durante el verano, y en particular la falta de N, es la causa principal de la 
limitación del crecimiento de las algas. Sin embargo en la costa N de España Nemalion helminthoides (Velley) Batters 
aparece precisamente durante esta época del año, desde mediados de mayo a finales de julio. Por ello se asume que sus 
requerimientos de nutrientes son lo suficientemente bajos como para aprovechar pulsos ocasionales, y se plantea la hipó-
tesis de que la condición fisiológica del talo mejora durante la ocurrencia de estos pulsos. Para comprobar esta hipótesis 
se midieron indicadores de la condición fisiológica tales como el contenido interno de N, C, proteínas y ficobilinas, 
además del crecimiento y del estado fenológico a lo largo del periodo de crecimiento estival, que se han relacionado con 
variaciones temporales en disponibilidad de nutrientes, irradiancia, temperatura y fotoperiodo. Los datos se analizaron 
utilizando una aproximación multivariante (Análisis de Redundancia). Los pulsos ocasionales se debieron fundamental-
mente a aportes fluviales y fenómenos de afloramiento costero, pero éstos no produjeron ninguna mejora a corto plazo 
en la condición fisiológica porque la limitación experimentada por las plantas hizo que éstas dedicaran los recursos 
disponibles directamente a crecimiento y reproducción. Probablemente, dado el estricto control endógeno del ciclo de 
vida de N. helminthoides, solamente el fotoperiodo y la temperatura aparecen como factores ambientales importantes: el 
aumento del fotoperiodo se asocia con el crecimiento, la maduración de las estructuras reproductoras, la fecundación y 
los aumentos de los contenidos celulares de N, C, proteínas y ficobilinas. El descenso del fotoperiodo en julio, unido al 
aumento de temperatura, se correlacionó con la liberación de las esporas y la senescencia. Estos resultados sugieren que 
la especie necesita altos niveles de irradiancia para mantener el crecimiento y la reproducción, lo que obliga a las plantas 
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INTRODUCTION

Macroalgae are the most important primary produc-
ers in temperate coastal areas (Valiela, 1995). In these 
systems, long days during summer are correlated with 
increasing temperature, light-dose and generally calm 
sea conditions. This environmental setting primarily 
enhances macroalgal growth, except when this is limit-
ed by low nutrient supply, particularly N, as frequently 
reported (Fujita et al., 1989; Duarte, 1992; Lüning, 
1993; Pedersen and Borum, 1996; Reed et al., 1996; 
Kinlan et al., 2003; Hwang et al., 2004). 

Despite nutrient limitation during summer, a few 
marine algae (or at least the macroscopic phases 
of their life cycle) appear and develop in the field 
mainly during this period. This is the case of N. 
helminthoides, a red seaweed with summer-annual 
development that belongs to the order Nemaliales 
(Dixon and Irvine, 1977). This species has an hetero-
morphic life-history: the erect phase is conspicuous 
during late spring-summer, whereas during winter, 
only the filamentous tetrasporophyte perennates 
can be seen (Martin, 1969). Therefore, the common 
strategy adopted by perennial seaweeds of storing 
nutrient pools (mainly proteins and phycobilins in 
red seaweeds) in winter in order to overcome the 
summer nutrient limitation is not possible (Wheeler 
and Björnsäter, 1992; Rico and Fernández, 1996; 
Pedersen and Borum, 1996; Pueschel and Korb, 
2001; Martínez and Rico, 2002). Consequently, 
summer-annual seaweeds need to be able to survive 
with the small amounts of nutrients available. These 
nutrients are mainly provided in the form of transient 
pulses. However, the physiological response may 
depend greatly on the nutrient storage capability of 
the species at short time scales (Vergara et al., 1995; 
McGlathery, 1996; Pedersen and Borum, 1996; Cos-
tanzo et al., 2000; Nielsen, 2003; Bracken, 2004; 
Clavier et al., 2005; Lartigue and Sherman, 2005). 

The lack of winter nutrient pools in N. helminthoides 
makes it especially suitable for an investigation of how 
macroalgae may overcome summer nutrient limitations 
and benefit from nutrient pulses. Our specific hypoth-
esis was that there is a positive relationship between 
the occurrence of transient nutrient inputs and a short-
term improvement in the physiological condition of N. 
helminthoides in the field. There are different sorts of 
nutrient pulses, in particular we focussed on upwelling 
events, terrestrial freshwater inputs and rainfall. Inter-
mittent upwelling episodes in this geographical area 
have been reported before (Botas et al., 1990; Arron-
tes, 1993; Rico and Fernández, 1996; González et al., 
2003; O’Riordan et al., 2004), and therefore we carried 

out an intensive survey of seawater nutrient levels. We 
selected a locality where other natural sources of nutri-
ent inputs also occurred, in particular the presence of a 
small freshwater stream. 

The development of the erect phase of N. 
helminthoides from isolates from W Ireland was trig-
gered by days being longer than 14 h at less than 17°C 
(Cunningham and Guiry, 1989). On the coast of N 
Spain (43°34’N) these conditions are found around 
mid-May when N. helminthoides starts to colonize the 
upper faces of intertidal rocky boulders, at the lowest 
nutrient levels of the year (Rico and Fernández, 1996; 
Martínez and Rico, 2002; Sánchez and Fernández, 
2006). Other seaweeds also follow this kind of cycle, 
such as many Porphyra species (Lubchenco and Cubit, 
1980, Hernández et al., 1993; Pedersen et al., 2004), 
the sea palm Postelsia palmaeformis (Blanchette, 
1996), and the brown seaweed Desmarestia ligulata 
(Dayton et al., 1992, Edwards, 2000). Traditionally, 
research on annuals has focused on determining what 
environmental factors cause life-stage changes, fre-
quently prompted by very precise combinations of 
daylength and temperature, e.g. Bonnemaisonia hamif-
era (Breeman and Guiry, 1989), and Asparagopsis ar-
mata (Guiry and Dawes, 1992). These two factors were 
taken into account and the net growth oscillations and 
reproductive (phenological) status of N. helminthoides 
were addressed during the field survey. 

Since many variables were considered, a multivari-
ate approach was adopted. The redundancy analysis 
used here meets a mid point between descriptive and 
empirical research (ter Braak, 1999). This allowed us 
to test the particular hypothesis concerning the physi-
ological response to transient nutrient pulses, while 
investigating the general phenological and physiologi-
cal patterns potentially related to the N. helminthoides 
endogenous cycle. To our knowledge, this is the first 
attempt to perform such comprehensive monitoring of 
a summer-annual macroalgae in response to several 
sources of nutrient pulses in the field.

MATERIALS AND METHODS

Sampling area

The location selected for the study was La Concha 
de Artedo (Asturias, northern Spain 43°34’N, 6°11’W). 
The shore is moderately exposed, with an average tidal 
range of 2.2 m. Nemalion helminthoides was distrib-
uted in a small area (about 300 m) located at the eastern 
border of a broad rocky platform. This area can be de-
scribed as a transitional region between the rocky plat-
form and the beach and is surrounded by a freshwater 

a crecer y reproducirse en la época estival, aunque teniendo que superar al mismo tiempo la situación de disminución de 
disponibilidad de nutrientes. 

Palabras clave: carbono, fotoperiodo, análisis multivariante, Nemalion helminthoides, nitrógeno, fenología, ficobilinas, 
proteina, RDA, temperatura.
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stream from the eastern side. N. helminthoides usually 
colonizes the upper face of the biggest boulders on the 
upper part of the Chthamalus belt. Samples were col-
lected weekly, from the first presence of young erect 
plants in mid-May 2003 until their disappearance in 
late July 2003.

Percentage cover

N. helminthoides fronds are cylindrical and most 
growth is longitudinal. Populations spread over the 
rocky surfaces forming a flat layer, and therefore we 
selected cover as a proxy for growth. Fourteen 10×10 
cm quadrats were randomly distributed within the 
sampling area. In order to allow repeated sampling, 
we made permanent marks on the rock surfaces co-
inciding with the two opposite corners of the quadrat 
frame. Four quadrats were located within the first 
100 m fringe from the freshwater stream (site 1), five 
within the 100-200 m fringe (site 2), and five within the 
200-300 m fringe (site 3). The mean distance between 
quadrats was around 10-30 m. The percentage cover 
was estimated weekly by the point-intercept method 
using a square plastic frame that held a 1×1 cm mesh 
(121 intercept points where the presence or absence of 
N. helminthoides was noted). 

Phenology

Once a week, ten plants were randomly collected 
from the sampling area. The collection site was cho-
sen by randomly selecting an area adjacent to 2 of the 
marked quadrats, and collecting 5 plants at each one. 
Samples were fixed in 4% formalin-seawater and kept 
in complete darkness until examination. For microsco-
py observation of reproductive structures 5 pieces (2-3 
mm) of each plant were excised, stained with aniline-
blue and squashed on a microscope slide. Each plant 
was assigned to a phenological class using the follow-
ing criteria: forming male or female gametes (Fig. 1a, 
b), showing fertilization of the female gametes (Fig. 
1c), or releasing spores (Fig. 1d).

Biochemical analysis. Once a week, eight plants 
were collected at random from the sampling area. They 
were transported to the laboratory inside an isotherm 
bag (<4°C, in darkness) and divided into samples of 
fresh tissue. Samples were blotted dry, weighed and pre-
served at -20°C until the analysis of internal biochemical 
contents. Four samples from different individuals were 
used each week to determine internal C and N contents 
using a CHN elemental auto-analyzer (Perkin Elmer 
Analytical Instruments, Shelton, CT, USA). From each 
of the 8 plants collected two different samples were 

Fig. 1. – Phenological classes. a) Individual showing female gamete; b) Individual showing male gametes; c) Individual showing fertilization 
in female gamete; d) Individual releasing spores. Scale bar equals 25 mm.



266 • L.S. PATO et al.

SCI. MAR., 75(2), June 2011, 263-271. ISSN 0214-8358 doi: 10.3989/scimar.2011.75n2263

used to determine total protein and phycobilins. Sam-
ples were ground in a mortar and pestle with liquid N. 
Proteins were extracted over 24 h in darkness with SDS 
(1%) and assayed following Lowry’s protocol (1951) 
using BSA (Merck, Frankfurter, Darmstadt, Germany) 
as standard. Phycobilins (phycoerythrin and phycocy-
anin) were extracted with 0.05M phosphate buffer and 
quantified using Beer and Eshel (1985) trichromatic 
equations. To express the biochemical contents as a per-
centage of dry weight (DW), a sample from each plant 
was dried (60°C until constant weight) to determine the 
fresh:dry weight ratio.

Environmental variables

Seawater samples for nutrient analysis were taken 
at least weekly. Increases in seawater nutrients associ-
ated with wind-driven upwelling events were detected 
using daily meteorological forecasting and additional 
nutrient samples taken under wind-favourable con-
ditions. Triplicate seawater samples were taken at 
three different sites within the sampling area. Site 1 
was next to the freshwater runoff on the eastern side 
of the sampling area, site 3 was on the opposite side, 
and site 2 was in between. Samples were filtered in 
situ (0.7 mm GF/F filters, Whatman International Ltd., 
UK), and transported to the laboratory (<4°C, in dark-
ness), where they were kept at –20°C until analysis. 
Nitrate + nitrite (NO3

–+NO2
–), ammonium (NH4

+) and 
orthophosphate (HPO4

3–), were determined using an 
automated wet chemistry analyzer (SKALAR San++ 
System, Breda, The Netherlands), following standard 
protocols (Grasshoff et al., 1983). 

Seawater temperature was measured with a continu-
ous data logger (ONSET Computer Corp., Pocasset, MA, 
USA). The thermometer was fixed in the low intertidal 
and only data collected during high tides were taken into 
account. Daily series of direction and intensity of winds 
were kindly provided by Puertos del Estado from a me-
teorological station located close to the sampling area 
(Cabo Peñas, 43°39’N, 05°50’W, alt: 100 m). These 
data were used to calculate an Upwelling Index (Ba-
kum, 1973). Daily precipitation data were taken from 
the same station. Integrated global irradiance reaching 
the surface (Kj m-2 d-1) was provided by the Instituto Na-
cional de Meteorología from the meteorological station 
at La Coruña (43°22’N, 08°25’W). Daylength variations 
were calculated as in Kirk (1983).

Statistical analysis

We used a multivariate approach (ter Braak, 1999) 
in order to test our particular hypothesis (physiological 
response to transient nutrient inputs) and to determine 
general variation patterns between variables measured 
in the plants and in the environment (endogenous cycle). 
For this purpose, we used a redundancy analysis (RDA), 
which is a canonical ordination technique in which 
a response data set is constrained to a given group of 

environmental variables. Axes resulting from the ordi-
nation must therefore be linear combinations of the pro-
vided explanatory variables. In this approach the relative 
variation among samples and the relationships between 
response and environmental variables can be visual-
ized in a single bi-dimensional plot (Palmer, 1993). A 
preliminary Principal Component Analysis (PCA), in 
which the set of environmental variables is not con-
sidered, was performed to evaluate the suitability of a 
multivariate approach. The PCA and RDA results were 
compared to determine whether any important environ-
mental variables had been overlooked. Furthermore, 
the RDA allowed us to use iterative procedures to test 
the significance of the ordination axis. The significance 
of the second axis was tested considering the first axis 
sample scores as covariables (Lepš and Šmilauer, 2003). 
The conditional contribution of each environmental 
variable used in the analysis was assessed with a forward 
selection procedure. When the effect of a variable was 
judged to be non-random (p<0.05) it was included in the 
reduced model. The amount of variation explained by 
each of these selected variables was quantified in partial 
analyses in which each variable was considered as the 
only explanatory factor and the others were added as 
covariables (Lepš and Šmilauer, 2003). We used linear 
models like PCA and RDA because the response mod-
els of physiological and life cycle variables in the field 
are usually linear. For the environmental variables that 
showed an oscillatory pattern of variation a weighted 
mean value considering the five previous days was used 
in the analysis.

RESULTS

Variations in cover

The mean percentage cover showed maximum 
values between 7 and 27 June (Fig. 2a). Plants located 
within the 200 m fringe closest to the freshwater stream 
(sites 1 and 2) showed a higher percentage of cover 
than plants located within the last 100 m fringe away 
from the freshwater (site 3), particularly during the pe-
riods of maximum cover (Fig. 2a).

Phenology

Plants were fertile from the first sampling date and 
only a single sterile individual was found on 16 May. 
The number of forming individuals was high until 13 
June (Fig. 2b). The number of fertilized individuals 
was highest on 7 June (Fig. 2b). Spore release started 
on 20 June and was high until the last sampling date 
(Fig. 2b). Individuals found later showed clear degra-
dation of the reproductive structures.

Variation in biochemical contents

Total N and total C contents followed a parallel 
trend with higher values from 30 May to 3 July (Fig. 
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2c). The maximum protein content (18.36±1.43% DW; 
mean±SE; n=8) was found on 7 June. Phycoerythrin 
content showed a delayed peak (1.49±0.22% DW; 
mean±SE; n=8) on 27 June, as did phycocyanin con-
tent (0.30±0.05% DW; mean±SE; n=8) (Fig. 2d).

Nutrient availability and environmental variation

Nitrate + nitrite and phosphate values (Fig. 3a, b) 
were low when compared with usual autumn/winter val-
ues in this area (up to 7 µM nitrate + nitrite and 0.3 µM 
orthophosphate reported in Martínez and Rico, 2002). 
There was a trend for nitrate + nitrite (and occasion-
ally for phosphate) to be lower at the third sampling 
site, which was located far from the freshwater stream, 
particularly on days with high nutrient levels (Fig. 3a, 

b). Maximum values found on the first sampling date 
agreed with values found at the same site on the same 
date the following year (on 18 may 2004: nitrate + 
nitrite =3.81±0.25 µM; phosphate =0.24±0.008 µM; 
mean±SE; n=2). These values were consistent with typi-
cal spring values in this area found before the late-spring 
thermocline is formed. More than 1 mM of ammonium 
was found throughout the monitoring period and there 
was no trend among sites or dates (Fig. 3c). 

Fig. 2. – Variation in cover and proxies for physiological condition. 
a) Percentage cover for the three sampling zones (site 1, n=4; site 
2, n=5; site 3, n=5); b) Number of individuals forming gametes, 
showing fertilization and releasing spores (n=10); c) C and N in-
ternal contents (n=4, except * in which n equals 2); d) Total protein 
content (n=8); e) Phycoerythrin and phycocyanin content (n=8). 

Bars denote SE.

Fig. 3. – Variation in environmental variables. a-c) Nitrate+nitrite, 
phosphate and ammonium concentrations for the three sampling 
sites. Arrows represent an upwelling event (n=3). Bars denote 
SE; d) Upwelling index. Arrow represents an upwelling event; e) 
Seawater temperature and theoretical daylength; f) Daily integrated 

irradiance and precipitation.
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On most of the days the Upwelling Index showed 
some positive values (Fig. 3d). However, only be-
tween 3 and 11 July (arrow on Fig. 3d) were persistent 
positive values found continuously over 9 consecu-
tive days. This period was preceded and followed by 
periods of downwelling (Fig. 3d) and was associated 
with an increment in both nitrate + nitrite and phos-
phate concentrations (arrows in Fig. 3a, b). Seawater 
temperature showed increasing values towards the end 
of the summer (Fig. 3e). A theoretical daylength curve 
is shown in Fig. 3e; integrated irradiance did not show 
any trend throughout the cycle and low values were 
consistent with periods of rainfall (Fig. 3f). 

Relationship between variables measured in  
N. helminthoides and environmental variables

The first two axes of the PCA explained 80.6% of 
the total variability of the response matrix (Table 1). 
After constraining the response data to the set of envi-
ronmental variables the percentage of explained vari-
ance only dropped by 12.3%, which indicated that no 
relevant environmental factors had been overlooked. 
When the full set of environmental variables was 
considered, only the first axis of the ordination was 
significant (Table 1). The forward selection procedure 
selected daylength (F=6.11, p=0.005) and seawater 
temperature (F=3.31, p=0.017) as the only significant 
explanatory variables. Daylength explained a larger 
amount of variance than temperature (Table 2). Only 
9.3% of the total variance (difference between the sum 
of the variance explained by the two partials and the 
total variance explained by the reduced model) was 
shared by daylength and temperature, which shows that 
these two variables are not correlated at this temporal 
scale (Lepš and Šmilauer, 2003).

The reduced model is shown in Figure 4. The sam-
ples were ordered in an anti-clockwise direction. The 
first axis was a linear combination of daylength and 
temperature, in which daylength was the major factor. 
Variations in percentage cover and internal biochemical 
contents were highest along this axis, which indicates 
that they were mainly related to variations in daylength. 
The arrows that represented these variables appeared 
above the arrow that represented daylength, showing 
that their maximum values were reached earlier than the 
maximum daylength value, and therefore under increas-
ing daylength. The arrow that represented temperature 
pointed to samples taken later in the cycle, these samples 
showed low internal biochemical contents and advanced 
reproductive status. The only response variable positive-
ly correlated with temperature was the number of indi-
viduals releasing spores. Variables related to short-term 
nutrient supply such as nutrient seawater availability, 
Upwelling Index and precipitation were not significant 
in explaining variability in physiological condition. In 
fact, arrows that represented N availability in seawater 
were plotted in the opposite direction to samples with 
high N internal contents, which shows the total absence 
of a relationship (they were added to the plot as sup-
plementary, with no effect on the ordination).

Table 2. – Percentage of variance explained by the factors selected 
for the reduced model (forward selection procedure, p<0.05). Par-
tial analyses give the amount of variability explained by each factor 
once the effect of the other has been removed. F test performed with 

Montecarlo iterative procedures.

 Total %  F p
 explained variance 

RDA reduced model 54.6 5.412 0.001
partial of daylength 28.4 5.628 0.001
partial of temperature 16.7 3.306 0.030

Table 1. – Percentage of variance explained by the first  two axes 
and by the total extracted axes in the PCA and RDA. The latter 
considers the full environmental data set. F test performed with 

Montecarlo iterative procedures.

  % explained variance
Analysis 1st axis 2nd axis Total

PCA 57.5 23.1 100
RDA full analysis 55.3 21.8a 87.7
 F=3.707,  F=1.369,  F=2.670,
 p=0.001 p=0.349 p=0.058

a once the effect of the first axis has been taken off.

Fig. 4. – Reduced RDA plot. Samples were denoted with full cir-
cles with the corresponding date label. Response variables were 
represented with empty-headed arrows. Environmental variables in-
cluded in the reduced model were signed out with thick full-headed 
arrows. Environmental variables excluded from the reduced model 
were added as supplementary and were represented by dashed-
halftone arrows. Environmental variables: d-length, daylength; swT, 
seawater temperature; irrad, integrated irradiance; UpIn, upllewing 
Index; ppt, precipitation; phos, seawater phosphate concentration; 
nitr, seawater nitrite+nitrate concentration, amm, seawater ammo-
nium concentration, tNit, total seawater inorganic N. Response vari-
ables: cov, percentage cover; form, no. individuals forming gametes; 
fert, no. fertilized  individuals, rele, no. individuals releasing spores; 
C, total internal C; N, total internal N; prot, total protein content; 

PE, phycoerythrin; PC, phycocyanin.
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DISCUSSION

With regard to the main hypothesis, no changes in 
the nutritional status of Nemalion helminthoides were 
detected as a response to the occurrence of transient 
nutrient inputs. As we expected, baseline nutrient lev-
els in seawater remained low throughout the monitor-
ing period but transient nutrient peaks in the intertidal 
fringe were detected. However, N. helminthoides did 
not show any physiological improvement when these 
peaks occurred (in terms of internal nutrient content, 
protein pools and phycobilins), although it grew and 
sporulated successfully during the summer, which sug-
gests that it did actually benefit from these pulses. As 
reported for several macroalgae species growing under 
transient nutrient pulses (McGlathery, 1992; Barr and 
Rees, 2003; Costanzo et al., 2000; Nielsen, 2003), the 
nutrient requirements for sustaining maximum growth 
and high reproductive effort are usually higher than the 
mean nutrient availability, even in areas where nutrient 
background levels exceed those reported in this study 
(McGlathery, 1992; Pedersen and Borum, 1996, 1997; 
Phil et al., 1996; Fong et al., 1998; Barr and Rees, 2003; 
Nielsen, 2003). This nutrient restriction implies that the 
nutrient uptake during pulses is directly diverted into 
growth and reproduction (Fong et al., 1994; Vergara et 
al., 1995), which might explain the lack of short-term 
physiological responses in N. helminthoides. 

The freshwater stream was the most consistent 
nutrient input during the sampling period. The sites 
next to the runoff showed a trend of higher nitrate + 
nitrite concentrations. In fact, samples taken in the 
stream during the following year showed nitrate values 
that usually exceeded 30 mM (May to August in 2004, 
40.13±3.20 mM; mean±SE; n=14). Accordingly, N. 
helminthoides plants located within the sampling areas 
closest to the freshwater runoff were longer than plants 
located further away (pers. obs.) where the lowest 
cover was measured. The stream supplies an additional 
transient nutrient input that seemed to alleviate nutrient 
limitation nearby.

The nitrate concentration showed an increment 
in early July that was associated with a period of up-
welling conditions. However, this input took place 
when plants had already begun the process of senes-
cence synchronized with the daylength becoming 
shorter and the temperature increasing (discussed 
below). Moreover, upwelling events registered in this 
area have not been shown to have any short-term ef-
fects on the physiological condition of the perennial 
red seaweeds Gelidium latifolium (Rico and Fernán-
dez, 1996) and Palmaria palmata (Martínez and Rico, 
2008). This could be partially attributed to the pres-
ence of internal winter storage pools (although already 
low in summer); however, as the authors in the two 
previous references suggested, it is also possible that 
the intermittent occurrence of the upwellings stops the 
macroalgae from making a significant physiological 
response in the mid-Cantabrian Sea. Direct responses 

to rainfall were not evident, which suggests they have 
little effect on N. helminthoides nutrition. 

The endogenous nature of the N. helminthoides cy-
cle described by Cunningham and Guiry (1989) was 
also apparent in the field population studied. These au-
thors found that the formation of the erect phase of N. 
helminthoides was determined by a strict combination 
of daylength and temperature (more than 14 h of light 
and less than 17°C). In the field, ambient variations of 
daylength and temperature caused the variations in per-
centage cover, physiological condition and reproduc-
tive phenology of N. helminthoides. Daylength was the 
most important environmental factor for the synchroni-
zation of these three life-history elements. 

In particular, the increment in the number of 
daylight hours promoted growth with a concomitant 
increment in N and C internal contents, and N pools. 
Proteins remained high during this period and allocated 
up to 93.66±5.1% of the total N internal content (from 
16 May to 7 June; mean±SE; n=31; conversions as in 
Naldi and Wheeler, 1999), which suggests that most of 
them played a structural role, i.e. extracted with SDS. 
Phycobilins comprised a significant fraction of the 
total protein content (10.63±1.44%; mean±SE; n=87), 
and were closely correlated with daylength, which 
suggests that they play an important role as accessory 
photosynthetic pigments and N sinks in growing red 
seaweeds (Lobban and Harrison, 1997; Martínez and 
Rico, 2002, 2008). No net growth was observed when 
the days became shorter, and a general deterioration 
of the physiological condition occurred. Maturation 
of both male and female gametes and fertilization of 
female gametes occurred during the first 4 weeks of the 
cycle when the number of light hours was increasing, 
whereas maturation and release of spores took place 
in decreasing daylength. Therefore, the maximum per-
centage cover, better physiological performance, and 
peak in reproductive effort occurred at the same time.

The strength of the relationship between vegetative 
growth and reproductive effort in red seaweeds has 
been convincingly demonstrated by Kamiya and Ka-
wai (2002) in three ceramiacean algae (Rhodophyta). 
In these species the number and size of spores released 
depended on the length of the vegetative branch on 
which carposporangia were being produced. This 
kind of relationship is also found in ephemeral short-
lived seaweeds, in which there is no differentiation 
of thallus areas for reproduction and the reproductive 
output (gametes) usually occurs by degradation of the 
tissues (e.g. Pedersen and Borum, 1996; Schoschina, 
1996; Clifton and Clifton, 1999). Similarly, in N. 
helminthoides, as in other Nemaliales, spores are re-
leased by leakage of the thalli (Dixon and Irvine, 1977; 
Hall and Murray, 1998; Sánchez et al., 2003) and is 
therefore linked with the decrease in net growth, the 
deterioration of the physiological condition, and final-
ly, the senescence and disappearance of the plants from 
the field at the end of the cycle. During this time, the 
ambient temperature increased progressively. Actually, 
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increases in temperature have been demonstrated to be 
a relevant factor in the rate of spore release in some red 
macroalgae (Guzmán-Urióstegui and Robledo, 1999; 
Garza-Sánchez et al., 2000). Our data suggest a similar 
response in N. helminthoides. 

The direct relationship between N assimilation and 
C fixation is well known in photosynthetic organisms 
when they are actively growing. In these cases, the 
metabolic pathways that lead to the synthesis of pro-
teins (GS-GOGAT and TCA-cycles) are predominant 
(reviewed in Huppe and Turpin, 1994). The parallel 
variation of N and C internal contents was also found 
by Hernández et al. (1993) in the winter-annual red sea-
weed Porphyra umbilicalis during the growing period. 
We found temporal coincidence between the decrease 
in N and C contents and the progressively decreasing 
daylength and increasing temperature, pointing to en-
dogenous promoted senescence. 

Most research on macroalgal ecophysiology deals 
with perennial harvestable seaweeds in which the pe-
riod when there is a direct relationship between N and 
C generally goes unnoticed when it is considered with-
in the inverse pattern between N and C contents (the 
so-called “Neish effect”), which is predominant most 
of the year (Neish et al., 1977; Juanes and McLach-
lan, 1992; Wheeler and Björnsäter, 1992; Chopin et 
al., 1995; Rico and Fernández, 1996; Martínez and 
Rico, 2002, 2008). The brief period during which N. 
helminthoides is present in the field makes this direct 
relationship evident. Field surveys of species with pe-
culiar life-cycles, like the one reported in this study, are 
important for determining how the environment influ-
ences macroalgal development.
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