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“Será que apenas os hermetismos pascoais 

Os tons, os mil tons, seus sons e seus dons 

geniais 

Nos salvam, nos salvarão dessas trevas e 

Nada mais?” 

 

Caetano Veloso. Podres Poderes, 1984. 
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Abstract 

The continental Portuguese coast stretches around 900 Km with a latitudinal 

difference of 4˚. Despite the relatively short spatial scale, the strong physical gradient of 

these area produces a transition zone where species from boreal and Lusitanian- 

Mediterranean origin coexist. Anthropogenic climate change, particularly seawater 

warming, is expected to drive quick shifts in marine species distribution transforming 

coastal biodiversity scenarios. These shifts in distribution will be particularly noticeable in 

transitional areas where warm and cold-waters affinity species cohabit. In Portugal, recent 

research suggests that marine coastal species are shifting their distribution limits north or 

southward as a result of rising seawater temperatures. These structural shifts in species 

distributional ranges have also functional consequences in the ecosystem. 

Taking advantage of data collected in 2012 of subtidal macroalgae communities 

along the Portuguese coast, a new sampling program of the same regions (Viana do 

Castelo-Esposende, Peniche and Sines) was carried out in the summer of 2018 to assess 

recent changes. Our findings suggest that macroalgae communities have undergone 

major changes within a few years. The results revealed significant structural and functional 

changes in the last six years, with regional increases of species richness, diversity and 

biomass. In addition, the “tropicalization” and homogenization of subtidal macroalgal 

assemblages along of the Portuguese coast are strong pieces of evidences of impacts 

from anthropogenic climate change. 

 
 
 

Key words 
 
Climate change, Seaweed assemblages, Kelps, Turf, Subtidal, Latitudinal gradient, 

Spatial variability, Temporal variability, Tropicalization. 
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Resumo 

A costa continental portuguesa estende-se ao longo de 900 km, com uma 

diferença latitudinal de 4˚. Apesar da escala espacial relativamente curta, o forte gradiente 

físico desta área produz uma zona de transição onde coexistem espécies de origem 

boreal e lusitânico-mediterrâneas. As mudanças climáticas antropogénicas, 

particularmente o aquecimento da água do mar, devem levar a mudanças rápidas na 

distribuição de espécies marinhas, transformando os cenários da biodiversidade costeira. 

Estas mudanças na distribuição serão particularmente visíveis em áreas de transição 

onde espécies de afinidade com águas quentes e frias coabitam. Em Portugal, pesquisas 

recentes sugerem que as espécies marinhas costeiras estão mudando seus limites de 

distribuição para o norte ou para o sul, como resultado do aumento da temperatura da 

água do mar. Estas mudanças estruturais nos intervalos de distribuição das espécies 

também têm consequências funcionais no ecossistema. 

Aproveitando dados coletados em 2012 das comunidades de macroalgas 

subtidais ao longo da costa portuguesa, foi realizado no verão de 2018 um novo programa 

de amostragem nas mesmas regiões (Viana do Castelo-Esposende, Peniche e Sines) 

para avaliar mudanças recentes. O nosso estudo sugere que as comunidades de 

macroalgas sofreram grandes mudanças em poucos anos. Os resultados revelaram 

mudanças estruturais e funcionais significativas nos últimos seis anos, com aumentos 

regionais na riqueza, diversidade e biomassa das espécies. Além disso, a “tropicalização” 

e a homogeneização das assembleias de macroalgas subtidais ao longo da costa 

portuguesa são fortes evidências de mudanças climáticas e impactos antropogénicos. 

 

Palavras-chave 

 
Mudanças climáticas, Assembléias de algas marinhas, Kelps, Turf, Gradiente latitudinal, 

Subtidal, Variabilidade Espacial, Variabilidade temporal, Tropicalização 
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1. Introduction 

Structure and functioning of marine benthic communities are strongly influenced by 

large scale physical drivers such as temperature, salinity, nutrient availability and waves 

among others (Breeman 1988; Poloczanska et al. 2013). Biological factors are also 

relevant but usually at smaller scales and include the top-down and bottom-up ecological 

controls, reproductive, growth and dispersal strategies (Bijma et al. 2013; Hoegh-Guldberg 

and Bruno 2010; Wernberg et al. 2011a). Latitudinal gradients are the most influential on 

species distribution because of associated temperature gradients (Boyce 1978; Wernberg 

et al. 2010). Those latitudinal gradients are being modified quickly in the ocean because 

of ocean warming. Satellite data from ocean surface temperature shows a warming rate 

of 0.1ºC per decade in the last 40 years (Fig. 1; IPCC2018) and isotherms are shifting 

geographically over time quickly (Burrows et al. 2011). Some particular features of the 

Portuguese continental coast make it highly suitable for studying the effects of seawater 

warming on species distribution. The Portuguese continental coast is located close to the 

interface between two biogeographical areas and includes fauna and flora species with 

cold and warm-water affinities (Santos 2000; Boaventura et al. 2002; Pereira et al. 2006; 

Southward et al., 1995; Lima et al. 2007). Also the Portuguese coast is influenced by a 

very intense upwelling system, the Iberian upwelling, creating favorable conditions for 

certain species persistence (Lourenço et al. 2016). The Northern region of the Portuguese 

coast is the area where the upwelling reaches its largest intensity. Seawater in this region 

is cold even in summer and rich in nutrients, fueling a highly productive system. In the 
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Southern region, seawater is warmer, poorer in nutrients and with a strong Mediterranean 

influence (Sanchez and Relvas 2003; Santos et al. 2004; Peliz et al. 2005). Amongst all 

the worldwide upwelling systems, the Iberian upwelling is the only one with a suggested 

negative trend, i.e. decreasing on intensity (Bode et al. 2011; Sydeman et al. 2014). 

Despite some uncertainty on the real nature of the observed trends (Alves et al. 2013), 

increases in sea surface temperatures have been confirmed by several authors 

suggesting that ocean warming is a real trend in the continental platform of Portugal (Fig. 

2; Lima et al. 2006; Santos et al. 2012). 

 

Fig. 1 – World annual SST anomaly (ºC) (adapted from climate reanalyze.com) 

 

Fig. 2 - Yearly averaged sea surface temperature (a) and near-surface air temperature (b) along the Portuguese coastline 

from January 1950 to December 2000. (c) Location of discontinuities after split moving window analyses. White arrow 

indicates the discontinuity identified using Ardré’s complete data set. Black arrow indicates the discontinuity identified using 

Ardré’s subset data and gray arrow indicates the discontinuity identified with contemporary data (adapted from Lima et al. 

2006). 
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Temperature is not the only factor that influences marine species distribution but 

is of much importance (Breeman 1988; Bartsch et al. 2008). Modifications in the patterns 

of distribution of coastal species are expected in these latitude transition regions if 

temperature changes are taking effect. Understanding the influence of temperature in 

these scenarios is relevant for predicting and measuring the effects of global warming on 

marine ecosystems (Santos 2000; Walther et al. 2002; Parmesan and Yohe 2003; Pereira, 

et al. 2006; Hawkins et al. 2009; Wernberg et al. 2011b, 2012). Recent research in the 

Iberian Atlantic coast has demonstrated significant changes in the distribution of marine 

algae species in the last decade along the Iberian coasts, such as the reduction or 

disappearance of species with affinity to cold waters (of boreal origin), concomitant to an 

increase of species with affinity to warm waters usually of sub-tropical and tropical origin 

(Lima et al. 2006; Frazão Santos et al. 2016; C. Piñeiro-Corbeira et al. 2016). Those 

changes are similar to those well described worldwide. Studies on macroalgae linking their 

distribution and physical drivers were abundant last century and have boosted in the last 

years due to the climate change intensification (Mineur et al. 2015). Most of these studies 

have specifically documented changes in seaweed abundance and distribution in the 

Northeast Atlantic, including the Portuguese coast. The distribution of many warm-water 

affinity species seem to have expanded to the northern boundaries of their usual range 

over the last few years, while the cold-water affinity species have not shown any particular 

tendency of displacement as a group (Borja et al. 2013; Díez et al. 2012; Fernandez 2011; 

Gallon et al. 2014; Husa et al. 2008; Lima et al. 2007; Pehlke and Bartsch 2008; Sjøtun et 

al. 2015). 

Kelp forests seem to be particularly vulnerable to climate change (Assis et al. 

2016). Kelps are large brown seaweeds belonging to the orders Tilopteridales and 

Laminariales. Due to their size, kelps are habitat-founder species acting as equivalent to 

the trees in terrestrial forests providing refuge and food to many associated species.Thus 

the maintenance of coastal ecosystem functioning will likely depend on the persistence of 

structuring species such as kelps (Hoegh-Guldberg and Bruno 2010). In the last decades, 

kelp forests have suffered worldwide modifications in their structure including increase in 

the abundance of opportunistic species – turfs, in general – and the weakening of larger 

sized species due to their lower resistance to environmental stress (Connell and Irving 

2008; Moy and Christie 2012; Filbee-Dexter et al. 2016; Wernberg et al. 2016a; Fernández 

2011; Davoult et al. 2011). 

Beyond structural effects, species functional traits are increasingly recognized as 

playing a major role in determining ecosystem functioning. Functional traits are those 

features (morphological, physiological, phenological, etc.) that determine how species 
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respond to environmental factors, interact with other species and/or influence ecosystem 

properties (Pérez-Harguindeguy et al. 2013). Large canopy species like kelps present high 

rates of benthic primary production, fuelling highly diverse animal assemblages in coastal 

areas (Middelboe et al. 2006). Small turf species, in turn, provide a smaller and less 

complex three-dimensional structure. Consequently, this group contributes to less 

complex and more homogeneous structures, leading to a reduction in resource and 

functional diversity (Airoldi 1998; Arenas et al. 2006; Kelaher 2002; Miller et al. 2009; 

Matias et al. 2015). 

Coastal environments, including coastal reefs, appear to be convenient systems 

for climate change monitoring and study, as they are accessible and well-studied, 

organisms are restricted to a defined shoreline, and many of their species are visible and 

easy to detect (Lima et al. 2007; Simkanin et al. 2005). While studies on intertidal species 

are abundant in the Portuguese coastal area, there is a relative shortage of studies on 

subtidal coastal assemblages, particularly on seaweed assemblages (but see Tuya et al. 

2012 among others). Subtidal coastal reefs are very relevant ecologically but also 

economically, because they support local fisheries. Unfortunately, local anthropogenic 

activities (pollution, overfishing, anchoring, etc.) interacting with global pressures like 

rising sea temperature, extreme and frequent storms are threatening these habitats (Borja 

et al. 2013; Halpern et al. 2008). 

The main objectives of this work are to assess the recent changes of macroalgae 

communities along the Portuguese coast by comparing three regions of varying latitudes 

between 2012 and 2018. In the current scenario of seawater warming and because of the 

current speed of the changes (Burrows et al. 2012), we hypothesize that changes in the 

structures of the algal assemblages are detectable even at such reduced temporal scale. 

We also expect increases in the abundance of warm-water affinity species and 

opportunistic species like invaders concomitant with a reduction in the occurrence of cold- 

water affinity species. 
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2. Materials and Method 

2.1. Study area 
 

Following the design of the surveys done in 2012, this study includes 3 regions placed 

along the continental coasts of Portugal: Viana do Castelo-Esponsende - 41 ° N, (VIA), 

Peniche - 39.2° N (PEN) and Sines - 37.8 ° N (SIN) (Figure 1). The coast of Portugal 

continental is orientated North to South and the selected regions have a similar wave 

exposure to the dominant NW and W swells. This coastline is characterized by extensive 

sandy beaches interspersed with limestone, sandstone, shale or granitic reefs in both the 

intertidal and the shallow subtidal (Tuya et al. 2012). At each region, five different subtidal 

reefs 1 to 5 km apart and 6 to 12 meters’ depth, were hazardously selected for sampling. 

 
Fig. 3 - Bathymetric map of continental Portugal showing location of the three study regions: Viana do Castelo (41.5° N), 

Peniche (39.2° N) and Sines (37.8° N), and the 5 reefs (grey dots in insets) sampled in each region (adapted from Tuya et 

al. 2012). 
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2.2. Collection and data analyses 
 

At each reef and using SCUBA diving six quadrats of 50×50 cm (0.25 m2) randomly 

deployed on the top of horizontal bottom reef were sampled by collect all the macrophytes 

using scrapers. Surveys were made during three diving campaigns conducted in the 

summer of 2018. Once collected, samples were labelled and transported to the laboratory 

in cool boxes and frozen until processing. Following Tuya et al. (2012), we replicated the 

sample design and analysis procedures, but incorporate the time factor to compare 2012 

and 2018 data. Seaweeds within each sample were identified to the lowest feasible 

taxonomic level, mostly species, and weighed (wet weight after removing excess water by 

shaking). Algal species were assigned to 3 climatic affinity groups: ‘cold-water’ Atlantic 

boreal species, ‘warm-water’ Lusitanian species and ‘widely distribution’, based on algal 

classifications for the northern Atlantic (Alvarez et al. 1988, Lüning 1990, Tuya et al. 2012), 

as well as on the historical distribution of algae along the coasts of Europe and North 

Africa and the presence of southern or northern 



12 

 

 

distribution limits on the Portuguese or adjacent Spanish coasts (Ardré 1971, Barbará et 

al. 2005, Lima et al. 2007, Araújo et al. 2009).In order to perform also a functional analyses 

of the samples, seaweed species were also assigned to 4 morpho-functional groups: 

‘incrustant’, ‘turf-forming’, ‘subcanopy’ and ‘canopy’, based on algal morpho- functional 

classifications by Arenas et al. (2006). 

Data were analyzed using R software (R Core Team, 2019) and figures were produced 

using the package ggplot2 (Wickham 2009). Community level analyses were conducted 

using vegan library (Oksanen et al. 2019). Non-metric multi-dimensional scaling (NMDS) 

plots were used to visualize differences in algal assemblage composition among regions 

and times. Those differences were tested using three-way permutational multivariate 

analysis of variance (PERMANOVA, Anderson 2001) based on Bray-Curtis dissimilarities 

calculated from untransformed data. The PERMANOVA model included three factors: 

Time (two levels, fixed), Region (three levels, fixed and crossed with Time) and Reef (five 

levels, random and nested within both Time and Region). When tests were significant and 

for those relevant effects, post-hoc comparisons tests were carried out to identify the 

nature of differences (Vegan). 

Analyses of variance (ANOVA) on univariate community descriptors were carried out 

using GAD library (Sandrini–Neto et al. 2019) and with the same design described above. 

Univariate community descriptors included wet biomass of the assemblages, species 

richness and functional diversity, Shannon H’ diversity, the Pielou’s evenness index (J) 

and assemblage’s climatic affinity groups. Following Tuya et al. (2012), seaweed species 

were assigned to three climatic affinity groups: ‘cold-water’ Atlantic boreal species and 

‘warm-water’ Lusitanian species depending on their historical distribution across the North 

Atlantic. A third group, ‘widely distributed’ species, included the considerable number of 

algae that have broad distribution ranges across the Atlantic 

Before each ANOVA, the assumption of homogeneity of variances was checked using 

Cochran’s C test (Underwood 1997). When the assumption was not achieved, data were 

transformed to avoid heterogeneous variances. If the transformation were not successful 

in guaranteeing homogeneity of variances, untransformed data were analyzed and results 

were considered significant at p<0.01 to compensate for a potential increased probability 

of a type I error (Underwood 1997). When relevant, Student- Newman-Keuls (SNK) tests 

were used for a posteriori comparison of means. In the case of the total biomass, the non-

significant (at p > 0.25) random interaction ‘Time x Region’ was pooled to increase the 

power of the test involving the factor ‘Region’ (Underwood 1997). 
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3. Results 

3.1. Total taxa 
 

In total, 105 taxa of macroalgae were identified in 2012 and 2018, from 180 

quadrats, including 95 species-level, 9 at genera-level and 1 family-level (Tab. 5). In 2012, 

there were a total of 79 taxa from 90 quadrats including 71 species-level and 8 genera-

level. In 2018 we found al slightly larger number of taxa, with 84 taxa from 90 quadrats, 

including 77 species-level, 6 genera-level, 1 family-level (Tab. 5). 

3.2. Assemblage’s structure 
 

Seaweed species richness, assemblages’ biomass and Shannon diversity indexes 

increased significantly between 2012 and 2018 (SNK p<0.001 for the three descriptors, 

Fig. 4B, Tab. 1), while no difference among years was detected in the evenness of the 

assemblages. In terms of regional differences, Viana had a lower species richness, 

Shannon diversity and evenness indexes than Sines and Peniche (Fig. 5(A,C,D), Tab. 1). 

In the case of evenness, Peniche values where higher than those recorded in Viana and 

Sines, both without any significant difference (Fig. 5D, Tab. 1). Regional differences were 

also obvious in biomass, standing crop (i.e. biomass) was higher in Viana reef than those 

in Sines and Peniche (Fig. 5B, Tab. 1).   

Finally, it has to be noted that local scales differences (i.e. reefs) were always 

significant for all the descriptors examined (Tab. 1). 
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Fig. 4 - A) Richness (mean + SE) of algal taxa at each time. B) Biomass (wet weight mean + SE) of algal each time. C) 

Shannon H’ diversity index (mean + SE) of algal assemblage at each time. D) Pielou’s evenness index (mean + SD) of algal 

assemblage at each time. 

 

 

Fig. 5 - A) Richness (mean + SE) of algal taxa at each region. B) Biomass (wet weight mean + SE) of algal each region. C) 

Shannon H’ diversity index (mean + SE) of algal assemblage at each region. D) Pielou’s evenness index (mean + SD) of 

algal assemblage at each region. Data averaged across six quadrats, 5 reefs and two times. 
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Table 1 - ANOVA examining the effects of time, region and reef on the richness of algal taxa, total algal biomass, the Shannon H’ diversity index and the Pielou’s evenness index. * p < 0.05, ** p < 

0.01, *** p < 0.001. 

 

Source of variation  Taxa richness Total algal of biomass Shannon H´ index Pielou’s evenness index 

 df MS F MS F MS F MS F 

Time (T) 1 1584.2 25.970*** 17.13 10.515** 6.93 10.266** 0.17 2.173 

Region (R) 2 946.12 15.510*** 12.12 7.438** 8.28 12.255*** 0.52 6.402** 

T x R 2 129.12 2.116 4.85 2.980 0.03 0.045 0.03 0.481 

Reef (T x R) 24 61 6.168*** 1.62 3.3141*** 0.68 4.637*** 0.08 4.278*** 

Residual 150 9.89  0.49  0.15  0.01  

Cochran C' test  C = 0.104, P = 0.19 C = 0.085, P = 0.66 C = 0.118, P = 0.073 C = 0.12117, P = 0.05968 

Transformation  None  Log(x)  None  None  

SNK test  Time Region Time Region Time Region Region  

  2012<2018 VIA<PEN=SIN 2012<2018 PEN=SIN<VIA 2012<2018 VIA<PEN=SIN VIA=SIN<PEN 
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Considering whole assemblages, i.e. using multivariate approaches like 

Permanova, patterns were similar to those detected using univariate descriptors. 

However, in this case the interaction Time x Region was significant (Table 2), suggesting 

non consistent changes across time in the structure of the assemblages of the three 

regions examined. Unfortunately, a posteriori pairwise comparisons were unable to detect 

those inconsistences. NDMS plot suggested a decrease in the dispersion of Viana plots 

from 2012 to 2018 and a reduction in the distances between all the regions in 2018 with 

respect to the situation in 2012 (Figure 4). 

Table 2 - Permutational multivariate analysis of variance (PERMANOVA) and pairwise comparisons examining the effects of 

time, region and reef on whole macroalgal assemblages. Significant effects are reported in bold. 

 

Source of variation df MS Pseudo-F P Denominator 

Time (T) 1 5 54.036 0.001 Reef (T x R) 

Region (R) 2 6.98 75.498 0.001 T x R  

T x R 2 3.1 33.578 0.001 Reef (T x R) 

Reef (T x R) 24 0.76 8.281 0.001 Residual  

Residual 150 0.09 0.24157    

Pairwise 
comparisons : T x R 

  
2012 

   
2018 

 

 F.Model R2 p.value F.Model R2 p.value 

Viana x Peniche 22.96 0.283 0.001 14.79 0.203 0.001 

Viana x Sines 14.32 0.198 0.001 14.00 0.194 0.001 

Peniche x Sines 8.99 0.134 0.001 9.67 0.142 0.001 

 
 
 

 

 
Figure 6 - Two-dimensional non-metric multidimensional scaling plot showing similarities in the structure of algal 

assemblages between reefs within each region over the two sampling years (A: 2012; B: 2018). 
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3.3. Abundance of species by climate affinity 
 

Analyses of abundance of species by climate affinities identified the expected 

differences between reefs but also regional differences. Viana is the region with the largest 

biomass of Cold-water affinity species (SNK p < 0.01), while lower abundances and no 

differences were found in Peniche and Sines (Fig. 7A, Tab. 3). No temporal trends were 

found in this group (SNK p > 0.05, Tab. 3). Interestingly in the case of Warm-water affinity 

species, results show regions differences but also time effects as their overall abundance 

increased in the period 2012-2018 (SNK p < 0.05, Fig. 8A, Tab. 3). Warm-water affinity 

species were more abundant in the Southernmost region (Sines) compared to the other 

two regions. Species with widely distribution (i.e. no particular affinity) increased 

significantly between years (SNK p < 0.01, Fig. 8B), but between regions there was no 

significant difference (SNK p > 0.05, Tab. 3). 

 

Fig. 7 - A) Biomass of cold-species (wet weight mean + SE) each region. B) Biomass of warm-species (wet weight mean + 

SE) each region. Data averaged across six quadrates, 5 reefs and two times. 

 

 

Fig. 8 – A) Biomass of warm-species (wet weight mean + SE) each time. B) Biomass of widely distributed species (wet 
weight mean + SE) each time.
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Table 3 - ANOVA examining the effects of time, region and reef on the mean of cold-species, warm-species and widely distribution. “.” p = 0.05 -0.1, “*” p < 0.05, “**” p < 0.01, “***” p < 0.001. 

 
 df Cold-species Warm-species Widely distributed species 
  MS F MS F MS F 

Time (T) 1 12632 0.3 97809 5.114* 194269 11.957** 

Region (R) 2 868342 20.636*** 82897 4.334* 17881 1.1 

T x R 2 23487 0.558 63267 3.308. 3238 0.199 

Reef (T x R) 24 42079 4.627*** 19124 4.473*** 16246 3.397*** 

Residual 150 9093  4275  4782  

Cochran C' test  C = 0.25129, P<0.001 C = 0.5628, P<0.001 C = 0.3057, P<0.001 

Transformation  None  None  None  

SNK test:  Region  Time Region Time  

  PEN=SIN<VIA 2012<2018 VIA=PEN<SIN 2012<2018 
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3.4. Functional groups abundance 
 

Regarding the functional approach, Figures 9 and 10 shows the relative abundance 

of the defined morpho-functional groups. Regional differences were found for the most of 

the groups, only sub-canopy species did not show any latitudinal effect. Incrustant species 

were more abundant in the South (Fig. 9C). Turf species were more abundant in the center 

and south region (Fig. 9A, Tab. 4). Canopy biomass did not differ significantly over time 

(SNK p > 0.05), showing only that Viana generally has a higher amount of canopy algae 

than the other regions (SNK p < 0.001, Fig. 9B, Tab. 4). Furthermore, time was also a 

significant factor for the Turf biomass suggesting an overall increase between 2012 and 

2018 (SNK p < 0.01, Fig. 10, Tab. 4).  

 

Fig. 9 - A) Turf-forming biomass (wet weight mean + SE) of algal taxa at each region. B) Canopy biomass (wet weight mean 

+ SE) of algal each region. C) Incrustant biomass (wet weight mean + SE) of algal each region. 

 

 

Fig. 10 - Turf-forming biomass (wet weight mean + SE) of algal taxa at each time. 
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Table 4 - ANOVA examining the effects of time, region and reef on the mean of crustose species, turf species, subcanopy species and canopy species. * p < 0.05, ** p < 0.01, *** p < 0.001. 

 

Source of variation df Incrustant  Turf  Subcanopy  Canopy  

  MS F MS F MS F MS F 

Time (T) 1 124 0.108 134927 7.936** 57221 2.676 2089 0.038 

Region (R) 2 6577.5 5.752** 95751 5.631** 17225 0.805 674246 12.451*** 

(T) x (R) 2 139.8 0.122 23287 1.369 10074 0.471 3837 0.07 

Reef (T x R) 24 1143.4 1.547 17002 4.178*** 21383 4.121*** 54149 6.075*** 

Residual 150 738.8  4069  5188  8912  

Cochran C' test  C = 0.4159, P<0.001 C = 0.20076, P<0.001 C = 0.34024, P < 0.001 C = 0.23942, P < 0.001 

Transformation  None  None  None  None  

SNK test  Region  Time Region   Region  

  VIA=PEN<SIN  2012<2018 VIA<PEN=SIN   PEN=SIN<VIA 
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4. Discussion 

Our study confirmed that the latitudinal gradient was coincident with a biological 

gradient in structure of the macroalgal assemblages across the Portuguese continental 

coast and is in line with results found in Tuya et al. (2012). Neat differences in the 

composition of the seaweeds communities among the North, Central and South regions 

were obvious. Physical gradients linked to the latitudinal gradient may partially explain 

differences among regions (Lima et al. 2006; Tuya et al. 2012). Temperature is the main 

abiotic factor directly controlling geographic boundaries of seaweed species (van den 

Hoek 1982a; Lunning 1990; Bartsch et al. 2008), and one the most common large-scale 

pattern described in oceanography is the decrease in temperature with increasing latitude. 

The latitudinal thermal gradient is not probably the unique cause beyond the large 

differences among regions. In fact, reefs from the North Portugal region (Viana- 

Esposende reefs) are located in the area of higher intensity of the Iberian upwelling in 

Portugal (Ferreira Cordeiro et al. 2018). This upwelling is active between latitudes 37 and 

43 degrees North and have large effects on the oceanographic conditions of the coast of 
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Portugal (Valera et al. 2018). Under upwelling favorable winds, i.e. northerly winds, surface 

coastal waters are transported offshore through an Ekman layer, and are replaced by rising 

of subsurface cold and nutrient rich waters. The upwelling favorable season in the 

Portuguese coast occurs between June and September, when the northward shift of the 

Azores high pressure system produces northerly winds in the region (Ferreira Cordeiro et 

al 2018). Thus, seawater summer temperatures in this North region are eased off by 

persistent upwelling events. There is little consensus regarding the future trends of this 

upwelling system, as some publications predict increases of its intensity (Miranda et al. 

2012; Alves and Miranda 2013) and other predict reductions (Perez Fiz et al. 2010; 

Sydeman 2014.), or suggest our current impossibility to predict future dynamics (Cordeiro 

Pires et al. 2015). However, so far the upwelling is probably responsible of the presence 

of dense populations of kelps in North Portugal. Varela et al. (2018) found recently that 

upwelling regions exhibited lower warming trends than neighboring ocean locations which 

suggests that upwelling has the potential to buffer the effects of global warming nearshore. 

In fact, kelp species disappeared in recent years at higher latitudes of the Iberian 

Peninsula (Voerman et al. 2013, Fernandez 2011), in areas placed further North but where 

the upwelling influence is much less intense. 

Furthermore, despite the relatively small temporal scale of the study, statistical 

analyses also found consistent changes in the assemblages between 2012 and 2018. 

Thus, our study confirmed that coastal communities are responding quickly to climate 

change (Poloczanska et al. 2013) and that organisms inhabiting temperate latitudes of the 

North Atlantic have been particularly impacted by these global climatic shifts (Neiva et al. 

2016). Both, structural and functional changes were detected in the assemblages. 

First, on overall species richness and diversity descriptors like the Shannon H’ 

index increased in the 6-year period. The progressive colonization of these coast by warm- 

water affinity species, mostly subtropical species, are probably one of the causes beyond 

this increase of species. Temperature is the main abiotic factor directly controlling 

geographic boundaries of seaweed species (Tittensor et al. 2010) and new warmer 

conditions will prone species range shifts. Recently in a highly comprehensive modelling 

projection of changes in global patterns of marine species richness under the future 

environmental scenarios, García Molinos et al. (2015) suggested increases of regional 

diversities as a common phenomenon due to the prevalence of range shift expansions 

versus range contractions. We found some evidences of this type of range expansions like 

the case of the red seaweed Liagora distenta, a Mediterranean specie that was not found 

in 2012. Similar processes have been shown in terrestrial habitats. Steinbauer et al. (2018) 

showed an acceleration in the rate of increase in richness of plant taxa five times 
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bigger between 2007 and 2016 than fifty years earlier between 1957 and 1966; biological 

enrichment attributed to global warming. Another potential cause of increases in species 

richness may be the arrival and proliferation of opportunistic and / or invasive species, 

such as Symphyocladia marchantioides and Asparagopsis armata. These species from 

subtropical origin are considered r strategists and generally respond well to climate 

change, having exponential growth in stressed environments (Odum 1969). They often 

have advantages over others because they have higher lethal limits and higher growth 

limits (Breeman 1988; van den Hoek and Breeman 1989, Staudinger, 2013). We also 

found some evidences of biological homogenization across regions. From multivariate 

plots it was obvious that in 2012, Viana reefs located in the north of Portugal, were 

noticeably separated from the other two regions both in species composition and biomass. 

Those differences seemed to be less pronounced in 2018. Biotic homogenization has also 

been predicted from species range shifts in marine habitats (García Molinos et al. 2015) 

and often a consequence of anthropogenic activities. The perturbation of ecosystems 

leads to the local disappearance of some species, while invasive species expand beyond 

their historical ranges, often inflating species diversity at the local scale (Sax and Gaines 

2003). 

A second relevant aspect of our findings is the “tropicalization” of the seaweed 

assemblages in the sort period of study. The “tropicalization” of temperate marine 

ecosystems have been widely reported mostly in coastal fish assemblages (Verges et al. 

2014, 2016). In our study of macroalgal assemblages, the overall increase of Warm-water 

affinity species suggests a process of tropicalization similar to those described in the fish 

communities in the same area (Horta et al. 2014). We examined the abundance of the 

different types of species (warm or cold-water affinity species), rather than its occurrence. 

In the case of shifts in species ranges driven by changing climate conditions, before 

species vanished from a certain locality or colonize a neighboring locality, species usually 

become less or more abundant in the original locality. Hence our approach was probably 

more responsive to the tropicalization signal that other studies based on species 

occurrences, were tropicalization evidences were more elusive (see Lima et al. 2007). 

Our last remarkable finding was the rapid functional changes detected in the 

seaweed assemblages. In only six-year turf-forming species increased notably its biomass 

in the algal assemblages. This morpho-functional group is widely reported as closely 

linked to anthropogenic climate change. According to Airoldi, 1998, turfs are small, fast- 

growing, opportunistic species with high coverage and turnover rates that can be highly 

stress tolerant compared to other larger functional groups. Turfs transforms deeply marine 

ecosystems, replacing structurally diverse seaweed canopies with simple habitats 



18 

 

dominated by filamentous algae that provide few resources for ecosystem maintenance. 

(Connell et al. 2008; Moy and Christie 2012; Filbee-Dexter et al. 2016; Wernberg et al. 

2016a; Fernández 2011; Davoult et al. 2011; Brodie, 2014). 

Turf increase, besides being a bioindicator of environmental stress, can damage 

the maintenance of biodiversity of well-structured ecosystems. One example is that it 

provides small three-dimensional structures that increase the rate of sediment buildup in 

its structure and may inhibit recruitment of larger algae that require rigid substrate and 

conditions, limiting the recovery of the kelps population (Airoldi 2003; Schmidt and 

Scheibling 2007; Connell and Russell 2010). This accumulation of sediment was observed 

in the invasive species of turf Symphyocladia marchantioides, which grows close to the 

substrate forming a carpet (Fig. 10). Knowing this, it is speculated that turf growth may 

cause future damage to the maintenance of Portuguese coastal canopy populations, even 

though this study did not show a significant decrease in this functional group. 

 

 

Figure 11 - Superficial view of Symphyocladia marchantioides showing the growth turf-forming and accumulated sediment 

in the algae. 

In a general context, the macroalgal communities have undergone major changes 

in just six years. The “tropicalization” and homogenization of the biological communities of 

the Portuguese coast are strong signs of climate change and anthropic impacts, as well 

as a danger alert for the coastal. The coastal environment is of tremendous importance in 

providing a lot of resource for the maintenance of life on the planet. Such ecosystem 

monitoring work is very important and deserves greater attention as it supports the basis 

for climate change and the development of conservation measures. 
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6. Appendix 
 

Table 5. Biomasses (g wet weight per 0.25 m2, mean, standard error (s.e.), n = 30) of macroalgal taxa at each region across continental Portugal. Macroalgal taxa are listed by morpho-functional 

groups. Climate affinity (C.A.: I, warm-water; II, cold-water; III, widely distributed). 

 

Taxa Viana do Castelo - Esposende  Peniche   Sines  

 2012 2018 2012  2018 2012 2018 C.A. 

 Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD  

"Incrustant" group 

Codium adhaerens 19.460  54.563  13.497 40.228 I 

Colpomenia peregrina 0.043 0.184 0.097 0.534 III 

Cutleria adspersa 0.019 0.058 2.738 5.297 I 

Peyssonelia harveyana 0.119 0.394 2.372 4.246 0.026 0.142 III 

Peyssonnelia rubra 1.043 3.462 III 

Zanardinia prototypus 1.171 2.464 1.454 2.055 0.522 1.415 1.557 2.745 0.348 0.955 0.663 1.494 I 

"Turf" group 

Acrosorium ciliolatum 0.096 0.437 4.761 3.791 3.331 4.129 0.062 0.234 0.950 2.607 III 

Acrosorium venulosum 0.003 0.004 III 

Aglaothamnion sp. 0.001 0.000 0.147 0.785 0.039 0.206 0.003 0.013 0.393 1.991 II 

Ahnfeltiopsis devoniensis 0.004 0.024 0.006 0.034 III 

Anotrichium furcellatum 0.000 0.002 I 

Asparagopsis armata 27.276  40.490 6.845  18.562 1.079 2.304  74.792 97.276 III 

Bonnemaisonia asparagoides 0.000 0.002 0.312 1.676 0.926 2.201 0.207 0.730 III 

Bornetia secundiflora 0.195 0.994 0.080 0.282 0.022 0.064 0.026 0.144 I 

Callithamnion sp. 0.000 0.002 0.038 0.147 III 

Carpomitra costata 0.011 0.049 III 

Ceramium ciliatum 0.219 0.918 II 

Ceramium echionotum 0.001 0.003 III 
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Ceramium virgatum     0.000 0.002       III 

Ceramium sp.   0.001 0.000 0.001 0.003 0.001 0.000   0.737 2.322 III 

Champia parvula       1.134 3.632 0.024 0.093 0.008 0.030 III 

Chondracanthus acicularis     0.225 0.608   0.154 0.186 0.284 0.626 III 

Chondria dasyphylla       0.323 1.670 0.240 0.409 0.008 0.031 III 

Chylocladia verticillata           0.067 0.296 III 

Cladophora pellucida     0.014 0.037   0.958 2.028 2.569 13.881 I 

Cladophora sp.     0.001 0.003 0.191 0.340 0.265 0.362 0.558 1.380 III 

Cladostephus spongiosus   0.001 0.004 0.000 0.002 0.015 0.082   4.587 11.319 III 

Compsothamnion thuyoides       0.001 0.007     III 

Corallina officinalis 0.025 0.139 12.431 27.991   3.446 5.395 0.022 0.089 5.410 7.359 III 

Corallina elongata   1.645 5.075 0.014 0.059 3.644 9.369 6.004 10.771 0.232 1.234 III 

Cryptonemia lomation   0.099 0.470   0.299 0.967     I 

Cryptopleura ramosa 4.370 8.633 4.638 6.791   9.599 11.847 0.033 0.123 2.663 7.664 III 

Delesseriaceae       0.002 0.010     III 

Dictyota dichotoma 9.726 26.449 11.981 15.915 2.787 3.664 2.586 3.381 3.756 4.770 7.573 21.959 III 

Drachiella heterocarpa         0.000 0.002   II 

Drachiella spectabilis     0.000 0.002       III 

Dilsea carnosa 37.722 86.296           III 

Erythroglossum laciniatum 0.110 0.604  0.017 0.055   0.000 0.002   III 

Gastroclonium ovatum       0.005 0.027     II 

Gelidium corneum 0.187 0.521 31.195 71.916 0.006 0.035 14.579 55.594   0.001 0.000 III 

Gigartina pistillata 0.023 0.100           I 

Griffithsia sp.         0.000 0.002   I 

Halopithys incurva   0.014 0.079 0.642 2.764 19.747 47.606   22.999 105.214 I 

Halopteris filicina       1.522 4.861 0.000 0.002 0.060 0.211 III 

Halopteris scoparia     3.136 6.162 1.928 5.997 7.388 18.292 0.989 2.503 III 

Halurus equisetifolius   0.009 0.050 0.030 0.155 0.475 1.537 0.003 0.009 0.071 0.257 II 
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Heterosiphonia plumosa 0.070 0.383   0.940 2.085 0.068 0.276 0.033 0.127 0.934 3.550 III 

Hypoglossum hypoglossoides 0.022 0.084 0.024 0.075 0.006 0.026 0.133 0.263 0.000 0.002   III 

Jania rubens     1.253 3.697 0.153 0.702 0.146 0.332 1.904 4.125 III 

Lomentaria clavellosa     0.000 0.002       III 

Myriogramme minuta       0.005 0.027     III 

Monosporus pedicellatus     <0.0001 0.000   0.000 0.002   III 

Nitophyllum punctatum     0.316 0.945 1.513 2.990 0.192 0.800 0.467 1.962 III 

Osmundea pinnatifida       0.006 0.025 0.004 0.017 0.385 1.808 III 

Phycodrys rubens       0.711 2.706     II 

Plocamium cartilagineum 4.444 17.529 1.101 2.132 45.183 59.100 32.127 50.271 13.118 22.747 5.673 11.934 III 

Polysiphonia denudata 1.686 5.014 0.014 0.037   0.039 0.093   0.091 0.332 III 

Polysiphonia fucoides       0.004 0.022     III 

Polysiphonia sp.     0.049 0.246 1.192 4.352 1.445 3.596 0.027 0.146 III 

Porphyra umbillicallis   0.010 0.047         III 

Pterocladiella capillacea           0.146 0.802 II 

Pterosiphonia ardreana 0.001 0.007 0.021 0.058 0.396 0.835 1.010 2.597 0.002 0.004 0.025 0.124 I 

Pterosiphonia complanata 0.046 0.237 0.107 0.556 5.832 7.997 11.555 16.803 0.167 0.351 1.910 3.240 III 

Pterosiphonia parasitica   0.001 0.006 0.000 0.002 0.115 0.317     I 

Pterosiphonia pennata   0.004 0.023 0.000 0.002 0.481 1.774   0.005 0.029 III 

Pterothamnion plumula       0.072 0.356     II 

Pterothamnion crispum       <0.0001 0.000 <0.0001 0.000 0.059 0.270 I 

Pterothamnion sp.       <0.0001 0.000 <0.0001 0.000   III 

Rhodophyllis sp.     0.792 2.738       III 

Rhodymenia ardissonei           0.041 0.172 III 

Rhodymenia holmesii 4.565 10.263 3.029 7.515 0.614 1.781   0.002 0.011   III 

Schizymenia debyi   0.682 3.320   0.073 0.260     II 

Scinaia furcellata 0.003 0.015 0.013 0.073         III 

Sphaerococcus coronopifolius       3.346 10.123 18.894 40.404 49.645 115.806 III 
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Stenogramma interruptum 

Symphiocladia marchantioides 

 0.243 0.652   
42.801 

 
57.524 

   III 

III 

Taonia atomaria  11.749 30.071  0.870 2.663 0.087 0.380 9.846 29.281 III 

Thuretella schousboei       0.477 2.294 III 

Ulva lactuca       3.099 5.161 III 

Ulva rigida  0.049 0.109 0.005 0.020 0.588 2.835    III 

Ulva sp.   0.010 0.048  0.009 0.037   III 

Womersleyella setacea    0.024 0.133  0.426 1.139 III 

"Subcanopy" group          

Calliblepharis ciliata  0.799 3.584 0.006 0.035     II 

Calliblepharis jubata       0.009 0.048 II 

Chondracanthus teedei 2.747 11.492 0.680 2.840  0.227 1.195 0.033 0.181 0.333 1.223 III 

Chondria coerulescens 0.056 0.299        III 

Chondrus crispus 6.175 21.794 0.019 0.069  0.007 0.040 0.004 0.020   II 

Codium tomentosum  0.003 0.016  8.058 18.134 0.521 1.688 7.795 15.052 III 

Desmarestia ligulata  0.473 2.593       II 

Dictyopteris menbraacea 0.448 2.186 0.453 1.238    0.009 0.041 0.016 0.086 III 

Gynmogongrus crenulatus 0.420 2.302 0.092 0.282 0.006 0.035  0.003 0.016 0.003 0.018 I 

Liagora distenta       0.584 3.001 I 

Liagora viscida      0.002 0.013 4.963 17.301 I 

Phyllophora crispa 2.569 6.678 0.532 1.400 2.099 6.781 4.039 9.403 0.058 0.186 0.106 0.382 II 

Rhodophyllis divaricata      0.004 0.024   I 

Rhodymenia pseudopalmata 0.543 2.072 24.225 51.215 0.072 0.378 0.141 0.548    III 

Spatoglossum solieri      0.064 0.241   III 

"Canopy" group          

Cystoseira baccata   1.007 3.055     II 

Cystoseira nodicaulis  1.042 5.168  5.459 11.900 0.123 0.588 0.018 0.099 I 

Laminaria hyperborea 175.850 198.644 14.738 58.998       II 
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Laminaria ochroleuca       7.582 29.136    II 

Phyllariopsis brevipes   5.209 6.799 0.045 0.149  0.004 0.015 13.493 32.891 I 

Saccorhiza polyschides 21.612 56.062 164.673 187.443 0.026 0.142 0.743 1.828    II 

Sargassum multicum   0.344 1.885   0.875 4.792  0.350 1.404 I 

 


