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Abstract
Ascophyllum nodosum (L.) Le Jolis (Fucales, Fucaceae) is a modular intertidal brown alga that has the particularity of 
forming an air bladder once a year at the apical tip of the growing shoots. This characteristic provides a means for aging and 
estimating the growth of individuals. While it has long been recognized that growth can occur in older parts of the frond, 
this has not been properly assessed until now and has largely been overlooked when calculating the productivity of the spe-
cies. Recent studies have suggested that the growth and elongation of older segments is minimal and thus has been used to 
infer past environmental conditions. Here we assessed the length and mass of successive internodal segments from 25 sites 
spread over both sides of the North Atlantic, covering a wide portion of the distribution of the species. By calculating the 
ratio of the mass and length of a segment divided by the segment produced the following year, we established that internodal 
segments continue accumulating mass for 1–5 years and increase in length for 1–3 years at most sites. Segments can almost 
triple their mass during their second year and more than double their length. These results indicate that previous productivity 
and growth estimates for A. nodosum based on apical growth alone greatly underestimate the true productivity of the species 
and its role in coastal carbon cycling. Furthermore, because they grow over several years, internodal segments should not 
be used to infer past environmental conditions or to reconstruct growth patterns over time.
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Introduction

The ecological importance of macroalgal beds has long been 
understood, providing many crucial ecosystem services and 
functions. Their tridimensional structure provides habitat 
(Teagle et al. 2017) and alters flow dynamics (Eckman 
et al. 1989). They also play an important role in nutrient 
cycling (Bennett et al. 2016), primary production (Duarte 
et al. 2022), and their detrital production is an important 

food subsidy in deeper areas denuded of vegetation (Krum-
hansl and Scheibling 2012). In recent years, the contribution 
of wild and cultivated seaweed to carbon absorption and 
sequestration has gained increased attention (Krause-Jensen 
and Duarte 2016; Duarte et al. 2022; Sato et al. 2022). Often 
overlooked in the past, they are now recognized as an impor-
tant component of the global carbon cycle (Duarte et al. 
2022) and constitute the largest vegetated coastal biome on 
the planet (Pessarrodona et al. 2022a). It has been recently 
estimated that macroalgae occupy over 6 million km2 of 
the ocean floor, 13,000 km2 of which are in the intertidal 
zone, translating into a Net Primary Productivity (NPP) of 
8 million t C/y in the intertidal zone alone (Duarte et al. 
2022). Estimates of the growth (increase in mass or length 
at the individual level) and productivity (increase in bio-
mass per unit of area or biomass) of seaweeds can be diffi-
cult to obtain. For example, in situ measurements often rely 
either on changes in standing stock (e.g., Brinkhuis 1977), 
by marking individuals and measuring them over time (e.g., 
Chapman and Craigie 1977), or can be assessed directly 
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in some species that can be aged or where structures are 
shed every year (e.g., Laminaria hyperborea; Sjøtun and 
Frederiksen 1995). Furthermore, productivity estimates can 
vary significantly between locations (see Pessarrodona et al. 
2022b for a review), requiring sampling at multiple sites to 
obtain meaningful estimates.

Ascophyllum nodosum (L.) Le Jolis is a perennial brown 
alga that dominates the sheltered rocky intertidal in most of 
its distribution on both sides of the North Atlantic (Pereira 
et al. 2020). It is a modular species where fronds grow from 
a common holdfast (Lazo and Chapman 1998). An air blad-
der is formed annually in the spring along each shoot (Marbà 
et al. 2017), although the formation of the first air bladder is 
indeterminate and can take several years (Keser and Larson 
1984; R. Ugarte pers obs). Therefore, only the minimum 
age of a plant can be ascertained, which does not generally 
exceed 17–20 years (Marbà et al. 2017, J-S Lauzon-Guay, 
pers obs).

Shoots can divide during the year (but this does not 
always occur) into two or more branches (up to 11; B Morse, 
pers obs; Fig. 1), and lateral shoots will also form along 
the sides of the main shoot (David 1943). Besides aging 
shoots, air bladders have also been used to calculate inter-
nodal lengths (distance between successive air bladders) to 
retrospectively quantify the growth of A. nodosum and link 
it with past environmental conditions (Marbà et al. 2017). 
As intertidal species are particularly sensitive to changing 
temperature (Helmuth et al. 2006), A. nodosum, with its dis-
tinctive annual air bladders, may be a good bioindicator of 
climate change (Marbà et al. 2017). These yearly air blad-
ders have also been used to calculate yearly growth and pro-
ductivity estimates for the species (Baardseth 1970; Cousens 
1984; Vadas et al. 2004). Ascophyllum nodosum is commer-
cially harvested on both sides of the North Atlantic (Mac 

Monagail et al. 2017), and quotas are often determined based 
on productivity estimates of the species to ensure recovery 
(Ugarte and Sharp 2001; Lauzon-Guay et al. 2021).

The extent to which thickening and elongation occur 
in older parts of the shoots is unclear. By comparing the 
elongation in the apical versus distal half of a shoot, David 
(1943) concluded that “growth is apical” and “very slight 
in proximal regions”. Nonetheless, Baardseth (1955) indi-
cated that growth would continue over time in older seg-
ments and estimated productivity by dividing shoots into 
internodal segments of different ages. Meanwhile, Aberg 
(1996) suggests that “the growth is more pronounced [“con-
fined largely” in Cousens 1986] above the two most recently 
produced bladders and generally there is no secondary 
thickening (Burrows 1947 in Cousens 1986).” This has led 
authors, in more recent years, to only use the last formed 
(most apical) segments to calculate productivity (Cousens 
1984; Vadas et al. 2004). This notion was supported by Eck-
ersley and Garbary (2007), who found no elongation in older 
segments in three A. nodosum populations in Nova Scotia.

Meanwhile, a casual observer will notice that older parts 
of a shoot are often much thicker than the tips. Similarly, 
older air bladders can be much larger and thicker than newly 
formed ones (Garbary et al. 2006). These observations par-
tially contradict some published findings and may be due 
to differences in growth between populations or regions. 
To evaluate whether growth in terms of shoot elongation 
and mass is occurring in older shoot segments, we sampled 
shoots from 25 sites spanning 14° of latitude from both sides 
of the North Atlantic and measured the length and mass of 
individual internodal segments on unbroken shoots.

Materials and methods

Field sampling

The study area for this project spanned both sides of the 
North Atlantic, with samples collected from 25 sites divided 
between the coasts of the Outer Hebrides in Scotland, west-
ern Ireland, eastern Canada, and Maine, USA (Fig.  2). 
Sampling took place at 23 of the sites in April 2021, prior 
to gamete release and the loss of receptacles but after the 
formation of the annual air bladder at the apical tip of the 
shoots. Except for Scotland and Tor Bay in Nova Scotia, all 
sites are in areas where commercial harvesting takes place. 
Because the harvest can increase productivity, two extra sites 
were sampled in Scotland in early May 2022 (Lochmaddy 
and Grimsay); both sites had been commercially harvested 
4–5 years earlier. All sites were sheltered to semi-sheltered 
and mostly consisted of large beds (> 100 m along the shore) 
of dense A. nodosum interspersed with Fucus vesiculosus. Fig. 1   A case of extreme branching in Ascophyllum nodosum from 

New Brunswick, Canada
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Fig. 2   Map of Eastern North America showing study sites in Nova 
Scotia, New Brunswick, and Maine with inset (1) showing study 
sites within Cobscook Bay, Maine and New Brunswick. Map of Ire-

land and the United Kingdom showing regions in the Outer Hebrides, 
Scotland (2) and Ireland (3) where study sites are located
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The bed at Tangier was noticeably smaller (30–40 m in 
length along the shore) with a patchy cover of A. nodosum.

At each site, sampling was conducted during a 4 h win-
dow around low tide. A 30 m transect line was deployed at 
the mid-intertidal height of the A. nodosum bed, parallel 
to the shore. Twenty 10 × 10 cm (0.01 m2) quadrats were 
randomly positioned along the length of the transect. Within 
each quadrat, individual A. nodosum clumps (all shoots 
originating from a common holdfast) were zip tied directly 
above the holdfast, then collected with holdfasts intact. If 
no A. nodosum was present in a quadrat, the quadrat was 
randomly repositioned. The number of reposition attempts 
was recorded. Specimens were transported in plastic bags 
and stored at 4° C prior to processing.

Other data sources

Previously reported length and mass data were extracted 
from figures in Eckersley and Garbary (2007) and Marbà 
et al. (2017) using the Figure Calibration plugin in ImageJ. 
The Greenland Ecosystem Monitoring Project (GEM) 
has been collecting the length and mass of the first three 
internodal segments (tip and last 2 years of growth) from 
three sites in Kobbefjord in West Greenland since 2012. We 
retrieved these data from the GEM website (https://​doi.​org/​
10.​17897/​KEMY-​JJ24 and https://​doi.​org/​10.​17897/​4NJK-​
ZV13). We only used the data from the mid-intertidal sam-
pling location from all three sites as this was the only tidal 
elevation available from all three sites, and it is comparable 
to our data.

Laboratory processing

The longest continuous and unbroken shoot from each quad-
rat was selected, and all lateral branches and receptacles 
were cut off with a knife. The shoot was blotted dry, and 
epiphytes were removed. The total length and number of 
air bladders present were recorded. Annual segments were 
removed by cutting below each annual air bladder. The 
length (to the nearest mm) of each segment was recorded 
with a metric ruler, and the mass (to the nearest 0.01 g) was 
recorded using a digital scale (various models). All segments 
from the same shoot were weighted consecutively within 
a 1-min window to ensure that no evaporation difference 
would affect the results.

Statistical analysis

We followed Cousens (1984) in numbering segments. The 
apical growth segment, S0, located from the growing tip 
to below the newly formed air bladder, did not represent a 
full year of growth and was not used in the analysis. Sub-
sequent segments were numbered based on the years since 

their formation (S1: produced 1 year ago, S2: 2 years ago, 
etc.) until the last segment terminated at the holdfast. This 
last segment was not included in the analysis because the 
first air bladder is not always produced after 1 year (Keser 
and Larson 1984), and it is not possible to age that seg-
ment. To evaluate whether segments increased in mass (or 
length) after the formation of the new air bladder, the ratios 
of a segment’s mass (or length) Si divided by the segment 
produced the following year Si-1 was calculated for each seg-
ment, starting at S2. These ratios were calculated for each 
shoot, and the 95% confidence interval (1-tail) was calcu-
lated for each site for all segments with at least three repli-
cates because not all longest shoots had the same number of 
segments. A confidence interval greater than one indicates 
that a segment increased in mass (or length) over the year.

We used the first ratio (S2:S1) to evaluate differences 
between regions using a two-way ANOVA with Site as a 
random factor nested within Region (fixed factor). Sepa-
rate analyses were done for the mass and length ratios. The 
relationship between the mass (covariate) and length second 
ratio (S2:S1) between sites was evaluated using an ANCOVA 
with Region as a factor. All statistical analyses were done in 
R v4.2.0 (R Core Team 2022).

Only average values could be extracted from figures in 
Eckersley and Garbary (2007) and Marbà et al. (2017); thus, 
no statistical analysis was done. Data collected by the GEM 
in West Greenland were used to calculate the S2:S1 ratio 
using the segment collected each year, because the data were 
collected over several years, we also calculated the ratio of 
S2:S1 from consecutive years (i.e., the same segment posi-
tion but not from the same shoot in consecutive years). S1 in 
2012 would become S2 in 2013, S1 in 2013 would become 
S2 in 2014 and so on. By calculating the ratio between 2 
consecutive years, we are limiting the possibility that the 
differences observed are due to environmental conditions.

Results

At 76% of sites (19 out of 25), segments increased signifi-
cantly in length for 1–3 consecutive years after formation 
(Fig. 3). The increase was typically greatest for the second 
segment or during the second year of growth, where the 
length of a segment could double during its second year 
(Fig. 3, Lochmaddy). Except in rare cases, older growth seg-
ments (> 5 years) did not increase in length.

Similarly, segments increased in mass for 1–5 consecutive 
years after their formation at all sites (Fig. 4). The increase 
in mass was greater than the increase in length during its 
second year; a segment could almost triple its mass. Older 
ratios were not statistically greater than one, indicating that 
no growth occurred after 6 years at any site.

https://doi.org/10.17897/KEMY-JJ24
https://doi.org/10.17897/KEMY-JJ24
https://doi.org/10.17897/4NJK-ZV13
https://doi.org/10.17897/4NJK-ZV13
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Overall, there were no statistically significant regional 
differences between the second ratio (S2:S1) for length 
(ANOVA, F (4,23.23) = 0.629, P = 0.646), and the 
mass ratio was marginally non-significant (ANOVA, F 
(4,25.28) = 2.336, P = 0.082; Fig. 5). The slopes of the 
linear relationships between the second ratio (S2:S1) 
mass and length was not statistically different between 
regions (ANCOVA, F (4,15) = 0.341, P = 0.846). 

Overall, a significant linear relationship (ANCOVA, F 
(1,19) = 61.304, P < 0.001) existed between the mass and 
length ratios for S2 between sites (Fig. 6), indicating that 
sites where segments increased the most in lengths are also 
sites where segments increased the most in mass. Region 
had a statistically significant effect on the intercept of this 
relationship (ANCOVA, F (4,19) = 4.155, P = 0.014), with 
sites from Scotland having a lower intercept than all others 

Fig. 3   Ratio of the length of Segmenti: Segmenti-1 for each site within 
each region (rows: Maine, New Brunswick, Nova Scotia, Scotland 
2021, Scotland 2022, Ireland). Closed symbols indicate that the 95% 

confidence interval is greater than one. Horizontal dashed line at 
ratio = 1 indicate no change in length between successive segments
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(t test, t19 = -3.929, P = 0.045). For a similar length ratio, 
A. nodosum from sites in Scotland had a lower mass ratio 
than in other regions.

The data obtained from the Greenland Ecosystem Moni-
toring project (GEM) showed that only at the central site in 
2016 was the S2:S1 length ratio from successive years below 
one, all other years and sites (n = 20) had a ratio above one 
with an overall average of 1.12 (Fig. 7a). The average ratio 

calculated from segments collected in the same year was 
identical at 1.12. At all three sites from West Greenland, the 
S2:S1 mass ratio based on successive years is above one for 
all years (Fig. 7b). The average over all years and sites is 
1.61, similar to the ratio calculated using segments from the 
same year (S2:S1 = 1.65). Both ratios varied between years, 
with some years showing almost no secondary growth (e.g., 
2017) while others had segments more than double in mass 

Fig. 4   Ratio of the mass of Segmenti: Segmenti-1 for each site within 
each region (rows: Maine, New Brunswick, Nova Scotia, Scotland 
2021, Scotland 2022, Ireland). Closed symbols indicate that the 95% 

confidence interval is greater than one. Horizontal dashed line at 
ratio = 1 indicate no change in mass between successive segments
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during their second year (Fig. 7b). Interannual variation 
in growth explains a large part of that variation since the 
S2:S1 mass ratio correlates strongly (Pearson’s correlation, 
r = 0.72) with the annual growth anomaly (annual growth 
of S1– average over all years, Fig. 8). This correlation is 
expected since growing conditions during the second full 
year of growth of a segment will directly impact the ratio.

Discussion

Our results demonstrate that shoot elongation and mass 
growth is not restricted to the most apical segment in A. 
nodosum. Our study encompassed sites from both sides of 
the Atlantic Ocean, spanning 14° of latitude with various 
levels of wave exposure, substrate, and growth rates (Lau-
zon-Guay et al. in prep), suggesting that this phenomenon is 

Fig. 5   Average (± SE) length (a) and mass (b) ratio for segment 2 
(S2:S1) for each region

Fig. 6   Linear relationship between the average mass and length ratio 
for the second growth segment (S2:S1) at each site within regions. 
Dashed line represents the linear regression for all sites excluding 
Scotland (r2 = 0.61) while the dotted line represents the linear regres-
sion for sites from Scotland only (r2 = 0.95)

Fig. 7   Length (a) and mass (b) S2:S1 ratio for three sites from West 
Greenland. Ratios were calculated using data from consecutive years. 
Data from: https://​doi.​org/​10.​17897/​KEMY-​JJ24 and https://​doi.​org/​
10.​17897/​4NJK-​ZV13

https://doi.org/10.17897/KEMY-JJ24
https://doi.org/10.17897/4NJK-ZV13
https://doi.org/10.17897/4NJK-ZV13
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widespread and likely applies to most A. nodosum popula-
tions. These results directly impact the study of the ecology 
and physiology of A. nodosum but also have implications for 
harvesting regulations, coastal management and the value 
attributed to coastal ecosystems. Most previous studies (e.g., 
Cousens 1984; Vadas et al. 2004) measuring the productivity 
or growth of A. nodosum only looked at the elongation or 
gain in mass of the most recently formed segment (S1). We 
have observed that during its second year, a segment can 
more than double in mass and increase in length by up to 
50%. Depending on the site, a segment can keep increasing 
in mass and length for several years. Similarly, air bladders 
in A. nodosum undergo enlargement for at least 4 years (Gar-
bary et al. 2006). Therefore, calculating productivity based 
on S1 alone greatly underestimates the real productivity and 
growth rate of the species.

Several field observations support the findings of this 
study. Changes in dry mass between the lowest spring value 
and the highest late summer value suggest an increase in 
biomass of up to 80% in Norway (Baardseth 1970), almost 
twice the productivity calculated using the most apical 
internodal segments in Maine (Vadas et al. 2004). Simi-
larly, the free-living form of Ascophyllum nodosum (ecad 
mackaii) can multiply its mass by 18 times over a 3-year 
period through both apical and secondary growth (Gibb 
1957). Experimental plots, where 50% of the biomass was 
harvested, recovered their pre-harvest biomass in a year in 
New Brunswick, Canada (Ugarte et al. 2006) and 2 years 

in Scotland (Walker 1948), faster than would be expected 
from the growth of the apical segment alone. This finding 
has significant management implications.

Ascophyllum nodosum is commercially harvested in sev-
eral countries (mainly Canada, Ireland, Norway, Iceland, 
USA, Scotland, and France). Regulations vary between 
countries; for example, the maximum harvest rate in New 
Brunswick, Canada, is set at 17% of the standing stock 
(Ugarte and Sharp 2001; Lauzon-Guay et al. 2021). Accord-
ing to previous productivity estimates based on the most 
apical growth segment (Cousens 1984), it was estimated that 
this harvest rate represented between 15.1 and 18.7% of the 
annual A. nodosum production in southern New Brunswick 
(Ugarte et al. 2006). Only vegetative production is included 
in this analysis but A. nodosum can have up to 50% of its 
wet weight in reproductive structures in early spring prior 
to gamete release (Pereira et al. 2020), making the propor-
tion of the biomass removed during the harvest an even 
smaller proportion of the total annual production. Based on 
our results, the proportion of annual production harvested 
is much smaller considering segments grew by over 85% 
of their mass during their second year on average in New 
Brunswick. The exact resulting increase in productivity 
from growth occurring in older segments cannot be directly 
extrapolated from the results of this study because the num-
ber of segments along a shoot will decrease from the tip 
to the holdfast as the shoot bifurcates. The extent of bifur-
cation would have to be measured at each site to estimate 
the productivity of a shoot. While this will be less than the 
observed ratios, it will nonetheless significantly contribute 
to the overall productivity. Even if all shoots bifurcate yearly 
(which is not usually the case, J-S Lauzon-Guay, pers obs), 
we could still expect a 42.5% (85%/2) increase in productiv-
ity based on the growth occurring during the second year in 
S2 alone compared to current estimates based only on S1. If 
we included growth of older segments, this would increase 
productivity, reducing further the proportion of the annual 
growth removed during harvest. This would also explain 
why continuous harvest below a 25% harvest rate has no or 
limited impact on the height of the A. nodosum canopy after 
several years (Lauzon-Guay et al. 2021). Many studies have 
used internodal length to estimate annual growth (MacFar-
lane 1933; Eckersley and Garbary 2007; Marbà et al. 2017), 
but as our data show, elongation during the second year can 
be as high as 50% of the first year’s growth. This suggests 
that growth estimates based on internodal distances under-
estimate the actual growth in length of A. nodosum.

Our findings highlight the flawed assumption that inter-
nodal distances can be used to estimate growth from past 
years. Because A. nodosum produces a single air bladder 
along a shoot each year, internodal distances have been used 
to estimate growth over time and link past growth to envi-
ronmental conditions (e.g., Marbà et al. 2017). A necessary 

Fig. 8   Correlation (r = 0.72) between the S2:S1 mass ratio calculated 
using segments from consecutive years from the Inner site in Green-
land and the growth anomaly for the second year of growth using the 
average mass of the first segment in a year in relation to the average 
mass over all years. Data from: https://​doi.​org/​10.​17897/​4NJK-​ZV13

https://doi.org/10.17897/4NJK-ZV13
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assumption being that no (or very little) growth occurred 
after a segment was produced. Our analyses indicate that 
this assumption is incorrect in most populations, as seg-
ments keep growing for several years, and their length likely 
reflects the environmental conditions over several years. 
This assumption casts doubts on the use of internodal dis-
tance as a proxy for past environmental conditions. Further-
more, such an analysis assumes that segment elongation is 
not affected by their position within the canopy. Since tip 
elongation is usually reduced in sub-canopy and suppressed 
shoots compared to canopy shoots (Vadas et al. 2004), this 
method will undoubtedly indicate an increase in growth over 
time (e.g., Marbà et al. 2017) irrespective of actual growing 
conditions.

Eckersley and Garbary (2007) did not detect statistically 
significant differences in either the length or mass between 
S1 and S2 at any of their three sites in Nova Scotia, Canada, 
despite a large sample size. This contradicts our findings, 
especially because we re-sampled one of their original sites 
(Tor Bay). A re-analysis of their data indicates that mass 
and length ratios for the second segment were also above 
one at two of their three sites (Fig. S1). While the ratios 
calculated from Eckersley and Garbary’s paper were lower 
than the ones obtained in this study (1.20 vs 1.75 for mass 
and 1.10 vs 1.25 for length), the differences can be explained 
by the timing of the sampling (Fall vs Spring). S1 and S2 
had an extra spring and summer to grow when sampled by 
Eckersley and Garbary (2007). The reproductive season and 
gamete release ends in spring in A. nodosum (Aberg 1996), 
and shoots would have had more resources to allocate to 
growth over the summer. Since the difference between suc-
cessive segments decreases over time, this late sampling 
would have decreased the differences, making it harder to 
detect. The different conclusions can also be attributed to 
different analyses. Eckersley and Garbary (2007) compared 
the average length (or mass) of segments within a site, not 
considering that segments came from the same shoots and 
that their lengths were most likely correlated. Conversely, 
we compared segments within each shoot by calculating the 
ratio for each shoot separately and then calculated the aver-
ages (equivalent to a paired t test).

Marking individual segments and following their length 
and mass over time (the latter would be impossible to do) 
would offer a more direct means of assessing the growth 
of segments over time. A certain amount of variability 
in interannual growth is expected, and not all the differ-
ences between segments can be attributed to continued 
growth over time. Nonetheless, based on measurements of 
S1 over two successive springs (2019 and 2020) at 31 sites 
in the USA and Canada, we observed an average (± SE) 
length ratio of 1.01 ± 0.03 (Lauzon-Guay et al., unpubl 
data). Therefore, we are confident that the length ratios 
significantly greater than one observed in this study are 

caused by continued growth over time rather than interan-
nual differences in growth. Furthermore, the multi-year 
data collected from West Greenland allows direct com-
parison of a segment between 2 consecutive years. Those 
results concur with our dataset and indicate that segments 
increase in length and mass over time. These multi-year 
data also indicate that the exact ratio will vary over time 
and depends on the environmental growing conditions dur-
ing both years. A higher than usual growth rate during its 
second full year of growth will increase the ratio compared 
to slow growth years. This may explain why some previ-
ous studies have observed little to no secondary growth 
(Eckersley and Garbary 2007).

It must be acknowledged that some growth has been 
expected to occur in older segments (e.g., Baardseth 1955; 
Keser and Larson 1984) and was accounted for in early 
productivity estimates. Nonetheless, in more recent years, 
it has been assumed to be negligible (e.g., Cousens 1984; 
Vadas et al. 2004), and recent field data did not provide 
strong support (Eckersley and Garbary 2007). Our study 
provides data from multiple sites across a wide geographi-
cal range and provides unambiguous results showing that 
significant growth occurs in older segments in A. nodosum.

Our study highlights the need for new estimates of pro-
ductivity of A. nodosum to account for the growth of the 
entire shoot rather than based on the apical tip only as 
generally occurs (Cousens 1981, 1984; Vadas et al. 2004). 
This will aid seaweed harvesters and managers to establish 
appropriate harvesting rates for each population. Long-term 
annual harvesting below 25% of the standing stocks has not 
resulted in significant changes in biomass of A. nodosum in 
New Brunswick and Nova Scotia (Lauzon-Guay et al. 2021). 
However, without accurate productivity estimates, it is dif-
ficult to assess what harvesting rate should be used in other 
regions with different productivity levels.

Furthermore, because most previous studies have 
assessed the productivity of A. nodosum based on api-
cal growth alone, its true productivity has been underes-
timated, and its overall role in coastal and oceanic carbon 
budgets has been overlooked along with that of seaweeds 
in general (Pessarrodona et al. 2022a). With nearly half of 
the earth’s NPP occurring in the oceans (Field et al. 1998) 
and the urgent need to better understand carbon cycling 
and more specifically the potential role of seaweed in car-
bon sequestration (Krause-Jensen et al. 2018), obtaining 
accurate estimates of seaweed productivity will become 
essential. Including biased estimates when calculating 
the role of seaweed in global carbon cycling may lead to 
an undervaluation of their true value and affect climate 
change policy decisions (Duarte et al. 2017; Froehlich 
et al. 2019). Future studies should use proper metrics to 
quantify productivity in this species and others to allow for 
informed management and policy development.
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