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Abstract
Intertidal seaweed beds form three-dimensional structures providing habitat for a variety of species. As such, ecosystem-
based management of seaweed harvesting must take into consideration the impact of the harvest not only on the biomass 
but also on the morphology of the seaweed. We compare the morphology and vertical distribution of biomass and shoots in 
Ascophyllum nodosum from three sites with a 20 + year history of commercial harvesting with three corresponding control 
sites in southern New Brunswick, Canada. We found no significant impact of harvest history on the vertical distribution of 
shoots or biomass within individual clumps. At two of the three harvested sites, large clumps had a wider circumference 
than those at the control sites, suggesting that long-term harvesting increases the growth of shoots throughout the clumps; 
presumably caused by an increase in light penetration through the harvested canopy. We also compare biomass of littorinids, 
the most abundant invertebrates found in A. nodosum beds at low tide and found no significant difference between control 
and harvested sites. We conclude that the harvest of A. nodosum according to the current regulations in New Brunswick, 
does not have long-term impact on the morphology of the algae or on the abundance of its main inhabitant.
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Introduction

The global demand for macroalgae is in constant increase 
worldwide. While most of the supply comes from the 
aquaculture sector, mainly from Asia, wild harvest continues 
to be an important source of seaweed in Europe, North 
America and South America (FAO 2021). Wild harvest 
plays an important role in providing livelihood in many 
coastal communities (Rebours et al. 2014). With wild stock 
being by nature limited and, in some cases, already fully 
exploited or overexploited (Vásquez 2008), it becomes 
increasingly important to ensure that adequate management 
is in place to maintain the sustainability of the harvest as 
pressure increases. Many large seaweeds are foundational 
species that play important ecological roles in shaping 
communities (Steneck and Johnson 2014) and provide 
valuable ecosystem services (Eger et al. 2023). Harvesting 
activities can temporarily alter the structure of seaweed beds 

and consequently impact their functions in the ecosystem 
(Steen et al. 2016; Norderhaug et al. 2020). As such, kelp 
forests and intertidal and subtidal seaweed beds must be 
managed through an ecosystem-based management (Ugarte 
and Sharp 2001; Lotze et al. 2019).

While vegetated marine areas tend to harbour a greater 
diversity of species than denuded areas, specific assemblages 
are in part dependent on macroalgal morphology (Torres 
et al. 2015; Gan et al. 2019; Lemay et al. 2021). The role 
of seaweed architectural complexity as a predictor of 
invertebrate communities is unclear as even congeneric 
algae with similar forms can harbour very different diversity 
of invertebrate assemblage (Wikström and Kautsky 2004; 
Bates 2009). Furthermore, the role of algal morphological 
complexity on invertebrate assemblages can vary across scale, 
from the branching pattern of individual thalli (Chemello and 
Milazzo 2002) to the distribution of individuals in space, the 
heterogeneity of thalli arrangements, and the fragmentation 
of algal beds (Roberts and Poore 2006). To that effect, while 
algal canopy increases alpha diversity it can also reduce 
spatial variation of temperature and desiccation during low 
tide, leading to a decrease in understory beta diversity of 
sessile organisms (Scrosati et al. 2021; Catalán et al. 2023). 
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It becomes difficult to predict how harvesting of various 
seaweeds under a range of management strategies will impact 
communities, especially without a better understanding of the 
magnitude of morphological changes at the thallus and bed 
levels caused by the harvest.

In North America and parts of Europe, the brown sea-
weed, Ascophyllum nodosum (Fucales, Phaeophyceae, here-
after Ascophyllum), is the principal seaweed species har-
vested by volume. It is widely distributed on rocky shores in 
the North Atlantic (Pereira et al. 2020) and is commercially 
harvested in Canada, USA, Norway, Iceland, Ireland, Scot-
land, and France. As an easily accessible intertidal species, it 
has a long history of being used as a soil amendment (Guiry 
and Morrison 2013) and as an animal food supplement 
(Morais et al. 2020). In recent years, its recognition as a 
powerful plant biostimulant has led to an increase in demand 
(Shukla et al. 2019).

Contrary to other commonly harvested species (e.g., 
Laminaria hyperborea, L. digitata), which do not regrow 
following harvest because the meristem is removed, 
Ascophyllum will regrow if cut above the holdfast as it is a 
modular alga where several fronds can grow from a common 
holdfast (Lazo and Chapman 1998). A frond originates from 
a single shoot at the holdfast and is comprised of primary 
and lateral shoots as well as reproductive receptacles (Åberg 
1989). A shoot is defined as any branching element of the 
frond. Individuals in Ascophyllum represent the assemblage 
of fronds and shoots arising from a common holdfast 
(Baardseth 1955). Holdfasts can fragment and holdfasts 
from different individuals can coalesce over time, making it 
nearly impossible to differentiate individuals in Ascophyllum 
(Åberg 1989). We define a clump as the assemblage of 
shoots and fronds originating from one or several touching 
individual holdfasts. Therefore, a clump may be formed from 
a single or several individuals.

One of the concerns regarding the harvest of Ascophyllum 
is that while the biomass and canopy height of the beds may 
be preserved (Lauzon-Guay et al. 2021), repeated cutting 
may lead to increase lateralisation (Boaden and Dring 
1980) and individuals may become “bushier” (Seeley 
and Schlesinger 2012). Morphological characteristics of 
Ascophyllum at the bed level from different sites or regions 
have been linked to overall community compositions (Kay 
et al. 2016a). The extent to which local communities may 
be affected by changes in Ascophyllum morphology or the 
level of morphological changes required for communities 
to be impacted is yet to be resolved. In the present study 
we evaluate the impact of long-term harvesting on the 
morphology and vertical distribution of shoots and biomass 
in Ascophyllum in New Brunswick, Canada. We compare 
morphological characteristics of Ascophyllum as well as 
associated snail biomass at sites that have been commercially 
harvested for over two decades with never harvested sites 

that have been closed to the harvest ever since the advent 
of commercial harvesting in the province. This provides 
a unique opportunity to assess the long-term impact of 
harvesting activities on Ascophyllum morphology.

Materials and methods

Study location

All sites are located in the Bay of Fundy in southern 
New Brunswick, Canada. Site selection was based on the 
availability of Ascophyllum beds of commercial interest but 
closed to commercial harvesting in proximity to beds that 
have been actively harvested for several years (> 20 years). 
Three closed areas were selected, the Barnes-Simpson-
Mowat Islands (BSM) Long-Term Reference Area (LTRA), 
the Green Point (GP) Study Site and the Maces Bay (MB) 
LTRA (Fig. 1). Both the Study Site and the LTRAs have 
been closed to commercial harvesting of Ascophyllum since 
the onset of the harvest in 1995 by the New Brunswick 
Department of Agriculture, Aquaculture and Fisheries 
(Ugarte and Sharp 2001). One commercially harvested bed 
within 1.2 km each of the three closed areas was selected. 
These beds have been harvested on a near continual basis 
for over 20 years. Only sections of the bed are harvested 
on any particular year, for this study, transects were laid in 
areas that did not contain any signs of a recent harvest. The 
purpose of this study was to see the long-term impact of a 
repeated harvest rather than the initial impact after a harvest.

Field sampling

At each site, a 30-m transect was deployed parallel to the 
shore in the mid-intertidal within an Ascophyllum bed, the 
area where the harvest is concentrated. Twenty 25 × 25 cm 
quadrats were randomly positioned along the transect. 
Each Ascophyllum clump, defined as all fronds and shoots 
originating from a single holdfast, with more than half their 
holdfast within the quadrat were removed from the substrate 
using a putty knife just below the holdfast. Prior to removing 
a clump, all shoots were tied together using a plastic cable-
tie to prevent pieces of individual holdfast or coalesced 
holdfast to break apart during transport. All clumps from 
a quadrat were put in a marked plastic bag and brought 
back to the lab for further analysis. All snails present on the 
substrate within the quadrat or found on the Ascophyllum 
back in the lab were weighed. Two species of littorinids were 
found: Littorina littorea and Littorina obtusata. Because of 
the very low abundance of the latter, data for both species 
were pooled. Sampling was carried out on 19–20 October 
2019, as the outside temperature was cool (< 10 °C) the 
samples were not put on ice for transport but were placed in 
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a shaded location. Samples were refrigerated upon returning 
to the lab and were processed within 24 h. A small sample 
of clumps was collected in 1996 and 2001 prior to the large 
scale expansion of commercial harvesting of Ascophyllum 
in New Brunswick (Supplementary Material).

Sample processing

Each clump was measured for weight, height, and maxi-
mum circumference. Each clump was laid flat on a table, 
and the holdfast (1 cm section) was cut-off. The rest of the 
clump was divided into 10-cm sections starting just above 
the holdfast. Each section was weighed individually, and 
the number of shoots were counted in every second section, 
starting from the first one because of time constraints (i.e. 
shoots in sections 1, 3, 5, 7, etc. were counted).

Analysis

Clumps were divided into six size classes based on clump 
height (< 40  cm, 40–60  cm, 60–90  cm, 90–110  cm, 
110–130  cm, and > 130  cm, following Ugarte et  al. 
2006). The proportional distribution of biomass within 
each section was calculated by dividing the weight of 

each section by the total weight of the clump. Similarly, 
the proportional distribution of shoots was calculated by 
dividing the number of shoots within a section by the 
sum of all shoots in all counted sections. Averages were 
calculated for each size class at each site. A value of zero 
was included for any clump that had no shoot in a specific 
section. To assess whether the harvest had an impact on 
the distribution of the biomass and on branching patterns, 
we calculated three indices. The first index was calculated 
as the height corresponding to the mid-point of the 
biomass distribution for each clump. This is the height 
that divides the clump into two halves of equal mass. The 
second index was calculated as the ratio of the biomass 
in the section located approximately 1/3 up the clump 
to the biomass in the section located approximately 2/3 
up the clump. This index was used to evaluate whether 
the harvest caused a shift in the distribution of the 
biomass within the frond. We used these proportional 
heights instead of fixed height to be able to compare all 
size classes. Potentially, the harvest could increase the 
biomass in the lower section vs the upper section. The 
third index was similar to the second but used the number 
of shoots in the sections located 1/3 and 2/3 up the clumps 
to calculate a ratio of number of shoots. This index was 
used to evaluate whether the harvest had an impact on the 
branching pattern along a clump.

Fig. 1  Map of the Bay of Fundy 
with inset indicating the loca-
tion of the control and harvest 
sites as well as their respective 
closure area. Green Point is a 
study site and Barnes-Simpson-
Mowat (BSM) Islands and 
Maces Bay are Long-Term 
Reference Areas
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Statistical analysis

Vertical distribution of biomass and shoots between 
harvested and control sites were compared for each region 
for each size class using a two-sample Kolmogorov–Smirnov 
Goodness-of-Fit test. Morphological indices were analysed 
for each area separately using two-way ANOVAs with size 
class and treatment (harvested vs control) as fixed effects. 
If significant effects were detected, multiple comparisons 
were used to evaluate in which size classes the difference 
between harvested and control sites was significant. Average 
clump height was analysed using a two-way ANOVA with 
area and treatment as fixed factors. Clump circumference 
was compared between treatments using ANCOVAs with 
clump height as a covariate. In the case of non-homogeneity 
of slopes, the Johnson-Neyman technique was used to 
delineate the zone of non-significance (White 2003). Snail 
biomass was analysed using a two-way ANOVA with area 
and treatment (harvest vs control) as fixed effects. Data were 
log-transformed to meet the homoscedasticity and linearity 
assumptions. Data are presented as mean ± standard error. 
All statistical analyses were done in R v4.2.0 (R Core Team 
2020).

Results

Average clump weight generally increased with size 
class and was similar between harvested and control sites 
(Fig. S1). An effect of harvesting was only statistically 
significant at Maces Bay where clumps at the historically 
harvested site were heavier than those in the control site 
 (F1,75 = 6.874, p = 0.011).

Average clump height varied between 72.9 and 92.2 cm 
across all sites and there was no significant interaction 
between areas and treatment  (F2,383 = 1.953, p = 0.143) 
and no significant difference between areas  (F2,383 = 2.373, 
p = 0.095). There was a significant effect of treatment 
 (F1,383 = 6.303, p = 0.013) with clumps in harvested sites 
(82.9 ± 5.6 cm) being on average taller than clumps in con-
trol sites (76.9 ± 2.4 cm).

Clump circumference increased with clump height in 
all areas (Fig. 2). At BSM, the slopes of the regressions 
differed between harvested and control sites  (F2,140 = 7.976, 
p = 0.005). Circumference was lower at the harvested site 
for clumps shorter than 41.0 cm, while circumference was 
greater at the harvested site for clumps longer than 84.3 cm. 
There was no difference in circumference between harvested 
and control sites for clump of intermediate height (41.0 to 
84.3 cm). At GP, there was no effect of treatment on the 
intercept of the regressions  (F1,115 = 2.675, p = 0.105), while 
at MB, clumps at the harvested site on average had a greater 
circumference than those at the control site  (F1,98 = 7.465, 

p = 0.007). Back-transformed adjusted means for the MB site 
are 8.08 ± 1.08 cm and 10.91 ± 1.08 cm for clumps from the 
control and the harvested site respectively.

The vertical biomass distribution differed between 
size classes. For the two smallest size classes (< 40 and 
40—60 cm), the first Sect. (0–10 cm) contained the most 
biomass and the proportion of biomass decreased monotoni-
cally towards the tip of the clumps (Fig. 3). For intermediate 

Fig. 2  Log–log relationship between Ascophyllum nodosum clump 
circumference and height for each region and control and harvested 
sites. Shaded area indicates region of non-significance where regres-
sion slopes were unequal
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size-classes, the biomass was more uniformly distributed 
with more biomass located in the center of the clump 
rather than near the holdfast. In larger size-classes the first 
Sect. (0–10 cm) was not the largest contributor to the bio-
mass and biomass was more uniformly distributed along 
the height of the clump (Fig. 3). There was no significant 
difference between the shape of the distributions between 
harvested and control sites for any of the size classes in 
any areas (Table S1). Similar morphological patterns were 
observed in clumps collected prior to the onset of large-scale 
commercial harvesting in New Brunswick (Fig. S3). The 
analysis could not be performed for the > 130 cm size class 
in MB because only two clumps of that size were found at 
the control site and none at the harvested site (Table S2). The 
absence of significant differences in the vertical distribution 
of biomass between harvested and control sites is supported 
by the lack of significant differences between harvested and 
control site for the mid-biomass height (Fig. 4). The mid-
biomass height increases monotonically with size-classes 

and was significantly higher at the harvested than at the 
control site at BSM  (F1,114 = 5.469, p = 0.021). There was 
no significant interaction or effect of treatment at the other 
two sites. There was a significant effect of size class but 
no effect of treatment of the ratio of weight at 1/3 vs 2/3 of 
the clump height at all sites (Fig. S2). At BSM, the effect 
of treatment was marginally non-significant  (F1,114 = 3.744, 
p = 0.055), with a higher ratio at the control than the har-
vested site. Generally, the ratio decreased monotonically 
with size classes. Small clumps can have more than 15 times 
more biomass in the lower than the upper section, while this 
ratio approaches unity for larger clumps, indicating that the 
biomass is uniformly distributed along the clump.

The vertical distribution of shoots along clumps followed 
a similar pattern as the biomass. More shoots were found 
near the holdfast for the smallest size classes and decreased 
monotonically toward the tip of the clumps (Fig. 5). While 
the first section (0–10 cm) still held the most shoots in larger 
size classes, a second mode was found near the center of the 

Fig. 3  Average (+ SE) propor-
tion of Ascophyllum nodosum 
clump biomass divided in 
10-cm sections by size classes 
for harvested (light gray) and 
control (black) sites in three 
regions of southern New 
Brunswick (A. Green Point, B. 
BSM Islands, C. Maces Bay. 
Section 1 represent the section 
nearest the holdfast
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clump, particularly in MB (Fig. 5). There was no significant 
difference in the distribution pattern between control and 
harvested sites (Table S1). A greater proportion of shoots 
were found in the bottom 1/3 section that the 2/3 section 
(Fig. 6). The shoot ratio was greater for smaller size classes 
than for larger size classes and no significant difference could 
be detected between control and harvested sites although 
it was marginally non-significant at BSM  (F1,114 = 2.830, 
p = 0.095) with a higher ratio at the control than at the 

harvested site. While this is not statistically significant, it 
suggests that there may proportionally be more shoots near 
the base of the clumps than at the top at the control site 
compared to the harvested site. For smaller size classes 
there could more than 10 times more shoots in the bottom 
section than the upper section, while for larger clumps, the 
ratio approached unity, indicating that the shoots are more 
uniformly distributed along the height of the clumps in large 
clumps.

Both Littorina littorea and L. obtusata were present at all 
sites, with the former being much more abundant. There was 
a significant difference in total snail biomass between areas 
 (F2,51 = 5.00, p = 0.010) with BSM islands (8.85 ± 3.43 g 
(0.0625  m)−2) having lower snail biomass than Maces 
Bay (19.03 ± 2.00 g (0.0625 m)−2;  t51 = -3.027, p = 0.011). 
Littorinids biomass was intermediate at Green Point 
(14.47 ± 2.57 g (0.0625 m)−2). There was no significant 
interaction between areas and treatment  (F2,51 = 0.030, 
p = 0.970) or significant effect of treatment  (F1,51 = 0.448, 
p = 0.506) on snail biomass.

Discussion

Several brown seaweed species are harvested commercially 
at large scale such as Laminaria hyperborea in Norway and 
Lessonia spp. in Chile. The harvest of Ascophyllum differs 
significantly from those, in large part due to the different 
physiology of those species and the harvesting techniques 
used. In kelps such as L. hyperborea. and Lessonia spp. 
the meristematic tissues are located in the transition zone 
between the frond and stipe (Kain and Jones 1976). Most 
harvesting techniques will inevitably remove the meristem, 
and in most cases entire individuals including holdfasts 
are removed during harvest (Vea and Ask 2011; Vásquez 
et al. 2012) and recovery occurs through growth of smaller 
individuals left behind after harvest (Steen et al. 2016). 
Ascophyllum is different in that regard as new branches 
can be formed along shoots in lateral pits (Åberg 1996), 
and its recovery and growth are not dependent on an apical 
meristem. While this favours a rapid recovery of biomass 
after harvesting, it leads to a potential for the harvest to 
modify the morphology of clumps. The similar clump 
morphology and vertical biomass distribution within 
clumps found within harvested and control sites indicate 
that continual harvesting in New Brunswick over the last 
20 years has not altered clump morphology. Furthermore, 
current morphology is similar to what has been observed 
prior to the onset of large-scale commercial harvesting of 
Ascophyllum in New Brunswick (Figs. S2 and S3); mid-
biomass height ranged from 10 cm in the 0-40 cm size class 
to 47–55 cm in the 110–130 cm size class. Those values 
are similar to those observed ~ 20 years later in 2019 (12.8 

Fig. 4  Average (± SE) mid-biomass height (cm) by size classes of 
Ascophyllum nodosum clumps from Control and Harvested sites in 
three regions of Southern New Brunswick
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and 58.0 cm for the 0–40 cm and 110–130 cm size classes 
respectively averaged across sites) further supporting the 
findings that the harvest has not modified the morphology 
of clumps in New Brunswick.

Ascophyllum can recover rapidly, often within a year, 
following harvest as it is conducted in Canada and the 
USA (Ugarte et al. 2006; Johnston et al. 2023). Recovery is 
generally faster for biomass than for height; Ascophyllum is 
a productive seaweed with an average 54% annual biomass 
turnover (Vadas et al. 2004), but with a more limited rate of 
elongation (10 – 20 cm  y−1, Kay et al. 2016b). Although, 
previous estimates of growth and productivity have 
focused on growth in the apical region of the shoots, often 
overlooking the growth in older tissues, suggesting that 
productivity may be even greater than previously estimated 

(Lauzon-Guay et  al. 2022). Under the current harvest 
management in New Brunswick, this rapid recovery after 
harvest has translated into no long-term (20 + years) impact 
of the harvest on Ascophyllum biomass or height (Lauzon-
Guay et al. 2021). Similarly, there is generally no difference 
between harvested and control sites in the vertical distribution 
of the biomass and shoots along clumps. In one region, 
a non statistically significant trend suggest that clumps 
appear to be marginally heavier and have more branching 
lower down at the control than at the harvested site. This 
is the opposite of what we could expect if the harvest had 
an impact on clump morphology. The harvest targets the 
top of the clumps and we could expect that clumps would 
become bottom-heavy at harvested sites (i.e. more shoots and 
more biomass in the lower portion of the clump). Increased 

Fig. 5  Average (+ SE) propor-
tion of Ascophyllum nodosum 
clump shoots divided in 10-cm 
sections by size classes for har-
vested (light gray) and control 
(black) sites in three regions of 
southern New Brunswick (A. 
Green Point, B. BSM Islands, 
C. Maces Bay). Section 1 
represent the section nearest the 
holdfast. Shoots were counted in 
every second 10-cm section
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lateral shoots can occur with intensive cutting, where all 
shoots are cut within 10–15 cm of the base (Boaden and 
Dring 1980) and harvesting can lead to an increase growth in 
suppressed shoots at the base of larger clumps (Ugarte et al. 
2006). Harvesting opens the canopy, presumably allowing 
more light to reach previously shaded shoots, not only near 

the holdfast but throughout the clump, resulting in faster 
overall growth. This may explain the greater circumference 
of clumps found at some harvested sites compared to control 
sites.

In this study the harvest did not cause clumps to become 
shorter, or bottom-heavy compared to unharvested clumps. 
This finding contradicts the assumption that the harvest 
would cause Ascophyllum beds to transform from “under-
water forest… [to] …much shorter rockweed bush” (See-
ley and Schlesinger 2012). While very intensive harvesting 
(60–80% of biomass removal) can alter population structure 
of Ascophyllum, it is resistant to long-term impact of present 
commercial harvesting techniques and regulations (Sharp 
and Pringle 1990; Lauzon-Guay et al. 2021). Two impor-
tant aspects need to be considered when evaluating studies 
looking at the impact of Ascophyllum harvesting: the levels 
of the harvesting treatments, and the scale at which impacts 
are measured. Studies can be divided into two groups, those 
that use commercial harvest methods to create the harvesting 
treatments (e.g., Ugarte et al. 2006; Johnston et al. 2023) and 
those that manually apply a particular aspect of the regula-
tion (e.g., cutting all clumps at the minimum allowed cut-
ting heigh levels; Fegley 2001; Phillippi et al. 2014). While 
the latter provides more control and less variability on the 
treatment levels, it does not capture the heterogeneity of the 
commercial harvest. This explains in part why those two 
types of studies have led to different conclusions as to the 
impact of the harvest. Similarly, studies focusing on small 
scale impacts that follow the fate of cut individuals typically 
find greater and longer lasting impacts than those looking 
at the bed-scale impact of the harvest. The relevant scale 
depends on the question asked; following a tree stump would 
not provide valuable insights on the recovery of a forest. 
Similarly, the overall structure and morphology of clumps 
within a bed are more relevant to the associated communities 
than the fate of individual fronds or shoots after being cut.

To take an ecosystem-based management approach to the 
Ascophyllum harvest, not only the impact on the target spe-
cies itself but also a broader assessment of the impact on 
other components of the ecosystem is required (Lotze et al. 
2019). The most prevalent species found within Ascophyllum 
beds at low tide in the region are littorinid snails (mainly L. 
littorea and L. obtusata, (Adey and Hayek 2005) along with 
the invasive green crab (Carcinus maenas). Littorinid snails 
are also the main macrofauna bycatch associated with the 
harvest of Ascophyllum at a rate of 1.32 kg of littorinids per 
tonne of Ascophyllum harvested (Ugarte et al. 2010). Using 
the 17% exploitation rate allowed in New Brunswick and 
an average Ascophyllum biomass of 10.8 kg  m−2 (Lauzon-
Guay et al. 2021), we can estimate that 2.4 g  m−2 of lit-
torinids are removed during the harvest. Using the range of 
8 to 19 g (0.06 m)−2 of littorinids observed in this study, we 
can estimate that between 0.8 and 1.6% of the littorinids are 

Fig. 6  Average (± SE) ratios of the number of shoots at 1/3 of the 
height to the number of shoots at 2/3 of the height. 1/3 are Sects. 1, 
1, 3, 3, 3, 5 and 2/3 are Sects. 3, 3, 5, 7, 7, 9 for size classes 1 to 6 
respectively
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removed as bycatch during the harvest. This low removal 
rate combined with the limited impact of the harvest on 
the biomass, height, and morphology of Ascophyllum may 
explain the absence of a significant effect of harvesting 
on the abundance of the most abundant group of species 
found in Ascophyllum beds. Furthermore, by maintaining its 
height, biomass, and morphology, it is likely that Ascophyl-
lum will be able to maintain its functions such as modulat-
ing understory temperature during low tide (Watt and Scro-
sati 2013) that are important to the assemblage of species 
occupying it. Those assemblages vary at local and regional 
scales, as do bed characteristics (Kay et al. 2016a) making 
it difficult to isolate the role of morphology versus that of 
local environmental condition on community composition. 
This is particularly complex because specific Ascophyllum 
bed characteristics will be of particular importance to dif-
ferent species. Shore birds tend to occupy shores with wider 
and thicker (measured at low tide) Ascophyllum beds, while 
common eiders (Somateria mollissima) are more influenced 
by the understorey species (Johnston et al. 2020). While we 
did not measure algal depth is this study, the general absence 
of significant difference in canopy height, biomass (Lauzon-
Guay et al. 2021) and clump morphology suggest that algal 
depth would be maintained despite harvesting. Various fish 
species (e.g., Tautogolabrus adspersus, Myoxocephalus 
aeneus, Pollachius vires, Pseudopleuronectes americanus) 
are known to visit Ascophyllum beds at high tide and while 
the impact of complete Ascophyllum removal is equivocal 
(Black and Miller 1991, 1994; Rangeley 1994), normal har-
vesting activities do not appear to have a detectable impact 
on the abundance of these species (Van Guelpen and Pohle 
2014). Specific information on which particular morphologi-
cal characteristics beside the provision of cover and harbour-
ing prey species are important to different fish species is not 
available. To better assess the morphological requirements 
of various species, experimental manipulations of Ascophyl-
lum morphology in field condition could be maintained over 
time and changes in assemblages observed. When this has 
been done in relation to Ascophyllum harvesting, impacts 
on specific species were often small or short-lived (Fegley 
2001; Trott and Larsen 2012; Phillippi et al. 2014) partially 
due to the rapid recovery of Ascophyllum.

The harvest of Ascophyllum is done differently depending 
on the region where it is harvested. In Canada, the boat and 
rake harvesting method has been almost exclusively used 
for the last 25 years (Lauzon-Guay et al. 2021). The results 
presented in this study relate to the impact of that harvesting 
technique. In Maine, a mix of boat and rake and rotating-
blade type mechanical harvesters are used. Norway also har-
vests Ascophyllum using this type of mechanical harvester. 
In Iceland, reciprocating-blade type mechanical harvesters 
are used exclusively. This type of mechanical harvester is 
also used on the Isle of Lewis in the Outer Hebrides of 

Scotland. Further south along the Outer Hebrides, a mix 
of boat and rake and traditional hand harvesting on foot at 
low tide is used. These two methods are also used by Asco-
phyllum harvesters in Ireland (Mac Monagail and Morrison 
2020). Typically, the traditional hand harvesters will cut 
Ascophyllum near the holdfast and remove a higher pro-
portion of the standing biomass (80–90%) over a relatively 
small area (10-20 m) during a low tide. Mechanical harvest-
ers tend to cut Ascophyllum higher up and remove 40–60% 
of the biomass over a larger area. The boat and rake harvest-
ers generally remove less than 50% of the biomass within 
a harvested patch and leave a wider range of Ascophyllum 
lengths behind over a section of coastline (50-100 m wide). 
The boats are drifting as the harvest is being conducted and 
the action of the rake, moving diagonally through the water 
column, does not create a uniform cutting height (Ugarte 
et al. 2006). Indeed, the largest changes observed immedi-
ately after harvest within harvested patches is in relation to 
clump biomass rather than height or shoot density (Ugarte 
et al. 2006). The same cannot be said of other harvesting 
techniques and whether the clumps will regain their prior 
morphology will need to be resolved.

The harvesting of Ascophyllum as practiced under the 
current management regulations has very limited impact 
on the overall characteristics of Ascophyllum beds in North 
America (Lauzon-Guay et al. 2021, Johnston et al. 2023, this 
study). The current management framework in Canada was 
developed over several decades (Ugarte and Sharp 2001) 
and is still being actively amended by provincial authori-
ties, in concertation with industry, to modify exploitation 
rates and harvesting methods as new scientific information 
become available. It provides a good example of adaptative 
governance relying on scientific knowledge, local govern-
ment participation and legal adaptative capacity (Greenhill 
et al. 2021). From an open harvest with several companies 
competing for the same resource and few regulations, to the 
current model with sectors assigned to individual harvest-
ing companies and regulation on minimum cutting height, 
holdfast removal, exploitation rate, and cutting methods, the 
harvest of Ascophyllum in the region has matured into what 
can be described as an example of sustainable management. 
The level of harvest is sustainable over time and discernable 
impacts are rare and of short duration.
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