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Image. The orange-footed sea cucumber 
(Cucumaria frondosa). (Source: Freshwater and 
Marine Image Bank) 

 
Figure 1. Map showing the sea cucumber fishing 
grounds on the St. Pierre Bank (northwest and 
southeast areas). 

Context: 
The orange-footed sea cucumber (Cucumaria frondosa) is a slow-growing, long-lived sea cucumber 
species. It has been reported almost circumpolar in the northern hemisphere. Populations off 
Newfoundland and Labrador (NL) are found at the highest densities at depths from 30 to 60 m, 
usually on hard bottoms with a cobble-shell-boulder substrate composition. 
In 2003, a sea cucumber drag fishery, under the umbrella of the New Emerging Fisheries Policy, was 
established on the St. Pierre Bank (Subdiv. 3Ps) with eight participants sharing a total allocation of 
454 t. There are two main sea cucumber concentrations on the Canadian portion of the St. Pierre 
Bank, one northwest and one southeast of the French Economic Zone. Until 2017, the fishery 
occurred in the northwest area; the allocation increased gradually to 2,242 t in 2013, where it remains. 
The southeast area opened to fishing with five-year temporary permits of 3,773 t in 2017. The 
allocation in the southeast area increased to 4,717 t in 2019, where it has remained. 
As part of the emerging fisheries policy, the harvesters entered into a five-year Joint Project 
Agreement (JPA) with Fisheries and Oceans Canada (DFO) to conduct a resource assessment 
survey from 2004 to 2008. The fishery transitioned to a commercial fishery in 2013. Since then, DFO 
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sea cucumber surveys on the St. Pierre Bank have occurred in the southeast area in September 2016 
and 2022 and in the northwest area in 2017. 
The last Regional Peer Review Meeting to assess the status of sea cucumber was in 2016. There 
was also a Regional Science Response Process in 2017. This Science Advisory Report is from the 
March 13, 2023, Regional Peer Review Meeting on the Stock Assessment of Sea Cucumber in NAFO 
Subdivision 3Ps. Additional publications from this meeting will be posted on the Fisheries and Oceans 
Canada (DFO) Science Advisory Schedule as they become available. 

 

SUMMARY 

Environment and Ecosystem 
• The ocean climate in Northwest Atlantic Fisheries Organization (NAFO) Subdiv. 3Ps has 

been experiencing significant warming in recent years. In 2022, surface and bottom 
temperature reached all-time highs, and 2021 is the second warmest year on record for the 
same metrics. 

• Overall conditions of the past 3–4 years are indicative of improved productivity at the lower 
trophic levels along the NL bioregion (Divs. 2J3KLNO and Subdiv. 3Ps). This includes 
earlier phytoplankton blooms, higher chlorophyll concentrations, and increased zooplankton 
biomass with a higher abundance of larger, more energy-rich Calanus copepods. 

• Marine ecosystem conditions indicated overall limited productivity of the fish community. 
Total biomass of the entire fish community remained below pre-collapse. The ecosystem 
has undergone structural changes with increased dominance of warm water species starting 
in 2010. In recent years (2019–21), ecosystem indicators have suggested that conditions 
could be improving. However, the lack of conversion factors for new offshore survey vessels 
in 2022 prevented an updated evaluation of these trends. 

Stock Status 
• Resource status of sea cucumbers in NAFO Subdiv. 3Ps was assessed based on 

commercial catch data, emerging fishery survey (2004–08), and DFO sea cucumber survey 
(2016, 2017, 2022). 

• The sea cucumber fishery was initiated in the northwest area in 2003, with the allocation 
gradually increasing to 2,242 t in 2013, where it has remained. The fishery opened in the 
southeast area in 2017 with an allocation of 3,773 t and increased to 4,717 t in 2019, where 
it has remained. In 2022, landings were 2,065 t in the northwest area and 4,019 t in the 
southeast area. 

• Sea cucumbers may be decreasing in size in both areas throughout the time series. 

• A spatiotemporal model was used to estimate biomass and abundance indices. 

• In 2022, the biomass index for the northwest area increased from 2017 to near the average 
observed during the emerging fishery (2004–08). In 2022, the biomass index for the 
southeast area also increased from 2017 but remains below the average biomass index 
observed from 2004–08. There is more uncertainty around the biomass and abundance 
estimates in recent years. 

• The abundance index in the northwest area increased in 2022 from 2017, with a general 
increasing trend since the beginning of the survey. The abundance index in the southeast 
area varied without trend throughout the time series. 

http://www.isdm-gdsi.gc.ca/csas-sccs/applications/events-evenements/index-eng.asp
http://www.isdm-gdsi.gc.ca/csas-sccs/applications/events-evenements/index-eng.asp
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• Exploitation rate indices are anticipated to remain relatively stable in 2023, assuming 
status-quo total allowable catch (2.4% in the northwest area and 2.9% in the southeast 
area). Sustainable exploitation rates are unknown for this species. Exploitation rate indices 
are a minimum estimate due to variation in sea cucumber landed water loss. 

• Given the uncertainty with the assessment of stock status of this species, there is no 
scientific basis for assessing the risk of the current or any change in the harvest level. 

BACKGROUND 

Species Ecology 
Orange-footed sea cucumbers (Cucumaria frondosa), herein referred to as sea cucumbers, are 
commonly distributed down to 100 m in waters off Newfoundland, with the highest densities 
between 30–60 m. Global scientific knowledge of the species is now fairly broad (Gianasi et al. 
2021). Briefly, they are mainly found on hard rock, gravel, and shell substrates but are also 
occasionally observed on softer sandy habitats (So et al. 2010). Sea cucumbers move by 
crawling or bloating their body for active or passive (carried by the current) rolling (Sun et al. 
2018). They are suspension feeders that filter food from the water column. Sea cucumbers 
reproduce using broadcast spawning, meaning that both sexes coordinate the release of their 
gametes into the water column for external fertilization. Growth rates of juveniles and adults are 
slow and vary by season, maturity, diet, and location (Gianasi et al. 2017; Hamel and Mercier 
1996). The purple sunstar (Solaster endeca) is the main predator of sea cucumbers at all life 
stages. Injured sea cucumbers can attract and are more vulnerable to scavengers and 
predators (So et al. 2010). 
Compared to other Canadian sea cucumber populations, sea cucumbers on the St. Pierre Bank 
exhibit the longest and earliest spawning season, which occurs annually from February to May 
(Coady 1973; Mercier and Hamel 2010; So et al. 2010). 100% of sea cucumbers on the 
St. Pierre Bank were found to be sexually mature at a contracted length of 11.5 cm (Grant et al. 
2006). Laboratory studies have shown a slower juvenile growth rate in Newfoundland than in 
other parts of Eastern Canada, with an estimated 25 years to reach 15 cm under natural 
conditions (So et al. 2010). Sea cucumbers are 6.5–82% water weight (MI 2005). 

The Fishery 
There are two main sea cucumber concentrations on the Canadian portion of the St. Pierre 
Bank, one northwest and one southeast of the French Economic Zone (Figure 1). The grid of 
23 strata (originally 52 in 2003) used to delineate the two areas for fishing and survey activity is 
based on historical surveys led by DFO and the NL Department of Fisheries and Aquaculture 
(DFA). The fishery is open annually from June 1 to December 31 to avoid the sea cucumber 
spawning season. The modified sea urchin drag from Maine is the standardized fishing gear 
used in the sea cucumber fishery in NL. 
In 2003, eight harvesters were given an allocation of 454 t on the St. Pierre Bank to explore 
commercial concentrations of sea cucumbers. In 2004, a sea cucumber fishery was established 
on the St. Pierre Bank under the New Emerging Fisheries Policy. As a condition of the license, 
all harvesters were required to actively participate in the fishery each year, complete surveys, 
and submit detailed fishing logs. After completing the assigned survey stations, participants 
could take their allotted total allowable catch (TAC) while adhering to all license conditions. 
Participants were not permitted to take more than 25% of their landings from strata 2 and 7 (the 
most heavily fished strata in 2003). In 2006, the policy was revised so that participants could not 
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take more than 30% of their landings from any one stratum. This regulation remained in place 
until the end of the emerging fishery in 2008. The allocation increased from 454 t in 2003 to 
612 t in 2005 to compensate for the fraction of landed weight that was water, debris, or 
damaged/undersized sea cucumber. Upon the completion of the emerging fishery, allocation in 
the northwest area increased to 907 t, and the southeast area closed to fishing as a measure to 
conserve the resource until the effects of fishing could be evaluated. 
In 2013, the emerging fishery formally transitioned to a commercial fishery. At this time, ten new 
licenses were issued, which increased the TAC in the northwest area to 2,242 t, where it 
remains. In 2017, the southeast area was open to fishing with temporary permits with a total 
allocation of 3,773 t, set to expire in 2022. These permits were increased to 4,717 t in 2019, 
where the southeast TAC remains. Currently, 8,490 t of sea cucumber are permitted to be 
harvested annually from the St. Pierre Bank. Gross landings (including water and debris) are the 
weights recorded against allocations. 

ASSESSMENT 
Stock status was assessed based on commercial catch data, emerging fishery survey data 
(2004–08) and DFO sea cucumber survey catch data (2016, 2017, and 2022). Though data 
from the emerging fishery and the DFO sea cucumber surveys are two separate time series, 
data from the emerging fishery were used as a proxy for a 'pre-commercial fishery' reference 
period. 
The trends in fishery performance were inferred using TAC, landings, and catch per unit effort 
(CPUE; kg/tow) data. Commercial CPUE from 2004 to 2008 were standardized to 0.5 nautical 
miles (nm) tows; however, logbooks since 2009 could not be standardized because tow-by-tow 
information was not documented. 
The dedicated sea cucumber surveys (the emerging fishery surveys and the DFO sea 
cucumber surveys) utilized the same methodology. Sample sites were selected using a random-
stratified approach in the strata grid. The surveys were conducted using a 6-foot modified sea 
urchin dredge towed for 0.5 nm at 2.5 knots with a warp-to-depth (m) ratio of 3:1. 
The sea cucumber surveys provided catch information on the weight of sea cucumbers, 
numbers of sea cucumbers, other species caught, and biometrics of individual sea cucumbers. 
Biometric data was collected on up to 50 sea cucumber in each set, measuring length (tip to tip; 
mm), girth (mm), and whole wet weight (g; to the nearest 0.1). For up to an additional 100 sea 
cucumbers, only weights were recorded. Each set’s total sea cucumber weights and numbers 
were subsequently standardized to 0.5 nm. Average individual weight was calculated for each 
tow by dividing the total weight of sea cucumber in the catch by the number of sea cucumbers. 
Weight data from these surveys are the ‘wet weight’ of sea cucumbers measured as soon as 
possible after capture with no drainage or water absorption adjustments. 
In previous assessments, biomass and abundance indices were estimated using STRAP 
(Stratified Analysis Programs; Smith and Somerton, 1981). STRAP is a spatial expansion 
method that uses survey catch rate data and requires sampling of at least two sets per stratum 
in each year of a survey to maintain a consistent time series and trend analyses. Spatial 
coverage in recent years has been inconsistent, with no DFO sea cucumber survey covering the 
entire survey area in any given year, so biomass and abundance indices in this assessment 
were estimated using a new spatio-temporal model (sdmTMB; Anderson et al. 2022) to 
accommodate poor survey coverage. The sdmTMB model used survey catch rates to predict 
sea cucumber biomass and abundance annually (when survey data was available) across the 
entire survey area. 
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A proxy for exploitation rate for the emerging fishery surveys was calculated by dividing the 
commercial catch from the fishing season by the survey biomass index from each year. The 
DFO sea cucumber surveys were treated as post-season surveys; thus, the proxy for 
exploitation rate indices for these surveys were calculated by dividing the commercial catch 
weight from the year following the survey by the biomass index from each survey. 

The Fishery 
The landings in the northwest area averaged 671 t over the period 2003–14, except in 2007 
when landings were 190 t due to poor market conditions (Figure 2). Landings averaged 2,239 t 
from 2015 to 2021, and 2,065 t in 2022. The southeast area opened to fishing in 2017, with 
landings of 1,429 t. Landings averaged 4,020 t from 2018 to 2021 and 4,019 t in 2022. 
CPUE steadily increased in the northwest and southeast areas throughout the time series 
(2004–22). CPUE reached a time-series high in the northwest area in 2020 with 1,100 kg/tow 
and in the southeast area in 2022 with 1,169 kg/tow (prelim.). The 2022 CPUE data are 
preliminary, reflecting only logbooks received and processed by February 2023. Commercial 
CPUE is not usually a reliable metric of stock status as several other factors confound 
interpretations of fishery performance. Additionally, CPUE trends for this stock would be likely to 
exhibit hyperstability because fishing efforts are targeted on known successful fishing grounds 
(i.e., fishing is not randomly distributed), and sea cucumbers on the St. Pierre Bank exhibit a 
highly patchy spatial distribution (MI 2006; So et al. 2010). 
The main bycatch in the fishery (by weight) consists of various species including sea scallop 
(Placopecten magellanicus), sand dollar (Echinarachnius parma), some sea stars (Solaster 
endeca, Leptasterias polaris), sea urchin (Strongylocentrotus droebachiensis), sea snail 
(Gastropoda), Iceland scallop (Chlamys islandica), and toad crab (Hyas spp.). 
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Figure 2. Landings (bars), catch per unit effort (CPUE) (lines), and total allowable catch (TAC) (black 
hashes) of sea cucumbers (Cucumaria frondosa) in the northwest (top) and southeast (bottom) sea 
cucumber areas on the St. Pierre Bank from the start of the Emerging Fishery to the present (2003–22). 
The 2022 logbook data are preliminary (denoted by stars) and were last updated in February 2023. 

Individual Weight 
The average individual sea cucumber whole wet weights in the northwest and southeast areas 
have declined since the emerging fishery (Figure 3). During the emerging fishery, the mean 
individual sea cucumber weight was 0.61 kg in the northwest area and 0.42 kg in the southeast 
area. During DFO sea cucumber surveys, the mean individual sea cucumber weight was 
0.41 kg in the northwest area and 0.28 kg in the southeast area. The reason for the observed 
decrease in size is unknown. Other factors, such as survey timing, confound the interpretation 
of these results. 
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Figure 3. Average whole wet weight of individual sea cucumbers (Cucumaria frondosa) in the northwest 
(top) and southeast (bottom) sea cucumber areas on the St. Pierre Bank. The average weight was 
estimated from the emerging fishery and DFO sea cucumber survey data by dividing the total weight of 
sea cucumbers in each tow by the total number of sea cucumbers in that tow. 

Biomass 
In 2022, the biomass index was 94 kt for the northwest area and 162 kt for the southeast area 
(Figure 4). However, despite point estimate increases from the most recent survey in 2017, the 
northwest area was near the average observed during the emerging fishery (86 kt from 2004–
08), and the southeast area remains below the average biomass index observed from 2004–08 
(224 kt). As a result of poor survey coverage, there is a larger degree of uncertainty around 
recent biomass estimates. 
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Figure 4. Biomass indices for sea cucumbers (Cucumaria frondosa) on the (A) northwest and (B) 
southeast areas on the St. Pierre Bank using the sdmTMB model. Bars represent 95% confidence 
intervals. 

Abundance 
In 2022, the abundance index was 287 million for the northwest area and 751 million for the 
southeast area (Figure 5). In the northwest area, abundance indices have been consistently 
higher than the average pre-commercial indices (2004–08) and have a general increasing trend 
from the beginning of the survey. In 2022, the point estimates of both areas increased from the 
2017 survey. However, despite these point increases from the most recent survey, the 
abundance index from the southeast area varied without trend throughout the time series. As a 
result of poor survey coverage, there is a larger degree of uncertainty around recent abundance 
estimates. 
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Figure 5. Abundance indices for sea cucumbers (Cucumaria frondosa) on the (A) northwest and (B) 
southeast areas on the St. Pierre Bank using a sdmTMB model. Bars represent 95% confidence intervals. 

Exploitation Rate Index 
The exploitation rate index (ERI) has ranged from 0.2% to 3.7% for the northwest area and 
0.7% to 2.8% for the southeast area throughout the fishery (Figure 6). The ERI is projected to 
be 2.4% in the northwest area and 2.9% in the southeast area in 2023 with status-quo TAC. The 
ERI in both areas has been relatively stable in recent years. Sustainable exploitation rates are 
unknown. 
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Figure 6. Exploitation rate indices of sea cucumbers (Cucumaria frondosa) of the northwest (top) and 
southeast (bottom) sea cucumber areas on the St. Pierre Bank since the start of the emerging fishery to 
present (2003–22). These indices were calculated using the ratio of the landings to the biomass 
estimates from the sdmTMB model. Indices after the emerging fishery (2008) were calculated with 
landings one year lagged from the biomass estimate. The 2023 (red) index is based on status quo TAC. 

Sources of Uncertainty 
Basic morphometrics such as weight, length, and girth are difficult to assess for sea cucumbers 
due to the plasticity of their physical characteristics. These measurements depend on the sea 
cucumber's tonus (muscle tension) and water content, as sea cucumbers are normally 
comprised of between 6.5 and 82% water (MI 2005), and their water-to-flesh ratio can go up to 
740% when they are stressed (Hamel et al. 2019). Data were collected from sea cucumbers as 
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soon as possible after being removed from the water to minimize water loss and approximate 
wet weight. However, some variability in these measurements is inherent with this species. 
ERI is calculated using commercial 'gross landings' and biomass indices from the surveys. 
Gross landings are measured by dockside monitoring companies as they are removed from the 
vessels. Sea cucumbers remain in the vessel's hold during the trip and the transit back to the 
wharf, which can last 2–3 days. During surveys, sea cucumber weights are recorded as soon as 
possible to represent the 'wet weight'. ERI is a minimum estimate due to water loss issues 
inherent with this species and the mismatch in methodology (i.e., time after removal) between 
the commercial landings and survey weight measurements. 
Biomass and abundance indices are considered minimums because sea cucumber catchability 
is unknown but is believed to be less than one (MI 2006). 
Inconsistent survey methods are a source of uncertainty when comparing survey data 
throughout the time series. Some logistical changes occurred during the emerging fishery 
surveys, including removing strata that had not caught sea cucumbers in previous years. 
Additionally, the emerging fishery surveys occurred at the beginning of fishing seasons, 
whereas DFO sea cucumber surveys occurred after most fishing was complete in a given year 
(i.e., September). 
DFO sea cucumber surveys have occurred sporadically throughout the time series and have 
lacked full spatial coverage in each survey. Additionally, there was a reduction in the number of 
sets and depth coverage completed in 2022. This reduction in survey coverage increases the 
uncertainty of values derived from these surveys. The lack of consistent surveys can result in 
important changes in population dynamics being easily missed, with the lack of full spatial 
coverage exacerbating this potential issue. 
The population dynamics of sea cucumbers on the St. Pierre Bank are not fully understood. 
Size-at-age structures are not developed for this species, so there is limited information on 
recruitment, age-structure, growth, and sustainable harvest levels of this population (Gianasi 
et al. 2021). Sea cucumbers can also change in weight and length due to variation in food input 
and season (So et al. 2010). The natural mortality of sea cucumbers on the St. Pierre Bank is 
unknown. 
Survival of discards has not been evaluated. The consequences of harvesting methods and 
removals on ecosystem structure and function are not fully understood. 

CONCLUSION 
There is minimal confidence in indices due to the physical plasticity of this species and the 
reduction in DFO sea cucumber survey coverage in recent years. Exploitation rate indices are a 
minimum estimate due to variation in sea cucumber landed water loss. Sustainable exploitation 
rates are unknown. 
Given the uncertainties with the assessment of stock status of this species on the St. Pierre 
Bank, there is no scientific basis for assessing the risk of harvest levels. 
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