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Food for Thought

Five centuries of cod catches in Eastern Canada
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The fishery for Northern Atlantic cod (Gadus morhua) off Newfoundland and Labrador, Eastern Canada, presents the most spectacular case of
an exploited stock crashed in a few decades by an industrial bottom trawl fishery under a seemingly sophisticated management regime after half
a millennium of sustainable fishing. The fishery, which had generated annual catches of  to  tonnes from the beginning of the th
century to the s, peaked in  at  tonnes, followed by a devastating collapse and closure  years later. Since then, stock recovery
may have been hindered by premature openings, with vessels targeting the remains of the cod population. Previous research paid little attention
towards using multicentury time series to inform sustainable catches and recovery plans. Here, we show that a simple stock assessment model
can be used to model the cod population trajectory for the entire period from  to  for which catch estimates are available. The model
suggests that if fishing effort and mortality had been stabilized in the s, precautionary annual yields of about  tonnes could have
been sustained. Our analysis demonstrates the value of incorporating prior knowledge to counteract shifting baseline effects on reference points
and contemporary perceptions of historical stock status.

Keywords: Atlantic cod, catch reconstruction, fisheries management, historical marine ecology, rebuilding, reference point, shifting baseline,
stock assessment

Introduction
For millennia, the biodiversity of the ocean has supported pre-
industrial fisheries, although they were already capable of extirpat-
ing easily accessible animals (Jackson et al., 2001). The ascent of in-
dustrial fishing, i.e. the deployment of large vessels fuelled by fossil
energy (first coal, then diesel), however, radically changed fisheries,
and made it increasingly possible to target accumulations of any
desirable fish species at any distance from coastlines, depth of oc-
currence or season, all factors which created areas and times where
fishing was not before possible (Swartz et al., 2010).

Thus, as industrial fishing spread across the world from the
UK in the 1880s, global catch increased throughout most of the
20th century, and particularly after WWII, when bottom trawling

became widespread. Although many coastal fish populations
rapidly collapsed under the onslaught, this was long masked by the
opening of new fishing grounds in hitherto unfished areas (Pauly
et al., 2002; Cardinale et al., 2015). In the mid-1990s, however, the
opening of new fisheries became unable to compensate for the over-
exploitation of the “old” fishing grounds (Froese et al., 2009), and
the world catch peaked and began a decline which continues to
this day (Pauly and Zeller, 2016; FAO, 2018), despite the increas-
ing fishing effort and seafood demand. Recent intensive manage-
ment efforts across the globe have started to show improvements in
stock status for marine fish assessments that are based on science
(Hilborn et al., 2020).

We now have reached a point where the only way to increase—or
even sustain present fisheries catches—must involve the rebuilding
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of fish populations earlier depleted by overfishing. This is best il-
lustrated by the Northern cod of Eastern Canada, i.e. Atlantic cod
(Gadus morhua). The stock defined by this assessment includes all
cod caught within NAFO-delineated Divisions 2J3KL.

Previously considered one of the world’s largest and most im-
portant fish stocks (Hutchings and Rangeley, 2011), Northern cod
have played a fundamental role in shaping the history, economy and
culture of Atlantic Canada since the late 15th century (Innis, 1940;
Cell, 1982). In the 1960s, within a decade after European factory
freezer trawlers began operation in Eastern Canada, catches peaked,
and then plummeted. The declaration of a fishery exclusion zone
in 1977, which largely eliminated foreign fishing, did not provide
much of a respite, however, as Canada subsidised the building of a
national fleet which continued overfishing. In 1992, the Canadian
government declared a moratorium on Northern cod, as the stock
had collapsed, followed in the next two years by cod moratoria in
all eastern provinces of Canada, closing an entire economic sector.

The moratorium on directed commercial fishing was initially
predicted by DFO to last two years to allow for sufficient stock re-
covery (Hutchings et al., 1997). Other factors such as temperature
and prey availability may have contributed additional pressure on
the stock’s ability to recover (Rose and O’Driscoll, 2002; Buren et
al., 2014). Almost 30 years later, all Canadian cod stocks remain in
a critical state, their most recent estimates of population size be-
ing below their respective biomass limit reference points (all stock
assessments for Canadian Atlantic cod are available through the
Canadian Science Advisory Secretariat at https://www.dfo-mpo.gc
.ca/csas-sccs/).

Applying a historical lens towards rebuilding
In order to estimate the full potential of an exploited resource, we
must set our baseline near the start of its exploitation, and account
for all withdrawals over time. Ignoring the past can lead to shift-
ing baseline syndrome (Pauly, 1995), where we accept as baseline,
a situation that does not account for the previous exploitation and
its impact on stock size and dynamics. This can lead to underesti-
mating fishing impacts and setting quotas too high, thus preventing
a stock from rebuilding (Hutchings and Rangeley, 2011). The new
discipline of historical marine ecology has emerged from attempts
to counteract the shifting baseline syndrome, by demonstrating the
value of recovering earlier abundance estimates and thus strength-
ening the management of marine populations (Jackson et al., 2001).

The case study presented here has two goals: (i) to demonstrate
the usefulness of a 500+ year record of Northern cod catches for the
current setting of stock rebuilding targets and (ii) to demonstrate,
using the newly developed CMSY stock assessment method (Froese
et al., 2017), that considering long time series does not necessarily
require complex models with a multitude of free parameters.

Methods
Stock assessment
We used a new open source stock assessment tool (CMSY) (Froese
et al., 2017), which is based on surplus-production modelling
(Schaefer, 1954, 1957). The CMSY tool (Froese et al., 2017) in-
cludes two methods: the first (named CMSY, same as the overall
tool) derives fisheries reference points from catch data and pri-
ors with a Monte Carlo approach, while the second (named BSM)
is a Bayesian state-space implementation of a traditional surplus

production model which derives its estimates from catch plus abun-
dance or effort data, if available. Since the BSM assessment is based
on more information, it usually produces narrower estimates of
changes in population biomass trends over time. Overall, both
methods show good agreement with more data-demanding assess-
ments (Martell and Froese, 2013). The most recent CMSY R-code is
available from http://oceanrep.geomar.de/33076/. The R-code used
for this analysis is available in the supplementary material.

Equation (1) below describes how parameters for the intrinsic
rate of population increase (r), carrying capacity (k), and biomass
in a given year (Bt) and catch in the same year (Ct) can be used to de-
termine biomass (B) in the subsequent year (t + 1). Bias-correcting
lognormal errors (es1 and es2 ) are assigned to surplus production
and catch, respectively.

Bt+1 = Bt + r
(

1 − Bt

k

)
Bt es1 − Ct es2 (1)

The above equation is modified (Equation 2) when a stock size
is severely depleted (biomass below 0.25k or 0.5B/BMSY) to account
for depensation—the reduction of recruitment at a small stock size
(Myers et al., 1995; Maroto and Moran, 2014; Perälä and Kuparinen,
2017; Neuenhoff et al., 2019). This differs from the latest assessment
model (Cadigan, 2015) used by DFO (Brattey et al., 2018), which
does not consider depensatory population dynamics, but does re-
port periods of very low productivity for the Northern cod stock
after the collapse (Morgan, 2019).

Bt+1 = Bt +
(

4rBt

k

) (
1 − Bt

k

)
Bt es1 − Ct es2 |Bt

k
< 0.25 (2)

Based on this theoretical framework, the CMSY method esti-
mates likely biomass trajectories that correspond to the biomass re-
ductions caused by fishing, the range for carrying capacity (k) and
intrinsic rate of population increase (r). Uniform ranges for r and
k were translated into prior densities with central values (Froese
et al., 2017). The most probable “viable” r-k pair is selected from
the tip of a triangle-shaped bivariate plot of r vs. k (Froese et al.,
2017). When relative biomass data are known, an additional param-
eter (i.e. catchability or q) is estimated to convert catch-per-unit-of-
effort into biomass. Each tentative biomass trajectory is compared
with the available relative biomass trend, which usually results in
narrower confidence intervals.

Selection of priors
In the present study, a reconstructed catch time series (Hutchings
and Myers, 1995; Supplementary Information) starts in 1508 and
was updated to 2017, using Northwest Atlantic Fisheries Organiza-
tion (NAFO) annual reports (NAFO, 2021), and further updated to
2019 from the most recent DFO stock status update (DFO, 2021b)
(Table 1).

Resilience corresponds to the intrinsic rate of population in-
crease (r). We used a lower (Hutchings and Rangeley, 2011) bound
of r set at 0.095 year−1 and an upper (Hutchings, 1999) bound set
at 0.3 year−1. Other studies also present the intrinsic rate of pop-
ulation increase within the chosen range (Myers et al., 1997; Rose,
2004).

Independent prior knowledge about the reduction of biomass by
fishing from the start of the fishery to the end of the time series
was translated into broad ranges of biomass relative to unexploited
biomass (Table 2). At the start of the time series with very little
fishing in 1508, the biomass range relative to unexploited biomass
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Table 1. Northern cod (Gadus morhua) catches from  to  based on a reconstruction from Hutchings and Myers () updated to ,
using NAFO annual reports (NAFO, ) for cod caught within Divisions JKL, and further updated to  from the DFO stock status update
(DFO, b).

Year
Catch

(tonnes) Year
Catch

(tonnes) Year
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Table 1. Continued

Year
Catch

(tonnes) Year
Catch

(tonnes) Year
Catch

(tonnes) Year
Catch

(tonnes) Year
Catch

(tonnes) Year
Catch

(tonnes) Year
Catch

(tonnes)

                  
                  
                  
                  
                  
                  
                  
                   
                   
                   
               
               
               
               
               

Table 2. Prior biomass ranges relative to the unexploited biomass (B/k)
for years that were used as start, intermediate, and end points in the
Northern cod (Gadus morhua) stock assessment.

Year Biomass range

 .–.
 .–.
 .–.
 .–.
 .–.

Table 3. Total abundance from the autumn DFO fall RV bottom-trawl
surveys of NAFO Divisions JKL (DFO, b, Table ).

Year
Abundance

Index Year
Abundance

Index

   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
 

was set at 0.9–1.0 (very low depletion (Rose, 2004)). The end of the
time series in 2019 corresponds to a biomass range of 0.01–0.20,
as justified by expert knowledge that the stock’s biomass is below
critical levels (very strong depletion (Hilborn and Litzinger, 2009;

Brattey et al., 2018, DFO, 2021b)), but may be experiencing some
recovery in sub-populations (Rose and Rowe, 2015). For the 1508–
2019 analysis, the intermediate biomass range was set for 1930 at
0.4–0.9 (medium/low depletion). For the 1930–2019 analysis, the
starting biomass was set at 0.4–0.9 (medium/low depletion) and an
intermediate range was set for 1985 at 0.1–0.4 (strong depletion),
since investigations at the time suggested the stock to be below BMSY
but not collapsed (Hutchings and Rangeley, 2011; Rose and Walters,
2019). For the 1970–2019 analysis, starting biomass was set at 0.2–
0.6 (medium depletion (Rose and Walters, 2019)) and an interme-
diate range was set in 1985 at 0.1–0.4 (strong depletion (Hutchings
and Rangeley, 2011; Rose and Walters, 2019)). A sensitivity analysis
was conducted to test the use of priors in the 1970–2019 analysis by
switching off the intermediate and end priors. The empirical built-
in default priors gave similar ranges as the expert-based priors.

In addition, the BSM was informed by a time series of total abun-
dance from the DFO fall Research Vessel (RV) bottom trawl surveys
of NAFO Divisions 2J3KL (DFO, 2021b) (Table 3). The state-space
model implementation of the BSM (Millar and Meyer, 2000) ac-
counts for process error in population dynamics and observation
error in measurement and sampling (Thorson et al., 2012). The
standard deviation of the process error is specified in the code as
sigmaR with a default value of 0.1, which we varied, to evaluate
sensitivity, between 0.1 and 0.4. The alternative values of the pro-
cess error had minimal effect on the model output, thus the default
value of 0.1 was used in the final analyses. Process error is sampled
anew for every year of the time series, accounting for uncertainty
in the modelled productivity. The code also models error in catch,
with a lognormal distribution.

Assessment results
The CMSY analysis produces proxies for MSY, FMSY, BMSY, and
indicators like stock size (B/BMSY) and exploitation (F/FMSY)
(Table 4). The outputs of both CMSY and BSM analyses were sim-
ilar for Northern cod (Table 4), thus building confidence in the re-
sults. Since BSM estimates are based on more data, they were used
for the estimates presented in the text below (Figure 1). Analysing
512 years of catch data (Figure 1a) and 37 years of relative biomass
data (Table 3) produced an estimate of the intrinsic rate of pop-
ulation increase (with 95% confidence intervals) of Northern cod
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Table 4. Output parameters and reference points of the Northern cod (Gadus morhua) stock assessment with three time series with upper and
lower confidence intervals. Results of reference points are based on BSM output. Units for k, MSY, and BMSY are in millions of tonnes.

Time series 1508–2019 1930–2019 1970–2019

r (BSM) . (.–.) . (.–.) . (.–.)
r (CMSY) . (.–.) . (.–.) . (.–.)
k (BSM) . (.–.) . (.–.) . (.–.)
k (CMSY) . (.–.) . (.–.) . (.–.)
MSY (BSM) . (.–.) . (.–.) . (.–.)
MSY (CMSY) . (.–.) . (.–.) . (.–.)
BMSY . (.–.) . (.–.) . (.–.)
B/BMSY . (.–.) . (.–.) . (.–.)
FMSY (without depensation) . (.–.) . (.–.) . (.–.)
FMSY (with depensation) . (.–.) . (.–.) . (.–.)
F/FMSY (with depensation) . (.–.) . (.–.) . (.–.)

Figure 1. Catch and estimated biomass of Northern cod (Gadus morhua) off Eastern Canada from  to  (A, B), with emphasis on 
to  (C, D) and  to  (E, F). The catch and relative biomass level compatible with Maximum Sustainable Yield are shown (dotted
lines), along with the % confidence intervals.

of r = 0.25 year−1 (0.14–0.46 year−1) and a carrying capacity of
k = 6.0 million tonnes (4.0–8.9 million tonnes). Maximum Sustain-
able Yield (MSY) can then be computed from r·k/4, which yields
380000 t·year−1, (290000–490000 tonnes), while biomasses can be
expressed relative to the biomass that can produce MSY (B/BMSY;
see Figure 1b).

Figure 1b shows that, for 200 years, the fishery for Northern cod
impacted its biomass only lightly, and that it began to be noticeably
reduced from 1700 on; however, it remained well over BMSY and
thus capable of producing MSY as well as fulfilling its ecosystem

role as a major predator in the waters off what is now Eastern
Canada. With catches increasing from the 18th to the middle of the
20th century, the biomass decline accelerated, but it was only in the
1960s, with the onset of the industrial trawl fishery, that Northern
cod biomass precipitously declined below BMSY, and specifically af-
ter 1968, when the peak reported catch of 810000 tonnes was ex-
tracted (Figure 1b).

Figure 1c and d show that the 1977 declaration of a fishery ex-
clusion zone and the departure of foreign fleets led to a brief sta-
bilization, at a suboptimal level, of the biomass of Northern cod in
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Table 5. Comparison of Northern cod (Gadus morhua) stock assessments, including data-limited stock assessment methods CMSY and BSM
with % confidence intervals. Units for MSY and BMSY are in millions of tonnes.

Reference points

Source MSY BMSY FMSY

BSM . (.–.) . (.–.) . (.–.)
CMSY . (.–.) . (.–.) . (.–.)
Logistic growth model (Hilborn and Litzinger, ) .
VPA (DFO, ) .∗

Stock-recruitment model (Ricard et al., ) ∗ .
Shelton model (Shelton, ) . .∗ .

∗Assumed a : ratio for total biomass to SSB according to DFO () and Ricard et al. ().

the late 1970s and early 1980s. At this time, precautionary annual
yields of around 200000 tonnes may have been sustained, but this
opportunity to let the stock rebuild was not used. Rather, a newly
built, heavily subsidized Canadian trawler fleet replaced the fishing
mortalities previously exerted by foreign fleets, leading to a second
collapse of catches (Figure 1e) and biomass, which fell below 1% of
its original biomass (Figure 1f).

Remarkably, the 1992 fisheries “moratorium” did not lead
to a cessation of the fishery. Rather, post-moratorium catches,
ranging between 400 and 13000 tonnes per year, continued to be
taken (DFO, 2021b), consisting of subsistence and recreational
catches, by-catch, occasional ‘sentinel surveys’, and a stewardship
fishery (i.e., small-scale commercial fisheries by any other name),
and exerting just enough pressure to forestall a rebuilding of the
population (Rose and Walters, 2019). The rebuilding plan, released
in 2020, states that fishery removals are to be kept at the “lowest
possible level” until stock biomass has grown above the critical
zone (DFO, 2021a). This plan has been criticized for not restricting
catches sufficiently and explicitly allowing increase in quotas before
the stock has reached the limit reference point (Hutchings et al.,
2021).

In addition to the time series of catch, the BSM method used
a relative index of abundance available from fisheries-independent
surveys conducted by the Canadian Department of Fisheries and
Oceans since 1983 (DFO, 2021b) (Table 3). The results of BSM
are similar to published estimates of more data-intensive models
(Table 5). The model estimates biomass in 2019 is 310 (131–570)
kt. Although our estimate is lower than the 480 kt reported by DFO
(2021b), it is consistent with Rose and Walters’ (2019) estimates of
300 kt in 2015 declining to about 250 kt in 2017. As well, the intrin-
sic rate of population increase (r) estimated here is similar to that
estimated in another long-term assessment of Northern cod, but
which explicitly accounted for climate effects (Rose, 2004).

To explore changes in carrying capacity over the 512 years, we
repeated the assessment for two recent periods, 1930–2019 and
1970–2019. The estimate of carrying capacity for the 1970–2019
period of 3.0 (2.0–4.4) million tonnes is lower than the estimate
for the entire period of 6.0 (4.0–8.9) million tonnes, though the
difference is not significant, with both estimates being included
in their respective 95% confidence limits. This decline may indi-
cate a true change in carrying capacity (Palomares et al., 2018) or
it may stem from non-consideration or under-reporting of previ-
ous catches and then present a case of a shifting baseline, where

a rebuilding target such as BMSY is underestimated because only
recent data were included in the analysis (Préfontaine, 2009). For
a lesser known stock, the shifting baseline syndrome (Pauly, 1995)
may be more prevalent, especially if consecutive assessments se-
lected more recent years without incorporating knowledge of past
exploitation. For the case of Northern cod, the use of well-informed
priors prevents or limits shifting baselines, as reflected by the
limited shifts in reference points for the selected time periods
(Table 4). The estimates of FMSY in Table 4 (with and without de-
pensation) are consistent with the hypothesis that Northern cod is
not capable of sustaining levels of fishing mortality as high as those
of other cod stocks (Myers et al., 1996; Rose, 2019). These findings
suggest that management strategies should strive to include histor-
ical data in order to provide realistic reference points as targets for
rebuilding.

The broad confidence limits in our estimates of k reflect a legit-
imate challenge in estimating carrying capacity based on historical
data. Although not statistically significant, we cannot discount the
possibility that the changes in k are biologically informative and in-
dicative of changing production regimes. One putative correlate of
Northern cod productivity is water temperature (Lilly et al., 2008).
For example, citing Colonial Office export records, Innis (1940) re-
ported low catches during the 1713–1720 and 1789–1792 periods,
ostensibly because cold water had reduced the availability of cod to
inshore fisheries. In contemporary times, water temperatures were
colder in the 1970 to 2000 period when compared to the 1940 to
1970 period, and this might have contributed to lower productivity
in the short term. But if one examines temperatures with a longer
historical lens (as we have done with the catch data), the colder
temperatures of the late 1980s and early 1990s were experienced by
Northern cod from the 1850s to the 1930s (Hutchings and Myers,
1994; NCAR, 2021) with no discernably negative effects on catches.

Exploring the results of Table 4 further, the CMSY method pro-
duces lower estimates of r (closer to the prior) and consequently
higher estimates of k (r and k are inversely related in the context of
a Schaefer model). The observation that the CMSY output is closer
to the r prior than the output from the BSM model stems from the
fact that the CMSY model has no information on stock abundance.
In other words, the higher r values estimated by BSM stem from the
incorporation of highly informative CPUE data. We note, however,
that the confidence limits of r from the CMSY and BSM outputs
overlap, suggesting that the differences in r produced by the two
methods are not substantial.
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Our assessment suggests that the biomass of Northern cod is cur-
rently (in 2019) 2% of carrying capacity and less than 0.05 BMSY.
Independently of the accuracy of these quantitative estimates, the
biomass of Northern cod is clearly far lower than the historical
biomass that was capable of sustaining annual catches of 150000
to 200000 tonnes (Figure 1). There is a scientific consensus that
the stock is currently well below its biomass limit reference point
(0.48 BLIM, according to DFO, 2021b) and that periodic inshore fish-
eries since the 1992 moratorium have had (Hutchings and Rangeley,
2011; Rose and Walters, 2019), and continue to have (DFO, 2021b),
an inhibitory effect on stock rebuilding.

All else being equal, the smaller a population, the greater its
susceptibility to stochastic environmental change, resulting in in-
creased variability in mortality in fishes (Minto et al., 2008); the
greater the magnitude of population reduction, the longer and more
uncertain the rebuilding period (Neubauer et al., 2013). Such im-
pairments to recovery can be caused by depensation or Allee effects
(Perälä and Kuparinen, 2017; Neuenhoff et al., 2019). Manifest by
a decline in realized per capita population growth rate with declin-
ing population size, depensation in marine fish populations can be
the result of declining recruits per spawner, increased natural mor-
tality, or both (Maroto and Moran, 2014; Hutchings, 2015). Depen-
sation is built into the principal Equation 2 of CMSY and reflected
by a linear decline of curFmsy when biomass falls below 0.25k, a
threshold consistent with previous estimates of where the Allee-
effect threshold might exist for marine fishes, including cod (Hutch-
ings, 2014, 2015). Our incorporation of depensation draws explicit
attention to the possibility that per capita population growth, and
consequently FMSY (Table 4), declines with declining abundance
at low population size, a caveat that is not reflected by current
management strategies for Northern cod (Winter and Hutchings,
2020).

Conclusion
The CMSY tool may be useful to assess both data-limited stocks
(those with only catch available) and data-rich stocks (e.g. Northern
cod), as it can provide longer term estimates of stock status by in-
corporating past data-limited periods. Centuries-old catch data ex-
ist for several stocks, such as Bluefin tuna (Thunnus thynnus) in the
Mediterranean (commercialized around the 8th century (Lleonart
et al., 1998; Addis et al., 2009)), Atlantic herring (Clupea harengus)
in the Baltic Sea (fishery started in the 13th century (MacKenzie et
al., 2002)), and Atlantic salmon (Salmo salar) in the Celtic Sea (fish-
ery started in the 14th century (Manx Heritage Foundation, 1991)).
By integrating historical data into stock assessments, we may bet-
ter understand the total impact of fisheries on marine ecosys-
tems and effectively manage marine populations for a long-term
future.
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Schijns et al. use a historical time series to inform a stock assessment model for the northern Atlantic cod (Gadus morhua) fishery from 1508
to 2019. They find that catches from the sixteenth century to the 1950s did not exceed 200000 t per annum and could have been sustained
today “if fishing effort and mortality had been stabilized in the 1980s”. Had Schijns et al. used a more complete and representative time series
(as identified below), they would have found that catches were substantially higher during much of the time period, possibly affecting their
conclusions regarding the timing and onset of unsustainable exploitation. In an earlier paper, based on original archival documentation, we have
argued that total landings in the Newfoundland fishery averaged 400000 t in the eighteenth century and peaked at 600000 t in 1788. We contend
that pre-industrial technology was sufficient to have a significant impact on marine life.

The historical data

The main source for the historical data is Hutchings and My-
ers (1995), hereafter referred to as H&M. The supplementary
material for Schijns et al. is taken almost verbatim from this
book chapter. H&M—and therefore also Schijns et al.—use
French data from de La Villemarqué (1991) for the period
from 1508 to 1792. H&M explain that catches from other
countries were estimated by approximating the French share
of the total catch. For example, the 1551–1600 estimate is
based on a single letter by Parkhurst (1578), who fished off
Newfoundland between 1575 and 1578. He noted that the
fisheries took place from Labrador to Arcadia and “therefore
the certaintie [of how many vessels] is not knowen”. However,
he guesses that the English fleet consisted of 50 vessels, the
Spanish 100, the Portuguese 50, and the French 150. Based
on these figures, H&M estimate the French catch made up
43% of the total every year from 1551 to 1600. For exam-
ple, in 1597 de La Villemarqué (1991) estimated the French
catch was 94 t, H&M added 125 t (57% more) for a total
catch in that year of 219 t. There are several issues with this
methodology.

First, H&M assume that de La Villemarqué’s (1991) data
were complete. However, de La Villemarqué (1995) published
an updated version of the French data that included signif-
icantly revised figures (sometimes by hundreds of %) from
1508 to 1792 and extended the series to 1950. For instance,
de La Villemarqué adjusted her figure for 1564 from 4610 to
9126 t, and for 1597 from 94 to 940 t. Schijns et al. make
no reference to the 1995 corrected data. Second, de La Ville-
marqué’s data are not restricted to Divisions 2J3KL but in-
clude landings from all around Newfoundland and the Grand
Banks. Third, even if we trust Parkhurst, his estimates are
not relevant to the years before and after 1578. In a letter
of 1577, he estimated the English fleet had grown from 4 to
40 vessels in the past 5 years (Parkhurst, 1577, p. 5). Schi-
jns et al. might have used the excellent work undertaken by

Pope (1995, 2003) in identifying and numerating the New-
foundland English port landings from 1675 to 1790. His work
stands the test of time, although many port landing records are
either not available, missing, or may not have been recorded at
all. Additionally, S.H. Barkham (1977, 1987) and M. Barkham
(1990) argued that Parkhurst’s Spanish figures are hugely ex-
aggerated, and Barros (2015) proposes the same of the Por-
tuguese figure. The figures were probably in the dozens rather
than the hundreds. We also know that Spanish vessels were
largely eliminated from the fishery after the demise of the
Spanish armada in 1588. The French were clearly the dom-
inant force in the fishery. The precise percentage share as-
sumed by H&M and, in turn, by Schijns et al. is therefore
misleading.

The geographical delimitation of the fishery

Schijns et al. define the northern cod fishery as catches
made in Northwest Atlantic Fisheries Organization (NAFO)-
delineated Divisions 2J3KL. Unfortunately, de La Villemar-
qué’s (1991) data from 1991 do not provide enough spatial
detail to distinguish catches between divisions. Ultimately, the
precise locations of all historical catches in Newfoundland are
uncertain, and likely impossible to determine with such accu-
racy. Schijns et al. recognize the geographical imprecision of
the historical data but claim that “most of the cod harvested
in Newfoundland waters since the early 1500s” occurred in
Divisions 2J3KL (Schijns et al., 2021, supplementary mate-
rial, p. 1). There is no evidence for this claim. De La Ville-
marqué (1995)—which is not used by Schijns et al.—provided
more geographical information, and showed that many land-
ings were made in areas far from 2J3KL, such as St Pierre et
Miquelon in Division 3Ps on the south coast of Newfound-
land.
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From 1804 to 1850, Schijns et al. employ what they state
are “unpublished data” from Henry Lear. However, Lear did
publish his data on the Newfoundland fisheries (Lear, 1998,
p. 56), and stated that his data relate to “inshore catches”
only in the NAFO Divisions 2GH3KL, i.e. the full stretch
from Labrador to Cape Pine (Lear does not refer to 2J which
may just be an omission). It is unclear if H&M hypothesized
a percentage share of the records to represent the Divisions
2J3KL. Schijns et al. acknowledge in their supplementary ma-
terial that Lear’s data may “underestimate actual catches” be-
cause they are based on export records alone, but they do not
report that his figures are related only to inshore catches.

From 1850 to 1950, H&M derive their data from Harris
(1990, p. 26), who acknowledges that his data were based
on a “superficial examination” and referred to total New-
foundland catches. Harris (and H&M) inferred a share for
the 2J3KL divisions back to 1850, based on recorded catches
between 1953 and 1961. The data only included Canadian
(other than Newfoundland) fishery data from 1873, French
data from 1874, Portuguese data from 1896, and Spanish data
from 1951. Before these years, H&M did not attempt to fill
in the gaps.

Omissions

H&M did not consider alternative evidence, such as the fig-
ures for Newfoundland salt cod exports reported by the Gov-
ernment of Newfoundland, covering years 1815–1934 (Hist-
Stats, 1970, Table K-7: Alexander, 1976; Morse 2001). These
data represent traded goods, and consequently will have been
liable to customs inspection. When converted to live weight
using the standard conversion factor of 4.7 (Pope, 1995;
Nicholls et al., 2021), we find that export figures exceed the
catches reported by Harris (1990) and thus by H&M. Total
landings would be higher if we allowed for domestic consump-
tion and the French exports from 3K.

Schijns et al. (2021) do not consider the improvements in
data for the Newfoundland and Grand Banks fisheries, which
have been made since H&M published their compilation. The
History of Marine Animal Populations (HMAP) project pro-
vided extensive data on the English fishery. HMAP dataset
6, compiled by Peter Pope, covers 1675–1698 (Pope, 2003),
while dataset 5, composed by Michael Haines (2004), covers
1698–1833. These datasets were widely reported and made
available online, free-to-use, and downloadable from differ-
ent repositories including HYDRA (https://hydra.hull.ac.uk/)
and the Oceans Past Initiative (https://oceanspast.org/hmap_d
b.php) as well as the Ocean Biodiversity Information System
(https://obis.org). Schijns et al. did not use or refer to these
datasets in their work, nor did they provide justification for
their exclusion. Pope and Hutchings published papers on the
Newfoundland fishery in the same conference proceedings in
1995 (Hutchings, 1995; Pope, 1995). At that time, Pope ques-
tioned the H&M data, writing that their findings “seriously
unreported” catches and asserted that real catches were far
higher (Pope, 1995, pp. 25–26). In his chapter, Hutchings
conceded that his own estimates “may have been consider-
ably under-estimated” and referenced Pope’s work (Hutch-
ings, 1995, p. 46).

Recently, we improved estimates of extractions in the North
Atlantic fisheries from 1500 to 1790. In January 2021, we
published an improved data series of historical English and
French catches of Atlantic cod 1675–1790 around the coast

of Newfoundland (Nicholls et al., 2021). We addressed many
of the issues raised by Pope in 1995 and later. We significantly
corrected de La Villemarqué’s data by research in French no-
tarial archives that provide evidence of individual annual voy-
ages rather than piecemeal qualitative estimates in contempo-
rary correspondence. Raw information from the archives was
further combined with gap-filling methods to produce a more
realistic picture of the English and French fisheries. Finally, in
August 2021, we published datasets for the Spanish/Basque,
Portuguese, French, and English northwest Atlantic fisheries
of Atlantic cod from 1520 to 1790 (Holm et al., 2021a). The
full details on the sources can be found in our supplementary
material (Holm et al., 2021b). While this last paper came too
late to be used by Schijns et al. (as their paper was submitted
on 19 May 2021), they could have found the previous open-
access publications, certainly the works by Pope (2003) and
Haines (2004).

Conclusion

Based on the H&M data, Schijns et al. (2021) present a tra-
jectory of the fishery in Divisions 2J3KL characterized by low
intensity, extreme variability, and sustainability until the early
twentieth century. In contrast, data published since H&M
document that the fishery around all of Newfoundland had
already built up rapidly by the mid-sixteenth century, and sta-
bilized at around 150000 t through the next 200 years. After
1740, landings increased again to 400000 t, reaching 600000
t in the 1780s. The implication is that the scientific commu-
nity’s perception of what is or was sustainable for this fishery,
as a minimum, needs to be reassessed, given the actual his-
torical data. The premodern fisheries technology of the New-
foundland fishery was highly effective and fishing effort was
intensive.

The paper by Schijns et al. (2021) is a reminder of the need
for closer work between marine scientists and historians. Did
extractions significantly impact the marine ecosystems around
Newfoundland? Perhaps. Were these levels of extraction sus-
tainable? Perhaps. We suggest that revised modelling based
on more complete and accurate data is needed to investigate
what the consequences of these new catch levels were for stock
and fisheries sustainability. No model is better than the data
informing it.

References

Alexander, D. 1976. Newfoundland’s traditional economy and devel-
opment to 1934. Acadiensis: Journal of the History of the Atlantic
Region, 5: 56–78.

Barkham, M. 1990. Shipowning, Shipbuilding and Trans-Atlantic Fish-
ing in Spanish Basque ports, 1560–1630: a Case Study of Motrico
and Zumay. University of Cambridge, Cambridge.

Barkham, S. H. 1977. Guipuzcoan shipping in 1571 with particular ref-
erence to the decline of the transatlantic fishing industry. In Anglo-
American Contributions to Basque Studies: Essays in Honor of Jon
Bilbao, pp. 73–81. Ed. by Jacobsen. W. H., Bilbao J., Etulain R. W.,
and Douglass W. A.. Desert Research Institute Publications on the
Social Sciences, Reno Nevada, NV.

Barkham, S. H. 1987. Los vascos y las pesquerías transatlánticas (1517–
1713). In Los Vascos en el Marco Atlántico Norte. Siglos XVI y
XVII, pp. 26–210. Ed. by Barkham S. H.. Etor Editorial, San Se-
bastián.

Barros, A. J. M. 2015. Cod fishery and global trade: Porto’s ships in
Newfoundland in the sixteenth century. In Human and Environmen-

D
ow

nloaded from
 https://academ

ic.oup.com
/icesjm

s/advance-article/doi/10.1093/icesjm
s/fsac089/6593175 by Fiskeridirektoratet. Biblioteket. user on 26 M

ay 2022

https://hydra.hull.ac.uk/
https://oceanspast.org/hmap_db.php
https://obis.org


Comment on “Five centuries of cod catches in eastern Canada” 3

tal Interactions in the Development of the North Atlantic Fisheries,
pp. 7–22. Ed. by Robinson R., Wilcox M., and McCarthy M.. North
Atlantic Fisheries History Association, Hull.

de lLa Villemarqué, J. H. 1991. La Pêche Française de la Morue
du XVIe au XVIIIe Siècle dans l’Atlantique du Nord-ouest.
ICES, Brest.

de La Villemarqué, J. H. 1995. . La pêche morutière française de 1500
à 1950. Statistiques, climat et société. Ifremer, Plouzané.

Haines, M. 2004. HMAP Dataset 05: Newfoundland, 1698–1833, Hy-
dra Digital Repository, Hull: 2156, https://hydra.hull.ac.uk/resourc
es/hull:2156.

Harris, L. 1990. Independent Review of the State of the northern Cod
Stock, Communications Directorate, Dept. Fisheries & Oceans, Ot-
tawa.

HistStats 1970. Government of Newfoundland, Historical Statistics of
Newfoundland (St. John’s), 1, St. John’s, Newfoundlannd.

Holm, P., Nicholls, J., Hayes, P. W., Ivinson, J., and Allaire, B. 2021a. Ac-
celerated extractions of north Atlantic cod and herring 1520–1790.
Fish and Fisheries, 23: 54–72.

Holm, P., Nicholls, J., Hayes, P. W., Ivinson, J., and Allaire, B. 2021b.
NorFish Data and Supporting Documentation. Figshare, https://fig
share.com/account/home#/collections/5514351, last accessed on 1
Feb 2022.

Hutchings, J. A. 1995. Spatial and temporal variation in the exploita-
tion of northern cod, gadus morhua: a historical perspective from
1500 to present. In Marine Resources and Human Societies in the
North Atlantic since 1500: Papers Presented at the Conference Enti-
tled “Marine Resources and Human Societies in the North Atlantic
Since 1500,”October 20–22, 1995. Institute of Social and Economic
Research, Memorial University of Newfoundland, St. John’s, New-
foundland.

Hutchings, J. A., and Myers, R. A. 1995. The biological collapse of At-
lantic cod off Newfoundland and Labrador: an exploration of his-
torical changes in exploitation, harvesting technology, and manage-

ment. In The North Atlantic Fisheries: Successes, Failures & Chal-
lenges, pp. 37–94. Ed. by Arnason R., and Felt L.. The Institute of
Island Studies, Charlottetown, Prince Edward Island.

Lear, W. H. 1998. History of fisheries in the northwest Atlantic: the 500-
year perspective. Journal of Northwest Atlantic Fishery Science, 23:
41–73.

Morse, N. H. 2001. Statistics of Canadian production and trade in
fish. Historical Statistics of Canada, https://www150.statcan.gc.ca/n
1/pub/11-516-x/sectionn/4057755-eng.htm, last accessed on 1 Feb
2022.

Nicholls, J., Allaire, B., and Holm, P. 2021. The capacity trend method.
A new approach for enumerating the Newfoundland cod fisheries
(1675–1790). Historical Methods: A Journal of Quantitative and
Interdisciplinary History, 54: 80–93.

Parkhurst, A. 1577. Anthony Parkhurst to [Edward Dyer?]. In New
American World: A Documentary History of North America to
1612. Newfoundland from Fishery to Colony. Vol. 4, pp. 525. Ed.
by Quinn D. B.. Macmillan Press, London.

Parkhurst, A. 1578. Letter to Richard hakluyt the elder, 13 nov 1578. In
New American World: A Documentary History of North America
to 1612. Newfoundland from Fishery to Colony. Vol. 4, pp. 526. Ed.
by Quinn D. B.. Macmillan Press, London.

Pope, P. 1995. Early estimates: assessment of catches in the Newfound-
land cod fishery, 1660- 1690. In Marine Resources and Human So-
cieties in the North Atlantic Since 1500: Papers Presented at the
Conference Entitled “Marine Resources and Human Societies in the
North Atlantic Since 1500,” October 20-22, 1995. pp. 7–40. Insti-
tute of Social and Economic Research, Memorial University of New-
foundland, St. John’s, Newfoundland.

Pope, P. 2003. HMAP Dataset 06: Newfoundland, 1675–1698, Hydra
Digital Repository, Hull: 2157, https://hydra.hull.ac.uk/resources/h
ull:2157, last accessed on 1 Feb 2022.

Schijns, R., Froese, R., Hutchings, J. A., and Pauly, D. 2021. Five c en-
turies of cod catches in eastern Canada. ICES Journal of Marine
Science, 78: 2675–2683,

Handling Editor: Sasa Raicevich

D
ow

nloaded from
 https://academ

ic.oup.com
/icesjm

s/advance-article/doi/10.1093/icesjm
s/fsac089/6593175 by Fiskeridirektoratet. Biblioteket. user on 26 M

ay 2022

https://hydra.hull.ac.uk/resources/hull:2156
https://figshare.com/account/home#/collections/5514351
https://www150.statcan.gc.ca/n1/pub/11-516-x/sectionn/4057755-eng.htm
https://hydra.hull.ac.uk/resources/hull:2157


ICES Journal of Marine Science, 2022, 0, 1
DOI: 10.1093/icesjms/fsac090
Reply

Reply to Holm et al. 2022, “Comment on ‘Five centuries of

cod catches in eastern Canada,’ by Schijns et al.”

In our original contribution, we used a new simple method
(CMSY, Froese et al., 2017) and the time series of catches of
Hutchings and Myers (1995) to analyse five centuries of cod
catches in eastern Canada (Schijns et al., 2021). Holm et al.
(2022) point out that there was actually an improved histor-
ical time series that we had overlooked. As we note in our
paper, it is important to use the best available data, including
all withdrawals in the case of catches, in order to realize the
full potential of an exploited resource.

Thus, we are in agreement with the points raised by Holm
et al. (2022), and acknowledge that the more complete and
accurate data they point out will improve the reliability of
the assessment results. We welcome this opportunity to bring
together interdisciplinary thinkers, such as fisheries scientists
and historians. Therefore, we have agreed to collaborate on
a joint paper where we will perform CMSY modelling on re-
vised historical catch estimates to investigate what the con-
sequences of these new catch levels are for stock and fish-
eries sustainability. In this effort, catches will be updated from
1500 to 1790 based on Holm et al. (2021), from 1815 to 1934
based on the Government of Newfoundland data (HistStats,
1970, Table K-7; Alexander, 1976), and will include new re-
constructed estimates based on domestic consumption and the
French exports from part of the area.

We predict that the biological parameters (r and k) will
be similar as well as the biomass trajectory, since there is no
doubt that the stock was large in the past and collapsed in
the present. However, Holm et al. (2022) raise valid concerns
that the stock may have been subject to unsustainable fishing
earlier than the current model suggests. The intent of our new
analyses, to be conducted coincidentally on the 30th anniver-
sary of the moratorium, is to improve the documentation of
this iconic stock’s history and population trajectory.

We take this opportunity to also point out that, very un-
fortunately, the lesson to be learned from the collapse of the
Newfoundland cod stock 30 years ago was lost on other fish-
eries managers, as documented by the subsequent collapse of
many other cod stocks, with the western Baltic cod being the
most recent example (Froese et al., 2022).

Data availability statement

The full CMSY package developed by Froese et al. (2017) is
available from: https://oceanrep.geomar.de/33076/.
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