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Abstract :   
 

Many deep‐water fish populations, being k‐selected species, have little resilience to overexploitation and 
may be at serious risk of depletion as a consequence. Sea warming represents an additional threat. In 
this study, the condition, or health, of several populations of common ling (Molva molva), blue ling (M. 
dypterygia) and Mediterranean or Spanish ling (M. macrophthalma) inhabiting different areas in the North 
Atlantic and the Mediterranean was evaluated, in order to shed light on the challenges these deep water 
species are facing in the context of fishing activity and a warming climate. The data on the condition of 
Molva populations which we analyze here has been complemented with data on abundance and, for the 
southernmost species (Mediterranean ling), with two other health indicators (parasitism and 
hepatosomatic index). Despite some exceptions (e.g., common ling in Icelandic waters), this study shows 
that the condition of many populations of Molva species in the Northeastern Atlantic and the 
Mediterranean Sea has worsened, a trend which, in recent decades, has usually been found to be 
accompanied by a decline in their abundance. In addition, the poor health status of most of the populations 
of common ling, blue ling and Mediterranean ling considered in this analysis points to a lower sustainability 
of these populations in the future. Overall, the health status and abundance of Molva populations in the 
Northeastern Atlantic and the Mediterranean suggest that only some populations located in the north 
Atlantic may be able to rebuild, whereas the populations in southern North Atlantic and the Mediterranean, 
which are probably most at risk from sea warming, are facing serious difficulties in doing so. In the context 
of fisheries and global warming, our results strongly indicate that management bodies need to consider 
the health status of many of the populations of Molva species, particularly in southern European waters, 
before implementing their decisions. 
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populations of common ling, blue ling and Mediterranean ling considered in this analysis points to a 

lower sustainability of these populations in the future. Overall, the health status and abundance of Molva 

populations in the Northeastern Atlantic and the Mediterranean suggest that only some populations 

located in the north Atlantic may be able to rebuild, whereas the populations in southern North Atlantic 

and the Mediterranean, which are probably most at risk from sea warming, are facing serious difficulties 

in doing so. In the context of fisheries and global warming, our results strongly indicate that management 

bodies need to consider the health status of many of the populations of Molva species, particularly in 

southern European waters, before implementing their decisions. 

KEY WORDS: Condition, parasitism, reproduction, deep-water fish, fisheries, sea warming 

 

1. INTRODUCTION 

Many deep-water fish stocks have been reported to be at serious risk of depletion (Morato et al., 2006; 

Bailey et al., 2009). Most deep-water fish species exhibit clear “K-selected” life-history characteristics, 

markedly different from most species inhabiting the continental shelf, the upper continental slope or the 

open pelagic ocean ecosystem (Koslow et al., 2000); they usually have high longevity, slow growth, late 

maturity, and low fecundity, and many also aggregate on restricted topographic features such as 

seamounts or canyons that constitute fragile habitats because of the particular benthic fauna inhabiting 

these deep areas (Koslow et al., 2000, Roberts, 2002, Clarke et al., 2003; Morato et al., 2006). As a 

consequence, many deep-water fish populations are notably unproductive, highly vulnerable to 

overfishing, and have potentially little resilience to overexploitation (Koslow et al., 2000, Roberts, 2002; 

Large et al., 2003). On the whole, deep-water fish populations in the northeastern Atlantic decreased 

significantly from 1970 onwards (Bailey et al., 2009), and in the Mediterranean Sea some deep water 

stocks have shown symptoms of overexploitation (IUCN, 2004). Furthermore, sea warming, which has 

been associated with declines in cold water species and increases in warm water species in these regions 

(see e.g., Perry et al., 2005; Petitgas et al., 2012; Lloret et al., 2015), may pose a complementary threat to 

some deep water stocks, and therefore further information on the impact of sea warming on these stocks 

is particularly needed. Assessing the vulnerability of fish and invertebrates to climate change is a high 

priority for fishery resource monitoring and management (e.g., Hare et al., 2016). Temperature is a 

dominant environmental driver for predicting pelagic fishery health and likely a strong driver in the 

benthic environment (Kavanaugh et al., 2017). However, little is yet known about how most deep-water 

fish communities change or adapt in response to anthropogenic disturbance or sea warming, and 

providing such information would greatly enhance our understanding of deep-water systems and the 

management of deep-water fisheries (Bailey et al., 2009). And yet, despite this bleak outlook for deep-sea 

stocks, the European Council Regulation (EU) 2018/2025 of 17 December 2018, which sets the fishing 

opportunities for 2019 and 2020 for EU fishing vessels for certain deep-sea fish stocks, only covers a few 

teleost species (Aphanopus carbo, Beryx spp., Coryphaenoides rupestris, Macrourus berglax and 

Pagellus bogaraveo). New studies are therefore urgently required to help justify appropriate local 

management plans and rebuilding actions aimed at avoiding the depletion of other deep water stocks. 
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The three Molva species, i.e. common ling or ling (Molva molva [Linnaeus, 1758]), blue ling (M. 

dypterygia [Pennant, 1784]) and the Mediterranean or Spanish ling (M. macrophthalma [Rafinesque, 

1810]) are deep water gadoids with K-selected life history characteristics (ICES 2015, Morato et al., 

2006, Roberts, 2002, Large et al., 2003; Mecklenburg et al., 2018). The common ling is distributed in the 

North Atlantic and in some areas of the north-western Mediterranean Sea, usually at depths of up to 500 

m; blue ling is distributed in the North Atlantic, from southern Ireland to the Barents Sea and southeastern 

Greenland, usually at depths of up to 900 m; and Mediterranean ling is found from southern Ireland to the 

Mediterranean Sea, usually at depths of up to 800 m (ICES, 2019; Serrano et al., 2011). These species 

have been exploited for decades or even, in some cases, for centuries, by European fleets (Bergstad and 

Hareide, 1996; ICES, 2014, 2015; Lloret et al., 2015). In the North Atlantic, common ling and blue ling 

are caught by longlines, gillnets and/or trawling (either targeted or bycatch, depending on the zone and 

gear), with the quantities taken by each fleet depending on the area and also the year which, in turn, 

depends on the fishing opportunities permitted for the fleet‟s main target species, which may be, for 

example, Atlantic cod, Gadus morhua (ICES, 2014, 2015, Bergstad and Hareide, 1996). In the 

Mediterranean, common ling is mainly caught and landed as bycatch by longliners, whereas 

Mediterranean ling is caught by longliners (large individuals) and trawling (small individuals) (Lloret et 

al., 2015). 

There are several reports (ICES 2014, 2015, 2019) and scientific publications (Bergstad and Hariede, 

1996; Poulsen et al. 2007; Lloret et al., 2015) indicating that the abundance of many populations of these 

three Molva species in European waters is, at present, lower than it was in the late 19
th

 or 20
th 

century 

centuries, when industrial or semi-industrial fisheries first began to operate. In the case of the common 

ling, although fisheries have exploited this species for centuries, a time-series of abundance indices from 

around 1970 onwards suggest significant declines in abundance of this species in many fishing areas 

(Poulsen, 2007; Bergstad and Hariede, 1996). For example, drastic declines were observed in catches of 

common ling in the North Sea, including Skaggerak and Kattegat between 1995 and 2005, when catches 

halved (Poulsen et al., 2007). Blue ling populations in the Northeast Atlantic were moderately exploited 

until the 1960s and 1970s. However, more intensive fishing throughout its range, but particularly in the 

spawning grounds, subsequently led to a collapse of populations during the late 1990s (Large et al. 2010). 

There is also some evidence that sea warming may be playing a role in the observed changes: the 

distribution of ling in the North Sea, for example, has shifted northward in response to sea warming 

(Perry et al., 2005). In the Mediterranean Sea, the abundance of the Mediterranean ling and common ling 

has also been found to be in decline in recent decades in a context of fishing pressure and sea warming 

(Lloret et al., 2015).  

Although fish health can influence key population-level processes, particularly those dealing with 

natural mortality, reproduction and growth which, in turn, affect population productivity, little emphasis 

has been placed on how information on fish health can improve decision-making in the management of 

marine fisheries (Lloret et al., 2012). Furthermore, despite an increasing number of biological studies of 

Molva species over recent decades, knowledge on such an important biological trait as fish condition for 

these species remains limited. To address this issue, we have evaluated a number of condition indices of 

A
cc

ep
te

d 
A

rti
cl

e

This article is protected by copyright. All rights reserved.



4 

 

Molva species to be used as indicators of their physical health, and these could help explain the present 

state and future development of the populations in the North Atlantic and Mediterranean Sea. Hence, in 

this paper we analyze for the first time the evolution of the health status of Molva populations inhabiting 

areas with different fishing regimes and thermal conditions in the North Atlantic and the Mediterranean, 

in order to shed light on the challenges these deep water species are facing in the context of fishing 

activities and a warming climate. The analysis of the data on the condition of the populations has been 

complemented with an analysis of abundance data for Molva species in these areas, in order to obtain an 

overall picture of the current state of these populations, along with an evaluation of two other health 

indicators (parasitism and hepatosomatic index) for the southernmost species (Mediterranean ling). 

 

2. MATERIALS AND METHODS 

We combined various sets of information (biological data, fishery statistics, and scientific and grey 

literature) from different periods of time and subareas (Table 1) within the North Atlantic (ICES 

Subareas) and Mediterranean waters (GFCM Geographical Subareas, GSAs) in which the three species of 

the genus Molva are distributed, in order to obtain a general view of the status of the different populations 

(Fig. 1). We did not capture or kill any animals for the purposes of this study; we used data already 

gathered from various fishing surveys conducted in previous years. All data come from fish that were 

already dead during the normal fishing process. There is some debate as to whether M. dypterygia and M. 

macrophthalma are, in fact, two distinct species, and some authorities identify them as two sub-species, 

Molva dypterygia dypterygia and M. dypterygia macrophthalma (Basson et al., 2001). In the present 

study, however, we shall assume them to be two distinct species.  

 

2.1 Le Cren’s relative condition index 

Individual weight and lengths obtained from various surveys from different North Atlantic ICES subareas 

were used to assess the evolution of the Le Cren‟s relative condition index (Kn) of M. molva and M. 

dypterygia in the North Atlantic (data for M. macrophtalma in the North Atlantic was only available over 

a limited period of a few years and was therefore disregarded). This index measures the deviation of an 

individual from the average weight-at-length for the species in the respective sample (Lloret et al., 2014). 

It was computed as Kn = TW / TWe, where TW is the total body weight of one fish and TWe is the 

estimated total body weight of that fish derived from the species weight-length relationship obtained from 

all the individuals sampled. The benchmark for Kn is 1, i.e. fish above or below 1 are, respectively, in 

better or worse condition than the average individuals in the population. For each species, data from all 

the surveys of the different subareas were pooled together to evaluate the relative condition. Data were 

provided by different research institutions: Institute of Marine Research (Norway), Marine and 

Freshwater Research Institute (Iceland), Institute for Sea Fisheries-Thünen Institute (Germany), Instituto 

Español de Oceanografía (Spain) and ICES (DATRAS database). During the data analyses, some ICES 

subareas were pooled together for two reasons: (i) not all subareas had enough data to run the analyses 
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and (ii), the geographical origin of some samples was not reported according to standard ICES 

geographical subareas, but with a variety of nomenclatures (e.g. Arctic Sea, North Sea, etc). Furthermore, 

the identification of Molva populations is still uncertain (ICES 2019). Therefore, we grouped the 

available data based on geographical proximity and data availability, resulting in five ICES subareas for 

the North Atlantic (Fig 1): North-West Norwegian waters (subarea 2), North Sea (subarea 4), Iceland 

(Division 5a), Ireland (subareas 6 and 7 together), and Greenland (subarea 14). In the Mediterranean, the 

GFCM subareas from which data were obtained were: Balearic Islands (GSA5), Northern Spain (GSA 6), 

Gulf of Lion (GSA7), Corsica (GSA 8); Ligurian Sea and northern Tyrrhenian Sea (GSA 9); and 

Southern and Central Tyrrhenian Sea (GSA 10). 

To assess and compare the temporal trend of condition among these areas, Generalized Linear Mixed 

Models (GLMM) were built for each Molva species. Regarding M. dypterygia, the model included data 

from 1960 to 2014, while the variation in condition of M. Molva was analyzed using data from 2000 to 

2016. For each species, the Kn was incorporated in the models as the response variable; the year (Y) and 

the subarea (Z) of capture, as well as their first order interaction, were included as fixed explanatory 

variables. Because the data comes from several trawl surveys which were run by different organizations 

from different countries, the sampling could not be performed on the same month every year and in every 

area. Thus, the influence of the month (M) of capture was accounted for by including it in the model as a 

random factor with uncorrelated random intercepts and slopes. Although the depth of capture, sex and the 

gonad development stage could also explain some of the variation in condition, these parameters were not 

taken into account here because the data were only available for a few individuals. Starting from the most 

complex model including all the aforementioned parameters, the non-significant variables were dropped 

in a stepwise backward procedure. Models were compared using Aikake‟s Information Criteria (AIC). 

The model with the lowest AIC was considered to be the best fit model (see Supplementary Table S1). 

Models showing differences in AIC values lower than two were considered to be equivalent (Burnham 

and Anderson, 2002). The GLMMs were fitted by maximizing the log-likelihood using the Laplace 

approximation, and computed using a loglink function and gamma family using the lme4 package (Bates 

et al 2014) in R version 3.5.3 (R Core Team, 2019). The marginal R2 (R2m) and the conditional R2 (R2c) 

were calculated for the best fit model (a GLMM) using the MuMIn package (Barton, 2013). Any 

differences between the corresponding R2m and R2c values reflect how much variability is due to random 

effects (Nakagawa and Schielzeth, 2013).  

In addition, for M. molva taken from ICES subarea 4, where the data were available for a longer time 

period (1950-2016), the Kn was recalculated based exclusively on the samples from this area and its 

variation was modeled for the whole period. Model inference and comparison were performed as 

described above, with Kn as the response variable, Y as an explanatory fixed effect and M as a random 

effect, with an uncorrelated random intercept and slope and also with a random intercept with fixed mean. 

The R2m and R2c values of each model were computed. The model with the lowest AIC value was 

selected (Supplementary Table S1). 

2.2 Average individual weights 
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Individual weights were not available for the Mediterranean ling in the Mediterranean Sea. Instead, we 

used information obtained during the MEDITS experimental trawl surveys (AAVV, 2017; Spedicato et 

al., 2019), performed in France, Spain and Italy from 1994 which provided the annual average individual 

total weight in the population. This was used as a size-based indicator of the status of the population (Jai 

Shin et al., 2005). Data were provided by different research institutions: IFREMER (Fisheries 

Information System -SIH) for France (GSA7 and 8), IEO for Spain (GSAs 5 and 6), CIBM and COISPA 

for Italy (GSAs 9 and 10).  

2.3 Hepatosomatic index and parasitism  

For many demersal species such as gadoids, energy stores mostly comprise lipid stored in their liver and 

therefore the hepatosomatic index (HSI) is a more accurate measure of their condition than simple 

morphometric indicators (Lloret et al., 2012). On the other hand, parasitic infection can also be an 

important health indicator, and has been shown to affect natural mortality, growth, fecundity, and 

recruitment in gadoid species, such as European hake (Merluccius merluccius) in the Mediterranean 

(Ferrer-Maza et al., 2014; Carbonara et al., 2019). Thus, in the case of the northern Catalan Coast (Spain, 

NW Mediterranean), we gathered data on liver weights and parasitism of M. macrophthalma to gain 

further insight into the health status of this population. From November 2010 to April 2011, a total of 162 

females and 20 males of M. macrophthalma were collected (84% of samples from commercial trawlers 

and 16% from longline catches) at two ports in the northern GSA6/southern GSA7 areas of the NW 

Mediterranean. For each individual, total body length (TL) was measured (rounded down to the nearest 

cm), and then eviscerated body weight (EW), liver weight (LW), and gonad weight (GW) were recorded 

(+0.1 g). These values enabled us to calculate the hepatosomatic index (HSI) and the gonadosomatic 

index (GSI) as follows: HSI = (LW/EW) *100, and GSI = (GW/EW) *100. The sex and maturity stage of 

individuals was determined via macroscopic inspection of gonads, following Lloret et al. (2015). In 

addition, 87 individuals were examined for metazoan parasites, following the procedure given in Ferrer-

Maza et al. (2014) and Serrat et al. (2019).  

2.4 Abundance 

Several indicators were analyzed to evaluate the recent trends (i.e., from 1950 onwards) in abundance of 

the three Molva species: landings, catch per unit effort (CPUE) time-series from both commercial sources 

and scientific surveys, and stock exploitation status. In the North Atlantic, information on landings of the 

Molva species was obtained using FishStatJ (a software application for fishery and aquaculture statistical 

time series provided by the FAO), whereas, for the other areas, information on commercial CPUE and 

research survey abundance series were obtained from recent ICES WGDEEP reports and the IFREMER 

SIH database. Unfortunately, FishStatJ records of landings of Mediterranean ling in the Mediterranean 

cover only a very few years and only in Spain, and therefore we mainly used survey abundance indices 

(number of individuals / Km
2
) from Spanish, French and Italian MEDITS trawl surveys, from 1994 

onwards, provided by IFREMER, IEO, COISPA and CIBM (see AAVV, 2017 and Spedicato et al., 2019 

for specifications of the surveys) and a commercial CPUE series from a fishing port in the northern 

Catalan Sea (NW Mediterranean) where there is a bottom longline fishery operating within GSA7 (Gulf 
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of Lions).  

 

3. RESULTS  

3.1 Common ling (Molva molva) in the North Atlantic and the Mediterranean 

The best-fit model for common ling included the year (Y), the subarea (Z) and their first order interaction 

(Table 2). The relative condition index (Kn) varied significantly along years and between areas (Table 2). 

The significant interaction between Y and Z indicated that the temporal variation of the mean condition 

differed between areas (Table 2). The inclusion of the random effect – month of capture, M – in the 

model increased the proportion of variance explained by the model, and, evidenced the fact that M, which 

may differ between one subarea and another, has an influence on the variation in the condition index 

(Table 2).  

From 2000 to 2016, the mean condition index, Kn, increased significantly, and almost in parallel, in 

subareas 2 and 5, with higher mean values in subarea 2 (Figure 2). In subareas 4, 6, 7 and 14, the Kn 

showed a decreasing trend over time, particularly strong in subarea 14; among these, subarea 4 showed 

the highest mean Kn values (Figure 2). The longer temporal series available for subarea 4 (from 1959 to 

2016) also showed a downward trend in Kn over time (Figure 3) with the month of capture included as a 

random effect, which increased the proportion of variance explained by the model (Supplementary Table 

S2).  

Although the populations of common ling that have been assessed (Supplementary Table S3) are 

regarded as being in a good state or fished sustainably (i.e., the estimated fishing mortality is below the 

FMSY), and commercial and survey CPUE series generally show a stable or upward trend (except for 

subareas 7 and 8, which show decreasing abundance and biomass), the data we have gathered on landings 

show a very different pattern: in the southern areas (data from France, Spain and Portugal), landings 

decreased sharply from the 1970s onwards, with values in 2016-2018 being very low and comparable to 

the 1950s (Figure 4), whereas in the northern areas (rest of countries), landings have fluctuated over the 

period 1950s-2018 without any clear trend (Figure 4). In some northern areas, such as Division 5a, 

increasing biomass and/or recruitment has been observed in recent years (Supplementary Table S3). In 

the Mediterranean, this species disappeared from the catch in GSA 7 (the main area of distribution of this 

species) in the 2010s (Supplementary Table S3). 

3.2 Blue ling (Molva dypterygia) in the North Atlantic 

The best-fit model for blue ling (Table 3) included the year (Y), the subarea (Z) and their first order 

interaction. The relative condition index (Kn) varied significantly along years and between areas (Table 

3). The significant interaction between Y and Z indicated that the temporal variation of the mean 

condition differed between areas (Table 3). As in the case of common ling, the inclusion of the random 

effect (M) in the model increased the proportion of variance explained (Table 3). The mean Kn of blue 

ling showed a positive trend in subarea 2 from 1959 to 2015 (Figure 5), while in subareas 4 and 14, the 
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trend was negative and no trend was observed in subarea 5 in recent years (Figure 5). Although the 

overall trend in subareas 6+7 was negative, a positive trend can be detected from 1974 to 1986 with a 

visual exploration of the data, after which there is a lack of data for 20 years followed by a negative trend 

from 2007 to 2013 (Figure 5).  

In Division 3a and subareas 4, 6, 7, 8, 9, 10, 12, 14 (Supplementary Table S3), the spawning stock 

biomass of blue ling is below ICES reference points MSY Btrigger, Bpa, and Blim. There is also depletion in 

subarea 2. Since 2010, there has been a decline in commercial and survey CPUE series in subarea 14 and 

Division 5a and landings in all areas have decreased severely from the early 1980s onwards, with the 

values for 2016-2018 being the lowest values of the time series, similar to the levels in the 1950s 

(Supplementary Table S3). 

3.3 Mediterranean ling (Molva macrophthalma) in the North Atlantic and the Mediterranean 

The average weight of Mediterranean ling in GSAs 7, 8, 9 and 10 declined over the study period, 

although only the downward trend in GSA 7 was significant (Spearman‟s Rho; p<0.01). Meanwhile, there 

was a slightly upward – but insignificant (P>0.01) – trend in the GSAs 5 and 6 (Fig. 6).  

Regarding the biological sampling in the northern Catalan coast (within GSA 6 and GSA7), the 

analysis reveals that immature fish comprise up to 61% of the individuals sampled by trawling, with the 

remaining 39% being mature. In stark contrast, samples from longlines comprised 79% mature fish and 

21% immature. Fig. 7 shows the relationship of maturity with HSI and GSI values and the prevalence of 

parasites. HSI values increase as gonads develop from the immature stage, reaching maximum values 

before spawning (in the maturing and spawning capable stages, when GSI values also reach maximum).  

The percentage of parasitized fish increases as they progress through the reproductive cycle. Immature 

individuals show the lowest proportions of prevalence of parasites (<20% of fish infected) whereas 

individuals in regenerating and regressing stages show the highest prevalence of parasites (>70% of fish 

infected). Overall, 38% of all fish presented parasites. 

In the North Atlantic, landings of Mediterranean ling have decreased sharply from the late 1970s and 

early 1980s onwards, with the lowest values of the time series occurring during 2016-2018 (Fig 4); CPUE 

time series data from trawl surveys also show decreasing abundance and biomass since 2014 in 7c,k 

(Supplementary Table S3). In the Mediterranean Sea, survey CPUE series show decreasing abundance 

and biomass in GSA 9 and 10 and decreasing biomass in GSA 7, whereas no clear trends in abundance 

and biomass were found in the rest of the GSAs (Supplementary Table S3). The CPUE time series of 

larger individuals in the NW Mediterranean, however, have shown a decrease since the 2000s 

(Supplementary Table S3).  

 

4. DISCUSSION 
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Despite the heterogeneity of data and time periods from species to species and from area to area, the 

combined information given here provides a good general picture of the status of the Molva populations. 

This study shows that the condition of a number of populations of Molva species in the Northern Atlantic 

and the Mediterranean Sea has worsened, a trend that has been generally accompanied by a decline in 

their abundance in recent decades. Specifically, of those studied in the North Atlantic, three out of five 

common ling and three of out five blue ling populations showed a worsening in condition since the mid-

1990s or the 2000s as did four out of six Mediterranean ling populations in the Mediterranean. Only a few 

populations appeared to be improving: common ling and blue ling in ICES Subareas 2 (Northeast Arctic) 

and 5a (Iceland) and Mediterranean ling in GSAs 5 and 6 (although blue ling in the Northeast Arctic is 

depleted according to Helle et al., 2018). The fact that more than half of the populations investigated are 

in poor condition strongly indicates a lower sustainability of these populations in the future. In addition, 

since the 1980s, blue ling and Mediterranean ling have declined in abundance in the North Atlantic in 

general, and common ling has declined in abundance in more southern areas of the North Atlantic.  

In the North Atlantic, common ling and blue ling populations show a trend of declining Kn in the 

2000s-2010s period except in ICES subareas 2 and 5a, where a positive trend is observed. The decline in 

Kn is particularly notable in ICES subarea 4, which happens to have the longest available time series of 

Kn values, beginning in the late 1950s. In the Mediterranean Sea, the average individual weight of the 

Mediterranean ling is decreasing in areas where the largest individuals are found (GSAs 7, 8, 9 and 10) 

although in GSAs 5 and 6, where individuals are generally smaller, the average individual weight is either 

stable or increasing. Several studies have described a positive correlation between larvae survival and 

female size (Trippel et al., 1997; Vallin and Nissling, 2000; Domínguez-Petit et al., 2010; Carbonara et 

al., 2015), suggesting a qualitative/quantitative maternal effect on the reproductive fitness in a number of 

different species. Therefore, the decreasing average size of Mediterranean ling in several GSAs could 

represent a further critical element in the conservation prospects for this species in the Mediterranean 

basin. Furthermore, the biological sampling carried out in GSAs 6 and 7 shows that the adult part of the 

population, decreasing in abundance, is highly parasitized compared to immature individuals. In other 

words, there appears to be a fragile and declining population of adults in relatively bad condition. The 

poorer condition (indicated by a lower liver index) of juveniles compared to adults is a normal feature in 

fish populations (Lloret et al., 2014), but in this case the decline in adults reveals the poorer overall status 

of a population dominated by juvenile fish with lower energy reserves. 

Although in many northern Atlantic areas, from the British Isles to the north around Iceland and the 

Faroe Islands, the decline in landings and abundance of Molva populations seems to have slowed down or 

even reversed in the last two decades (Bergstad and Hareide, 1996; ICES 2015, 2019; Lorance et al., 

2010), our results indicate that some northern populations (e.g. blue ling in Norway), as well as southern 

populations of common ling, blue ling and Mediterranean ling, from the British Islands to the south 

including the Mediterranean Sea, are still in a very poor and depleted status.  

Even for populations such as common ling and blue ling in Icelandic and Faroese waters which, at 

present, appear to be in good health according to assessments made by ICES (2019), it should be noted 
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that the time series recording abundance and biological parameters were usually initiated in the 1950s and 

1960s; and if we compare such data with historical estimates (from before this period), new perspectives 

on the scale of past declines emerge (Poulsen et al., 2017). Although CPUE for common ling in the North 

Sea has been increasing in recent years and assessments indicate that populations are being fished 

sustainably (ICES, 2019), the features of these populations in the 2000s (low abundance and smaller 

sizes) compared those of the 19
th

 and 20
th

 centuries are consistent with symptoms of overexploitation. For 

example, according to Petersen (1890) and Poulsen et al. (2017), common ling caught by the longliners in 

the late 19th century and early 20th century in the North Sea were larger (TL between 89 and 125 cm) 

than those in the range of a modal size group of common ling caught between 1976 and 1995 (TL 

between 60 and 95 cm). In the western English Channel, a reduction in the mean length and/or the mass 

of common ling over the period 1911-2007 was also found (Genner et al., 2010). Similarly, between 1976 

and 1995, the mean length of common ling caught by Norwegian longliners in several North Atlantic 

areas decreased, specifically from 87.0 cm to 81.1 cm in ICES Division 4a, and from 80.0 cm to 73.7 cm 

in ICES Division 6a (Bergstad et al., 1996).  

Molva species are known to reach maturity at large body sizes (late maturity): length at 50% maturity 

is estimated to be between 60 cm and 75 cm for common ling (ICES, 2019); between 77 and 85 cm for 

blue ling; (Mangússon et al., 1997; ICES, 2019), and between 58 cm and 67 cm for Mediterranean ling 

(Miret and Vera, 2011). Hence, a reduction in the mean size of Molva species will more likely exacerbate 

their vulnerability to overfishing by impacting on the reproductive potential of whole populations. 

However, not all species and stocks have followed the same pattern. For example, the mean sizes of blue 

ling caught by trawlers in the early 1980s were 93.3 cm in Icelandic waters (ICES Division 5a; 

Magnusson, 1982) and 88.3 cm in East Greenland (ICES Division 14; Reinsch, 1981); the figures 

recorded in the period 2015-2018 – for East Greenland and Iceland combined – show an increase in mean 

size to between 96 and 101 cm (ICES, 2019). Also, in the Faroes (ICES Division 5b), there is no evidence 

in the catch of trawlers of a decline in the mean length of blue ling: 101 cm in the early 1980s and 

between 99.5 and 102.2 cm in the period 2015-2018 (ICES, 2019). Nevertheless, caution must be taken 

when comparing current length-distribution data with historical records due to the changes over time in 

both fishing patterns and gear type used, as well as the fact that data from different North Atlantic areas 

have often been combined in recent stock assessment reports (current stock units comprise individual 

ICES Sub-areas or groups of them and, occasionally, ICES Divisions, see e.g. ICES, 2019).  

Having said that, in areas such as Iceland, the North Sea, Western British Isles, Northwest of 

Scotland, Swedish waters, Skaggerak and Kattegat, West of France, and West of the Iberian Peninsula, 

the abundance of common ling and blue ling currently appears to be lower than it was in the early years 

of the fisheries (Lorance and Dupouy, 2001; ICES, 2014). For instance, there is evidence that the biomass 

of common ling in the North Sea is lower (and probably has been since the late 1990s) than it was in the 

late 1870s. According to Poulsen et al. (2007), ling abundance was ca. 100–200 million individuals aged 

4+ and probably exceeded cod abundances (ca. 3 million individuals aged 3+) in the Skagerrak and in the 

northeastern North Sea in 1872. There is no current data on common ling abundances in the North Sea but 

it is probably lower than in 1872, as reflected in declining landings during the late 1990s–early 2000s 
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(Poulsen et al., 2007). Although, in ICES Division 4a (northern North Sea), there was a steady increase in 

Norwegian longline CPUE values from 2002 until 2016, the trend was negative in 2017 and 2018 (ICES, 

2019). It must be considered, however, that these studies normally rely on catch statistics and they assume 

little change in fishing pressure over time.  

From an historical perspective (i.e. since the beginning of the industrial/semi-industrial fisheries), the 

situation is worrying, particularly for the blue ling in the North Atlantic and the common ling in the 

Mediterranean Sea. A number of populations of common ling and blue ling, and all Mediterranean ling 

populations, remain unassessed (Supplementary Table S3); the common ling populations that have been 

assessed show that they are currently in a good state or fished sustainably – although in the southern 

North Atlantic areas, landings of this species have decreased sharply from the 1970s onwards; in the 

Mediterranean, common ling disappeared from the catch in GSA 7 in the 2010s (although it is still being 

caught sporadically). In the case of blue ling, the signs of overexploitation have emerged now that the 

spawning stock size is below reference points in ICES Division 3a and subareas 4, 6, 7, 8, 9, 10, 12, 14 

and depletion of blue ling has been reported in Subarea 2 (Supplementary Table S3). It is important to 

perform further stock assessments to evaluate the stock‟s status and be able to develop effective 

rebuilding plans for stocks that are declared to be overfished.  

Blue ling in the North Atlantic is particularly susceptible to rapid local depletion due to its highly 

aggregating behavior during spawning (Roberts, 2002). Presently, blue ling is considered as „vulnerable‟ 

at the scale of the Northeast Atlantic and „endangered‟ in Norwegian waters, and hence is on the 

Norwegian Red List (Kalas et al., 2010). The situation is also very poor in the Mediterranean for common 

ling, a species that has disappeared from the catches since the 2010s. According to Svetovidov (1986), 

and apart from some anecdotal reports of catches in southern Mediterranean waters (Hattour, 2006), the 

Gulf of Lions is the southern limit of distribution of this cold water species, an area where distribution of 

the species was already considered rare by this author. Species at the limits of their geographical 

distribution may face a constrained resources availability that drives them close to their physiological 

tolerances and capacities (Gaston, 2009). This may be the case of the residual population of common ling 

in the Mediterranean, where the limiting environmental conditions may have intensified the impact of 

fishing on this population. Regular catches of large common ling made by longliners in deep waters of 

Cape Creus (southern Gulf of Lions, GSA7; Fig. 8-left) ceased in the 1990s and no longer appeared 

regularly in the catch in the 2010s (Lloret, 2017). Although this species has probably not completely 

disappeared in the northwestern Mediterranean – two individuals weighing 6.1 kg (Fig. 8-right) and 7.0 

kg were landed in 2017 and 2019, respectively, in two fishing ports in the north of Catalonia, and two 

individuals weighing 1.5 and 13.5 kg were landed in 2015 in a fishing port in the north of the Valencian 

Community (Kersting and Azzurro, 2019) – current indications suggest that this species faces a high risk 

of regional extinction. Common ling presently appears in the IUCN Red List-Mediterranean assessment 

as „Data Deficient‟; it is a clear example of the declining populations of long-lived species in the 

Mediterranean (Maynou et al., 2011). 

Overall, the analyses of the health of Molva populations in the Northeastern Atlantic and the 

A
cc

ep
te

d 
A

rti
cl

e

This article is protected by copyright. All rights reserved.



12 

 

Mediterranean, together with the analysis of abundances suggest that only some populations located in the 

North Atlantic, such as those near Iceland may be able to rebuild. In contrast, there may be serious 

problems when it comes to rebuilding the populations in the southern waters of the North Atlantic and the 

Mediterranean. The differences in these two situations may be attributed not only to the activity of 

fisheries but also to sea warming, which may represent an additional and increasing threat. Existing 

information in most North Atlantic and western Mediterranean regions show that not only the surface 

layers are experiencing rapid warming, but benthic temperatures in many regions are also increasing, 

including the deep waters at depths below 500 m (Kavanaugh et al., 2017; Bindoff et al., 2019; Vargas-

Yáñez et al., 2017). It should be noted that, based on the ICES Report on Ocean Climate 2017 in the 

North Atlantic (González-Pola et al., 2018) and the study from Vargas-Yáñez et al. (2017) in the western 

Mediterranean, the only areas considered in our study that have not experienced sea warming are the 

northern Icelandic waters at depths of between 50 and 150 m, where no trend was observed in the period 

1950-2016, and the Iceland Basin, where a downward trend in water temperature at depths of between 0 

and 500 m was observed in the period 1998-2016 (Supplementary Table S4). The overall warming is 

evident in all layers of the southern areas of the North Atlantic, for example, in the Bay of Biscay (ICES 

subareas 8 and 9) 1994-2016, at depth layers of 300–600 m and 600-1000 m, as well as in the western 

Mediterranean (GSAs 5, 6 and 7) between 75 and 2500 m in the period 1992-2016 (Supplementary Table 

S4). Therefore, sea warming may affect both the early and adult life stages of Molva species. Water 

temperature may play a bigger role in the status of some Molva populations inhabiting in the 

southernmost ranges of their distribution (where sea water temperatures are the highest), such as those 

inhabiting the Mediterranean Sea (Lloret et al., 2015). Mediterranean ling inhabiting the waters of the 

northwestern Mediterranean spawn in the colder, winter months from November to February (Miret and 

Vera, 2011), whereas in North Atlantic waters, common ling spawn from March to June and blue ling 

spawn between February and July (Engas, 1983, Bergstand and Hareide, 1996; Magnússon et al., 1997; 

Munk and Nielsen, 2005). The effects of sea warming may therefore have a greater impact on the 

reproduction of the southern populations of Molva species that appear to rely more on colder winter 

waters for reproduction. On the other hand, in some northern areas of the North Atlantic, Molva species 

could actually benefit from sea warming: having previously been absent in Greenland waters, landings of 

common ling were reported in the area during the period of warming from 1920 onwards (Brander, 2003). 

Although adults of Molva species live close to the bottom, the limited information available suggests that 

eggs, larvae and small juveniles can be found in the surface layers as well as close to the bottom. 

According to a review of the literature made by Sundby et al. (2017), during the warm period of the 

1940s, common ling eggs were observed in shallow waters of the Oslo Fjord, but larvae were also 

observed in deep waters in various locations in Skagerrak and in the Norwegian Trench. Munk and 

Nielsen (2005) indicated that the eggs of common ling are spawned close to the bottom. Blue ling has 

been reported to spawn in deep waters, for example in the shelf break off the Hebrides and Faroe Islands 

and in the Norwegian Trench.  

Due to data constraints, the condition analyses carried out in this study are not exhaustive and 

therefore future studies should consider gathering more accurate condition indices, such as the 

hepatosomatic index and the lipid content in the liver. Indeed, since these species seem to store most of 
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their energy reserves (the lipid content) in their liver, this may be a better indicator of physical condition 

in Molva species. Furthermore, the low R squared values of the Kn models suggest that other factors, 

apart from year and area, may play a role in the variation of the condition index of common ling and blue 

ling in the North Atlantic, and therefore further studies should be conducted in support of rebuilding 

strategies for these deep water species, including genetic analyses to better define the stocks. 

Furthermore, it is well known that the oceans have not warmed uniformly in space or time (Harrison and 

Carson, 2007; Hakkinen, 2016, González-Pola et al., 2018; Bindoff et al., 2019). Further study is needed 

into the differences in the vertical and horizontal patterns of sea warming across the North Atlantic and 

Mediterranean in order to understand the particular effects of sea warming on each Molva population. 

Our results support the idea that management plans need to be implemented to improve the status of 

many populations of Molva species, particularly in southern European waters. These measures should be 

area-specific; for example, to the west of the British Isles and around Iceland, management by TACs and 

more protection of spawning aggregations seem to have been efficient in enabling some blue ling 

populations to rebuild. In contrast, in Norwegian waters, although direct targeting of blue ling has been 

forbidden since 2009, and a 10 percent by-catch limit is in place (Helle et al., 2018), these regulations 

seem to have been insufficient for the recovery of the Norwegian blue ling population (ICES 2019). 

Finally, despite the poor condition of many Molva populations in the North Atlantic and the 

Mediterranean, the European Council Regulation (EU) 2018/2025 of 17 December 2018, does not cover 

any of the three Molva species. Appropriate local management actions are needed to avoid the depletion 

of Molva populations, particularly in southern European waters including the Mediterranean, and to 

rebuild Molva populations to levels where they can sustain fisheries. The poor condition of a large 

number of Molva populations in the Northeast Atlantic and Mediterranean is an indication of how other 

deep-water fish populations may also be seriously at risk of depletion. Further rises in sea temperatures 

are expected in the North Atlantic and the Mediterranean (Bindoff et al., 2019) which, in turn, is likely to 

increase the impact (in addition to the effects of fishing) on Molva populations in European waters.  
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SUPPORTING INFORMATION 

Additional supporting information (Supplementary tables) is found online in the Supporting Information 

section at the end of this article. 
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Table headings 

Table 1. Time series and number of samples of each species from each subarea. The numbers in bold 

represent the different ICES (North Atlantic) subareas (1, 4, 5a, 6+7, 14) and GFCM/GSA 

(Mediterranean) areas (GSAs 5, 6, 7, 8, 9 and 10).  For more details on these subareas, see the following 

section “Le Cren‟s relative condition index”. TL: total length; TW: total weight.  

 

Table 2 Variation of the condition index (Kn) for common ling (M. molva) with year (Y) and North 

Atlantic ICES subareas (2, 4, 5, 6+7, 14) assessed by a generalized linear mixed model. SE: Standard 

error; SD: standard deviation; AIC: Aikake‟s Information Criteria; R
2
m: marginal R

2
; R

2
c: conditional R

2
. 

 

Table 3. Variation of the condition index (Kn) of blue ling (M. dypterygia) with year (Y) and subareas (2, 

4, 5, 6+7, 14), assessed by a generalized linear mixed model. SE: Standard error; SD: standard deviation; 

AIC: Aikake‟s Information Criteria; R
2
m: marginal R

2
; R

2
c: conditional R

2
. 
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Table 1 

  Areas  

Species Data 1 4 5a 6&7 14   

Molva molva 
TL & TW 

2000-2016 
 n = 5778 

2000-2016 
n = 2955 

1959-2016 
 n = 3822 

2000-2016 
 n = 2984 

2000-2016 
 n= 53 

 

Molva dypterygia 
TL & TW 

2000-2015 
 n = 1269 

1959 – 2015 
 n = 166 

2000-2015 
 n = 4404 

1970-1990, n = 144 
1980-2015 

 n = 725 
 

     2007-2015, n = 460   

    GSA5 GSA6 GSA7 GSA8 GSA9 GSA10 

Molva 
macrophthalma 

TW 
2001-2016 

 n = 955 
1994-2016 
 n = 1858 

1994-2015 
 n = 451 

1994-2012 
 n = 287 

1994-2016 
 n = 294 

1994-2015 
 n = 126 
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Table 2 

Fixed 
effects 

Estimate SE t p Random Variance SD AIC R2m R2c 

Intercept -1.92 0.04 -48.97 <0.001 Z:M 3.54E-04 1.88E-02 -26196.6 0.03 0.07 

Y 9.55E-04 1.79E-05 53.27 <0.001 Residual 1.01E-02 1.01E-01    

4 13.13 0.12 105.91 <0.001         

5 -9.88 0.23 -43.28 <0.001         

6&7 0.92 0.18 5.08 0.5         

14 19.63 0.23 84.46 <0.001         

Y:4 -6.52E-03 6.14E-05 -106.18 <0.001         

Y:5 4.90E-03 1.13E-04 43.20 <0.001         

Y:6&7 -4.56E-04 9.00E-05 -5.06 0.5         

Y:14 -9.78E-03 1.15E-04 -84.81 <0.001         
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Table 3 

Fixed effects Estimate SE t p Random Variance SD AIC R2m R2c 

(Intercept) -2,51E+01 9,66E-02 -260,25 <2e-16 1|Z:M 1,99E-03 0,03 -9599,9 0,07 0,16 

Year 1,26E-02 4,66E-05 269,27 <2e-16 Residual 1,69E-02 0,14     

4 3,56E+01 5,58E-01 63,76 <2e-16         

5 2,45E+01 6,11E-01 40,1 <2e-16         

6&7 2,43E+01 3,24E-01 75,07 <2e-16         

14 3,02E+01 4,39E-01 68,9 <2e-16         

Y:4 -1,77E-02 2,78E-04 -63,91 <2e-16         

Y:5 -1,22E-02 3,03E-04 -40,35 <2e-16         

Y:6&7 -1,21E-02 1,61E-04 -75,25 <2e-16         

Y:14 -1,51E-02 2,17E-04 -69,4 <2e-16         
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Figure legends 

 

Figure 1. Map showing the distribution of the three Molva populations considered. Key: black and white fish: common 

ling (M. molva); grey fish: blue ling (M. dypterygia); black fish: Mediterranean ling (M. macrophthalma). The 

numbers represent the different ICES (North Atlantic) and GFCM (Mediterranean) subareas (for more details on these 

subareas, see the following section “Le Cren’s relative condition index”).  

 

Figure 2 Mean annual condition index (Kn) of common ling (M. molva) in the different Atlantic subareas studied. The 

colors and shapes represent data for the different ICES subareas 2, 4, 6+7 and 14, and Division 5a, as indicated in the 

figure. Dotted lines show the temporal trend assessed by linear regression. y=0.001x-1.15; R²=0.01, p=0.75 (ICES 2); 

y=-0.005x+10.67; R²=0.27, p=0.03 (ICES 4); y=-0.008x+16.56; R²=0.29, p=0.11 (ICES 5a); y=-0.003x+7.69; 

R²=0.43, p=0.01 (ICES 6+7); y=-0.008x+17.25; R²=0.32, p=0.07 (ICES 14). 

Figure 3. Mean annual condition index (Kn) of common ling (M. molva) in ICES subarea 4, for the period 1959-2016. 

The dotted line shows the temporal trend assessed by linear regression.   y=-0.002x-5.25; R²=0.35, p=0.0001. 

Figure 4. Landings (in tons) of common ling (M. molva), blue ling (M. dypterygia) and Mediterranean ling (M. 

macrophthalma) in the North Atlantic. Landings of common ling were divided into two groups: Ling-South (landings 

reported by France, Spain and Portugal) and Ling-North (landings reported by Belgium, Channel Islands, Denmark, 

Faroe Islands, Germany, Iceland, Ireland, Isle of Man, Netherlands, Norway, Poland, Russian Federation, Sweden and 

United Kingdom. Landings of blue ling reported in ICES subareas 8, 9 and 10 are ascribed to the Mediterranean ling 

(ICES, 2014) 

Figure 5. Mean annual condition index (Kn) of blue ling (M. dypterygia) in the different Atlantic ICES subareas: 2, 4, 

6 +7 and 14, and Division 5a (represented by the colors and shapes indicated in the figure). Dotted lines show the 

temporal trends assessed by linear regression. y=0.004x-6.79; R²=0.03, p=0.56 (ICES 2); y=-0.007x+14.98; R²=0.36; 

p=0.06 (ICES 4); y=0.001x+0.63; R²=0.01, p=0.56 (ICES 5a); y=-0.001x+2.62; R²=0.02 p=0.67 (ICES 6,7); y=-

0.001+4.15; R²=0.05, p=0.20 (ICES 14). 

Figure 6. Trends in average weights of Mediterranean ling (M. macrophthalma) in the Mediterranean GFCM subareas: 

GSAs 5, 6, 7, 8, 9 and 10. North Atlantic data is not represented because there are only three years of data. Dotted 

lines show the temporal trend assessed by linear regressions:  y=0.961x+69.48; R²=0.01, p=0.76 (GSA 5); 

y=0.47x+101.05; R²=0.01; p=0.90 (GSA 6); y=-15.29x+433.14; R²=0.28; p=0.01 (GSA 7); y=-17.39x+673.88; 

R²=0.03; p=0.48 (GSA 8); y=-7.29x + 267.23; R²=0.09; p=0.15 (GSA 9); y=-3.58x+202.01; R²=0.02; p=0.56 (GSA 

10) 

Figure 7. Hepatosomatic (HSI) and gonadosomatic (GSI) indices and prevalence of parasites (% parasites) during the 
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reproductive cycle of Mediterranean ling (M. macrophthalma) in Mediterranean GSAs 6/7. Maturity stages: 1- 

immature, 2- maturing, 3- spawning capable, 4- actively spawning, 5-Post-spawning, and 6- regenerating. 

Figure 8 Left: A large example of common ling, M. molva (known as “cod’s tongue” in the local language), which 

used to be caught regularly by longliners in the early 1980s in deep waters off Cape Creus (southern Gulf of Lion, 

GSA7). Right: a now rare landing of a large common ling, caught in 2017 by a trawler in deep waters in the Gulf of 

Lion. 
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