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Abstract
We review the fishery and biological investigations carried out in the Flemish Cap and Flemish 

Pass area during the 25 years of NAFO history. In particular, we examine the information available 
on the biology and population structure of roughhead grenadier recorded in the following 7 research 
surveys carried out in the Flemish Cap and Flemish Pass area (NAFO Div. 3LMN):  Russian bottom 
trawl research survey (1974–86), Russian longline research survey (1982), Canadian deepwater bot-
tom trawl research survey (1991, 1994 and 1995), European Union longline research survey (1996), 
European Union Flemish Cap bottom trawl research survey (1988–2004), Canadian autumn bottom 
trawl research survey (1978–2004) and Spanish 3NO bottom trawl research survey (1995–2004). In 
addition, biological data collected aboard Spanish commercial fishery vessels were analysed from 
1997 to 2004. Indices of biomass from various surveys suggest stability during recent years. Most 
surveys indicated catch rates as well as average fish size increased with depth. Growth studies by sex 
demonstrated both sexes grew similarly up to 9–10 years, but the male growth was slower thereafter. 
Estimates of size and age at 50% maturity and fecundity were very similar for the different data sets 
studied, showing a late maturity and low fecundity. All the studies examined found that the roughhead 
grenadier show a very wide feeding spectrum. 
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1 	 Defined by NAFO as: "the part of the NAFO Convention Area which lies beyond the areas in which Coastal States exercise 
fisheries jurisdiction".

Introduction
Roughhead grenadier (Macrourus berglax Lacépède, 

1802) is an abundant and widespread deepwater gadoid 
fish species that is distributed on both sides of the North 
Atlantic. In the Northwest, from New York to Davis Strait 
and West Greenland; and along East Greenland, Iceland, 
Faeroes, Norway, Spitsbergen, and the southwestern 
Barents Sea in the Northeast Atlantic (Leim and Scott, 
1966; Savvatimsky, 1969; Geistdoerfer, 1986; Haedrich 
and Merret, 1988). 

It is found in highest densities from 800 to 1 500 m 
(Murua and De Cárdenas, 2006) although it inhabits 
depths between 200–2 200 m (Snelgrove and Haedrich, 
1985; Murua and De Cárdenas, 2006). This species is 

found commonly in temperatures ranging from about -0.5 
to 5.4ºC (Atkinson and Power, MS 1987).

Recent catches of grenadiers by EU-Portugal and 
EU-Spain in Subarea 3, previously reported to NAFO as 
Roundnose grenadiers (Coryphynoides rupestris Gun-
nerus, 1765) were in fact roughhead grenadier (Alpoim 
et al., MS 1994; Power and Maddock Parsons, MS 1998; 
Junquera, MS 1998). However, the misreporting has 
not yet been resolved in the NAFO official statistics. 
Based on these revised catch estimates more roughhead 
grenadier has been caught than roundnose grenadier in the 
NAFO area since 1990. Roughhead grenadier is caught 
primarily, as by‑catch, in the directed Greenland halibut 
(Reinhardtius hippoglossoides Walbaum, 1792) bottom 
trawl fishery in the NAFO Regulatory Area1 (NRA) and 
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mainly in Div. 3LMN (Murua, 2003). The only manage-
ment regulation which applies to roughhead grenadier in 
the NRA is a general groundfish regulation requiring the 
use of a minimum 130 mm mesh size. 

With the catches of roughhead grenadier increasing 
continuously in the most recent years, rising to historic 
maximum levels, it has been recognized that reliable 
information is needed to properly monitor and assess the 
status of this "new" resource. This is even more important 
as the collapse of traditional groundfish fisheries and the 
decrease in the abundance of other fish resources of the 
area continue. 

The biology and population structure of roughhead 
grenadier throughout the North Atlantic has been difficult 
to study due to their wide latitudinal and depth distribution. 
In addition the low commercial importance of roughhead 
grenadier has hampered research directed to this species. 
Nevertheless, a number of studies focused on roughhead 
grenadier have been carried out in Northwest Atlantic area 
in general, and in the Flemish Cap and Flemish Pass area in 
particular, since the late 1960s based on Russian, Canadian 
EU and Spanish research surveys. For example, informa-
tion on age structure and growth rate of this species are 
available in the Northwest Atlantic by Savvatimsky (1989; 
1994), Jorgensen (1996) and Murua (2003). An age cali-
bration study derived from otolith reading was presented 
by Rodríguez-Marín et al. (2002). Depth distribution in 
the NAFO area was studied by Atkinson and Power (MS 
1987) and also by Murua and De Cárdenas (2006). The 
reproductive biology in the Northwest Atlantic area was 
examined by Geistdoerfer (1979), Savvatimsky (1989), 
Murua and Motos (2000), Murua (2003) and Fossen et 
al., 2003. These studies have provided very valuable 
information with regard to roughhead grenadier popula-
tion trends, depth distribution, growth, reproduction and 
feeding in the Northwest Atlantic. 

The aim of this paper is to review the literature avail-
able regarding the fishery and biology of roughhead grena-
dier as well as the main research activity on roughhead 
grenadier in the Div. 3LMN of the NAFO Regulatory Area 
in order to present a comprehensive study of this marine 
resource. In addition, a comparison of research carried out 
and of survey trends from the Div. 2J+3K area to the north 
and west of the Flemish Pass is also considered. 

Material and Methods
Data for the review were available from 8 sources 

which represent different research surveys carried out 
by Canada, Russia, Spain and EU in Div. 3LMN of the 
NAFO Regulatory Area (Fig. 1) in the period 1969–2004. 

The Spanish commercial fishery data collected onboard 
of Spanish trawlers fishing in Flemish Cap and Flemish 
Pass were also available. The research surveys and the 
reference where the data was gathered, in chronological 
order, were the following:

i)	 Russian bottom trawl research surveys: Soviet 
Union carried out bottom trawl research surveys on 
the Shelf and continental slope of Labrador, around 
Newfoundland and West Greenland waters mainly 
in summer during 1967–83 down to 1 300 m. Data 
on distribution, abundance, length and sex com-
position of catches, growth, maturation, fecundity 
and feeding of roughhead grenadier were available 
for Div. 3LMN from 1969 onwards. Savvatimsky 
(1989) detailed the information regarding the results 
of these surveys.

 ii)	 Canadian bottom trawl research surveys:  The 
Department of Fisheries and Oceans of Canada 
(DFO) conducted a variety of bottom trawl research 
surveys with different vessels and different gears 
in Subareas 0 and 1 and Div. 2GHJ+3KLMNOP 
between 200 m and 1 250 m from 1974 to 1986. 
These surveys obtained data on catch distribution 
by depth and length and sex composition for Div. 
3LMN. The results of those surveys were reported 
by Atkinson and Power (MS 1987).

iii)	 Russian longline research survey: Soviet Union 
conducted a longline research survey along the 
eastern slope of Grand Bank and Flemish Cap in 
1982. Data on distribution, abundance, length and 
sex composition of catches, growth, age, and feed-
ing of roughhead grenadier were available for Div. 
3LMN. Data were collected during May–July and 
between 310 and 1 000 m depth. The results of this 
survey were published by Savvatimsky (1984).

iv)	 Canadian deepwater research surveys: Canada 
conducted deepwater bottom trawl research sur-
veys between 750 m and 1 500 m in Div. 3KLM in 
1991, 1994 and 1995, and part of Div. 3N in 1994 
and 1995. All the surveys were conducted with 
the same gear. The 1991 survey was carried out 
in September, the 1994 in February–March and 
the 1995 in March–April. Data on abundance and 
biomass of the catch of roughhead grenadier by 
depth was gathered. The results of those surveys 
were described by Atkinson et al. (MS 1994) and 
Bowering et al. (MS 1995). 

v)	 European Union longline research survey:  EU‑Spain 
and EU‑Portugal carried out a longline research sur-
vey between 700 m and 3 000 m in Div. 3LMN dur-
ing April–May 1996. Length and sex composition 
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Fig. 1.	 Map illustrating the location of the NAFO area studied.

of the catches, yields, depth distribution of species 
and biological data for reproductive studies were 
collected in this survey. The results of this research 
were presented by Murua and Motos (2000) and 
Murua and De Cárdenas (2006).

vi)	 European Union Flemish Cap research surveys:  Bot-
tom trawl research surveys were carried out by 
EU‑Spain and EU‑Portugal in Div. 3M down to 
720 m in July during 1988–2004. Data on abun-
dance, length and sex composition of catches, 
biological data on growth, sex‑ratio, maturity and 
fecundity for roughhead grenadier was available 
from this survey. Murua et al. (MS 2005) presented 

roughhead grenadier investigations of this survey 
and Casas and González-Troncoso (MS 2005) 
described the survey procedure. In 2003 the sur-
vey vessel was replaced by a new research vessel. 
In order to maintain the data series, comparative 
fishing trials were carried out in 2003 and 2004 to 
develop conversion factors for the species sampled 
and, therefore, the former series of R/V Cornide de 
Saavedra was transformed to the new R/V Vizconde 
de Eza units (González-Troncoso and Casas, MS 
2005).

vii)	 Canadian autumn bottom trawl research surveys: 
Stratified-random bottom trawl research surveys 
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have been conducted in Div. 2GHJ and 3KL in 
autumn since 1978, usually in October–November. 
These surveys also covered Div. 3NO and 3M 
since 1990 and 1995, respectively (see  ii))2. From 
1995 onwards the surveys were conducted with a 
Campelen 1800 shrimp trawl which replaced the 
previously used Engel bottom trawl, however, 
conversion factors are not available to convert the 
old series into the Campelen gear units (McCallum 
and Walsh, 1996).  Furthermore, prior to 1996 the 
maximum planned survey depth was generally 
less than 732 m for Div. 3LMNO and less than 
1 000 m for Div 2J+3K extending afterward in all 
areas to about 1 465 m. The coverage of Div. 2GH 
and 3O of this survey were incomplete and, thus, 
the data presented here only refer to the Div. 2J+3K 
and 3LMN.

viii)	 EU-Spain spring bottom trawl research surveys: 
EU-Spain have conducted stratified‑random spring 
bottom trawl research surveys down to 1 500 m in 
the NAFO Regulatory Area of Div. 3NO since 1995. 
In 2001 the vessel and the trawl gear were replaced. 
In order to compare both series, comparative fishing 
trials were performed and, thus, the transformed 
entire series of mean catches and biomass for rough-
head grenadier is available (González-Troncoso et 
al., MS 2005). 

ix)	 In addition, biological data collected aboard Span-
ish commercial fishery vessels were analyzed 
from 1997 to 2004. These data, up to 2003, were 
presented by Murua (2003). 

In all the Canadian and European Union datasets 
roughhead grenadier length was measured from tip of 
snout to base of first anal fin ray, in 0.5 cm intervals, as 
adopted by NAFO in June 1980 as a standard measure-
ment for roundnose and roughhead grenadiers (Atkinson, 
1991). Russian investigations measured the total length 
of roughhead grenadier, so in order to standardize and 
compare the results between surveys total length was 
converted to pre-anal fin length (AFL) using total length 
– pre‑anal fin length relationship presented by Murua and 
Motos (2000) (LT (cm) = 9.2499 + 2.196 * AFL (cm); R2 
= 0.9536; n = 113).

Age estimation was determined by the readings of 
otoliths in the case of investigations carried out by EU, and 
by readings of scales in the case of Russian and Greenlan-
dic  researchers. There are several difficulties in roughhead 
grenadier age reading both from otoliths and scales (Sav-

vatimsky, 1984); in larger fish (more than 9 years old) this 
is even more complicated because many rings are present 
and they lie close to each other. However, a calibration 
of age reading estimates, derived from otoliths readings, 
showed that an 80% agreement was reached between three 
different readers, the differences being ± 1 year in otoliths 
between 2–10 years and ±1 or 2 years in fish older than 
10 years (Rodríguez-Marín et al., 2002).

Results and Discussion
Catch History

Roughhead grenadier is distributed on both sides of 
the North Atlantic and throughout NAFO Subareas 0 to 
3 in the Northwest Atlantic waters. However, for assess-
ment purposes NAFO Scientific Council considers the 
population of Subarea 2 and 3 as a single stock (NAFO, 
2005). Nevertheless, the stock structure of this species in 
the North Atlantic remains unclear because there is little 
information with regard to the number of different popula-
tions that may exist and their relationship. A recent study 
of population genetics based upon samples collected in 
West Greenland, East Greenland and the Norwegian Sea 
suggested three different stock units with their own gene 
pools (Katsarou and Naevdal, 2001). 

The corrected catch history from Subareas 2 and 
3 after 1987 (Table 1) indicates that catches increased 
sharply between 1989 and 1990 then gradually until 
peaking at about 7 200 tons in 1998. Since then catches 
decreased steadily to about 4 000 tons in 2003. At present 
most catches are taken in Div. 3LMN and with only small 
amounts recorded from SA 2. In Div. 3L, 3M and 3N, 
catches showed the same pattern as in the entire distribu-
tion of the stock (Table 1).

Biomass Trends of Surveys

The main source of information with regard to trends 
in the abundance and biomass of roughhead grenadier in 
the NAFO area come from research surveys since there is 
no analytical assessment model used for this stock.

There are four survey series with data available from 
the Flemish Cap (Div. 3M) and Flemish Pass (Div. 3LMN) 
area, covering either depths to 720 m or 1 500 m (the 
whole data from Div. 3L and 3N is presented here). Total 
survey biomass index of EU Flemish Cap research survey 
increased from its lowest level at 800 tons in 1989 to a 
peak of about 3 000 tons in 1993 then decreased steadily 
to about 1 200 tons in 1997. The index remained stable 

2  The first years of Canadian autumn bottom trawl research survey (1978–86) are also included in the work of Atkinson and Power 
(MS 1987), i.e. point (ii).
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to 2002, with the exception of larger increases in 1998 
and 2001, and then increased substantially during last 
two years reaching the highest value of the time series at 
about 3 600 tons in 2004 (Fig. 2). The pattern of biomass 
index of EU research survey is similar to the catch history 
of Div. 3M, although the highest commercial catches of 
roughhead grenadier were taken in 1992.

The biomass index of the Spanish 3NO spring re-
search survey did not show a clear trend from 1997 to 
2002, however, since then the biomass increased and 
reached the highest value in the time series at about  
11 400 tons in 2004 (Fig. 2).

The Canadian deep water research survey index also 
showed an increasing trend from 12 000 tons (Div. 3LM) 
in 1991 to 34 000 tons in 1995 (Bowering et al., MS 1995). 
However, the increased estimates for Div. 3L and 3M in 
1994 were due, at least in part, to the increased area cov-
ered by the survey (Atkinson et al., MS 1994). 

The Canadian autumn stratified-random bottom trawl 
research survey indices are presented by Division (2J+3K, 
3L, 3M, and 3N) for all strata surveyed and for strata less 
than 750 m (Fig. 3). As noted previously, the indices from 
1978 to 1994 with the Engel trawl and from 1995 to 2004 

with the Campelen trawl are not directly comparable and 
will be described separately. The total biomass index for 
Div. 2J and 3K with the Engel trawl suggests an almost 
continuous decrease from about 21 500 tons in 1978 reach-
ing the lowest at about 800 tons in 1994. Both biomass in-
dices (<750 and <1 500 m) followed very similar patterns 
because the depth coverage most times did not go beyond 
1 000 m. The total biomass index with the Campelen 
trawl has continuously increased from about 7 500 tons in 
1996 to about 15 000 tons in 2004. It is also important to 
note that a good portion of these estimates were derived 
from depths >1 000 m which had not been sampled suf-
ficiently in the Engel series prior to 1995. However, the 
increasing trend since 1996 is less pronounced for the 
biomass index for depths <750 m (in 2003 the coverage 
was incomplete). The biomass index for the period of 
Engel trawl for the autumn research survey in Div. 3L 
followed a similar decreasing pattern as Div. 2J+3K from 
1985 until 1994 while in Div. 3N the surveys showed a 
stable pattern but with much lower survey estimates and 
area of occurrence than in Div. 2J+3KL. The Campelen 
indices since 1996 show no trend in Div. 3L for the total 
area <1 500 m averaging about 15 000 tons but suggest 
an increase from 1995 to 2001 and a decline thereafter 
in strata <750 m. In Div. 3N there is an indication of an 
increase from about 1 400 tons in 1995 to 5 300 tons in 

TABLE 1.	 Revised roughhead grenadier catches, updated from Power and Maddock Parsons (MS 1998), 
González et al. (MS 2004), Vargas et a���l. (MS 2004) and Vaskov et al. (MS 2004).

	 Roughhead Grenadier Nominal Catches (tons) by Division

Year	 2G	 2H	 2J	 3K	 3L	��������������������     3M	 3N	 3O	�����������  Other	 TOTAL

1987					     912	 7	 82			   1 001
1988		  1			   907		  52			   960
1989		  2		  3	 289	 28	 11			   333
1990		  1	 32		  2 211	 688	 312			   3 244
1991a			   12	 113	 2 543	 497	 1 093	 10		  4 268
1992			   23	 274	 2 582	 2 961	 760	 125		  6 725
1993			   10	 193	 996	 1 428	 1 680	 61	 27	 4 395
1994	 1		  2	 35	 585	 2 301	 1 062	 28	 9	 4 023
1995	 22	 6	 16	 16	 1 199	 1 625	 1 074	 20	 4	 3 982
1996					     1 945	 888	 1 300	 2		  4 135
1997	 36	 5	 63	 100	 1 774	 922	 1 797	 43		  4 740
1998					     2 766	 2 190	 2 230	 84	 92c	 7 270
1999b				    61	 2 037	 3 127	 1 705	 180	 49c	 7 160
2000b				    139	 1 382	 2 109	 888	 38		  4 767
2001b				    97	 1 465	 753	 754	 48		  3 117
2002b				    147	 1 905	 869	 700	 36		  3 657
2003b	 1	 4	 16	 91	 1 342c	 886	 1 201c	 443c		  3 984c

a 	 Catch could not be well estimated; based on revised data is estimated to be 8 000 to 14 000 tons mixed roundnose and 
roughhead grenadiers (Power and Maddock Parsons, MS 1998).

b 	 Provisional.
c 	 In 2003, STACFIS could not precisely estimate the catch.
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Fig. 2.	 Total biomass estimated by the swept area method for the area studied during (A) the EU Flem-
ish Cap (3M) bottom trawl research survey (1988–2003, depths <720 m) and (B) the Div. 3NO 
Spanish bottom trawl research survey (1997–2004, depth <1 500 m). 

2004 for strata <750 m. The biomass for Div. 3M for 
the autumn research surveys showed a decreasing trend 
from about  6 700 tons in 1997 to 4 100 tons in 2000 and 
fluctuated between 5 700 tons and 3 200 tons from 2001 
to 2003. However, this only represents strata from 730 m 
to 1 460 m on the western slopes of the Flemish Cap into 
the Flemish Pass area.

In summary, it can be concluded from the survey 
data examined here that the biomass decreased from early 
1980s to 1994 and then has been increasing during recent 
years.  In most of the surveys analyzed here the biomass 
index of 2004 was about the highest since the mid-1990s 
for each series. However, it should be mentioned that the 

lack of conversion factors for gears and different cover-
age of areas and depths for Canadian autumn research 
survey make it difficult to compare surveys results before 
and after 1995. 

Catch Composition

Among the eight research surveys analyzed there are 
only three with available information about the relative 
catch composition of roughhead grenadier in the literature. 
Based on weight caught using longline fishing gear,  rough-
head grenadier made up 65% in the Russian deepwater 
research survey fishing at depths to 1 000 m and 31% in 
the EU deepwater research survey to 3 000 m (57% taking 
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into account depths up to 1 400 m (De Cárdenas, pers. 
comm.)). ���������������������������������������������      The percentage of roughhead grenadier in the 
EU Flemish Cap bottom trawl research surveys was on 
average less than 5% of the total catch weight. The per-
centage of roughhead grenadier based on information from 
the Spanish commercial fishery using bottom trawls, fish-
ing up to 1 400 m, was 15% for Div. 3LMN and 25% for 
Div. 3M, respectively, in 2003 (González et al., MS 2004). 
In any case, it seems that the longline is more selective 
catching roughhead grenadiers than the bottom trawl. The 
difference in the roughhead grenadier selectivity between 
trawl and longline was also reported by Jørgensen and 
Boje (MS 1992) and Jørgensen (1995). 

Depth Distribution

The minimum and maximum depth covered varied 
among the surveys considered. All the research surveys 
found that there were no significant catches of roughhead 
grenadiers in depths of less than 200 m (Atkinson and 
Power, MS 1987; Savvatimsky, 1984; 1989; Murua and 
González, MS 2004; Murua and De Cárdenas, 2006). The 
EU longline research survey, which surveyed areas in Div. 
3LMN down to 3 000 m, showed that the bathymetric 
limit of roughhead grenadier is around 2 000 m (Murua 
and De Cárdenas, 2006) (Fig. 4).

Mean Catch and Mean Length/Weight by Depth 
Most of the research surveys (Atkinson and Power, 

MS 1987; Savvatimsky, 1984; 1989; Bowering et al., MS 
1995; Murua, 2003) indicated that the catch rates increased 
with depth. The best catch rate for the Canadian trawl 
research survey (Atkinson and Power, MS 1987) and the 
EU Flemish Cap research survey (Murua, 2003) were 
found at the deepest strata of each survey (700–800 m). 
The EU deepwater longline research survey (Murua and 
De Cárdenas, 2006) and the Russian trawl research sur-
vey (Savvatimsky, 1989) showed that the best catch rates 
were taken at depths between 1 000 and 1 200 m and they 
decreased in depths greater than around 1 200 m (Fig. 5). 
The Russian deepwater research survey (Savvatimsky, 
1984) showed a contradictory picture, with the catch 
rates being highest at depths between 400 and 500 m then 
decreasing at greater depths. However, the latter survey 
conducted with longline gear only occupied 20 stations 
with only three of them being beyond 700 m (Savvatim-
sky, 1984). Given the results of the research surveys with 
their varying depth ranges and timing of the surveys it 
could be concluded that generally the best catch rates of 
this species are taken around 1 000 m.

The mean length or weight of roughhead grenadier 
in most of the research surveys analysed here increased 
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Fig.  4.	 Depth distribution of roughhead grenadier caught in 
different surveys in NAFO Div. 3LMN. Data from At-
kinson and Power (MS 1987), Murua and De Cárdenas 
(2006), Savvatimsky (1984), Savvatimsky (1989), and 
Murua and González (MS 2004).

continuously with depth with the exception of the Russian 
bottom trawl research survey where both the mean length 
for males and females decreased as the depth increased 
up to 600 m in Div. 3N (Savvatimsky, 1989) (Fig. 5). 
Atkinson and Power (MS 1987) found that in general a 
clear trend did not exist between mean weight and depth; 
although they found larger fish in some of the shallowest 
stations, particularly in Div. 3LN. The appearance of larger 
fish in the shallowest waters surveyed was also found 
by Parsons (MS 1976), especially in Div. 3N. However, 
both these studies only sampled depths to about 700 m 
in Div. 3LMNO where the increasing trend starts to be 
more evident from other studies (Murua and De Cárdenas, 
2006). Investigations in east Greenland also found that the 
mean length increased with depth (Fossen et al., 2003). 
Overall, despite some contradictory trends with regard 
to change in length by depth, which may be affected by 

seasonal differences, it seems that an increasing trend of 
mean length with depth is the norm. 

The mean length of the catch in all research surveys 
was smaller for males than for females. Savvatimsky 
(1984) gave an average AFL of 18.5 cm (49.8 cm total 
length) and 24.5 cm (63 cm total length) for males and 
females respectively in Div. 3LMN based on a longline 
research survey in 1982.  Savvatimsky (1989) also found 
an average AFL of 18.0 (47 cm in total length) and 21.2 
(54.6 cm) for males and females, respectively, in Div. 3KL 
and 3N for bottom trawl research surveys from 1967–83. 
In the EU Flemish Cap research survey, the average mean 
pre‑anal fin length of males and females was 15.4 and 
17.0 cm, respectively, for the period 1991–2003 (Murua, 
2003). Murua and De Cárdenas (2006) gave a mean length 
for both sexes of 20.6 cm with females making up 71% of 
the catch for the EU deepwater longline research survey. 
These differences are likely related to the fishing gear 
selectivity (longline vs trawl) and depth where fish were 
caught, because as noted previously length has a tendency 
to increase with depth, from the shallowest stratum to the 
deepest (Murua and De Cárdenas, 2006).

Age and Growth

Age of roughhead grenadier has been estimated by 
two methods: scales (Savvatimsky, 1989, 1994; Jorgensen, 
1996) and otoliths (Murua, 2003). Using scales Savvatim-
sky (1989; 1994) found that samples from Div. 0B, 2GHJ 
and 3K in the 48–50 total length range (17.5–18.5 pre‑anal  
fin length) were between 8 and 11 years. The age read-
ing derived also from scales of fish of AFL ranging from 
17.5–18.5 sampled in NAFO Div. 1ABCD were about 
9–10 years (Jorgensen, 1996). Based on otolith samples 
from Flemish Cap and Flemish Pass areas, Murua (2003) 
found that fish between 17.5 and 18.5 cm pre‑anal fin 
length were between 9–10 years old (combined for male 
and female). Similarly, based on otolith samples from 
commercial fleet, the oldest male and female were esti-
mated to be about 20 and 28 years old respectively (24 
and 47 cm pre‑anal fin length for males and females). 
Savvatimsky (1989; 1994) similarly found that the oldest 
male and female were 13 and 22 years old, respectively. 
Jorgensen 1996 also found that females (19 years) live 
longer than males (13 years); which is in agreement for 
other species of grenadiers (Bergstad, 1990; Merrett and 
Haedrich, 1997). Therefore, roughhead grenadier is con-
sidered to be long lived and slow growing species (Hureau 
et al., 1979; Murua, 2003).

Murua (2003) found that the mean length at age 
based on otoliths was similar for males and females for 
individuals younger than 9–10 years old, but males grow 
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Fig.  5.	 Evolution of average yield (kg) and mean length of roughhead grenadier by depth for the different 
surveys:  (A) Canadian bottom trawl research survey (Atkinson and Power, MS 1987), (B) EU Deepwater 
longline research survey (Murua and De Cárdenas, 2006), (C) Russian Deepwater longline research survey 
(Savvatimsky, 1984), (D) Russian bottom trawl research survey (Savvatimsky, 1989), and (E) EU Flemish 
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slowly from this age onwards and did not grow as large 
as females. This study also found that female growth rate 
decreased at 20 years old (at about 35 cm on AFL). Sav-
vatimsky (1984) also found similar growth pattern using 
scales, with differences between sexes starting at around 
10 years (Fig. 6). Both studies concluded that the growth 
trajectories of males and females are different from 9–10 
years old, which would have great implications for the 
assessment of potential yield of this fish resource.

The relationships between fish length and weight 
available in the literature were assumed to be adequately 
described by the multiplicative function (expressed as 
Weight = a Lengthb). Murua (2003) published the rela-
tionship for males and females separately and found that 
females were heavier than males at length. Savvatimsky 
(1989; 1994) and De Cárdenas et al. (MS 1996) provided 
length-weight relationships for sexes combined from 

Div. 0B, 2GHJ, 3KLMNO and Div. 3LMN, respectively. 
When comparing the combined length-weight relationship 
between surveys, we found that Russian bottom trawl 
and longline research surveys (Savvatimsky 1989; 1994) 
presented very similar length-weight relationship whereas 
the EU deep longline research survey showed the heavier 
fish for a given length (De Cárdenas et al., MS 1996). In 
contrast to those relationships, the EU Flemish Cap bot-
tom trawl research survey showed fish with less weight 
for the same length (Fig. 7). In other words, the coefficient 
of allometry (b parameter of length-weight relationship) 
was higher in the EU deep longline research survey and 
was lowest in the EU Flemish Cap bottom trawl research 
survey. However, theses differences were small and this 
variability could be explained by the depth range covered 
by different surveys as well as by the different length range 
sampled in different surveys, i.e. the number of larger 
fishes were larger in the deepest surveys. 
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Sex Ratio

Females made up 51% of the catches during the EU 
Flemish Cap bottom trawl research survey. This is lower 

than that reported by Savvatimsky (1989) for the Russian 
bottom trawl research surveys and Atkinson and Power 
(MS 1987) for Canadian bottom trawl research surveys 
where females made up 62.5% and 60% of the catch, 
respectively. On the other hand, Murua and De Cárdenas 
(2006) and Savvatimsky (1984) found that the sex ratio 
for longline research surveys were higher than for trawl 
surveys, where females made up 71.4% and 95.4% of 
the catch, respectively. The differences in the overall 
sex ratio found could be related to a number of factors. 
For example, different depth range covered by research 
surveys (longline surveys were deeper), or differences 
in selectivity between bottom trawl and longline gears 
(Jorgensen and Boje, MS 1992; Jørgensen, 1995) or dif-
ference in timing of the surveys. However, these results 
would not be unexpected given that mean length in most of 
the surveys increased with depth (Fig. 5) and the propor-
tion of females in large length-classes is higher (Fossen 
et al., 2003; Murua, 2003) because males do not grow as 
large as females. 

The length distribution by sexes found in all research 
surveys showed that proportion of males diminished in 
the larger fish (from 20 cm pre-anal fin length) and there 

Fig.  7.	 Roughhead grenadier pre‑anal fin length-weight rela-
tionship for different surveys:  EU Deepwater research 
survey (Murua and De Cárdenas, 2006), Russian Deep-
water longline research survey (Savvatimsky, 1984), 
Russian bottom trawl research survey (Savvatimsky, 
1989), and EU Flemish Cap research survey (Murua 
and González, MS 2004).
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were no males in largest length-classes. Results for the 
EU Flemish Cap research survey (Fig. 8) showed the 
female proportion fluctuated around 40–50% during the 
first 10–12 years (up to 20 cm in AFL). It increased from 
age 12 (AFL 20 cm) upwards and females were 100% of 
the catches in large length-classes. Both Russian research 
surveys (Savvatimsky 1984; 1989 and 1994) found similar 
sex-ratios for Northwestern Atlantic to that of EU Flem-
ish Cap, i.e. males were more abundant in the middle of 
the length range.

Indirect evidence of increasing trend of mean length 
by depth and skewed female ratio in larger length-classes 
gathered in all the studies suggested that female sex ratio 
would increase with depth; which is the case for some 
other groundfish species in general (Bergstad, 1990) and 
grenadiers in particular (D'Onghia et al., 2000). In fact, in 
the EU Flemish Cap research survey the female proportion 
was 40% in depths less than 350 m, increased to 50% in 
depths <500 m and reached 60% in depths between 500 
and 700 m. Savvatimsky (MS 1983) found that almost all 
fish caught beyond 700 m in Div. 3LMNO were females, 
which was confirmed by the EU deepwater research sur-
vey where the female ratio was around 80% from 700 m 
onwards. Atkinson and Power (MS 1987) suggested an 
increasing trend of female proportion by depth in Div. 
3LMNO while they did not find such a trend in northern 
Divisions. The latter authors also cited that Geistdoerfer 
(1979) indicated no clear trend of female ratio by depth. 
Geistdoerfer (1979) and Atkinson and Power (MS 1987) 
also pointed out that the sex ratio might vary with latitude 
or Division, suggesting that the female proportion was 
higher in lower latitudes. Other authors suggested (Geist-
doerfer, 1979; Magnusson, MS 1978) that the sex-ratio 
might vary with season which would in turn complicate 
the outcome of these analyses. Moreover, Fossen et al. 
(2003) found that in the east Greenland area the percent-
age of males was around 80% in all depths sampled with 
a bottom trawl whereas the percentage of males increased 
from 60% to 80% in deeper strata (1 400–1 600 m) sam-
pled with the longline. They suggested that the reason for 
the catches being mainly dominated by males might be 
differences in selectivity by sexes or because the sample 
was not representative. 

Although the results with regard to sex-ratio by depth 
are somewhat conflicting, based on the best available data 
reviewed here, it could be concluded that the female ratio 
increased with depth. This conclusion is drawn mainly 
using the EU Flemish Cap bottom trawl research surveys 
which covered the same study area in a standardized way 
since 1988, whereas the results of other studies are based 
on single years with different coverage of depth-strata 
between years and areas. On the other hand, if there is 

an increasing trend of female ratio with latitude and if 
the selectivity is different by sexes, at least for longline, 
these would be of great importance when planning future 
surveys in order to monitor status of this resource and 
would also be an important factor in the management of 
this resource.

Reproduction (Maturity and Fecundity)
Only a few studies on maturity and fecundity of 

roughhead grenadier have been carried out in the NAFO 
area of Flemish Cap and Flemish Pass. Murua and Motos 
(2000) suggested that for roughhead grenadier in Div. 
3LMN pre-anal fin length at first maturity for females 
was 26.2 (at 13–14 years of age). Further work carried 
out by Murua (2003) in the same area proposed that the 
sexual maturity for females began at an AFL of 28.5 cm 
and at age of 15–16 years. Recently, Fossen et al., (2003) 
found that pre-anal fin length at first maturity for rough-
head grenadier in waters of east Greenland was 16 cm 
and 29.5 cm for males and females, respectively. For the 
north‑east Atlantic, Eliassen and Falk‑Petersen (1985) 
gave a length and age at first maturity of 28.5 cm and 15 
years, respectively. All the values of pre‑anal fin length at 
first maturity are very similar. However, the differences 
in age at maturity between Murua and Motos (2000) and 
other studies could be explained by the fact that they de-
rived the age at first maturity indirectly from an age/length 
key constructed with samples collected in Flemish Cap 
research survey, which covered only the younger part of 
the population (<20 years), i.e. the ages for similar lengths 
are shifted to younger ages. 

As for the case of maturation studies, there are also 
only a few studies reporting estimates of fecundity. Sav-
vatimsky (1989) estimated that fecundity of roughhead 
grenadier in NAFO Subareas 2 and 3 varied between 
23 100 and 54 000 eggs per female (n = 4). Murua and 
Motos (2000) found that fecundity was in the range of 
14 400 and 80 000 eggs in Div. 3LMN (n = 16) and 
Murua (2003) obtained values of fecundity ranging from 
8 500 to 62 000 eggs (n = 17). With regard to other areas 
of North Atlantic, Eliassen and Falk‑Petersen (1985) 
found that fecundity was in the range between 2 000 and 
71 000 eggs (n = 24) and Fossen et al. (2003) estimated 
that fecundity vary between 17 000 and 56 000 eggs (n = 
25) for roughhead grenadier caught off Northern Norway 
and East Greenland, respectively. Although the sample 
size used in all the studies was unsatisfactory to estimate 
fecundity with any confidence all the results seem to be 
in accordance suggesting that roughhead grenadier has 
much lower fecundity than other gadoids.

With regard to the spawning season, Savvatimsky 
(1984; 1989) and Murua and Motos (2000) hypothesized 
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that spawning period is in winter-spring in the NAFO  
Area, whereas Murua (2003) considered that it is no clear 
seasonality in the spawning in the NAFO area. On the 
other hand, Geistdoerfer (1979) considered that spawning 
takes place between late spring to early summer in Div. 2J 
and 3KL. Other studies in the Northeast Atlantic reported 
that spawning occurs between winter and spring (Yanulov, 
1962; Magnusson, MS 1978; Eliassen and Falk‑Petersen, 
1985); although interminent spawning might be found in 
the rest of the year. 

In general, it can be concluded from past studies that 
roughhead grenadier shows late onset of maturity and 
low fecundity. However, more extensive studies seem 
to be needed to correctly resolve the question of spawn-
ing timing and seasonality in the reproductive cycle of 
roughhead grenadier; this in turn would help to draw 
more definitive conclusions with regard to fecundity and 
maturity of this species.

Feeding
Roughhead grenadier feeds mainly on benthic organ-

isms and it is characterized by having a wide range of prey 
(Hureau et al., 1979; Roman et al., 2006). There are some 
studies with regard to the feeding patterns and strategies of 
Macrouridae fishes in general, and of roughhead grenadier 
in particular (Marshall, 1965; Geistdoerfer, 1975) across 
the North Atlantic; however, our focus will be on studies 
carried out in the NAFO area.

Houston (MS 1983) commented that roughhead 
grenadier diet was composed mainly of benthic animals 
(91.6%) on the Grand Banks. Podrazhanskaya (1972) 
and Konstatinov (1976) found that shrimps, ophiuras, 
and squid were the main components of the roughhead 
grenadier diet from Davis Strait and Northern Labrador. 
Geistdoerfer (1979) indicated that roughhead grenadier 
fed mainly on gammarids, ophiuras, polychaetes, shrimps 
and fishes. He also found that the importance of shrimp 
and fish in the diet increases with fish size. Savvatimsky 
(1984) concluded that the roughhead grenadier diet in 
Div. 3LMN consisted of a very diverse range of benthic 
organisms and fish. His study revealed bivalve molluscs 
(13.4%), shrimp (12.4%), fish (11.1%) and starfishes 
(10.5%) were the major components for all size groups 
except small roughhead grenadiers (fishes smaller than 
18.5 cm in AFL), which did not contain fish portions. 
However, these results should be treated with caution 
because of very low indices of stomach fullness, as most 
of the stomachs sampled from the longline research sur-
vey were empty. In further work, Savvatimsky (1989) 
confirmed the results of past studies with regard to a wide 
diversity comprising the diet of roughhead grenadier and 

concluded that the favourite prey were benthic organisms, 
such as ophiuras (26%), polychaetes (19%), gastropods 
and bivalves (12%), followed by different crustaceans. 
He also found that the incidence of fish and shrimp in-
creased with grenadier length, similar to the results of 
Geitsdoerfer (1979).  In that sense, Savvatimsky (1989) 
found that the abundance of small pelagic crustaceans 
(copepods, amphipods, euphausiids, cumacea) was high 
in the stomachs of small grenadiers (9.5 cm in AFL), 
while the main component of the food of grenadier larger 
than 9.5 cm in AFL were pandalids, pagurids, molluscs 
and fishes (Fig. 9 in Savvatimsky, 1989). According to 
Savvatimsky (1989) the total frequency of occurrence of 
Northern shrimp (Pandalus borealis Kroyer, 1838) in both 
sexes was 8.9%; increasing from 3.3% in the 10–14 cm 
AFL range to 21.9% and 33.3% in the 28–32 and 32–37 
cm AFL length-range, respectively. 

Recent work by Roman et al. (2006) based upon 
samples collected in the EU Flemish Cap research survey 
in 2001–2003 confirmed the above mentioned results 
and concluded that roughhead grenadier showed a high 
diversity of prey, with the Northern shrimp being the most 
common prey (24%) followed by Scyphozoa (16.5%) and 
Lampadena speculigera (8.6%), respectively. They also 
found that as length increased the importance of fishes in 
roughhead grenadier diet was more important. However, 
contrary to the findings of Savvatimsky (1984; 1989) they 
found that roughhead mainly fed on shrimp and that the 
percentage of shrimp in the diet diminished with length of 
roughhead grenadier. They showed that the percentage of 
shrimp in the diet diminished from around 65% in fishes 
<10 cm AFL, to 45% in fishes in the 10–20 AFL length 
range and further lessened to around 15% in the length 
range of 20–30. The change in the relative importance of 
Northern shrimp in the roughhead diet could be related to 
the rapid increase in shrimp biomass observed in North-
west Atlantic area in general but more particularly on the 
Flemish Cap since the early 1990s (Lilly et al., 2000; 
Koeller, 2000; Anderson, 2000). 

Stock Assessment 
During last assessment carried out for this stock, 

which is currently taken to be NAFO Subarea 2 and 3, the 
NAFO Scientific Council concluded that "no analytical as‑
sessment was possible with current data" (NAFO, 2005). 
This was partly because the information presented with 
regard to catch statistics was not reliable and the research 
survey data were incomplete to carry out such an analysis. 
For example, some surveys were only sporadic (Canadian 
deepwater research survey and Russian longline research 
survey), others presented a long data series but with differ-
ent year to year coverage and were not useful for current 
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state of the stock (Russian bottom trawl research survey, 
1967–83), while the EU Flemish Cap research survey 
only covers the shallowest distribution (<750 m) of the 
species. Although the Canadian autumn research survey 
(1978–2004) covers the main latitudinal and bathymetric 
distribution of this species from 1996 onwards, it changed 
the survey gear in 1995 and the lack of a conversion fac-
tor makes it impossible to compare both series. Thus, 
NAFO Scientific Council considered that, in spite of the 
limitations, the Canadian autumn bottom trawl research 
survey and the Spanish 3NO research survey from 1996 
provide the best survey information to monitor trends in 
this resource because they cover the main latitudinal and 
bathymetric distribution of this stock. While a historic 
perspective is not possible, the biomass estimates of these 
research surveys indicated a general increasing trend from 
1996 onwards. In addition, the NAFO Scientific Council 
concluded that the fishing mortality proxy (catch divided 
by biomass of Canadian autumn research survey) was 
the lowest since 1995 and that EU Flemish Cap research 
survey and the Spanish 3NO research survey showed a 
good recruiting 2001 year-class. On the other hand, the 
commercial catch rates are not useful since the roughhead 
grenadier is taken as by-catch in the Greenland halibut 
fishery and because there is evidence that the reported 
catches are not truly reliable.

Conclusion
The studies summarized in this contribution were 

focused mainly on the NAFO areas of Div. 3LMN but 
also comparisons to other areas of North Atlantic sug-
gest many common attributes with respect to life history 
characteristics.  It could be concluded that roughhead 
grenadier has a prolonged life cycle, multi-aged popula-
tion structure with differences in growth between males 
and females, late onset of maturity and low fecundity. In 
general, the catch rates observed in all research surveys 
were highest at depths around 1 000–1 200 m and the 
mean length, as well as mean weight, increased with 
depth. We have also observed a skewed sex‑ratio and a 
wide feeding spectrum that is related to fish size which in 
turn increases with depth. The complex multi-mode length 
structure and slow growth are characteristic of deepwater 
fishes, including grenadiers (Hureau et al., 1979; Casas, 
MS 1994; Savvatimsky, 1994).

The importance of gathering reliable information 
about biological characteristics and fisheries of this species 
is even more essential as the catches of this unregulated 
deep-water species have been increasing during recent 
years. Proper monitoring and assessment of the status of 
this "new" resource is even more important as traditional 

groundfish fisheries are collapsed or in poor condition. In 
general, the information available on the biology of this 
deepwater species is more extensive than what one would 
expect for such species. However, it is evident that there is 
a need of gathering accurate catch statistics in a standard-
ized way which, and, in conjunction with a continuation 
of research surveys conducted in the area, would facilitate 
a proper assessment of this resource in the near future. 
Given that roughhead grenadier are a relatively long-lived 
species with low fecundity, they likely would not have a 
high productivity. This, coupled with the fact that current 
by-catches beyond 1 000 m are comprised mainly of im-
mature fish, would suggest that a prudent approach should 
be adopted in managing this species.  
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