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Abstract

Histological examination conducted on gonads of Rockall haddock showed that asynchronous 
vitellogenesis of oocytes and batch spawning are typical of this stock. The post-spawning features 
could be observed in ovaries and testes until September. The maximum values of the gonadosomatic 
index (GSI) (12.0–19.6%) were found in pre-spawning females (stage IVa) in March–April. In the 
process of spawning, GSI of females gradually decreased to 0.9–2.4% in May when the last batch 
of eggs were spawned (stage VI). The minimum values of GSI (0.4–0.8%) were observed during the 
post-spawning recovery from the end of August to the end of September. The bulk of spawning took 
place in March–April when 11–19 batches of eggs were spawned. The percent size of an egg batch did 
not change greatly with age and varied from 5.3 to 9.5% of the total number of eggs found per female. 
The majority of individuals, at a length of 25 cm at the age of 2 years, become mature. The minimum 
length of a mature female was 22 cm, and that of a mature male, 18 cm.  Absolute potential fecundity 
(the mean value of individual potential fecundities per age) was 78 thousand eggs in first spawning fish 
at the age of two years, 340 thousand eggs in four-year-olds, 947 thousand eggs in eight-year-olds.
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Introduction

Haddock (Melanogrammus aeglefinus) is one of the 
most abundant species in the ichthyofauna of the Rock-
all Bank. Despite being of great commercial impor-
tance, the biology of this species, including aspects of 
its reproduction, has not thoroughly been investigated, 
which greatly complicates the development of effective 
measures for the regulation of its fishery. The earliest re-
corded research on the reproductive biology of Rockall 
haddock dates back to 1969–1970. Based on the analy-
sis of summer data, Shestov and Blagodelskay (1971) 
concluded that haddock in this area reach sexual matu-
rity at a length of not less than 40 cm. Shortly after their 
findings, Blacker (1971) established, based on his own 
observations, that haddock were maturing at a length of 
not less than 30 cm and as 4 year-olds. The results of 
surveys conducted by Soviet research vessels in 1972–
1973 showed that spawning of haddock on the Rockall 
Bank occurs in April–May between 57° N latitude and 
at depths below 200 m (Chuksin and Gerber, 1976). 
Shestov (1977) reported that pre-spawning and spawning 

haddock were widely distributed on the Rockall Bank in 
March–April within the depth range of 150–350 m, with 
the highest concentrations being found in the central part 
of the bank at depths of 150–170 m. He also showed that 
haddock matured as 5 year-olds and that the fecundity 
in 4 year-olds at a length of 29–31 cm was, on average, 
214 thousand eggs. According to Shestov (1977), the egg 
diameter in pre-spawning and spawning females varied 
from 0.4 to 1.8 mm.

Some useful complementary information to pub-
lished studies was provided in March–April 1977 by 
the research vessel "Odissey" and the exploratory vessel 
"Parallax." According to the survey results, the bulk of 
catches (99–100%) on the southwest slope of the bank 
were made up by mature haddock. Thus, practically all 
individuals larger than 23 cm were at the pre-spawning 
or spawning stage.

In 1978, the introduction of the 200-mile zone 
around Rockall by the UK temporarily halted Russian  
research activities in the area. Studies on Rockall haddock 
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biology continued only in the west-European countries. 
These studies intensified after 1985 when Scotland initi-
ated regular demersal trawl surveys on the Rockall Bank 
aimed at assessing the status of haddock in the area.

Russian investigations on the Rockall Bank resumed 
their studies in the late 1990s, when the southwestern part 
of the bank was again designated as international waters 
(Vinnichenko and Khlivnoy, 2006). In recent years, the 
intensity of research has increased along with the devel-
opment of regulatory measures for fisheries under the 
NEAFC framework. A significant part of the research 
work has been devoted to studying the reproductive 
cycle, maturation rate, fecundity and spawning features 
(Khlivnoy, 2005; Vinnichenko and Sentiabov, 2005; 
Khlivnoy, 2006; Vinnichenko and Khlivnoy, 2006; 
Vinnichenko and Khlivnoy, 2007; Arhipov and Mamedov, 
2007). Some of this research has also been conducted 
by scientists from the Marine Laboratory in Aberdeen, 
Scotland (ICES, 2003).

In addition, studies of the reproductive biology 
are available for haddock of other areas (Hawkins, 
1967; Sonina, 1973; Sonina, 1976; Hislop et al., 1978; 
Alekseeva and Tormosova, 1979; Hislop and Shanks,  
1981; Hislop and Bell, 1987; Hislop, 1988; 
Blanchard et al., 2003; Filina, 2004; Rideout et al., 2005). 

According to most researchers, the group of had-
dock from the Rockall Bank is an isolated population 
(Chuksin and Gerber, 1976; Shestov, 1977; Blacker, 
1982; Vinnichenko and Khlivnoy, 2007). Haddock 
are of a smaller size, compared to those in other ar-
eas and differ from other populations in terms of rates 
of growth, feeding and population dynamics (Shestov, 
1977; Blacker, 1982; Khlivnoy, 2006; Vinnichenko and 
Khlivnoy, 2007). The main objective of the present study 
is to summarise and analyse the results of previous stud-
ies on the biology of the Rockall haddock as well as to 
provide new information in relation to the reproductive 
biology of this stock. In addition, this study aims to com-
pare the reproductive biology of this population to that 
of other populations of haddock. 

Material and Methods

The present study utilized data collected during 
42 surveys conducted by Russian exploratory, research 
and commercial vessels on the Rockall Bank in the pe-
riod 1958–2006. The investigations covered the depths 
from 140 to 580 m. The bottom trawl was towed at 
3.0–3.5 knots for 0.5–6.0 hr at station. Collection and 
processing of primary biological material were conduct-
ed according to working instructions and techniques of 

PINRO (Anon, 2001). During the entire period of Russian  
research on haddock there were: 223 754 body length 
measurements, 23 395 maturity determinations, and 
20 932 field feeding analyses. These data were combined  
with data from Russian, ICES and Scottish research pub-
lications.

Haddock maturity was determined according to the 
following scale:

II - immature; 
III - maturing; 
IV  - pre-spawning;

IVa (IV-V) - pre-spawning (in females: 
hydrated hyaline oocytes present but 
having not spawned batches of sexual 
products);

V  - spawning;
Va (VI-IV) - having spawned one or sev-
eral batches of sexual products, but not 
having completed spawning (in females: 
no hydrated oocytes present);
Vb (VI-IV-V) - having spawned one 
or several batches of sexual products 
(in females: hydrated hyaline oocytes 
present);

VI - post-spawning; 
VI–II - post-spawning recovery.

Stages Va and Vb are additional detailed stages of 
spawning.

The proportion of mature fish (PML) in each size 
group was determined and modeled using a logistic 
curve described by the following equation:

PM
b L MLL =

+ − −( )( ) ( )1
1

1
50exp

where L is the size group, ML50  is the fish length, under 
which 50% of this size fish were mature, and b is a con-
stant, reflecting the angle of curve slope. 

Samples of haddock ovaries and testes for micro-
scopic examination were collected on the Rockall Bank 
in 2004–2006 (Table 1, Fig. 1). Whole gonads were fixed 
in Bouin’s fluid or in 10% formalin. A small piece from 
the middle part of a gonad was taken for histological  
examination. Ovarian and testicular samples were  
processed using standard histological methods by  
dehydration through alcohol, and clearing in xylene and 
xylene-paraffin (Roskin and Levinson, 1957). Prepared 
paraffin sections, 5–7 µm thick, were stained with iron 
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 hematoxylin. They were examined under different magni-
fications using an Olympus BX 41TF microscope. In total,  
234 gonads of haddock were subject to histological  
examination. The gonadosomatic index (GSI) was  
calculated as the ratio of gonad weight to total fish weight 
and expressed in percent. For studying the seasonal  
cycle and maturation rates, data obtained from field  
observations were also used.

To study fecundity, ovaries of fish 24–71 cm in 
length (130–1 480 g in weight and 2–9 years old), 
were collected on the Rockall Bank in April 2004 and 
March 2005 (Fig. 1). In total, 58 female haddock gonads  
were examined. The examination was carried out  
according to the methods of Spanovskaya and  
Grigorash (1976): individual potential fecundity (IPF) of 
haddock was determined by the standard weight method 
in which the numbers of eggs in the pre-spawning stage 
IV ovary samples of 50–100 mg weight were counted 
and raised to the whole ovary weight. Eggs diameter 
was also measured under a microscope. The criteria to 
identify eggs for fecundity estimation (separation of 
previtellogenic from developing oocytes) was based on 
size (>200–300 µm) and was confirmed by histological 
examination. To estimate batch fecundity the number of  
hydrated hyaline oocytes in follicles were counted  
(stage IVa). The number of batches was determined as 
the ratio of IPF to batch fecundity. Absolute potential  
fecundity (APF) was calculated as a mean value of indi-
vidual potential fecundities per age.

Fish age was determined from otolith rings in the 
central section using a binocular microscope at ×16 with 
reflected light after clearing in alcohol-glycerin solution. 
Opaque summer and hyaline winter growth zones 
together were considered as an annual increment. 

Results

Oocyte maturation

In Rockall haddock, as well as in other gadoids,  
development of vitellogenic follicles from previtel-
logenic follicles to form the potential fecundity begins 
with the occurrence of vacuoles on the periphery of   
cytoplasm (Fig. 2a). The oocyte size at the start of the 
period of major growth is 190–240 µm (early stage III). 
The nucleus is located in the centre, light in colour, and 
the nuclear envelope is scalloped. Numerous nucleoli 
are located near to the nuclear envelope. Fine granules 
of yolk and the vacuoles in the peripheral zone of the 
cytoplasm appear almost simultaneously. Increasing in 
size and quantity, the yolk moves to the nucleus. At the  
same time, the size of oocytes increases and  reaches 
300–350 µm. The oocytes enter a phase of  intensive 
trophoplasmatic growth (late stage III) (Fig. 2b). At 
this stage, maximum accumulation of nutrients takes 
place. In the yolk-filled phase (stage IV), the oocyte 
reaches 550–700 µm and the size of yolk granules is  
6–10 microns (Fig. 2c). The nucleus begins to be  
displaced from the center. The next stage in the development  
of  oocytes is homogenisation and hydration of the yolk. 
The hydrated oocytes (stage V) reach a size of 1 000–
1 600 µm and are ready for ovulation (Fig. 2d).

Sexual cycle and spawning pattern in females

Post-spawning females start to appear in March–
April and form large concentrations in May–June. 
After spawning (stage VI), the ovary contains many large 
empty follicles and oocytes at an early phase of previ-
tellogenic development (Fig. 3a, b). The post-spawning 
recovery appeared to be a quick process because fish in 
this stage soon disappeared from the catches. The size of 

Year Month

Males Females

Number
Length 
(cm) Number

Length 
(cm)

2004 Apr 27 26–39
May 27 21–41 18 22–40
Aug 19 23–32
Sep 16 22–34 19 23–35

2005 Mar 10 18–44 26 21–59
Apr 4 20–29 7 22–61
Sep 11 24–30

2006 Apr 25 19–30 25 18–29
Total 82 152

TABLE 1.  Period of histological sample collecting with num-
ber and length frequencies of fish examined.
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Fig. 1.  Location of samples collected in 2004–2006 and used 
in the histological and fecundity analyses.
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empty follicles is significantly reduced due to resorption  
and the number of oocytes with protoplasmatic growth 
increases. The ovary then passes to stage VI–II. The  
residuals of post-ovulatory follicles serve as a reliable  
criterion to identify fish that had participated  
in the last spawning season. One more indication  
of completed spawning is the remnants of isolated  
large mature vitellogenic follicles that appear to persist 
till September and the thickened ovary wall (Fig.  3b, c). 

In the samples taken in early- and mid-September 
2004 and 2005, no ovarian maturation (stage III) was 
observed. According to the results from visual  
observations in January 1980 and December 2001, 
more than half of the adult individuals had maturing 
gonads (stage III). As the research results show, stage III   
can occur until March and in some individuals until April 
(Tables 2, 3 and 4).

Recruitment of vitellogenic follicles from the pre-
cursory population of previtellogenic follicles appears 
to occur synchronously with a gap appearing between 
the two populations suggesting that fecundity was  
determinate. However, later in maturation the  
vitellogenic follicles show more asynchronous  
development because the size range between the smallest  

and largest part of the population becomes more  
pronounced. Batch production from the vitellogenic 
group follows and the size of the vitellogenic population 
reduces as spawning progresses (Figs. 3d, e, and 4b, c). 

  
According to field observations in 2002–2006 

mass spawning of haddock was recorded in the second  
half of March–first half of May. In 2005, the first  
specimens with a batch of hydrated follicles (stage IVa)  
appeared in the first half of March (Figs. 3e and 4с). Batch  
fecundity comprised 5.3–9.5% of the potential fecundity 
 indicating that between 11 and 19 spawning events were 
required to exhaust the supply of vitellogenic follicles 
until the female was spent. Hydrated hyaline oocytes that 
are ready to be spawned are largest in size (Fig. 4d).  After 
the ovulation of the first and following batches an ovary 
goes into stage Va (Figs. 3f and 4e) and then, in process 
of hydration of sexual cells, in stage Vb (Figs. 4f, g).  

The remnants of postovulatory follicles on histo-
logical preparations indicate that some quantity of eggs 
have already ovulated in batches spawned previously. 
During the course of spawning there is a reduction in the 
proportion of oocytes in the initial phase and increase 
in number oocytes in the final phase of trophoplasmatic 
growth (Fig. 4e, f, g). 

 

 

A

B D

C

Fig. 2.  Oocyte phases in Rockall haddock during the period of trophoplasmatic growth. (A) vacuoliza-
tion and primary yolk accumulation (×200); (B) intense trophoplasmatic growth (×200); (C) yolk 
filled oocyte (×200); and (D) hydrated hyaline oocyte (×100).
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The number of batches is similar, and batch fecundity  
increases with female size in proportion to the increase 
in absolute potential fecundity. The spawning is com-
pleted by ovulation of all hydrated oocytes (stage VI).

One of the important parameters describing an 
ovary condition is gonadosomatic index (GSI). The 
maximal values of GSI were 12.0–19.6% and have been 

observed for pre-spawning individuals at stage IVa in 
March–April. During the process of spawning, GSI is  
gradually reduced and spent females (stage VI) in May  
have a GSI corresponding to 0.9–2.4%. Minimal values 
of GSI of mature females (0.4–0.8%) have been observed 
at the end August–September when basically post-
spawning regeneration has come to an end and maturing 
has not yet begun. 
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Fig. 3.  Ovarian sections from Rockall haddock at different maturity stages for given month of sampling and fish 
length (×100). (A) post-spawning (Stage VI), April, 38 cm; (B) post-spawning (Stage VI), May, 24 cm; 
(C) post-spawning recovery (Stage VI–II), September, 30 cm; (D) pre-spawning (Stage III), March, 29 cm; 
(E) Pre-spawning (Stage IVa), March, 26 cm; and (F) spawning (Stage Va), April, 31 cm. Key: pof - pos-
tovulatory follicles, vo - vitellogenic oocytes, rc - resorbing mature cells, and ho - hydrated oocytes.
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Dynamics of gonad development in male haddock

According to the field observations collected in  
December–January, all the mature males had ripening  
testes (stage III). Histological examination of gonads 
showed that in early March, the testes in some individuals 
were characterized as pre-spawning (Fig. 5a). In the 
testes, sperm cysts already contained mature spermato-
zoids, however, spermatid and spermatocyte cells that 
represent an earlier stage of development were also 
found. Samples collected in April had both spawning 
and post-spawning males (Fig. 5b). In the May sample, 
all the mature males were post-spawning (Fig. 5c), as 
characterized by the presence of residual spermatozoa.  
These resorbing sexual product were found in testes till 
September (Fig. 5d). The presence of these can be used 
to enable the separation of mature males participating in 
spawning from the immature individuals. 

Maturity

Visual observations in 2000–2002 and 2004–2006, 
showed that practically all haddock of length 25 cm 
and larger were mature. At a length of 24 cm more than 

half of individuals were mature (Fig. 6). In March–
April 1977 practically all individuals with length larger 
than 23 cm (Tables 2 and 3) were mature. In the spring of 
2000, the smallest mature haddock were 21 cm in length. 
In March–April the length at which more than half of 
individuals were mature was 21.1 cm (Fig. 6).

In catches from March 2001, mature individuals 
with length 18–20 cm (Fig. 6) were observed. At the 
same time, some individuals of 26–27 cm in length 
remained immature, and the length at which more than 
half of individuals became mature, has increased to 
22.4 cm. In April 2002, at this length only 14% of fish 
were mature, however all individuals in length of 25 cm 
and larger were mature. In March–April 2004, mature 
fishes were again recorded at lengths of 20–21 cm and 
in March–April 2005 at lengths of 18–19 cm (Fig. 6). In 
March 2005, GSI of males rose from 1.9 to 3.3%, females  
rose from 4.1 to 11.1%, and has on the average been 
2.1% for males and 7.0% for females. Thus more than 
half the individuals at a length of 23.8 cm were mature 
(Fig. 6).

For all data collected from 2000–2006, half of the 
males were mature at a length of 22.6 cm and the length 
at which half of females were mature was 23.5 cm 
(Fig. 7).

The data from a histological examination of 
haddock gonad samples collected in 2004–2006 showed 
that almost all females (92.3%) of length 25 cm, and all 
males (100.0%) of length 24 cm and larger were mature. 
More than half of females were mature at 24 cm (Fig. 8). 
The minimum length of mature females in the sample 
was 22 cm and 18 cm for males. It is concluded, that 
sexual maturation normally occurs at 2 years of age 
(ICES, 2003). 

Visual examination of haddock gonads collected 
in the spawning period 2000–2006 showed that  
ML50 = 23.1 cm, according to histological examination 
ML50 = 23.0 cm (Fig. 8).

Of particular interest are results of a comparison of 
histological and visual estimation of maturity status of 
haddock gonads collected in the post-spawning period. 
From a visual examination of 38 gonads, collected in 
August–September 2004, there were 16 immature and 22 
post-spawning fish. Histological examination showed that  
there were only four immature fish in the sample and the 
other 34 females took part in spawning in spring (Fig. 9). 
The length of 12 fish which were erroneously classified 
as immature ranged 25–35 cm (27.7 cm on average).

Length (cm)
Number of haddock

II III IV IVa Total
24 1 1
25 1 1
26 1 3 4
27 1 1 2
28 3 3
29 3 3
30 6 6
31 6 1 7
32 1 6 7
33 4 1 5
34 4 4
35 2 2
36 3 3
37 2 2
38
39 1 1

Total 3 44 4 51

TABLE 2.  Number of haddock (both sexes combined), by 
maturity stage, collected on the southwest slope 
of Rockall Bank in March 1977 with a bottom 
trawl by RV “Odissey”. No immature haddock 
were found.
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Areas and periods of spawning

At the end of March 1977, the majority of  
individuals were in pre-spawning condition (Table 2).  
Active spawning  was recorded in the first half of 
April. During this period, 57% of individuals were in a  
condition of spawning, and 25% had finished spawning 
(Table 3).

In 2000, spawning of haddock was found during 
the period from March until May. On a site located out-
side the 200-mile zone, spawning haddock occurred in a 
range of depths 185–290 m. The most intensive spawn-
ing was recorded in the first half of April. At the end of 
the month, the proportion of post-spawning individuals 
in catches had increased to 52%. During the spawning 
season some pre-spawning fishes were observed on the 
spawning area. At the beginning of June all non-immature 
individuals were in a post-spawning condition.

In 2001, on the southwest slope of the bank, spawning 
began in the middle of March at depths from 180 to 350 m, 
with the most dense concentrations of haddock recorded 
in depths of 200–300 m. The proportion of spawning  

females and males around 20 March was 27% and 19%,  
respectively. By the end of March their quantity had 
increased to 64 and 66%, respectively. In April–May  
research here was not pursued. In June–July, 
the density of concentrations had decreased considerably.  
The main part of the haddock population had finished 
spawning and had left the area.

In the same area in the middle of April 2002,   
45% of the catches consisted of spawning individuals. 
Some 16% of the fish had spawned one or several batches 
of eggs and were preparing to spawn another batch, and 
14% of individuals were in post-spawning recovery.  
Additionally, some post-spawning females were observed.  
 

In 2004, spawning of haddock in the southwest 
of the bank began about 10–20 March. By the end of 
March, more than 90% of individuals were in spawning  
or pre-spawning condition. In the first half of April, 
about 27% of males had finished spawning (stage VI).
At the same time about 77% of females had only started 
spawning and 3% had finished spawning. By 20 May, 
spawning had practically ended.

Length 
(cm)

Number of haddock
II III IV IVa V VI VI–II Total

24 1 1 2
25 1 2 4 7
26 2 6 2 6 1 17
27 1 1 12 1 9 1 25
28 1 6 10 3 3 1 24
29 1 2 12 2 14 31
30 2 14 4 7 2 29
31 9 19 3 11 1 43
32 8 19 4 4 2 37
33 9 22 2 9 1 43
34 7 11 4 22
35 2 6 2 2 12
36 3 13 2 18
37 3 8 3 1 15
38 2 2
39 1 1 2
40
41 1 1

Total 2 1 57 158 30 72 10 330

TABLE 3.  Number of haddock (both sexes combined), by maturity stage, collected on the south-
west slope of Rockall Bank in April 1977 with a bottom trawl by exploratory vessel 
“Parallaks” (Filina et al., 2006). Only two immature haddock were found.
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In March 2005, spawning haddock were caught 
in practically all areas of the bank, however the most  
active spawning was on the southwest part of the bank 
at depths of 180–300 m. During this period, the majority 
of  the haddock stock was concentrated here. Spawning 
of haddock began about the middle of March. By the 
end of the month, more than 90% of individuals were in 
spawning or pre-spawning condition and part of the 
population had finished spawning. In April, 20% of  
individuals had finished spawning. In May,  the majority 
of individuals had finished spawning, in June only some 
spawning individuals were recorded.

In 2006, 54% of individuals were spawning in 
the second half of April. By the beginning of May,  
52% of males and 62% of females had finished spawning. 
Spawning was basically completed by the second half 
of May.

Sexual structure

In March–April 2000, catches were dominated 
by females on the southwest slope banks (Table 5).  
In 2001, the quantity of females in the March catches 
was greater than males (1.0:1.3), at the end of June–July 
the relative proportion of females had increased (1.0:1.6),  
and females still dominated the catches during August 

(Table 5). In 2003, females in May–June were slightly 
more numerically prevalent (1.0:1.1), whereas in July–
August males dominated (Table 5). In 2004, the catch-
es in March–April contained more females, whereas  
in May and August–September there were more males.  
In 2005, females prevailed only in March and September.  
In 2006, the ratio of sexes was approximately equal  
during all periods of research (Table 5).

Fecundity

In accordance with the data from work carried 
out in 2004–2006 the individual potential fecundity of 
females with a length of 24–71 cm and with a weight of 
130–3 480 g of 2–9 year-olds varied from 44 thousand 
to 2.3 million  eggs. Females with a length of 26 cm,  
with the weight of 130 g at the age of 2 years had 
the minimum fecundity, the one with length 71 cm, 
weight of 3 480 g and 9 years old had the maximum  
fecundity. Absolute potential fecundity (APF) increased  
with age: it was 78 thousand eggs in first spawning  
fish of 2 years old, 170 thousand eggs in 3 year olds,  
340 thousand eggs in 4 year olds, 555 thousand eggs in  
5 year olds, 716 thousand eggs in 7 year olds,  
and 947 eggs in 8 year olds (Fig. 10a). These results 
correspond well with results of the previous research 
(Shestov, 1977).

Month Year
Number of haddock

II III IV V Va VI VI–II Total
Mar 2000 4 170 64 222 20 480

2001 83 47 314 276 24 2 746
2005 166 353 223 47 58 2 3 852

Apr 2000 10 18 287 136 303 82 14 850
2004 1 246 88 233 89 2 659
2005 265 296 592 295 663 454 73    2 638
2006 205 90 187 489 250 29    1 250

May 2005 60 20 31 111 415 492    1 129
2006 341 29 55 258 670    1 153    2 506

Jun 2005 41 8 118 458 625
2006 213 1 1    1 235    1 450

Aug 2004 33 228 261
Sep 2004 14 474 488

2005 166 534 700
2006 277 415 692
2007 260 757 1017

Dec 2001 2 31 13 46

TABLE 4.  Number of haddock (both sexes combined), by maturity stage, collected at the Rockall 
Bank in 2000–2007.
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The dependencies of absolute potential fecundity 
APF on age, length and weight (Fig. 10) are described 
by the equations:

where APF is absolute potential fecundity, a is age  
in years, L is length in cm,  W is weight in g. The closest 
correlation (r2 = 0.92) is between fecundity and weight 
of a haddock (Fig. 10c).

Average batch fecundity in thousands of eggs 
was 4.3 for 3 year-olds, 17.0 in 4 year olds, 36.5 in  
5 year olds, 40.1 in 8 year olds. In some individuals 
the batch varied from 5.3 to 9.5% of the total  
potential fecundity. This did not vary between years,  
and was 6.1% for 3 year-olds, 5.3% for 4 year olds, 
7.4% for 5 year olds, and 6.2% for 8 year olds.  
Haddock produces 11–19 batches over the course 
of a spawning season. The number of batches 
does not depend on the age of fish. The vitellogenic 
oocytes had the mean diameter of 663 µm (S.D. = 112 µm)  
and hydrated oocytes 1 417 µm (S.D. = 102 µm).

Discussion

According to most researchers, the group of haddock 
from the Rockall Bank is an isolated population (Chuksin 
and Gerber, 1976; Shestov, 1977; Blacker, 1982; 
Vinnichenko and Khlivnoy, 2007). Rockall haddock  
are of a smaller size when compared to haddock 
from other areas. The bulk of the population is made 
up of individuals 20–35 cm long, the portion  
of larger haddock is minor (Khlivnoy, 2005, 2006; 
ICES, 2005a; ICES, 2007; Vinnichenko and Khlivnoy, 
2007). It has previously been established, that the 
haddock of this area differ from other populations 
in terms of rates of growth, feeding and population 
dynamics (Shestov, 1977; Blacker, 1982; Khlivnoy, 2006;  
Vinnichenko and Khlivnoy, 2007). Results of the present  
research suggests, that the haddock of this population also 
have a number of particular features with respect to rates 
of sexual maturity, character of spawning and fecundity. 

As microscopic examination showed, in the period of 
trophoplasmatic growth, the oocytes of Rockall haddock 
had the same development phases as those of the other 
Gadidae  (Sorokin, 1957;  Alekseeva and Tormosova, 1979).  
These are the phases of vacuolization and primary  
accumulation of yolk, intensive trophoplasmatic growth, 
yolk-filled oocyte and of hydration (Fig. 2). All the 
oocytes of haddock from both the Rockall area and  
the North Sea (Alekseeva and Tormosova, 1979) 
for spawning in the nearest spawning period enter 
trophoplasmatic growth in autumn. The Rockall haddock  
oocyte development is asynchronous process.  

Similar spawning processes occur in haddock from 
the North Sea where the quantity of eggs in the first ripened 
batch makes 7–10% of the number of oocytes in tropho-
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Fig. 4.  Diameter of oocytes with protoplasmatic growth in 
Rockall haddock ovaries of various maturity stages: 
(A) maturing (Maturity Stage III); (B) pre-spawning 
(Stage IV); (C) pre-spawning (Stage IVa); (D) pre–
spawning before spawning the first batch of eggs 
(Stage IVa); (E) having spawned one or more batches 
of eggs (Stage Va); and (F) and (G) before spawning 
a following batch of eggs (Maturity Stage Vb).

APF A= ( )15829 22 1477.

APF L= ( )2 5324 33 2039. .

APF W= ( )437 02 41 043. .
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Fig. 5.  Sections of the Rockall haddock testes in different maturity stages for given month of sampling 
and fish length (×400). (A) pre-spawning (Stage IV), March, 21 cm; (B) spawning (Stage V), April, 
24 cm; (C) post-spawning (Stage VI), May, 24 cm; and (D) post-spawning recovery (Stage VI–II), 
September, 30 cm. Key: SZ – spermatozoids, RSZ - residual spermatozoids, SC - spermatocides, and 
ST - spermatids.

Fig. 6.  Maturity ogives of haddock from the south-western slope of the Rockall Bank in the 
2000–2006 spawning seasons. Parameter estimates and statistics are given for each fit 
using Eqn (1).
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2000: ML50=21.10, s.e.=0.097; a=2.026, s.e.=0.347; n=1 332, r2=0.986
2001: ML50=22.43, s.e.=0.105; a=0.470, s.e.=0.263; n=746, r2=0.889
2004: ML50=21.00, s.e.=0.0006; a=1.78, s.e.=0.024; n=3 059, r2=0.999
2005: ML50=23.76, s.e.=0.0280; a=1.55, s.e.=0.078; n=2 082, r2=0.987
2006: ML50=22.96, s.e.=0.0258; a=0.891, s.e.=0.020; n=3 756, r2=0.993 
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plasmatic growth, and all females spawn 10–14 batches 
of eggs (Alekseeva and Tormosova, 1979). 

The Rockall haddock population has an early rate of 
maturing. The results from Russian research on haddock 
indicated that mass sexual maturation occurs at the  
2 years of age with a length of 25 cm. These data agree 

well with the results of recent Scottish research which 
indicated that the majority of fish become mature as 
2 year-olds (ICES, 2003).

The bottom water temperature across the areas of 
distribution of haddock varies over a wide range, from 
3°C in Barents Sea and up to 11°C in Celtic Sea (Table 6). 
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Males: ML50=22.6, s.e.=0.022; a=1.11, s.e.=0.028; n=5 070, r2=0.992
Females: ML50=23.5, s.e.=0.003; a=1.90, s.e.=0.010; n=5 905, r2=0.999
 

Fig. 7.   Maturity ogives of male and female haddock from the Rockall Bank combined over the 
2000–2006 spawning seasons. Parameter estimates and statistics are given for each fit 
using Eqn (1).
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Visual estimation: ML50=23.08, s.e.=0.015; a=1.47, s.e.=0.033; n=10 975, r2=0.997
Histological estimation: ML50=23.02, s.e.=0.067; a=0.709, s.e.=0.042; n=216, r2=0.943
 

Fig. 8. Maturity ogives of Rockall haddock by visual and histological estimations com-
bined over the 2000–2006 spawning seasons. Parameter estimates and statistics 
are given for each fit using Eqn (1).
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The populations with early age of maturity live in warmer  
waters, and populations living in areas with colder bottom 
water temperatures mature at an older age (Table 6). 
The latest maturing population is that of the Northeast  
Arctic haddock living in waters with bottom  
temperature 3–4°С. The fish of this population become 
mature at approximately six-years-old. Haddock become 
mature at the age of 3–4 years in the rather warm water 
areas around Iceland, Faroe Islands and the North Sea. 
The haddock living in areas to the West from British 
Isles where the temperature of the water in the benthic 
layer is 10–11°С have the earliest age at maturation and 
on average maturation occurs at 2 years of age (Petrie 
and Drinkwater, 1993; Malmberg, 1999; Drinkwater, 
2005; ICES, 2005b, c, d, e, f). The Rockall haddock lives 

in similar temperature conditions and, probably, for this 
reason it also matures at early ages (ICES, 2003).

A comparative analysis of the results from 
visual and histological estimation of haddock 
maturity indicated that the ovary maturity stages 
were determined in sea conditions very accurately in pre-
spawning and spawning periods (March–May) when the 
gonads of mature and immature fish significantly differed 
in appearance. However, in the post-spawning period, 
the results from field visual determination of haddock 
female gonad stage was prone to error compared to the 
histological staging. Evidently, in the field, in order to 
obtain more reliable data, female maturity should be 
determined in pre-spawning and spawning periods. The 
unreliability of field visual maturities determined during 
the post-spawning period could potentially be used to 
explain changes in fish size at maturity in the 1960s 
and 1970s. For example, difficulties associated with 
determining maturity of haddock during the summer 
(post-spawning) season of 1969–1970, likely led to an 
over-estimate of length at sexual maturity. At the same 
time, practically all individuals with length more than 
23 cm were determined as mature in March–April, 1977 
(the spawning period) (Tables 2 and 3)  and this corre-
sponds well with the modern data.

There was some inter-annual variation in 
spawning period but mainly spawning takes place in 
March–May and mainly on the southwest slope of 
Rockall bank. During this period the females, as a rule, 
numerically prevail over males in this area (Table 5). 

Years
Male/female sex ratio (Number of individuals examined)

Mar Apr May Jun Jul Aug Sep
2000 1.0/1.1 1.0/1.3 – – – – –

(480) (850) – – – – –
2001 1.0/1.3 – – – 1.0/1.6 1.0/2.8 –

(746) – – – (483) (50) –
2003 – – 1.0/1.1 1.0/1.1 1.2/1.0 1.3/1.0 –

– – (222) (255) (242) (260) –
2004 1.0/1.3 1.0/1.2 1.3/1.0 1.0/1.1 1.0/1.2 1.1/1.0 1.3/1.0

(1400) (2291) (638) (646) (856) (261) (489)
2005 1.0/1.2 1.0/1.0 1.1/1.0 1.3/1.0 – 1.0/1.0 1.0/1.1

(1802) (2638) (2047) (625) – (316) (2638)
2006 – 1.0/1.0 1.0/1.0 1.0/1.0 1.0/1.4 1.1/1.0 1.0/1.1

– (1250) (2506) (1450) (100) (350) (954)

TABLE 5.  Sex ratio of haddock on the south-western slope of the Rockall Bank in 
2000–2006.

Fig. 9.  Visual and histological determination of imma-
ture (Stage II) and post-spawning (Stage VI–II) 
female numbers for the sample collected in 
August–September 2004.
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Towards the end of spawning the relative quantity of 
females usually decreases. During the post-spawning 
period (June–September) in the southwest banks males 
are slightly more abundant or both sexes occur in 
approximately equal numbers.

The absolute potential fecundity of Rockall 
haddock is close to those in the North Sea population 
but is lower than the fecundity of the Northeast Arctic 
population. Alekseeva and Tormosova (1979) give the 
fecundity of North Sea haddock as 118 thousand eggs 
for 3 year olds, 418 thousand eggs for 5 year olds and 

660 thousand eggs for 7 year olds, while Barents and the 
Norwegian Seas it is 879 thousand eggs for 5 year-olds 
and 958 thousand eggs for 7 year olds (Sonina, 1973). 
Compared with these haddock stocks the fecundity at age 
is lower on the eastern Scotian Shelf. Blanchard, Frank 
and Simon (2003) reported that the fecundity of the  
eastern Scotian Shelf haddock was 123 thousand eggs for 
5 year-olds and 146 thousand eggs for 6 year olds. The 
potential and actual fecundity may differ substantially  
depending upon the numbers of oocytes in the  
potential that are resorbed during the spawning season 
(Kjesbu et al., 1991; Armstrong et al. 2001; Hunter 
and Macewicz, 2003). Histological analysis would 
have to be used to select pre-spawning females and 
the criteria to identify eggs comprising the fecundity.
Generally the mean diameter of the advanced stock of 
oocytes is the accurate measure of ovarian maturity 
(Hunter et al., 1989; Hunter et al., 1992; Gundersen et al., 
2000;  Kurita et al.,  2003; Murua et al., 2003). The 
vitellogenic oocytes of Rockall haddock had the mean 
diameter of 663 µm and hydrated oocytes 1 417 µm.

The batch fecundity of Rockall haddock increased   
with age proportional to the increase in absolute potential  
fecundity but the number of batches does not depend on 
age of the fish. Results of the present research corresponds  
well with other studies of haddock.  Alekseeva and 
Tormosova (1979) moreover reported  that  during  
spawning 10–14 batches of eggs were spawned.  
Hawkins et al. (1967) give 14 batches and Rideout et al. 
(2005) give 10–22 batches of eggs for haddock spawned 
in captivity.

Conclusions

The research, executed in recent years, improves the 
knowledge of reproductive biology of Rockall haddock 
and allows the following conclusions to be drawn:

• Asynchronous vitellogenesis and batch 
spawning are typical of the Rockall 
haddock.

• The minimum length of mature female in 
histological samples is 22 cm, and that of 
males is 18 cm.

• The majority of haddock mature at a length 
of 25 cm for females, and 24 cm for males. 
Average age at first maturity of both sexes 
was at 2 years of age.

• Rates of maturation of Rockall haddock are 
close to the populations of this species living  
on the continental shelf around the 
British Isles.

• Data on haddock maturity in field conditions 
should be determined in pre-spawning and 

Fig. 10.  The dependences of absolute potential fecundity of 
Rockall haddock on (A) fish age; (B) fish length; and 
(C) fish weight.
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spawning periods. Conducting these studies 
during other seasons of the year increases 
the probability of mistakes.

• Haddock spawning mainly took place in 
March–May.

• Fecundity increases with age.

Results of the present research may be used in the 
development of regulatory measures for the Rockall 
haddock fishery.
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