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ABSTRACT

Maturity stages of 42,051 horse mackerel (Trachurus trachurus trachurus) of both sexes were
examined in the North-East Atlantic Ocean (NEA) in 1984 and 1985. 99,157 specimens of
T. t. capensis were staged in the South-East Atlantic (SEA) and in the Agulhas Bank (AB)
region of the Indian Ocean during the period 1992-1994. Sex ratios, maturity ogives and
lengths-at-sexual maturity (LMSO) were computed for the specimens of both areas. Sex
ratios in the SEA and on the AB were in favour of males, whereas females were more
abundant in the NEA in the size-classes >32cm. The relationships between sex ratio and fish
length conformed with the effects of environmental sex determination and sex-specific
adult mortality. In the NEA, sexual maturity occurred at higher lengths and older ages than
in South African waters. Intra-regional differences among maturation rates and the LMj5q
of both sexes exceeded inter-regional differences. Sexual maturity appeared to be linked to
growth rate. A comparison of the relationships between water temperature and LMg, of
males and females suggested a more direct response of the males to changing environmental
conditions, regardless of their origin from the NEA or SEA/AB. A comparison of the ogives
for slope parallelism revealed that the maturation rates of males and females were, in many
cases, identical in the NEA and SEA/AB, indicating stable populations with a high level of
phenotypic plasticity. The possible causative relationships between changes in length-at-
maturity and changes in surplus energy compartmentalization among the competing traits
growth, maturation and migration were explored and served to interpret the observed
maturation patterns.
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INTRODUCTION

Horse mackerel Trachurus trachurus trachurus in the North-East Atlantic Ocean have been
studied intensively with respect to their maturation (¢ g. Macer, 1'974; Arruda, 1984),
spawning periods (e.g. Borges et al., 1977; Iversen et al., 1989; Eltink, 1992) and fecundity
(Arruda, 1986; Eltink & Vingerhoed, 1989, 1993). In this region, horse mackerel mature at
lengths of 17-27cm (Polonskii, 1969; Overko, 1974; Kerstan, 1988; Lucio & Martin, 1989),
which correspond to an age range of 2-5 years (e.g. Sahrhage, 1970; Overko, 1974; Kerstan,
1985). Depending on the subarea of the North-East Atlantic, mature males are smaller and
younger than females (e.g. Kerstan, 1988) or of equal size (Lucio & Martin, 1989). Sex
ratios rarely depart from 1:1 (Kerstan, 1991).

Previous studies on the maturation of the Cape horse mackerel Trachurus trachurus
capensis on the Agulhas Bank off South Africa’s south coast indicated a length of 33-43cm
at 50% maturity (e.g. Payne, 1986; Hecht, 1976, 1990). According to an accompanying
ageing study, a length of 33cm corresponded to an age of about 2 years (Hecht, 1990).
However, recent studies indicate that the age at 33cm is 4 rather than 2 years (Kerstan,
1995) and that the lengths-at-maturity of horse mackerel on the Agulhas Bank were
markedly smaller than previously believed (Kerstan, in prep.). On the Agulhas Bank, the sex
ratios of horse mackerel varied in relation to longitude and temperature (Kerstan, in prep.).

As all maturation studies in the North-East Atlantic and off South Africa (Kerstan,
1985, 1988, in prep.) were done by the same author and were based on the same confirmed
(Arruda, 1984) staging scale of Macer (1974), a comparison of the maturation patterns
between these two areas can be done with confidence. The present study compares sex ratios
and maturation patterns in horse mackerel from the North-East Atlantic with those from the
South-East Atlantic Ocean and the Agulhas Bank in the Indian Ocean. The study
investigates the observed similarities and differences in relation to the environment and to
the biology of the species.

MATERIALS AND METHODS

Data for the North-East Atlantic Ocean (NEA) was collected during three research
cruises conducted by FRV ’Anton Dohrn’ in 1984 and 1985. The first cruise in April 1984
covered the continental shelf areas off Great Britain and Ireland (Kerstan, 1988). The
survey on the continental shelf was extended to the southern Bay of Biscay (44°30’N) during
the second cruise in April/May of 1985 but ended off the northwestern tip of Ireland (Fig.
la) at 55°30’'N (Kerstan, 1988). About 52% of all specimens were collected in the Bay of
Biscay. The third cruise in September 1985 commenced off South-West Ireland and ended
north of Scotland (Kerstan, 1988). This survey covered an area similar in extent to the one
covered in spring 1984. The depth range fished during all three surveys was 60-250m. The
number of fish sampled for staging varied from <10 to >1000 per trawl, depending on the
time available between tows.



FIG. 1.

Maps of the survey areas in

a: the North-East Atlantic (NEA) Ocean,
surveyed in 1984 and 1985, and

b: the South-East Atlantic (SEA) Ocean and
the Agulhas Bank region of the Indian
Ocean.

Maturation staging in South African waters began in early spring (September) 1992.
The first survey carried out on FRV ’Africana’ covered the Agulhas Bank (AB) region of
the Indian Ocean between 20° and 27°E and between 33°30° and 36°S (Fig. 1b). During the
second cruise in September 1993, the survey area on the AB was extended to include the
southern tip of the Bank at 36°30°S (Kerstan, in prep.). The depth range sampled during
both these surveys ranged from 30 to 180m. A third cruise in January 1994 extended from
the western Agulhas Bank to the west coast of South Africa (Fig. 1b). The trawl depths
during this cruise ranged from 50 to 350m. During all three surveys, entire catches were
staged if they contained <1500 specimens.

During all six surveys, fish lengths were measured as maximum total length (TL) to
cm below. Bottom temperatures ("C) were recorded at each catch location where horse
mackerel occurred. In order to detect possible effects of environmental sex determination
(Charnov & Bull, 1977), sex-specific mortality (Holtby & Healey 1990), or differential
growth (Davis & West, 1992) on the sex composition of the horse mackerel populations from
the NEA and South African waters, the changes in sex ratios with fish size were
investigated. The sex ratio was defined as the proportion of males in the population. The
size-classes under 15cm were excluded, because of a potential error in macroscopic sex
determination. Size-classes of the biggest fish were omitted if less than four specimens were
available. Maturity stages of testes and ovaries were judged according to the macroscopic
scale of Macer (1974). Because of problems concerning the distinction between resting and




to an 8-stage scale (Table I). The latter scale was simplified to a-4-stage scale for the
studies in South African waters (Kerstan in prep.). Critical to the classification of specimens
as being sexually mature was the distinction of oocytes, which only become visible to the
naked eye at the early developing stage 3/1II (Macer, 1974; Hecht, 1976, 1990). Oocytes are
neither visible in resting mature/recovering ovaries nor in developing virgin ovaries (Macer,
1974; Hecht, 1976, 1990).

TABLE L.

Correspondence between the original maturity stages given in Macer (1974) and its
modifications (Kerstan, 1985, 1988; Lucio & Martin, 1989) and the stages developed by
Hecht (1976, 1990).

Macer (1974) Kerstan Lucio & Kerstan Hecht
Stage (1985) * Martin (in prep.) (1976)
description (1988) (1989) (1990)
Virgin 1 1 1 1 |
Developing virgin 1-3 2 2 1 ]|
Resting (mature fish) 2 8 2 2 i, 1
Developing (early) 3 3 3 2 [l
Developing (later) 4 4 4 3 A"
Ripe 5 5 4 3 v
Running 6 6 5 4 Vi
Partly spent 7 7 6’ 4 Vil
Spent 8 7 6 4 Vil
Recovering 9 8 7 2 l

Maturity data from the NEA (Kerstan, 1988) and the AB (Kerstan, in prep.) were re-
calculated using a unified non-linear fitting method (SPSS Inc., 1992). In addition, data
from the survey off the South African west coast survey in the South-East Atlantic Ocean
(SEA) in January 1994 was included. For comparative purposes, ogives using the original
frequencies of mature and immature males and females staged by Lucio & Martin (1989;
Table 3) in the Bay of Biscay in 1987 and 1988 were computed. Proportions of mature
specimens were transformed into logits and weighted by sample size. The goodness-of-fit
was judged by the sizes of the standard errors of constants (a) and slopes (b) and the
residual sums of squares (SSQ). The lengths at sexual maturity (LMSO) were computed by
substitutions of the length (1) in the standard logistic regression function

p(%) = 100 / 1 + a(e~®})

until the proportion mature (p(%)) reached 50%. In order to determine whether the
regressions indicated similar rates of maturation for the NEA and South African horse
mackerel populations, a Chi2-test for slope parallelism (SPSS Inc., 1992) was used to test the
slopes for significant (P< 0.2) differences. Ages at sexual maturity for NEA specimens were
re-calculated from the combined age-length data set used by Kerstan (1991). The growth
function given in Kerstan (1995) served to compute ages at maturity for SEA/AB fish.



RESULTS

Sex ratios showed opposite trends with respect to size between the NEA and SEA/AB
populations. In the NEA, sex ratios decreased with increasing size from about 0.51 in the
15cm-class to 0.46 at 40cm (Fig. 2). The relationship between ratio (p) and length (1) was
best fitted by a 2nd-order polynomial of the form

p = 0.47 + 0.0039 1 - 0.0001 12.
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FIG. 2.

Relationship between sex ratio and length in the horse mackerel populations of the NEA
and SEA/AB regions.

A fairly constant sex ratio of about 0.51 in the lower size-classes (15-28cm) indicated a
balanced sex ratio until all males became mature (Table II). In South African waters, the
relationship between sex ratio and fish length also followed a 2nd-order polynomial:

p = 0.7665 - 0.017 1 + 0.00027 12.

Males of 15-23cm were much more abundant in the SEA/AB area than in the NEA (Fig. 2).
Although proportions of about 50% were predicted for size-classes 27-37cm, males were
still more numerous, reaching a maximum of 53% in the 33cm size-class. In horse mackerel
larger than 40cm, the proportions of males increased rapidly with increasing size, exceeding
62% at 53cm.

Before maturation rates and LM50 values were compared, maturation ogives were
visually inspected for their goodness of fit. The ogive calculated from the proportions of

mature females collected from the AB in September 1992 gave an unsatisfactory fit to the
observed slope (Fig. 3) because of a pronounced asymmetry in the size-classes above

1
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28.5cm. The fit was visibly improved using a truncated length range of 13-28cm. The
truncation had little effect on the LMs but it changed the regression parameters markedly
(Table II). All other ogives represented the entire size range.

TABLE II.

Maturity ogive parameters and their standard errors (s.e.) and lengths (LMSO) and ages at

50% and 95% maturity for male and female horse mackerel collected in the NEA and
SEA/AB region.

Regression parameters 95%-Contf. limits Age at
Sex Region Date No. Constant Slope LM50 lower upper LM50 LMO95
(mofyr) staged In(a) s.e. b s.0. {cm) {cm) (cm) {yrs) (cm)
Male NE-Atlantic 4/84 5718 19.0071 0.8601 0.7860 0.0324 24.2 23.7 24.6 3.4 27.9
4/85 11397 7.6520 0.3604 0.3802 0.0137 20.1 17.0 22.0 25 279
9/85 3882 29.8526 22454 1.2150 0.0877 24.6 24.3 24.8 3.5 27.0
Biscay ** 1987/88 879 11,7048 1.2810 0.5839 0.0543 20.0 -6.9 239 25 25.1
SE-Aflantic  1/94 8237 186397 09351 07904 0.0352 236 23.2 239 22 27.3
Agulhas Bk 9/92 18902 11.5430 0.3043 0.6008 0.0137 19.2 16.8 20.7 15 241
9/93 24490 17.6596 0.4302 0.8691 0.0203 203 19.9 20.7 1.7 237
Female NE-Atlantc 4/84 5780 162553 0.6539 0.6033 00229 269 267 27.1 4.1 31.8
4/85 11766 12,0550 0.2914 0.4608 00108 26.2 25.9 26.4 40 32.6
9/85 3508 16,7100 08290 0.6259 0.0316 26.7 26.3 27.0 41 31.4
Biscay ** 1987/88 11585 82306 0.8587 0.4208 0.0374 19.6 125 23.0 23 26.6
SE-Atlantic 1/94 7857 10.5886 0.3842 0.4114 0.0128 25.7 25.1 26.3 2.6 329
Agulhas Bk 9/92 18122 57397 0.1265 0.2621 0.0050 219 19.4 24.2 20 33.1
9/92* 8864 136195 0.3343 0.6040 0.0135 225 21.7 23.2 241 27.4
9/83 21549 15,6453 0.2510 0.6385 0.0102 24.5 24.2 24.8 2.4 29.1
*) Truncated length range (13 - 28¢m).
**) Re-calculated from Lucio & Martin (1989; Table 3).
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Maturity ogives calculated for horse mackerel from the AB region, using the entire length
range and a truncated range of 13-28cm.
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Intra-regional differences among maturation rates a,nd the LMSO of males and females
in the NEA and the SEA/AB equalled or exceeded the inter-regional differences between
specimens from those areas, indicating an environmentally, rather than a genetically,
controlled maturation process. In the NEA, males were sexually mature at 24.2cm in April
1984 and at 24.6cm in September 1985 (Table II). However, in 1985 sexual maturity was
already achieved at 20.lcm, a length identical to the LMs, re-calculated from Lucio &
Martin (1989) collections in the Bay of Biscay. 52% of all the specimens examined by
Kerstan (1988) in spring 1985 were also collected in the Bay of Biscay. Length-at-maturity
of horse mackerel on the AB was very similar to those from the Bay of Biscay in 1987/88
(Table II). However, the steeper slopes of the maturity ogives from the AB predicted faster
maturation than in the NEA. The ogive describing the maturation process of horse mackerel
in the SEA in summer 1994 closely resembled the ogive computed from the spring survey in
the NEA in 1984 (Fig. 4). In general, the interannual differences among ogive slopes and
LMgs from corresponding sub-areas in the NEA‘and the SEA/AB were smaller than the
differences caused by a shift of the survey area by about 300 nautical miles in both areas.
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FIG. 4.

Maturity ogives of male horse mackerel computed for specimens in the NEA in spring (s)
and autumn (a) of 1984 and 1985 and for fish in the SEA/AB region during the preiod
1992-1994.

The same general principle applied to the observed maturation patterns of the females
in the NEA and SEA/AB (Fig. 5). However, the rates of maturation were always lower than
those computed for male horse mackerel (Table II), indicating a slower process involving
more age-groups. The LM computed from Lucio & Martin (1989) did not correspond
with any of the values observed in the present study. The distance between the ogives of
the females collected on the AB in 1992 and 1993 (Fig. S) indicated a higher interannual
variability of the onset of the maturation process than the ogives from the NEA predicted
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for NEA horse mackerel The LM 50 of 24.5cm for females from the AB in 1993 was closer
to the LM of 25.7cm for females in the SEA than to the value of 22.5cm calculated for
AB specimens the year before.
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FIG. 5.

Maturity ogives of female horse mackerel computed for specimens in the NEA in spring (s)
and autumn (a) of 1984 and 1985 and for fish in the SEA/AB region during the period
1992-1994.

A comparison of the ogives for significant (P<0.2) slope parallelisms showed that the
maturation rates of both males and females were, in many cases, identical (1.00) for the
NEA and SEA/AB populations, although their LM, values differed by 2-4cm. The rate of
maturation computed for the males from the spring survey in 1985 was identical to that
given in Lucio & Martin (1989) for the Bay of Biscay specimens and for the horse mackerel
collected on the AB in 1992 (Fig. 6). The slopes of the maturity ogives were also identical
among males staged in the central section of the NEA in 1984 (Kerstan, 1988) and on the
AB in 1993. The probability of identical slopes among males from the NEA in 1984 and the
SEA in 1994 was high (58%). Identical slopes were observed among males from the AB in
spring 1993794 and the SEA in summer 1993/94.

The slopes of the maturity ogives from female horse mackerel from the northern and
southern hemispheres were very similar (Fig. 6). The slope of the ogive describing the
maturation process in the NEA in April 1984 was identical to those calculated for females
from the AB region in 1992 and 1993 (Fig. 6). The slope for females from the AB in spring
1993 was similar to those computed for the NEA females in spring and autumn 1985 and
those predicted for the AB in 1992 and the SEA in 1994. Moreover, the Chiz—test indicated
no significant differences between the slopes for females from the AB area in 1992, the
SEA in 1994, and the Bay of Biscay in 1987/88 (Fig. 6). The low probability of 0.21 for




identical maturation rates in the NEA in spring 1984 and 1985 is a result of the extension
of the survey area into the Bay of Biscay in spring 1985.

MALES

NEA  NEA NEA Biscay SEA AB AB
1984 1985 1985 L&M. 1994 1992 1993
Apr. Apr. . Sept. (1989) Jan. | Sept. Sept.

NEA
1984 0 0 0 0.58 0 1.00
Apr.
NEA
1985 o 0 1.00 0] 1.00 0
Apr.
NEA
1985 0.21 0 o 0 0 o
Sept.
Biscay :
L.& M.** o o 0 0 0] 0
(1989)
SEA
1994 0 0 0 1.00 0 1.00
Jan.
AB
1992 1.00* 0 0] 1.00 0 0
Sept.
AB
1993 1.00 1.00 1.00 0 1.00 1.00*
Sept.

FEMALES

*) Significant with truncated length range (13-28cm).
**) Source: LUCIO & MARTIN (1989).

FIG. 6.

Matrix of significant (P<0.2) ogive parallelisms for male and female horse mackerel
collected in the NEA in 1984/85 and in the SEA/AB region in 1992-1994,
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Bottom temperatures taken during the surveys were used as a relative index of the
temperature regime in the survey areas.. LMgqs of males and females showed different
relationships to temperature. Temperature means (t) were significantly correlated (r=0.971)
with the LMgqs of the females regardless of the area in which they were collected (Fig. 7).
The relationship was dome-shaped following the regression function -

LMgg = 14.03:(t:c(-0-16640(0.0996)

The relationship between temperature and LM;5 of males was best fitted (r=0.755) by a
linear function of the form

LMg, = 32.578 - 0.981t.

The use of the LMgqs and temperatures from the various sub-areas of the NEA (Kerstan,
1988) as separate data points did not change the form of the regression. The positions of the
LMjyqs of the South African horse mackerel at high and low temperature extremes indicated
that environmental conditions parallel or affect sexual maturity in a predetermined way,
regardless of the area.
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FIG. 7.

Relationship between bottom temperature and length-at-maturity (LM5q) for male and
female horse mackerel collected from the NEA and SEA/AB.
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DISCUSSION

Before the observed similarities and differences can be explamed with regard to the
envrronment and brology of the species, the general characteristics of the physxcal
environments of the NEA and SEA/AB need to be considered.

Environmental conditions in the NEA vary on a larger scale than in the SEA/AB. The
NEA area is characterised by the seasonal formation and decay of the thermocline and by
the frontal gradients between tidally mixed shelf waters and stratified oceanic water masses
or coastal currents (e.g. Pingree, 1975, Pingree & Griffiths, 1978; Pingree et al., 1982).
Upwelling is limited in the northern NEA but its intensity increases towards the southern
Bay of Biscay (e.g. Simpson et al., 1978; Pingree et al., 1982; Littaye-Mariette, 1990).
Consequently, the annual migrational cycle of horse mackerel in the NEA (Chuksin et al.,
1977) is strongly mﬂuenced by the hydrographlc conditions (Domaschenko & Amarov, 1975
Chuksin & Nazarov, 1989) The growing season is confined to the short penod between the
end of the spawning season in May-July (e.g. Iversen et al., 1989) and the start of the
overwintering period in November/December (Nazarov & Dobrusin, 1977). Horse mackerel
overwinter regularly in the deeper waters over the continental slope, which is under the
influence of warmer oceanic water (Lockwood & Johnson, 1977). Environmental conditions
seem to be more favourable in the Bay of Biscay because spawning is sustained there for a
longer period (Lucio & Martin, 1989) than in the northern NEA.

The SEA and AB areas are characterised by a high variability of the shelf
environment in the upper 200m of the water column. Specific features in the SEA include
semi-permanent upwelling tongues isolated by oceanic fronts and longshore currents of
different directions (e.g. Andrews & Hutchmgs, 1980; Nelson & Hutchmgs, 1983). The
thermal environment on the AB is marked by the warm Agulhas Current, counter currents
and eddies (Shannon, 1966; Griindlingh, 1992), variable locations of thermal fronts
(Lutjeharms & Walters, 1985), upwelling, advection (Boyd et al., 1985), strong shallow
thermoclmes, and the seasonal formation of a cold ridge (Swart & Largier, 1987). The
oceanic Central Water in depths exceeding 200m is relatively homogenous but provides
cooler temperatures of 6-15°C (Shannon, 1966). As a result of the growing influence of the
Agulhas Current (Boyd & Shillington, 1994), lengths-at-age and the LMjos of horse
mackerel mcrease eastwards over the Agulhas Bank, indicating a dependence of growth rates
on ambient water temperatures (Kerstan, 1995; Kerstan, in prep.). Spawning in South
African waters seems to occur almost year-round (Hecht, 1976, 1990; Naish, 1990; Kerstan,
in prep.). Overwintering, as a means of preserving energy for maintenance, growth, and
reproduction during times of adverse environmental conditions, has not been reported for
horse mackerel in the SEA/AB.

Sex ratios of NEA and SEA/AB horse mackerel showed opposrte trends relative to
length. The pattern of length-dependent change in sex ratlos observed in the present study
in the NEA was also observed by Lucio & Martin (1989) who mvestlgated 12 795 horse
mackerel in the Bay of Brscay m 1987 and 1988. However, they found a pronounced
seasonal variation of the sex ratio. A potenual bias in the analysxs of the sex ratio was
avoided by pooling the data from all seasons (Lucio & Martm, 1989) Accordmgly, the
samples from all three cruises were combmed for the present study, although overa]l sex
ratlos in the research catches indicated only 2.5% more females in sprmg and 9.6% more
males in autumn 1985. The difference to Lucio & Martin’s (1989) data can be attributed to
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the fact that research data is less biased than commercial data In" the SEA/AB area, sex
ratios were consistently in favour of males.

The dominance of males observed in the present:study in the smaller size-classes in
both the NEA and SEA/AB is an indicator of environmental sex determination (ESD). ESD
is favoured by natural selection when environmental conditions influence the fitness of the
sexes differently and when the environment cannot be chosen or is very variable or ’patchy’
(Charnov & Bull, 1977; Conover, 1984). As sex ratios can be influenced by temperature
during the larval stage (Conover & Kynard, 1981), changes in sex ratios between successive
year-classes may be potentially large when temperatures vary greatly. Conover & Heins
(1987) suggested that sex ratios should be determined by combinations of genotypic sex
determination (GSD) and ESD, in order to produce a graded response which buffers the
environmental fluctuations. At high latitudes, short breeding and feeding seasons lessen the
advantage of early over late breeders (Bulmer, 1987), which is offered by ESD. Therefore,
an increased control of GSD over ESD is an optimal adaptive strategy of fish at high
latitudes (Lagomarsino & Conover, 1993), resulting preferably in a slightly male-biased sex
ratio (Conover & Heins, 1987).

In the NEA, the sex ratio in horse mackerel appeared to be balanced at around 0.51
until reaching a length of 28cm at which 95% of the males attained sexual maturity. The
slightly male-biased sex ratio observed in the early life phase of NEA horse mackerel
agreed with the above mentioned hypothesis of Conover & Heins (1987). The different
forms of relationships between environmental temperatures and LMgs for both sexes shown
here (see Fig. 7) are indicative of differential responses of the sexes to the environmental
conditions, a necessary prerequisite of ESD (Conover & Voorhees, 1990). Consequently, the
strongly male-biased sex ratios in the size-classes of 15-25cm in the SEA/AB area are
caused by an increased level of ESD in a variable and ’patchy’ environment.

An imbalanced sex ratio at larger sizes and older ages can be caused by differential
habitat preferences (Middaugh & Hemmer, 1987), sex-specific differential mortality
(Conover & Kynard, 1981; Roslyy et al., 1987; Holtby & Healey, 1990; Roff, 1991) and
density-dependence (Bowen et al., 1991; Berglund, 1992). Differential growth, as another
source of imbalance, has neither been observed in the NEA nor in the SEAZ/AB (Hecht,
1990; Kerstan, 1991). Bearing in mind that the reproductive effort of fish increases at older
ages (Jonsson et al., 1988; Roff, 1991), parallel to increased maintenance costs (Forseth et
al., 1994) and reduced food conversion efficiencies (Gerking, 1959), the higher energetic
costs of reproduction for females (Conover, 1984; Jonsson et al., 1988) can cause sex-
specific differential mortality. Male survival may also be enhanced at higher temperatures
(Roslyy et al., 1987), which characterise the SEA/AB. Sex ratios in favour of the males at
low population densities (Berglund, 1992) appear to be unlikely because estimates of the
horse mackerel stock size on the AB amount to about 600,000 tons (Kerstan & Leslie, 1994).

The comparison of LMsgs and maturation rates between the NEA and SEA/AB was
dependent on a consistent interpretation of the stages and relied on the accuracy of the
observed patterns. The discrimination between sexually mature, but resting, and immature
female horse mackerel is, at times, problemétic (Keijst'z;n, 1985, in prep.; Lucio & Martin,
1989) and can bias the results. Kerstan (in prep.) indicated that the misclassification of
first-maturing specimens was minimal if individual oocytes could be distinguished with the
naked eye (0.2-0.3mm). Ovaries of resting and recovering females were characterised by
their different appearance and remaining atretic oocytes of 0.6-1.Imm in diameter (Kerstan,
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in prep) Kerstan (in prep.) attributed the discrepancies between his results and those of
earlier authors staging horse mackerel on_the Agulhas Bank (e.g. Payne, 1986; Narsh 1990)
to drfferent interpretations of resting mature ovaries.

In both the NEA and SEA/AB males matured at smaller sizes and younger ages than
females. This is a common phenomenon in many fish species (e.g. Beacham, 1983;
Jakupsstovu & Haug, 1988 Zuyev & Giragosov, 1990) and was also observed in horse
mackerel during the present study. Jonsson et al. (1988) suggested that natural selection
favours older ages and larger sizes at maturity in females because ovary development
requires more energy, i.e. fat stores (Rowe et al., 1991), than testis development and
fecundrty increases as a power function of body length in females (e.g. Roff 1982; Arruda
1986), whereas testis weight (as a relative measure of sperm productio) increases less rapidly
with length (Conover 1984). Lucio & Martin (1989), however, observed no srgmfxcant
differences in length-at-maturity between male and female horse mackerel m the Bay of
Biscay. An explanation of this observation relres on the prereqursrtes that (a) growth rates
and fat stores prior to 1987/88 were hrgher than before the survey in 1985 and (b) that
surplus energy is mainly used for reproduction, rather than growth or mrgratron

The observed lincar relationship between the LMSO of males and water temperature
indicated that sexual maturity responds drrectly to the variation of the thermal environment.
The decrease of the LMg, with increasing temperature can be either a consequence of
increased growth rates or of decreasmg mortality rates, or it can be the result of a
combination of both. As length-at-maturity correlates with previous growth rates (e.g.
Holdway & Beamish 1985 Skilbrei, 1989; Jonsson et al., 1984 Peterman, 1985), and growth
rates, in turn, increase with increasing temperatures and food consumptron until reachmg a
(species-specific) maximum (Shuter & Post, 1990, Fonds et al., 1992), temperature can serve
as a relative indicator of growth rate. Higher growth rates favour maturation at an earlier
age (c.g. Sonina, 1981; Forseth et al.; 1994). The resulting reduction of the LMS may equal
one year’s growth in length This explams why male horse mackerel show a distinct
geographical gradatron in length-at-maturity in the NEA (Frg 8). Increased survival of the
smaller specimens of each year-class, which have accumulated enough fat reserves
(Henderson et al., 1988), will lower length -at-maturity. However, reduced juvenile mortality
may not have the believed significant effect on the LMSO (Steams & Koella 1986) of the

rnales The mortality of the males in the smaller size- classes, as reflected in the changes of .

the sex ratio, is high in the SEA/AB region, despite the generally warmer thermal
environment.

At temperatures below 10°C, female horse mackerel appear to invest energy into
mamtenance, somatic growth or mlgratlon rather than into reproductron, thereby deferring
maturity until reaching a larger size. At hlgher temperatures, a more direct correspondence
can be expected between growth rate or metabolism and LM5. Apparently, the scope for a
*decision’ of surplus energy allocation to growth or one of the other competing demands is
higher in female than in male horse mackerel.

Reductrons in LM50 have often been attributed to hlgh levels of exploitation (e.g.
Beacham, 1983 Wysokmskr, 1984 Armstrong et al., 1989), assummg that the changes in
LMSO correspond to densrty-dependent changes in growth rate. Although sexual matunty is
linked to growth rate to some extent (Jonsson & Jonsson, 1993; Forseth et al., 1994), growth
and maturrty may become competitive traits during maturation becausé growth slows down
(Holdway & Beamish, 1985). Moreover, there is apparently no optimal size (Forseth et al.,

PRI -
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1994), as was previously believed (e.g. Agnalt, 1989; Perrin & Rubin; 1990), which can be
reached earlier at higher growth rates. As ages and/or sizes at maturity are not genetically
fixed (MacKenzie et al., 1983; Jonsson et al., 1984), they rather depend on the amount of
surplus energy, such as fat stores (Saldafia & Venables, 1983; King, 1991; Rowe et al., 1991;
Berglund 1992), which are accumulated by the individuals in their specific environment.
High variation of surplus energy accumulation explains the variation of the LMg, in the
same age-group (Navdal et al., 1978, 1979), among year-classes or age-groups (Rijnsdorp,
1993) and in different latitudes (Beacham, 1983; Bowering, 1983; Kerstan, 1988; Isaev &
Seliverstov, 1989), as well as the similar maturation lengths of horse mackerel in the NEA
and SEA/AB.

100
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FIG. 8.
Maturity ogives for male horse mackerel collected in the NEA in spring 1985 (after

Kerstan, 1988) and in the Bay of Biscay in 1987/88 (re-calculated from Lucio & Martin,
1989).

Migration is another trait competing for surplus energy (Hansen et al., 1989). Whereas
horse mackerel is an obligatory migrant in the NEA (Chuksin et al. 1977; Kerstan, 1991),
migration is suspected (Hecht, 1990) but not proven for horse mackerel in the SEA/AB
region (Kerstan & Leslie, 1994). The suspected genetically fixed threshold for the ’decision’
to migrate (Jonsson & Jonsson, 1993) is apparently the amount of fat accumulated on the
mesenteries during the previous feeding period (King, 1991; Rowe et al., 1991). The

possible lack of extensive annual migrations in the SEA/AB is linked to the habitat which
may not necessitate migrations for survival. Migrants are dominant if population densities

are high and food availability is low. The latter seems to be the case for horse mackerel in
the NEA which migrates extensively (e.g. Chuksin et al., 1977; Kerstan, 1991). Accordingly,
density-dependent lower fat accumulation or an allocation of energy to migration may
explain why lengths-at-maturity of female horse mackerel in the Bay of Biscay in spring of

-
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1985 were much higher than two years later (Fig. 9). Most of the spécimens staged in spring
of 1985 belonged to the 1982 year-class (Kerstan 1988), the strongest ever recorded in the
NEA (Anon.; 1990). The specimens collected by Lucxo & Martin (1989) in 1987 and 1988
were younger, smaller, and from different year-classes. As males did not show a similar
difference in length-at-maturity between 1985 and 1987/88 (Fig. 8), the sexes may respond
differently to high population densities.
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é 701 . : \,",.'"
© 601 / -
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50
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FIG. 9.

Maturity ogives for female horse mackerel collected in the Bay of Biscay and south and
west of Ireland in spring 1985 (after Kerstan, 1988) and in the Bay of Biscay in 1987/88
(re-calculated from Lucio & Martin, 1989).

Size-selective mortality acting on the smallest fish in each year-class (e.g. Conover,
1984; Henderson et al., 1988; Shuter & Post, 1990) will add to the variation of the LM;5 by
increasing the size-at-maturity. Therefore; survival during overwintering also competes for
the surplus energy the fat stores accumulated during the previous growing season
(Henderson et al., 1988). The potential impact of the environment and the competitive traits
on the LMg, renders the LM, to monitor a fishery’s rather useless.

Despite the observed variation of the LMSO among regions, ogive slopes were similar
in different sub-areas of the NEA and SEA/AB (Kerstan, 1988, in prep.) and, also, differed
little between the SEA/AB and the NEA. The advantage of the ogive slope over the LMSO
as a criterion for changes in the maturation pattern is that it reflects the response of the
population over the entire age and size range, and not only a particular pomt As figure 3
shows,- slopes can change considerably without affecting the LMg, much. Identical slopes
for males or females in the NEA and SEA/AB imply that horse mackerel in areas about
4,500 nautical miles apart have identical population reaction norms, despite different




-16-

environments and different LMsqgs. This indicates stable pop}llations (Jonsson et al., 1984)
with a high level of phenotypic plasticity, which maximises the fitness of the species
(Stearns & Koella, 1986). No changes in the slopes between areas or years indicate a high
level of resistance to short-term fluctuations of the environment. If geographical populations
with identical slopes but different ages or sizes at maturity mix, the slope should flatten out.
This was the effect observed in the present study when specimens from the various subareas
of the NEA were combined to calculate a single ogive for spring 1985. Provided that
particularly strong year-classes do not steepen the slope locally (Kerstan, 1988), a change in

the slope of the maturity ogives can be a reliable indicator of mixing local populations with
different maturation patterns.
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