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Abstract .

Results are summarised from vertical distribution sampling for eggs and larvae of mackerel
(Scombrus scombrus) to the west of the British Isles and in the Bay of Biscay for the years
1974-1995. Early in the spawning season, in March and April, when there was no temperature
stratification of the water column, eggs were found down to a depth of at least 400m. During
the main period of spawning, in May and June, eggs were mostly above the thermocline in the
upper 50m of the water column and generally in progressively increasing numbers towards the
surface. There was a significant inverse relationship between mean depth of eggs and surface
temperature. Eggs at the earliest stage of development were deeper in the water column than
subsequent stages and eggs at the latest stage of development had a sub-surface peak of
abundance at 10-15m depth. Larvae (2-11.9mm in length) had a similar distribution in the upper
50m of the water column in all the months in which they occurred (mostly in May and June with
lesser numbers in April). There was no evidence of diel vertical migration of larvae, although in
a series of samples taken in June 1995 they were more dlspersed throughout the upper 50m of the
water column at night than during the day when there was a sub-surface peak at 15-20m depth.

Introduction

Information on the vertical distribution of fish eggs and larvae is an essential pre-requisite for
efficient sampling e.g. for stock estimation based on plankton egg surveys (Lockwood ef al.,
1981); equally, this information is required for studies of transport and survival of eggs and
larvae in relation to current systems and biological processes in the water column. In the latter
context, an EU funded programme (SEF OS - Shelf-Edge Fisheries and Oceanography Studies)
has been designed to study the effects of the shelf-edge current.on fish stocks from Poktugal
through Biscay and west of the British Isles to Norway. One aspect of the SEFOS programme
is an investigation of advection of the planktonic stages of mackerel (Scomber scombrus) and
their subsequent recruitment; the present work on the vertical distribution of the eggs and larvae
of mackerel is part of this study .

Spawning of mackerel (S. scombrus) is widespread over much of the European shelf, extending
from the North Sea and west of Scotland as far south as the coasts of Spain and Portugal (Anon,
1994; Lago de Lanzos et al., 1993); it is also widely distributed off the eastern coast of North
America (Berrien, 1978). In European waters the highest incidence of spawning is from mid-
April to mid-June at the shelf-edge and over adjacent shelf regions of the Celtic Plateau and
Biscay (Anon, 1993).


bookeye
Thünen


Reports on the vertical distribution of mackerel eggs west of the British Isles have shown that
once thermal stratification is present they are distributed mostly in the upper mixed layer above
depths of about 100m (e.g. Anon, 1993; Coombs ef al., 1981 and 1990). A similar but more
extreme restriction of eggs to the most superficial 10 Or 20m of the water column has been
observed for mackerel eggs in other regions where stratification is correspondingly well
developed (e.g. North Sea - Iversen, 1977, Coombs ef al., 1981; English Channel - Southward
and Barrett, 1983; east coast of North America - Sette, 1943 Lafontaine and Gascon, 1989).
More limited information on depth distribution in the absence of any appreciable thermal
stratification has indicated that under such conditions eggs are found at greater depths (to
depths >150-200m, Walsh, 1976; Coombs ef al., 1981; Ropke, 1989). Larva have been reported
consistently as being in the upper mixed layer (e.g. Coombs et al., 1981, 1983, 1990; Lafontaine
and Gascon, 1989; Ropke, 1989; Sette, 1943; Southward and Barrett, 1983; Ware and Lambert,
1985).

However, few of the above sets of results have included sufficient coverage to allow either a
comprehensive description or statistical analysis of the depth distribution of eggs or larvae over
the entire spawning season west of the British Isles. The purpose of the present paper is to
summarise a number of studies to prowde a more general description of their vertical
distribution. These results mcorporate some prevxously described data and include additional
findings from more recent sampling. -

Methods

Sampling was carried out at the shelf-edge and adjacent areas west of the British Isles and in
Biscay between March and June on various cruises between 1974 and 1991 (Fig. 1; Table 1). A
more detailed set of samples was obtained over a 33 hour period in June 1995 at a site in the
Porcupine Seablght to the southwest of Ireland (Fig.1; Table 1).

All sampling was carned out using versions of the Longhurst-Hardy Plankton Recorder;
Williams et al., 1983; see also Pipe et al., 1981) which takes a sequential series of samples along
an oblique tow at a ship's speed of 3-4 knots. Filtering nets of 280pum mesh aperture were used
in hauls prior to 1986 and 200um for those subsequently. Data on the depth range over which
each sample was taken and volume of water filtered, monitored by a flowmeter in the inlet cone,
were recorded either by a self-contained electronics unit on the sampler frame or transmitted via
a cored-cable for display and storage to a PC on the survey vessel. Additional sensors
incorporated into the system included temperature (all years) salinity (1995 only) and
chlorophyll a fluorescence (1995 only) v

On completion of a haul, the sample was preserved in 4% formaldehyde solution for subsequent
sorting and identification. Eggs of mackerel were staged according to the descriptions of
Lockwood et al. (1981) and larvae measured to the nearest 0.1mm (total length). Standardised
plots of vertical distribution were produced taking into account the depth range over which each
sample was taken and volume of water filtered. Plots of mean distribution were then prepared
using the standardised data for each haul converted to percentage occurrence down the water
column (i.e. giving equal weighting to each haul). For calculation of mean depth profiles the
1995 data (which were essentially a set of replicate hauls) were treated as a single haul
(including temperature data), represented by the mean distribution of each egg stage and larval
group. For all hauls, only those on which 20 or more eggs or 10 or more larvae occurred for a
particular egg stage or size of larvae are included.
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Table 1. LHPR haul information

;

B R CULY TS

O P 10

Max.

Position

S. scombrus

Max,

Position

Hadl No. Date Time | depth [ tat | Long. | Egg | Larvai Haul No. Date Time | depth | Lat | Long | Ega | tamval
. GMT) | (m) N ™) | Nos. |vNos. . oo Aas ) oMy | ) ™N | W | Nos. | Nos.
74001 10,04/74 | 13.06 451 | 55 16 | 12 27 6 ) 83/07 - | 1600683 | 19.02 | 122 | 4325 | 1017 | 1744 1308
7402 1304774 | 13.00 342 [Ss121 ) 135 19 0 63/08 17/06/83 | 1603 | 12 | 4306 | 1028 | era7 521
75001 06/04/75 | 12.50 315 [ 5118 14 00 32 0 83,09 18/06/83 | 11.00 | 595 | 4615 | 10 30 | &2 )
7502 16/04/75 | 03.08 | 547 | 5506 | 10 18 25 ) 83710 18/06/83 | 18.13 3) | 415 ]| 1030 | 623 b=
[ 75/03 170475 | 182 422 | 5412 | 1346 | 154 ) 64/01 24/05/84 | 23.05 102 | 49 15 | 09 30 . 1357
7504 2104775 | 0600 | 505 | 5800 | w018 | 98 ) 84/02 25/05/54 | 03.17 | 106 | 4315 ] 03 30 . 7432
7INSia | 19/03/77 | 09.05 | 638 | 4515 | 03 08 19 0 64/03 2505/64 | 16.16 89 | 49 14 | 03 23 . 674
TINGID | 19/03/77 | 10.05 | 638 | 4515 | 0308 | 154 o 84/04 26/05/84 | 22.40 69 | 4915 | 10 33 . 675
T2 | 2103/77 | 05.24 7292 | 4608 | 0408 | 164 (] 84705 250584 | 01.15 73 | 4315 | 10 30 . 876
7IN/03 | 2703777 | 173 | 434 |04 | 1115 [ 4«0 (] 8406 25/05/64 | 06.19 72 | 4914 | 10 24 . 503
7772001 | 0BO4/77 | 15.50 129 | 48 45 | 06 13 17 ) 8407 29005064 | 10.22 88 [43513 | 1026 . 213
717202 | 080477 | 16.50 129 | 4845 | 06 19 10 c 84/08 2305484 | 15.17 78 | 4913 | 10 28 . 153
71/72/03a | 1204/17 | 13.47 200 | 5117 | 1120 | 323 362 85/01 12/06/85 | 1315 | 118 | 4910 | 0926 | 1138 82
77/2/030 | 1204717 | 1447 200 [ 5117 | 1120 49 ) 85102 12/06/85 | 19.00 | 100 | 49 30 | 10 00 | 2235 3)
777204 | 1404{77 | 03.29 34 | 5245 ) 1218 13 0 8503 12/06/85 | 21.55 | 106 | 4355 | w022 | 373 39
TIRS | 1404777 | 16.01 170 | 5320 | 1337 | 136 0 85/04 13/406/85 | 0855 | 109 | 4324 | 0853 | 575 3
77206 | 15/04/77 | 13.14 | 630 | 5445 | 0 35 | 25 G 8505 13006/85 | 1102 | 113 | 4920 | 0346 | &8 88
TIRGT | 11004777 | 20.55 331 | 5550 | 0830 | 135 ] 861/01 | 23/04/86 | 15.20 | 115 | 48 49 | 1003 | 1355 82
72008 | 17/04/77 | 21.55 | 400 | 5550 | 0930 | 28 0 66/2001 | 23/04/86 | 16.00 | 100 | 48 49 | 10 20 | 1875 209
2003 | 2/0477 | 19.40 | 466 | S0 16 | 0333 | 121 ] 86/1/02 | 24/04/06 | 1200 | 170 | 48 51 | 03 54 | 435 (7
TI/3/01 1405777 | 01.34 M9 | 5215 | 1054 | 30 0 B6/2/C2 | 24/04/06 | 36.04 | 113 | 4310 | 0852 | 172 227
777302 | 16/CS/T7 | 1340 | 649 | 5016 | 11 17 | 238 T 86/1/03 | 25/04/86 | 12.00 | 151 | 4903 | C9 48 | 1191 3
77/4/61 | 04/06/77 | 07.47 | 818 | 4815 | 1033 | 24 0 86/203 | 25/04/86 | 10.38 | 212 | 48 37 | 10 13 0 15
77/4K52 | 04K6/77 | 00.05 58 | 4815 1033 | 38 0 8671/04 | 26/04/86 | 1505 | 135 | 4857 | 0353 | 1220 )
77/4/03 | O7/06/77 | 20.56 | 578 | 43 16 | 11 51 28 G 86/2/04 | 26/04/86 | O7.03 | 222 | 50 57 | 11 22 o 1027
7714004 | 09006/77 | 15.24 ) S116 {0718 | 20 o 867301 | 130586 | 03.52 | 143 | 4915 | 10 18 | 2822 0
77/4K5 | 10/06/77 | 08.37 w5 | S116 | 1123 0 12 86/3/02 | 14/05/86 | 13.06 | 200 | S0 15 | 1118 | 119 o
TT/4006 | 1106/77 | 06.23 10 [ 5217 | 11158 | 24 22 86/3/03 | 16/05/06 | 23.13 | 154 | 5050 | 10 52 | 1684 %6
76/01 11/04/78 | 06.00 | 427 | %618 0918 | n 0 B6/3/04 | 19/05/66 | 12.14 | 164 | 43 45 | 3 43 | 453 186
7852 1104778 | 2007 %9 | 5528 | C9 55 | 102 0 867305 | 20/K5/06 | 1353 | 190 | 4816 | 0905 | 1034 | 11%
76003 13/04/78 | 11.40 | 528 | 655 | 0309 | 417 0 - BE/3/06 | 27/05/86 | 00.39 | 138 | 4808 | 09 14 | 247 501
76/04 20/04/78 | 15.47 343 | 5740 | 03 40 | 355 0 86/4/01 | 20/06/86 | 10.25 | 147 | 4913 | 1002 | 1876 340
78005 20/04/18 | 1617 343 | 5740 |05 40 | €3 ) BE/AK2 | 26/06/86 | 2053 | 140 | S0 47 | 10 16 | 956 76
76/06 21/04/78 | 00.47 203 | SBC5 | 0340 | 652 ) 86/403 | 26/06/06 | 1648 | 132 | 5248 | 116 | 17 283
78/07 21/04/78 | 017 43 | BC5 [ C340 | 66 ) 87/01 070587 | 2207 116 | 4500 | 1004 | 2548 780
78/08 23/04/78 | 0030 | 382 | @S7 |07 40 | %0 0 87/02 0S/C587 | 03.04 35 | 4301 ] 1003 | 1512 154
7609 23/04/78 | 19.43 | 431 | 5904 | 07 35 33 0 87/03 03C5RT | 14.27 0 | 4301 [ 10C2 | 138 155
80N/01 | 08/04/80 | 13.26 142 | 4943 | 10 31 | 2064 ) 87/04 10/0S87 | 07.54 33 | 4301 ] 10¢3 | 779 127
BONL2 | 09/04/80 | 20.22 190 | 4826 | 09 S5 | 1623 | 1542 8705 1200587 | 02.14 73 | 4343 | 1006 | 3620 10
8C/2/01 | 0140580 | 15.58 117 | 5106 [ 0358 | 63 0 87/06 1300587 | 01.43 77 | 48 43 | 1007 | 2567 664
807301 | 02/05/80 | 22.04 %5 | 4345 | 11 16 G " 9101 16X6/91 | 0845 | 142 | 48 35 | 09 25 g 348
04/05/60 | 01.42 155 | 4851 | 1007 | 773 260 9102 16/06/91 | 16.05 | 140 | 48 31 | 09 25 . 77
CI/5/0 | 2228 | 206 | 4737 | 0719 | 18%0 16 9103 16/06/91 | 2253 | 152 | %32 | 09 25 . 132
8073/04 | C3/0550 | 10.38 774 | 4514 | 03 06 | 2% 0 31/04 17/06/31 | 03.39 | 154 | 4832 | O3 25 . 127
8073405 | 10/05/80 | 18.39 170 | 44 44 [ G2C3 | 120 0 9105 1BME/31 | 1305 | 150 | 43 43 | 03 14 : a4
80/3/06 | 140580 | 10.29 155 | 49 11 | 09 30 | 2857 162 31/06 19/06/31 | 01.14 ) 153 | 48 47 | 09 14 . Y}
8073/07 | 16K5/80 | 22.14 128 | 50 30 | 10 31 | 2234 27 9107 19/06/31 | 11.04 | 148 | 48 43 | 03 01 . 19
80/3/08 | 174580 | 03.21 41 | 5031 [ 1032 | 1718 ) 91708 19%06/91 | 17.56 | 151 | 48 42 | 09 01 . 15
80/3/09 | 17005/0 | 08.35 123 | 5031 | 1032 | 2519 43 91203 20/06/51 | 00.03 | 145 | 4343 | 03 C2 . 37
BO/401 | C206/80 | 08.27 191 | S0 19 | 10 45 | 1228 82 3110 2CN6/31 | 0313 | 145 | 43 43 | o3 01 . 33
8C/4/C2 | O3M6®0 | 16.52 267 | 4816 | 08 19 | 326 ) 91 206591 | 1401 742 | #8 24 | €9 17 . 7
8C/403 | CAN6/B0 | 13.37 274 | %59 | C5 8 | 63 0 9112 22/06/31 | C1C3 | 138 | 48 24 | 09 17 . 112
8C/a,04 | CAO6/B0 | 19.57 210 | 4545 | C3 37 | 68 35 S5 26/06/95 | 23.22 | 200 | 5114 | 1242 | 20 82
8C/4/05 | C9,U6/80 | 16.07 259 | 4725 | 06 21 22 ) 95102 27/06/35 | 01.36 70 | 5114 | 1242 23 166
80/4/06 | 110650 | 15.56 67 | 4916 | 11C8 | 12a2 237 5513 27/06/35 | €3.25 70 | 5115 | 1242 | 50 133
81/01 170581 | CI45 205 | 43 S5 | 10 % | 37737 a7 95/04 27/06/35 | 0600 70 | 5115 | 1242 | 61 268
81/C2 20/0581 | 08.56 193 | 43 35 | 1102 | aréd 19 955 27/06/95 | 08.c8 70 | 5115 | 1242 | €5 227
81/03 210581 | 00.01 135 | 4318 | 100 | a3 31 35/06 27/06/35 | 10.00 70 | 5115 | 1242 | 67 163
3i/4 21/0581 | 08.05 130 | 4394 | C7T B | 22 73 9507 27/06/35 | 12.14 70 | 5115 | 1242 | €3 370
81K5 210581 | C3.C5 138 | 4314 | C7 58 7 25 9508 27/06/35 | 14C2 | 100 | 5115 | 1242 | 59 533 .
8301 0S06,83 | CE.46 170 | 4315 | 1100 | 1353 843 3509 27/06/95 | 1604 00 | 5115 | 1242 69 104
8302 09/6E83 | 15.38 124 | 4315 | 1000 | 5688 ry; 35710 27/06/35 | 18.08 00 | 5115 | 1242 2 154
83/03 03/0683 | 20.50 124 | 43 15 | CO 00 | 9606 %4 351 27/06/S5 | 20.06 706 | 5114 | 1242 | 63 67
83004 1070683 | 03.15 120 | 4915 | G8 0C | 3146 30 3512 27/06/35 | 2202 | 100 | 5115 | 1242 [ 63 109
33/C5a 14/06/83 | 1530 | 1003 | 4345 | 1200 | 734 a 95113 28/06/95 | 63.53 00 | 5115 | 12 42 7 45
83%%0 14/06/63 | 15.33 | 1011 | 4345 | 1200 | 500 a5 S5M4 28/06/35 | 06.00 00 | 515 | 1242 | sz 4
83,06 150683 | C4.47 J06 | 43 45 | 10 30 | 2054 | 1425 9515 . | 28/06/35.] 0BC3 .| G | 5115 | 1242 | 36 rg)

* not sampled for eggs




Mean depths of the vertical distributions were calculated using the formula Zfid/f; where f; and
d; are the egg and larval frequencxes (%) and the mid-depth of the i*" depth mterval respectwely

Statistical comparisons between the vertical distributions were made using both analysis of
variance and non-parametric Kruskal-Wallis tests. Since both tests gave similar significance
levels, only the results from the analysis of variance are presented.

Differences in the distribution of larvae by day (0600-1630hrs GMT) and night (1800-0430hrs
GMT) in the 1995 samples were compared using the index of aggregation, A, based upon 'mean
density' (Lloyd, 1967, see also George, 1983):

A=[x + ($/%)-1]/%

where X and s’ are the mean larval frequency (%) and variance respectively. Values of A<l
indicate a regular distribution, equal to 1 a random distribution and >1 an aggregated

distribution.
15;W
B0°N — - 60N
I
55' — 3
50° = - 500
45°N — - 45°N

T
15°W

Fig. 1 Positions of LHPR hauls in the years 1974-1991 (circles) and the site of intensive
sampling in 1995 (filled circle).
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Results

There was a significant change (F1.4,=22.86, p=0. 0001) in the mean depth of mackerel eggs over
the spawning season. In March and April, eggs were distributed over a wide depth range, to at
least 400m depth, while in May and June they were in shallower depths, mostly in the upper 50m
of the water column (73% of eggs in the 0-50m range in May and 81.6% in June; Figs. 2 and 3).

These changes in vertical distribution corresponded to the development of the seasonal
thermocline, little vertical structure being evident in March and April and progressxve
development of stratification taking place in May and June (mean 0-50m At of 0.7C° and 2. 8C

respectively, see Fig. 4).

4 hauls 33 hauls 28 hauls 31 hauls
377 eggs 13,037 eggs 74,487 egcs 48,390 eggs
mean depth 135.0m mean depth 124.2m mean depth 48.8m mean depth 32.1m

==

Fig. 2 Mean vertical distribution by month of mackerel eggs at all stages of development plotted
by month as percentage occurrence in Sm depth intervals from sampling in the years 1974-
1995. Sampling was to an individual haul maximum depth of 1011m but, for clarity of
presentation, results are plotted to 400m (<2.4% of eggs in any month being taken
sporadically below 400m depth).

March April May June
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Fig. 3 Mean depth of mackerel eggs at all stages of development plotted by haul against date of
sampling. The mean depth of the 1995 hauls is indicated by the filled circle.
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Fig. 4 Average temperature profiles by month for all LHPR hauls on which mackerel eggs were
taken in the years 1974-1995.
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Fig. 5 Mean depth of mackerel eggs at all stages of development plotted against (a) surface
temperature, (b) temperature change at the thermocline and (c) depth of the thermocline
(defined as the mid-depth of maximum temperature change in a 10m depth interval). The
mean depth of the 1995 hauls is indicated by the filled circle.



The relationships between mean depth of eggs and the stratification parameters represented by
surface temperature, temperature change at the thermocline and depth of the thermocline are
shown in Fig. S. These indicate a progressively shallower 6ccurrence of eggs with an increase of
surface temperature (Fig. 5a) compared to a more stepwise reduction in depth of eggs for even
small changes of temperature across the thermocline (<1C°, Fig. 5b), irrespective of the depth of
the thermocline (Fig. Sc).

Surface temperature (°C)
7 8 9 10 11 12 13 14 15 16 17
10 et a =
o]
-
£
% (a)
(=]
§1ool
s
200 3 ,
0% log10(depth)*3.278-0.137(temp)
=0 527
. 400
SMaoegemperaMe(‘C)
7 8 8 10 11 12 13 14 15 16 17
10 . et —
25 (o} o
E
g % (b)
3
® 100
8
2004 o
R 008 log 10(depth)=3.261-0.109(temp)
400 14=0.55

Fig. 6 Regressions of logl0 transformed depth values against surface temperature for (a) mean
® depth of eggs at all stages of development and (b) for 95% of eggs at stage 1 of
development. ‘

A linear relationship between mean depth of mackerel eggs and surface temperature was
obtained by the logarithmic transformation of mean depths (Fig 6a). The association with
surface temperature was significant (F, (,=80.2, p=0.0001) explaining 56% of the variation in
mean depth. Addition of wind speed (squared) was not significant (F, ;4=0, p=0.98).

There was no clear pattern in changes of vertical distribution between consecutive egg stages
during March and April. However, during May and June when the majority of eggs were in the
upper 50m of the water column, paired comparisons showed stage 1 eggs were significantly
deeper in the water column than those at stage 2 of development (F,¢,=4.17, p=0.044).
Although changes in mean depth between stages 2 and 5 were not significant, an overall pattern
in change of depth distribution was evident, this showing a movement towards the surface from
stage 1 to stage 2 and then a subsequent deepening of the distribution to give a sub-surface peak
of abundance at 10-15m depth by stage S (Fig. 7). : -
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For practical purposes, the above results indicate that in order to sample 95% of eggs at stage 1 of
development (as used in surveys for stock estimation e.g. Lockwood ef al., 1981; Anon, 1994),
the variation in required depth of sampling would be from a depth of 243m at a surface
temperature of 8°C reducing to 33m at a surface temperature of 16°C (Fig. 6b).

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
% % % ‘ % %
0 L 10 15 0 S 10 5 0 S 10 15 0 s 10 1S 0 S5 10 15
0 = T 5 T a 1
50 | A § .
E ;
% 100 £4 hauls . 45 hauls 46 hauls 5;; :auls
© 64,037 eggs | T758 eggs 26164 eggs eggs
o mean depth 42.2m mean depth 32.5m mean depth 38.1m mean depth 37.1m
150
200

Fig. 7 Mean vertical distribution by stage of development for mackerel eggs plotted as
percentage occurrence in Sm depth intervals from sampling in May and June in the years
1974-1995. Sampling was to an individual haul maximum depth of 1011m but, for clarity
of presentation, results are plotted to 200m (<1.4% of eggs of any development stage
being taken below 200m depth).

Most mackerel larvae were taken in May and June (47.1% and 37.0% of the total), few in April
(15.9%) and none in March. There were no consistent patterns in vertical distribution between
months or sizes of larvae (Table 2), all results have therefore been combined. The resulting
overall distribution of larvae was similar to that for the eggs in June and July, with 84% of larvae
in the upper 50m of the water column above the seasonal thermocline (Fig. 8 cf. Fig. 7; Fig. 4).
In this combined set of results (1974-1995) there was little evidence of a significantly higher
concentration of larvae at any specific depth in the upper 50m of the water column.

Table 2. Mean depth (m) of mackerel larvae.

Larval size (mm)

Month . — -
239 | 459 | 679 | 8119 | 2-119
April 4633 | 2645 | 23.52 . 38.12
May 3800 | 29.05 | 3001 | 2888 | 3383
June 3795 | 3187 | 3136 | 42.88 | 32.70
Allmonths | 3854 | 2979 | 29.64 | 3550 | 33.64




Larvae (2-11.9mm)

) %
0 2 4 6 8 10
0 —: "2
50 f———1—
E
100 75 hauls
§' 25,347 larvae
mean depth 33.6m
150
200

Fig. 8 Mean vertical distribution of mackerel larvae plotted as percentage occurrence in 5m depth
intervals from sampling in April, May and June in the years 1974-1995. Sampling was to
an individual haul maximum depth of 1011m but, for clarity of presentation, results are
plotted to 200m (no larvae being taken below 200m depth).

No consistent diel changes in vertical distribution of larvae were evident in the combined data for
1974-1995, either by size or month. Examination of the results from the more coherent day/night
sequence of sampling in 1995 showed little variation in mean depth of larvae (2-11.9mm in
length) between day and night (F, ,3=4.01, p=0.07; Figs 9 and 10). However, larvae were more
dispersed at night (A=1.61) than during the day (A=2.34) when they were aggregated about a 15-
20m depth of maximum abundance with none occurring in the 0-5m depth interval (Fig. 9).

Night
%

0 10 20 30 -

(a)

7 hauls
708 larvae
mean depth 22.9m
100
Temperature Salinity Chiorophyll 8
¢S (ps) Go/mi)
9 11 13 15 17 3§ S 0 T 2 3 4
[}
20
g 40
£ (v)
& 60 .
80
100

Fig. 9 Mean vertical distribution of mackerel larvae plotted as percentage occurrence in 5m

depth intervals from sampling in June 1995. Day hauls were those taken between 0600hrs
and 1630hrs and night hauls those between 1800hrs and 0430hrs (GMT). The mean

temperature, salinity and chlorophyll a profiles for the hauls are plotted below.

9



DEPTH (m):

- : — — .
0000 0600 1200 . 1800 2400
Time of day '

Fig. 10  Contoured drstnbutron of mackerel larvae at 2-11.9mm in length in the upper 50m of
the water column from sampling on 15 LHPR hauls in 1995, The figure was
constructed using the percentage occurrence of larvae in Sm depth strata on each haul .
plotted at the time of day each haul was taken. Contours are drawn at intervals of 5%
occurrence and filled at progressively darker shades from the 10% contour.

‘Discussion

The observed relatrvely near-surface dlstnbunon of mackerel eggs and larvae, at least in May
and June, is typical of rchthyoplankton in general (e g. Conway ef al., in press; Boehlert etal,
1985). The deep distribution of eggs observed in March and Apnl (>200m depth) is less
common and usually confined to habitually deep-water species, or those found at depth during
the spawning season (e.g. halibut, Hipploglossus hippoglossus, Haug et al.; 1986; blue whiting,
Micromesistius poutassou, Coombs et al., 1981).

Eggs of mackerel have near neutral buoyancy for most of their development (Coombs, ef al.,

1990) Consequently, their distribution will mostly result from some combination of the depth of
spawning and mixing effects (Sundby, 1983) over the embryomc development time of about4to .
10 days (Lockwood etal, 1981). Since wind mixing is greater in March and April than later in '
the spawning season, it is expected that eggs would be dispersed deeper in the water column i in '
these months. However, eggs in the initial stages of development are represented as equally as
those at later stages at depths >200m in March and April, therefore it is possible that a
proportion of s spawmng does take place i m the deeper layers of the water column. In May and

entxrely in the upper mixed layer, mostly at depths above about 50m. Depth-stratified trawling
for adult mackerel found a similar restriction of spawning females to the near-surface layers
(Anon, 1993, 1994).

The above results are consistent with other reports showing the restriction of eggs of S.
scombrus to the mixed water above a pycnoclme (e.g. Southward and Bary, 1980; Southward
and Barrett, 1983; Anon, 1993). The most extreme concentration of eggs in the upper 10m or
20m of the water column is found above strong thermal and salinity stratification in the North
Sea and off the east coast of North America (Sette, 1943; Iversen, 1977; Lafontaine and
Gascon, 1989). Similar relationships between the distribution of eggs and thermal structure are
reported for S. japonicus off California (Ahlstrom, 1959) and in Japanese waters (Motoda,
10
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1955; Kishida, 1988). In all areas there is only a relatively small amount of mackerel spawning
before seasonal stratification and correspondmgly few reports of their vertrcal drstnbutron under
such conditions; both Walsh (1976) and Roépke (1989) indicate that, as in the present work,
before any significant thermocline is establrshed a consrderable propomon of eggs may occur
below depths of at least 100-170m. = -

Reports from other sampling (Répke, 1989) in the same spa"wmrlg‘ area west of the British Isles
have shown similar changes in depth distribution of mackerel eggs by stage of development as
found in the present study; that is, a deeper and more dispersed distribution dunng early
development, nearer to the surface during the middle stages and an increase in mean depth
towards the end of development Equivalent patterns have also been observed for the shallow
distributions of mackerel egg stages above well-developed thermoclmes in the westem North
Atlantic (Sette, 1943; Iversen, 1977; Lafontaine and Gascon, 1989) and ‘for eggs of other
specxes elsewhere (e.g. walleye pollock, 77zeragra chaIcogramma Kendall et al., 1994) The
increase in density of fish eggs and consequent deeper distribution down the water column
towards the end of development is a common feature for pelagxc eggs of many species
(eg Alderdice and Forrester, 1968; Coombs et al., 1985) mcludmgS _;apomcusm]apanese
waters (Motoda, 1955; Kishida, 1988). However, measurements of the specific gravity of
mackerel eggs have shown generally lower values towards the end of development (Coombs,
1990) which would tend to lead to a shallower depth distribution prior to hatching.

Previous reports from sampling to the west of the British Isles have described a qualitative
relationship between the vertical distribution of mackerel eggs and development of the seasonal
thermocline (Coombs ef al., 1981). OfF the eastern coast of North America, Ware and Lambert
(1985) demonstrated a relatronshrp between the exponentral decline in egg numbers at the
surface and the temperature gradient in the top 5m of the water column. In the present paper the
clearest relationship is between the mean depth of eggs and surface temperature rather than
with the degree of stratification at the thermocline, since even a small amount of stratification
has a marked restnctron on the depth of the eggs (Fig. 5). This relatronslup is derived from data
in the sampled area (Biscay and west of the British Isles) and might be less valid for
extrapolation to other areas with different cycles of temperature change.

Estimation of the stock size of the mackerel to the west of the British Isles relies, in part, on the
results of the plankton surveys for eggs at stage 1 of development (Lockwood et al., 1981). The
current recommended procedure (Anon, 1994) is to sample to 200m depth or 20m below a
thermocline of 2.5C° or more. Based on the analysis of the relatronshrp between depth of eggs
and temperature parameters in the present paper, the above recommendations are unlikely to
lead to any significant under-sampling of eggs. The small propomon below 200m at the lowest
surface temperatures of <9°C (Fig. 6b) are found early in the season when spawning intensity is
low; sampling to much greater depths when egg concentrations are low is unhkely to be justified
when balanced against the opportumty to sample more stations over a wider area. Consideration
of the relationship between mean depth of eggs and degree of stratification at the thermocline
(Fig. 5b) suggests the criterion of a minimum temperature change of 2. 5C° before reducmg the
depth of samplmg is, perhaps, too stringent. Taking into account surface temperature (Fig. 6b)
rather than temperature change at the thermocline is a better guide for setting the sampling
depth.

Fish larvae are generally more restricted in vertical range than are eggs, often with sub-surface
peaks of abundance (e.g. Boehlert et al., 1985; Conway ef al., in press). Most reports on the
vertical distribution of mackerel larvae from both sides of the North Atlantic show therr
occurrence in the upper water column (Sette, 1943; Ware and Lambert, 1985; Lafontaine and
Gascon, 1989; Ropke, 1989; Fig. 8). The ontogenetic movement of larger larvae towards the
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surface (Ware and Lambert, 1985; Lafontaine and Gascon, 1989) was not seen in the present set
of data, although the combination of results from a widespread series of hauls and the relatively
few larger larvae taken, would not highlight any such pattern. Sxmxlarly, the sub-surface peak in
abundance of larvae, as noted by Lafontaine and Gascon (1989), was only clearly evident in the
1995 results, these being derived from a single set of hauls all taken under the same
environmental conditions.

Many fish larvae, mcludmg those of mackerel, exhibit diel vertical migration, reflecting
behavioural responses to preferenda of physical or biological stimuli such as light, temperature
or food availability (Sette, 1943; Kendall and Naplin, 1981; Ware and Lambert, 1985; Répke,

1989). Such migratory behaviour tends to develop only with the increased locomotory capability
of mackerel larvae >6mm in length (Waré and Lambert, 1985). Additionally, the direction of
migration of mackerel larvae was not the same in all studies. Ropke (1989) showed a movement
of larvae towards the surface at night, in agreement ‘with some limited observations by Sette
(1943) Conversely, Ware and Lambert (1985) described a movement away from the surface at
night and Lafontaine and Gascon found no day/night difference in the distribution of larvae.
Therefore, it is not unexpected that the i'elauvely small larvae (91.4% of all larvae <5.9mm in
length) taken under a wide variety of conditions in the present study, showed little evidence of
diel vertical migration. Results from the 1995 set of hauls showed a dispersion of mackerel
larvae at night (Fig. 9) suggesting a locomotory capability which might be expressed in directed
migration under certain conditions.

Overall, the results from the present study, with reSpect to considerations of larval drift, show
that larvae of mackerel in the main area of spawning in Biscay and the Celtic Sea are mostly in
the wind-driven surface Eckman layer to a depth of about 50m.
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