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Introduction

Zooplankton surveys in the northern North Sea, with the Gulf III sarpler, were
started by the Aberdeen Laboratory in the autumn of 1960 with the main purpose of ob=
taining data on the total stending crep of zcoplankton, and material for population
studies of selected species. During 1961 the samples were also analysed in detail for
2ll specics,and ags this is a relatively new riethod of sampling in this area, the results
may be of interest for compariscn with those obtained by other workers, during the same
pericd, using other methods of collection,

In this paper the distributions of a number of specics will be given.

Deteiled results from the sarme surveys of the standing crop have been submitted
to Annales Biologiques, Vol. 18, and the results of a population study of Metridis
lucens Boeck arc given by Adams (1962).

Methods

The Gulf III sarpler used in the present investigations was the modified form with
an 8 inch (20.3 cn) eperture (sce Bridger, 1958; Gehringer, 1962; and Scuthward, 1962).
The rmesh had a nean averture of 0.231 rm and ended in a detachable silk bag., A Currie
and Foxton depth flow meter (Currie and Foxton, 1957) was placed in the tail cone.

A1l hauls were obligue from near the bottom to surface, the ship steanming at 6
knots. Estimates of most species were based on Sterpel pipette subsarples and the flow
meter reedings were used to calculate densitics per m2,

Stecle (1961) - see also Gehringer (1962) ~ reported thet when o metal bucket was
used at the cnd of the net, the collecticne obtained were extremely smoll cormpared with
those obtained when a silk bag was used as the cod-erd. To test this differcnce further
a number of experimental hauls were carried out and the results are given in Table 1.

Lilthough these data suppert the sugeested difference, they also svggest that the
discrepancy is not as greet as criginally thought. If the results for individual species
are grouped or contoured in the rethed adopted by many workers, i.c. using the intervals

0,1 -0.3 ~1.0 - 3.0 - 10 - 30 etc.
then in all but two of the exarples in Table 1 the two metheds would pgive the same result.
The two exceptions are borderline cases. The difference moy be riore serious in standing
crop estimations, as thérc can be little doubt that the differences that can be expected
in dry weight values from year to year will lic between rather narrcwer limits.

Results cnd Discussion

The distribution of Calanus.

The distribution and abundance of Calenus are shown in Figure 1. (The two forms of
Calanus - finmarchicus (Guanerus) and helpolandicus (Claus) = were not distinguished.)
During March, densities were low throughout the area investigated, but by April the
populaticn had greatly increcsed with a rarked centre of abundance towards the north-
cast of the area. The level of abundance had decreased by June with the main arca of
abundance to the east of 1°W. The September distribution was cerpletely changed - an area
of high densities extending south south-cast from the Orkney-Shetland Channel.

Gibbons and Fraser (1937), on the basis of results for the period 6. April to
4. May 1936, discussed the importance of the rceruitment of Calanus from the castern North
Sea. Although their observations were furiher north than the present cbservations it
secris possible that the 1961 April distributicn oy also be related to additions from
the Norwegian Decps. This possibility is discussed further below.

The Scptember distribution was very sugrestive of an inflow from the Orkney-Shetland
Chamnel and thus agreed well with Rees (1948, 1957). As the September distribution corre-
sponds feirly closely with the areca where primary production rerains at a high level
during the June to fugust pericd (Steele, 1961, Tig. 2) it is also possible that the
changing pattern of primary production was partly respensible for the seasonal change in
the centres of abundance.
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The distribution of Sagitta elegans Verill,

Similaer patterns of changing centres of abundance were shown by Sagitta clegans.
Unlike Celanus, the highest densities of S. elegans were recorded in larch and Septem-
ber; the high March densities were at two isclated stations surrounded by low values,
whilst in Scpterber the area of hirh values (10-30 per m3) was extensive and covered
the same area as the high Calanus densities.

Southward (1962) has suggested that the distributicn of S. clegens in o number of
arcas can be explained on the basis of ite being a cold weter stenotherm. In Table 2 the
different levels of abundance of S. elegans, during Septermber, are corpared with the
average surface and botitom termperatures, and tcemperature differecnces, based on observa-
ticns mede at the same timeag the Gulf IIT houls. The surface terpersture shows little
variation and the highest surface temperature is necar the meanwvalue for the western
arca of the Irish Sea in autumn (Bewden, 1955, Fig. 3d) where Williamson (1956) reported
S. elegans to be the dominant chactognath, and where Southward (lcc. cit.) has correla-
tfed its distirubiton with terperature. On the other hand, average bottom terpersture
ranged fren 10,76°C where S. elepans was relatively abundant to 7.35°C wherc it was
absent. Thus, in the present area in Septerber 1$61, S. clcgans reached highest densi-
ties in the arca with highest average bettem temperature and greatest thermel heno-
geneity, but as with Celonus there is no cenclusive evidence as tc which of the possible
factors were controlling its distributicn.

Centropages hamatus (Lilljeborg) and Temora longicornis (Miller),

Colebrook ct al.(1961) have discussed whether or not the Nerth Sea populations of
these species are independent of other populaticns outside the area. Their distribu-
ticns in 1961 arc shown in Figure 2 a and b, C. hematus was very restricted in its
distributicn and it scems almost certain thot it was independent of additions from out-
side, especially from the north-west. T. longicornis on the other hand, had a much more
general distribution and there is nothing to suggzest that additions from outside the
area did not take place.

The distribution of Centropages typicus Krgyer.

This species was recorded during two of the surveys - March and Scptember (Figurce
2 d). The September distribution showed two centres of relative sbundence, separated by
an area where it was not recorded. The two areas may or may not have becn connected
shoreward of the survey stations, but therc wac also a slight difference in the modal
length of the female cephalothorax = those of the north-west had a model length of 1.3rmn,
those of south-cast a nmode of 1.2 mm.

Thus, as also found by Rae and Rees (l9h7), the present data suggests the develop-
ment of C. tyricus in the south-east of the area seemingly independently of recruitment
from the north-west. That the north-western pepulation was similarly independent is less
clear.

The Cladocera

Three species of Cladocera - Evadne nordrenni Lovén, Podon leuckarti Sars and
P. intermedius Lilljeborg were recorded in low nurbers (see Table 3). THC two species of
Podon showed a marked seasonal alternation; only P. leuckarti wos present in March and it
was dominant in fpril, while only P. intermcdius was found in Scptember. Similar results
arc given by Williamson (1956).

E. nordranni was present throughout the period of the survey, and was rmost abun-
dant in Scptember. Its distributicn (Fig. 2c) had two main centres, cnc corresponding
with that of C. hamatus and the other on the western edge of the Norwegian Deeps. This
latter area corresponds well with the area of mixing suggested by Stecic (1957, 1958, 1961)
the western boundary of which is indicated on the chart.

It is thercefore possible that E. nordmanni may show the extent of the westward
tronsport of water from the Norwegian Deevs arca due to lateral mixing. Uiborg (1940,
19LL) and Beinbridge (1958) have both shovn that E. nordmanni is almost exclusively
confined to the usper water layers (upper 50 » in the Oslo Fiord; wper 15 m1 in Nordas-
vein; upper 30 m in the Firth of Clyde), and if this is true of the present area then it
would be well suited to indicate the westuward mixing which is confined to the water above
the thermccline (approx. 30 m - Steele, 1957). Howcver, E. nordmanni was distributed much
further west than expected on the theory by April and it hed not oxterded further west
by June. There moy have been an early westward rixing bringing with it large nurmbers cof
Calonus whose arca of abundance is also indicated on Figure 2c, althouph there does not
seen to be any definite hydrographic evidence of this.

‘ It scems that greater attention should be paid to lateral eddy diffusion as an
irportant factor in the sceding of the shelf area of the northern North Sea from the east.
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However, unlike Evedne which seems to be confined to waters above the thermocline, in
many species, e.g. Coalonus different stages will be effected to varying degrees by cddy
diffusion, derending cn their depth distribution and scasonal changes in this feature.

Surmary
- —————————

Routine Gulf III surveys were recently started from Aberdeen to provide standing
crop data, and the sarples are also being used in population studies of a number of
species. During 1961 the samples were analysed in detail for 2ll species, and it is
with this part of the work that the present paper deals. The other aspects of it are
described clsewhere.

The report that o Gulf IIT with a silk bag cod~end caught more than one fitted with
a metal bucket cod-end led to further experiments which show that for most purpcses the
difference, although a real cne, is small, but it may be more sericus in studies of the
standing crop. ‘ _

The distributicn and abundance of Calanus is described, It is suggested that
additions from the Norwegion Deeps were responsible for the April distributicn, while
the September distributicn was linked with inflow from the north-vest. lowever, the
seascnal changes in rrimery producticn must also be considered as & possible cause of
changes in distribution.

The general similarity in distribution of Calanus, ond Sagitta elegans is noted,

Following Southward's suggestions, the terperature associations of S. clegoens during
September are given,but do not confirm a cold water association.

The distributicns of Centrecrages hamatus and Temera longicornis show that €. hama-
tus was elrost certainly self contained, tut T. longicornis may well have received addi-
tions from outside.

Centropopes typicus was recorded in March and Scpternber. Its September distribution
shows the prescnce of o scuth-east unit which seems to have develcped independently of
recruitment from the north-west.

The seasonal abundance of the Cladocera is given and the possibility of using
Evadne nordmanni to indicate the westward movenent of surface waters from the Norwegian
Deeps is discussed.

References
Adams, J.A, 1962 "The biology of HMetridia lucens Beeck in the nerthern North
Sea. Preliminary results for 1961", ICES, C.M. 1962, Doc.
. No. 50.
Bainbridge, V. 1958 "Scme observations on Evadne nordmanni Iovén", J. mar, biol.
A.SS. U.Ko, ‘31: 3)-4)-9—70'
Bowden, K.F. 1955 "Fhysical oceancgrophy of the Irish Sea". Fish., Invest. Lond.,
Ser. 2, 18(8). 67 pp.
Bridger, J.P. 1958 "On efficiency tests mode with a modified Gulf III high-speed
tow-net". J. Cons. inb. Explor. Mer, 23: 357-65,
Colebrook, J.MH,, 1961 "Contributions towards a plankton atlas of the north-eastern
John, D.E., & Atlantic and the North Sea. Part II, Copcpoda’. Bull., mar.
Brown, W.W. Ecol., 5: 90-97.
Currie, R.I,, & 1957 "A new quantitative plankton net”. J. mar. biol. Ass. U.K.,
Gehringer, J.V. 1562 "The Gulf IIT end cther rodern high-speed plonkton samplers'.
Rapp. Cons. Explor. Mer, 153.
Gibbons, S.G., & 1937 "Experiments with the 'Hardy'! Plankton Indicator in Scottish
Fraser, J,H,. waters. I." J, Cons, int. Explor. Mer, 12: L5-50,
Rae, K.M., & 19h7 "Continuous plankton records: the copepcda in the North Sea
Rees, C.B. 1938-1939", Hull. Bull., mar. Ecol. 21 95-132,
Rees, C.B. 1949 "Continuous plankton records: the distribution of Calanus

finmerchicus (Gunn.) and its two forms in the North Soa 1938-391",
Hull. Bull, mar, Beol., 2: 215-75,

Rees, GC.B. 1957 "Continuous plankton records: the distribution of Calanus
finmarchicus (Gunn.) in the North Sea and north~eastern
Atlantic 19L6~1953". Bull. mar. Ecol, L 21106,




‘-L'--

Southward, A.d. 1962 "The distribution of some plankton animals in the English
Channel and approaches: II. Surveys with the Gulf IIT
hich-speed sarpler, 1958-60". J. mer. biol. Assi U.K.,
Lh2: 275-375.

Steele, J.H. 1957 NThe role of lateral eddy diffusion in the northern North
Sea". J. Cons. int. Explor. Mer, 22: 152~62.

Steele, J.H. 1958 "Plant precduction in the northern North Sea". Mar. Res.
' SCOt., NO. 7'

Steele, J.H. 1961 "The environment of a herring fishery'. Mar. Res. Scot.,
No. 6.

Wiborg, K.F. 1940 "The production of zooplankton in Oslo Fjord 1933-1934".
Hvalrad. Skr., No. 21, 85 pp.

Wiborg, K.F. 194 ©  "The production of zcoplankton in a landlocked fjord",
Rep. Norweg. Fish. Invest., Z{ 83 pp.

Williamson, D.TI. 1956 "The plankton in the Irish Sea 1951 and 1952", Bull. mar.

Ecol., L: @7-11L.

Table 1

Comparison of catch taken by Gulf IIT fitted with metal
. bucket cod=-end and silk bag cod-end

. ' Estimate o kundance
EntityS) per m§ i} Factor of differecnce
B&gz) Bucket3) Bag > Bucket

Calanus finmarchicus 63 L3 1.16
Pseudo/Paracalanus 17 13 "1.31
Temora lengicornis 163 11 1.43
Acartia 178 1L 1.56
Centropages harmatus 6 L 1.50
C. typicus 5 7

Oithona 10 6 1.66
Podon intcrmedius 27 25 1.08
Evadne nordmanni 13 13

Oilopleura 99 L6 2.15
Sagitta elepans 3 1 3,00
Pleurobrachia pileus 0.7 0.5 1.40
Standing crop 2.18l) 1.382)h) 1.80

1) Calculated on basis of flow meter readings.
. 2) Average of 9 sarples.
3) Average of 8 samples.
L) g dry weight/100 m3.
5) Only those species which were well represented in both
sets of samples have been considercd.

Tablec 2

Comparison of density of Sagitta elegens with average surface and bottom tempera-
tures, and surface/bottom terperature differcnces during Scptember 1961

Number of Sagitta elessans  Average surface  Average bottom Average temperature

per m° termperature °C temperature °C differcnce °C

10-29 12.47 10,76 1.71

3-9 12.96 9.73 3423

1-2 12.82 8.50 L.32

Lbsent 13.63 7.38 6.25
Table 3
Seasonal abundance of the Cladocera in 1961

Number per r 2.-17.March  30.March-20.April 1Ls25 June  7.-22.Sept.
Evadne nordmanni 1 1 1 L
Podon leuckarti. 0.4 2 - -
P. intermedius - 0.5 - g
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