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ABSTRACf There have been long-term nuctuations in plankton, fi sh, and benthos orr Plymouth 
during the pas! 60 years. The changes farm a biological cycle, involving the whole 
c<:osystcm. related to recent variations in climate orthe Dorthern hemisphere. 

Oceanol. Ac/cl, 1983. Proceedings 17th European Marine Biology Symposium. Brest, 
France. 27 Scptcmber- I October, 1982, 187-189. 

RÉSU MÉ Les fluctuations de l'écosystème de la Manche occidenta le : un résumé 
des travaux en cours 

Près de Pl ymouth. pendant les 60 derniêres années. des fluctuations il long terme ont ëtê 
observées dans les organismes du plancton et du ben thos, ct parmi des poissons. Ces 
nuctuations constÎ tuent un cycle biologÎque qui concerne tout rêcos.ystème, en rela­
tion avec les fluctuations climatiques récentes de l'hémisphère Nord. 

Ocetl/lol. Acta, 1983. Actes 17'> Symposium Européen de Biologie Marine, Brest, 27 sep­
tembre- Ij·r oclobre 1982, 187- 189. 

INTRODUcrlON 

There is a strong tradilion al the Plymouth Laborato ry 
fo r study of long term changes. Prcsenl rescarches fall 
into four groups according to freq uency and conti­
nuily : 1) the most com plete series is of macroplankton 
and you ng fish, from 1924 ; 2) Ihere is a less continuous 
series on phytoplankton and prod uclivity from 1903 ; 
3) a shorter series on intcrtidal barnade communi ties. 
from 1950, but wi th single observations in 1930 and 
1934 ; 4) more interm ittent surveys. separaled by 
periods of JO or 20 years. of the demersal fis hes close 
to Plymouth and o f the infauna and epifauna of the 
seabed near Plymouth. 

ENV IRONMENTAL DATA 

A constant effort has becn maintaincd to measure sea 
tempcrature, salinity and chemical constituents. A 
fairly complete series exists fo r st. El , 20 nm SSW of 
Plymou th Sound 1903-19 11, 1921-1938 and sinee 1947. 
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Less complete series exist for many other stations in the 
W. Channel and Cehic Sea. For Înshore waters there is a 
co mplete series o f observations in Plymouth Sound 
from 1905 (Plymouth City Counei l). These sourees 
have been collated and published (see Armstrong et al., 
1970 ; 1974 ; Maddock. Swan n. 1977; Pingree et al., 
1977 ; Butler et al., 1979, for referenees). 

Macroplankton and young fish 

Oblique hauls of 1 m or 2 m nets are made wcckly at 
SI. U , 2 nm west of the Eddystone (Sou thward, 1970). 
This station is near the front between coasta l and 
offshore water, and is usually well-mixed. 

This series showed the now wcll-k nown dramatie 
change in the ecosystem in the 1930 s. A plankton 
community of great diversity, eharacterizcd by Sagilla 
e/ega/ls. was replaced by a poorer communi ty charac­
terized by S. setosa. Zooplankton numbers and young 
of dcmersal fi sh dcdincd by an order of magn itude. and 
spawni ng intensity of pilchard increased by several 
orders of magnit ude. Thesc changes were preceded by a 
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period of rising sea temperature and accompanied by 
a fall in the winter maximum of inorganic phosphate. 
There was a collapse of the Plymouth herring fi shery at 
abou llhe same lime. From 1965 onwards these changes 
reversed, at first associaled with a pcriod of falling sea 
temperatures. Zoop1ankton abundance increased, young 
of demersal fi sh returned in large numbers, and pilchard 
spawniog ceased in the summer months. The change 
appeared to be com plete by 1979, although herring had 
not returned in any great quantity, its place as the domi­
nant pelagie fi sh bcing taken by mackerel from 1968, 
fo llowing the decline in pilchard. Recent publications 
givc references to the earlier studies (R ussell et al., 
1971 ; Russel~ 1973; Southward., 1974 ; Southward 
et af., 1975 ; South ward., 1980). Present interprelal ion 
of Ihis cyclic change is Ihat Ihere is an overall relation­
ship with the secular trend in climate. 

Phytoplanklon and productivity 

Qualitative samples with townets have been analysed 
for species presence or absence from 1903-1911, 1923-
1930, 1938-1939 and 1964 to date. This includes several­
times-a·week samples from the Plymouth fi shing 
grounds as weil as less frequent stations in the Western 
Channel. From 1964 quantitative water bottle samples 
from st. El and other places in the W. Channel have 
becn analysed by sedimentation and the numbers 
converted to volumes. Prirnary production (ruation of 
14C) has becn measured severaltirnes a year since 1964 
at st. El and two other stations in the W. Channel (sec 
Boalch et al., 1978; Maddock et al., 1981). 

The preliminary analyses show big changes in individual 
species, which appear and flourish for sorne yeaTs 
Ihen decline agai n (e.g. Boalch, Harbour, 1977). Pro­
bably for this reason, statistical analysis orthe 1964-1974 
series docs not show any marked trends, even though 
the same period saw the retorn phase of the zoop1ank­
ton cycle (Maddock et al., 1981). Correspondingly there 
were no massive changes in primary production (Boalch 
et al., 1978). Sorne doubts are being expressed about the 
role of primary production in controlling long-term 
trends (Southward, 1980) and the Gaia hypothesis has 
becn quoted (Butler. Southward, 198 1). 

Intertidal bamacles 

Rocky shore traverses are counted annually : in the 
spring al up to 40 stations around Ihe SW pcninsula ; 
and in the autumn at several places of differing exposure 
10 wave-action and insolation close to Plymouth 
(South ward., 1967). The sarne survey now includes the 
follow-up of the .. Torrey Canyon·· disaster (South­
ward., Southward, 1978). 

Comparison with surveys in 1930 and 1934 showed 
lhat by 1951 therc had becn increases in the proportion 
of warm-water species and decreases in eold-water 
species (Southward., Crisp, 1954). Si nce 1962 a eold­
water species has returned and there have becn decreases 
in the warm-water species (Southward., 1967; South-
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ward, Southward, 1977). Two componenls are present : 
a long-Ierm risc and fall (or fall and risc) agreeing with 
the seçular trend in temperature ; and a smaller compo­
nent eorresponding to the Il Y solar cycle, but with a 2 y 
phase lag(Southward et al., 1975). The Il y trend is still 
present in the records but correlat ion wÎth sca tempera· 
ture is less significan t. suggesti ng rnediation Ihrough 
other c1irnatic facto rs. 

Demersal fishes and benthos 

Similar-sizcd olier trawls arc lOwed for a measured 
time at the same stations (up to 130) at approximately 
the same time of year over a period of 3 to 4 years 
(Southward, 1963). Fish are idenlificd and lengt hs 
measured. Records for 192Q..1922, 1950-1952 and 1976-
1979 are now availablc. 

Major changes occurred between 1920 and 1950, 
corresponding 10 the change in plankton. Warm-water 
species incrcased in relative abundance and cold-water 
species declined (Southward, 1963). The reverse has 
happened since 1952 and there have been marked 
incrcases in certain cold-watcr species (South ward 
el al .. 1975; Southward, Mattacola, 1980). During the 
whole period the catch of angler fish and scad has 
incrcascd., whcreas spur-dogs, rays and sorne gurnards 
have deereased. The total number of fi sh taken per 
hour fishing has not ehanged significantly, but the 
proportion of commercially valuable species has declin­
ed. These very long term changes appear to he related 
to fi shing intensity, and probably represent a change in 
balance between species that could influence plankton 
and benthos (Brander, 1981; Southward., 1981). 

Intermittent surveys of benthos off Plymouth have becn 
made since the torn of the century. The results and 
trends are describcd by Holmc (1983, this volume). 

PREDICTION OF CHANGE 

Biological prediction con tains many elements of stock­
market" chartism". but it is tempting to try. The return 
of the pre-1930 plankton system ought to have becn 
accompanicd by bui ld-up of a fi shable population of 
herring, but what we got was maekerel. and the predict­
cd effeet of inorgan ic nutrients was shown to be an 
illusion. In 1975 attention was drawn to the fit between 
sorne of the biological data and the solar cycles of 11 y 
and 180 y duration (Southward et al., 1975 ). If the latter 
can be prcdicted from planelary movements, and if 
the effect is mediated Ihrough sea temperature., then 
there ought to have followed several more decades in 
which cold-water communities 110urishcd in the Western 
Channel. In sorne respects this 1975 prediction came 
true, and there have becn further increases in cold­
water species (Southward, 1980 ; Southward., Matta­
cola. 1980). But sea temperatu res are no longer fall ing, 
and the correlation with the 11 y solar cycle Îs less 
significant. Il may be that an overall trend is imposed 



on random fluctuations only when one envi ron mental 
factor is stronger than usual, as sunspots and tempera· 
ture may have been at the top of the 180 y cycle in 
1921- 197 1. Even if this short term correlation is no 
longer clear, Ihe existence of the 180 y cycle could still 
mean a dominance of cold·water spccies into the next 
century. On the ot her hand if what we are sceing now 
is the" grcenhouse erTect " due 10 accumulating anthro­
pogenic CO 2 (Hansen el al., 1981 ; Wigley, Jones, 1981), 
then rising temperatures wil l tend to cancel out the 180 y 
trend and either produce stability at the present level 
or favour returo of warm·water commun ities. The 
retum of warm·water communilies 10 the Western 
Channel would mean a fall in zooplankton standing 
crop, a decline in mackerel, and increases in pilchard. 
Replacement of cold·water demersal fi sh by warm· 
waler spccies would reduce the yield from the commer· 
cial lishery. 
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BIOLOGICAL FLUCTUATIONS IN THE CHANNEL 

FUTURE 

The surveys carried out since 1900 have shown the 
existence of important biological changes in the Western 
Channel, changes perhaps more obvious than those 
dctected in other regions in Northern Eu rope. The 
program bcgun reccntly to st udy the" fron tal ., region 
at the mouth of the Channel, and the corresponding 
area of mixing along the continental shelf edge to the 
west, is capable of provid ing additional evidence of 
changes in hydrographie and bio logical conditions 
(G ra1l el al., 1971 ; Pingree, 1978; Pingree, Griffiths, 
1978 ; Pingrce et al., 1978; 1979 ; Le Fèvre el al., 1983 a ; 
1983 b). Satellite imagi ng is an essential part of this 
program, supplementing and extending the biological 
data. A combination of the older surveys with studies of 
., frontal " regions will give grealcr information on 
long term changes in the Channel and approaches. 
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