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Extensive sub-li.ttor al surveys of the Laminariaceae growing aro-qnd 
Scotland has shown the fr.esh weight and the area colonised decreases 
with increased depth of sea; that these two factors are related and that 
the decreases are exponential. 

Seasonal variations are chiefly due to the winter storms removing 
plants from the seabed and the shedding of old laminae in the spring. 

Perennial variations follow an eleven-year cycle in phase with the 
sun-spot cycle. 

In 1944 it was decided to set up an organisation whose primary 
objectivies were to survey the Laminarian resources of Scotland and the 
means of harvesting them; the former objective has been my concern. 

Measurement of the Scottish marine coastline revealed a length of 
over 6,000 miles (10,000 km.), therefore, some means of eliminating 
unprofitabl,e areas for surveys had to be found . 

Ch a pm a n (1948) had sho'wn that aerial photography could be used 
to map areas of laminarian growth. 

It was therefore decided to collect data by detailed _surveying from 
small motor fishing vessels, using calibrated spring grabs, submitting the 
data to continual statistical analysis and apply any found ecological law 
to areas of laminaria indicated by aerial photography. 

By September 1945, exploratory tests were und~rway and trials 
iniciated, the results of which were submitted for statistical analysis 
(W a 1 k e r 1947). At this early stage, indications of an ecological law 
emerged, i.e. , 

Fathom (l.85m.) 1 2 3 4 5 6 7 8 9 

lb/sq .yd. 8.9 7.4 6.7 5.6 4.3 3.3 1.2 0.9 0.2 
kg.lm ~ 4.8 4.0 3.6 3.0 2.3 1.8 0.6 0.5 O.I 
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An approximate straight-line relationship between depth and fre3h 
w eight of the Laminariaceae was found as follows :-

d = 10.2 - 1.15 f. 
where d = de_nsity, fresh weight per unit area (lb./sq.yd.) 

f = depth of quadrat (fathoms) 

The first full scale detailed survey was carried out over 10 areas 
within Scapa Flow, Orkney, a group of islands off the north coast of the 
mainland of Scotland. The sampling was at fathom intervals along 
transects measured by range-finder. The combined results for the ten 
areas showed a straight-line relationship, similar to that above, namely, 
d = 12.9 - 1.4 f. It was found that the Laminariaceae worthy of record 
quantitatively were: Laminaria cloustoni (L. hyperborea), L. digitata, L. 
saccharina and Saccorhiza • bulbosa. It was found that the nature of the 
substrata was related to the extent of the growth, i.e., with increasing 
rockiness of the substratum, the algal cover generally increased and also 
the dominance of Laminaria cloustoni, while with an increasing amount 
of sand, gravel or mud in the substrata of the seabed, the cover decreas2d 
and Laminaria saccha:rina became the dominant species. The cover and 
density (fresh weight/unit area) both decreas2d with increasing d2pth. 

The second survey was carried out in the Bay of Firth, Orkney, over 
an area of 3,000 acres. The simple relationship between density and depth 
was not found in this ar~a but one which included the cover, namely: 
d/c = 3.90 + 0.20 f ., from 1-6 fathoms (L.W.M.O.S.T.). 

This relationship (but with a negative sign) was subsequently found 
to hold in other ext-ensive areas of Orik.n ey, (W a 1 k e r 1950), and furth-2:r 
the leviel of the graph, d/c = k - af., was relat-ed to the rat-2 of tidal 
stream operating during spring tides in the particular area. This relation­
ship has held. during the ten following years, for m ost of the other areas 
around Scotland. The valves for k. against the tidal rate in the above 
formula, showed a different slope for areas, where Laminaria cloustoni 
domi.nated the flora, to those for a:reas, where LaminariGJ saccharina was 
the dominant species of the Laminariaceae, (W a 1 k e r 1952). 

The cumulative discovery of ecological laws governing the Lamina­
riaceae ei1abled a preliminary assessment to be made in 1953 from aerial 
photographB covering the greater part of the Scottish c-oast , (W a 1 k e r 
1954). The result of this preliminary assessment was that ov er 5,300 miles 
of coastline representing 2 rn.illion acres, 10 million tons of Laminariaceae 
were growing (an average of 5 tons/acre or 12,500 kgm ihectare); 39 per 
cent of which occurred in quantity and ooncentration to be of econorriic 
value. 
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From 1946 to 1953, at all seasons, 59 detailed surveys, covering 80,000 
acres had h2en complet,2,d. The combined data of the 59 surveys showed 
that the meari fresh weight p!:o·r unit ar2a of Laminariaceae in those 
quadrats which contained them at each fathom interval of depth, was 
proportional to the respective seaw2ed cover and that both fresh weight 
and cover decreased exponentially with increasing depth, (W a 1 k e r 
1954). This is nat unexp,2cted as the co2fficient of extinction of light in 
water is also exponential. 

During the later surveys plant weight and numbers were recorded 
and it was found that the decrease in algae density was more a result of 
a reduction in the numh2-r of plants per unit area rather than of the 
weight of individual plants. 

Whether the above quantities have a permanency or nat remained a 
question in 1951. It was decided therefore to complete a series of resurveys 
of selected an~as within one year to riecord any significant seasonal 
variations. Thr-2,2 ar-2as were chosen off the N.E., S.E. and S .W. of Scotland, 
where Laminaria cloustoni was known to be the dominant species. The 
general conclusion from thes-2 resurveys was that, within one year, the 
laminaria crop is fairly stable until th2 rough seas of the winter dislodge 
the plants from the s2a-bed and until the plants shed their old laminae in 
the spring, (W a 1 k e r and R i ch a r d s o n 1955). 

This work was followed-up by further resurveys in the above three 
areas with the object of recording perennial changes. 

Off the south-west, it was found that considerable loss of cover and 
density occurr-Etl from 1952 to 1953, both Laminaria cloustoni and L. sac­
charina decrrnsed. Between 1953 and 1954, th2 cover showed a small gain 
while the density show2d a small loss. Between 1954 and 1955 recolonis­
ation was taking place. 

Off the south-east, considerable loss in both cover and density 
occurred between 1949 and 1952 at all depths, but from 1952 to 1954 
recover y had hccgun and continu,2d in 1955. 

OH the nort-east, loss of both cover and density occurred from 1952 
to 1953. From 1953· to 1954 recovery had taken place and was established 
by 1955, (Walker a~d Richardson 1957 (b)) . 

A similar pattern of p2rrenial change was found in North Shapinsay, 
Orkney, betwe~n 1947 and 1955, and also around the Isle of Arran, Firth 
of Clyde , where Laminaria saccharina was the dominant species, (W a 1-
k e r and R i ch a r d s on 1957 (a) (c)). 
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During the whole period of sub-littoral surveying, 1946-1955, over 
widely separated areas off Scotland, 100,000 quadrats have been measured 
from more than 27 ,000 hectares of the sea-bed at all times of the year. 

It is now possible to inclioa.te th-2 trend of growth. By far the greater 
quantity of the Laminariaceae is found above 5 fathoms (9 metres) and 
consists of Laminaria cloustoni E dm. , L. Saccharina L amo u r and L. 
digitata L amo u r. 

Based on all quadrat values obtained from 86 surveys, the mean fr.esh 
weight per unit area of the thre,2 Laminariae, found between one and five 
fathoms (2-9m.) in each calendar year, 1946 until 1955, was : 

lb.lsq. yard (x 0.54 for kgm.lsq. metre) 

1946 9.1 
1947 13.4 
1948 11.2 
1949 8.0 
1950 5.0 
1951 5.4 
1952 3.7 
1953 2.8 
1954 3.4 
1955 4.7 

These values, when plotted logarithmically, show the trend over the 
past ten years and, when extrapolated backwards in time, give a trough 
in 1942 of th2 same level as 1953 ; and, when extrapolated forward intime, 
give a crest in 1958 of the same level as 1947. E•cological factors combining 
to produce an eleven year cycle would appear to be controlling the 
reproduction, colonisation and growth of the Laminariaceae around 
Scotland. 

A surprising degree of correlation was found between the periodicity 
of the Laminarian crop and the sunspot activity, (W a Ike r 1956). 

It is not thought that the perennial periodicity of the crop of Lamina­
riaceae is the direct consequence of sunspot activity but rather the indir-2ct 
result of such activity producing meteorological conditions which in turn 
are reflected in the marine environment. 

A continuation of such an ecological study would no doubt be 
rewarding. 
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Kratak sadržaj 

Ekstenzivna izučavanja sublitorolnih laminarijaceja na škotskim oba­
lama su pokazala da masa svježih alga i areal njihove rasprostranjenosti 
opadaju s dubinom: ova dva faktora pokazuju pravilan odnos, i opadanje 
je eksponencijalno. 

Na sezonska kolebanja utječu najviše zimske oluje. 

Dugoročna kolebanja slijede jedanaestogodišnji ciklus, koji stoji u 
vezi sa sunčanim pjegama. 

Tiskanje završeno ?5. I. !f.59. 

Tisak: No\'insko~izdavačko poduzete »Slobodna Dalmacija« - Split 


