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Oceanography and the Sea-Fisheries.* 

Bv WILLIAM A. HERDMAN, C.B.K, D.Sc., Sc.D., LL.D., F.R.S., 
Professor of Oceanography in the University of Liverpool, President. 

l T has been customary, when occasion required, for 
the president to offer a brief tribute to the memory 

of distinguished members of the Association lost to 
science during the preceding year. These, for the 
most part, have been men of advanced years and high 
reputation who had completed their life-work and 
served well in their day the Association and the 
sciences which it represents. Such are our late 
general treasurer, Prof. Perry, and our past-president, 
Sir Norman Lockyer, of whom the retiring president 
has just spoken. We have this year no other such 
losses to record! but it seems fitting on the present 
occasion to pause for a moment and devote a 
grateful thought to that glorious band of fine young 
men of high promise in science who, in the years 
since our Australian meeting in 1914, gave, it may 
be, in brief days and months of sacrifice, greater 
service to humanity and the advance of civilisation 
than would have heen possible in years of normal time 
and work. A few names stand out already known 
and highly honoured-Moseley, Jenkinson, Geoffrey 
Smith, Keith Lucas, Gregory, and more recently 
Leonard Doncaster--.all grievous losses; but there are 
also others, younger members of our Association, who 
had not yet had opportunity for showing accomplished 
work, but who equally gave up all for a great ideal. 
I prefer to offer a collective rather than an individual 
tribute. Other young men of science will arise and 
carry on their work, but the gap in our ranks 
remains. Let their successors remember that it serves 
as a reminder of a great example and of high en
deavour worthy of our gratitude and of permanent 
1-ecord in the annals of science. 

At the last Cardiff meeting of the British Associa
tion in 1891 you had as your president the eminent 
astronomer Sir William Huggins, who discoursed 
upon the then recent discoveries of the spectroscope in 
relation to the chemical nature, density, temperature, 
pressure, and even the motions of the stars. From 
the sky to the sea is a Jong drop, but the sciences of 
both have this in common: that they deal with funda
mental principles and with vast numbers. More than 
three hundred years ago Spenser in the "Faerie 
Queene " compared "the. seas abundant progeny " 
\vith "the starres· on hy," and recent investigations 
show that a litre of sea-water m ay contain more than 
a hundred times as many living organisms as there are 
stars visible to the eye on a clear night. · 

During the past quarter of a century great advances 
have been made in the science of the sea, and the 
aspects and prospects of sea-fisheries research have 
undergone changes which encourage the hope that a 
combination of the work now carried on by hydro
graphers and biologists in most civilised countries on 
fun<lamental problems of the ocean may result in a 
more rational exploitation and administration of the 
fishing industries-

And yet even at your former Cardiff meeting thirty 
years ago there were at least thr,ee papers of oceano
itraphic interest-one by Prof. Osborne Reynolds on 
the action of waves and currents, another by Dr. 
H. R. Mill on seasonal variation in the temperature 
of lochs and estuaries, and the third bv our honorarv 
local secretary for the present meeting, Dr. Evans 
Hovle, on a deep-sea tow-net capable of being opened 
and closed under water bv the electric current. 

It was a notable meetin-g in several other respects, 
* Presidental addre!.s delivered at the Cardiff meeting of the Rrihs~ 

Association on Aue;ust 24. 
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of which I shall merely mention two. In Section A 
Sir Oliver Lodge gave the historic address in which 
he expounded the urgent need, in the interests of both 
science and the industries, of a national institution 
for the promotion of physical research on a large scale. 
Lodge's pregnant idea put forward at this Cardiff 
meeting, supported and still further elaborated by Sir 
Douglas Galton as president of the Ass9ciation at 
Ipswich, has since bmne notable fruit in the estab
lishment a nd rapid development . of the National 
Physical Laboratory. The other outstanding event of 
that meeting is that you then appointed a committee 
of eminent geologists and naturalists to consider a 
project for boring· through a coral reef, and that led 
during following years to the succ,issive expeditions to 
the atoll of Funafuti, in the Central Pacific the results 
of which, reported upon eventually by ' the Royal 
Society, were of great interest alike to geologists 
biologists, and oceanographers. ' 

Dr: Huggins, on taking the chair in 189 r, remarked 
that 1t was more than thirty years since the Associa
tion had honoured astronomy in the selection of its 
president. It might be said -that the case of oceano
graphy is harder, as the Association has never had 
an oceanog-rapher as president; and the Association 
might well reply, "Because until very recent years 
there has been. no oceanographer to have." If astro
nomy is the oldest of the sciences, oceanography is 
probably the youngest. Depending as it does upon 
the. methods and results of other sciences, it was not 
until our knowledge of physics, chemistry, and biologv 
was relatively far advanced that it became possible 
to apply that knowle<li<e to the investigation and 
explanation of the phenomena of the ocea~. No one 
man has done more to applv such knowledg-e derived 
from various other subjects and to orflanise the results 
as a definite branch of science than the la te Sir John 
Murrav, who may therefore be regarded as the fou.nder 
of modern oceanograohv. 

It is to me a m;tter of regret that Sir John Murrav 
was never president of the British Association. I am 
revealing no secret when I tell you that he might 
have been. On more than one occasion he was invited 
bv the council to accept nomination, and he declined 
for reasons that were good and commanded our 
respect. He felt that the necessary duties of this post 
~ould interfere with what, he regarded as his primary 
life-work - oceanographtcal exolorations alreadv 
planned. 'and the last of which he actuallv carried 
out in the North Atlantic in H)I2, when above seventv 
years of ag-e, in the Norwegian steamer Michael Sais 
along with his friend Dr. Johan Hiort. 

Anyone considering the subject-matter of this new 
scie:1ce must be struck by its wide range, overlapping 
as 1t does the borderlands of several other sciences 
and making use of their methods and facts in the 
solution of its problems. It is not only world-wide 
!n its scope, but it also extends beyond our globe, and 
tncludes astronomical data in their relation to tidal 
and certain other oceanographical ohenomena. No 
m an in his work, or even thought: can attempt to 
~ove_r the whole ground, althoug-h Sir John Murrav, 
m his remarkably comprehensive " Summary "volumes 
of the Challen,{fer Expedition and other writings, went 
far towards doing so. He, in his combination of 
physicist, chemist, geologist, and biologist, was 
t.he nearest approach we have had to an all-round 
oceanographer. The International Research Council 
probably acted wisely at the recent Brussels Confer-
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enoe in recommending the institution of two Inter
national Sections in our subject, one of physical and 
the other of biological oceanography, although the 
two overlap and are so interdependent that no inves
tigator on one side can afford to neglect the other. 1 

On the present occasion I must restrict myself 
almost wholly to the latter division of the subject, 
and be content, after brief reference to the founders 
and pioneers of our science, to outline a few of those 
investiga tions and problems which have appeared to 
me to be of fundamental importance, of economic 
value, or of general interes~. 

Alt~ough the name "oceanography " was only given 
to this branc,_h of science by Sir John Murray in 188o, 
and although, according to that veteran oceanographer 
Mr. J. Y. Buchanan,. the last surviving member of 
the civilian staff of the Challknger, the science of 
oceanography was born at sea on February 15, 1873," 
when at the first official dredging station of the 
expedition, to the westward of Teneriffe, at 1525 
fathoms, everything that came up in the dredge was 
new, and led to fundamental discoveries as to the 
deposits forming on the floor of the ocean, still it 
may be claimed that the foundations of the science 
were laid by various explorers of the ocean at much 
earlier dates. Aristotle, who took all knowledge for 
his province, was an early oceanographer on the shores 
of Asia Minor. When Pytheas passed between the 
Pillars of Hercules into the unknown Atlantic and 
penetrated to British seas in the fourth c.entury B.c., 
and brought back reports of Ultima Thule and of a 
sea to the north thick and sluggish like a jellyfish, 
he may have been recording an early planktonic 
observation. But passing over all such and many 
other early records of phenomena of the sea, we 
come to surer ground in daiming as founders of 
oceanography Count Marsili, an early investigator of 
the Mediterranean, and that truly scientific navigator 
Capt. James Cook, who sailed to the South Pacific 
on a Transit of Venus expedition in 1769, with Sir 
Joseph Banks as naturalist, and by a fterwards cir
cumnavigating the South Sea about latitude 6o0 

final~y disproved _the existence of a great southern 
~ontment; and Sir James Clark Ross, who, with Sir 
Joseph Hooker as natura list, first dredged the 
Antarctic in 1840. 

The use of the naturalist's dredge (introduced by 
0. F. Miiller, the Dane, in 1799) for exploring the 
sea-bottom was brought into prominence almost 
simultaneously in several countries of North-West 
EurOJ?e-by Henr_i Milne-Edwards in France in 1830, 
by Michael Sars m Norway in 1835, a nd by our own 
Edward Forbes about 1832. 

The last-mentioned genial and many~sided genius 
was a notable figure in several sections of the British 
Associ~tion from· about 1836 onwards, and ma v fairl y 
be cla1m~d a~ a pioneer of ooeanography. In 1839 
he an? h1~ fnend the anatomist, John Goodsir, were 
dredgmg m the Shetland seas, with· results which 
Forbes made known to the meetin~ of the British 
Association at Birmingham that summer, with such 

1 !he following classification of the primary d ivi~ions of the subject may 
possibly be found acceptable:--

I 
Oceanog raphy 

I 

Physioraphy 

I 
Geography 

I I I . I 
Hvdrography Metabolism Bionomics T1dology 
(Physics, etc. ) (Uiochemistry) (Biology) (Mathematics) 
2 Oth,cr!. m igh.t put the date .later. Significan t ·publications are Si.r John 

Murray s Summary Volui:nes of the Ckallen~er (1 895), _the ioaug urat_ion of 
the _Musee Oceanogr~ph1que at . ~onaco in 1910, t!ie foundation Of the 
lnst1tur ~c~anograph1qu_e at Paris 1n 1906 (see the -Prince of Monaco·s· Jetter 
to the Mmtster of Publtc I n.,;truc tion). and Sir J ohn M urray's li ttle_ book 
"The Ocean" ( 1913), where the superiority of the term "oceanography" 
to "thalasso2:raphy" (used by Alexander A gassiz) is d i_scussed. 
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good effect that a ' ' Dredging Committee "• of the 
Association was formed to continue the good work. 
Valuable reports on the discoveries of that committee 
appear in our volumes at intervals during the fol
lowing twenty-five years. 

It has happened over and over again in history 
that the British Association, by means of one of its 
research committees, has led the way in some im
portant new research or development of science, and 
shown the Government or an industry what wants 
doing and how it can be done. We may fairly claim 
that the British Association has inspired and fostered 
that exploration of British seas which through marine 
biological investigations <1-nd deep-sea expeditions has 
led on to mode rn oceanography. Edward Forbes and 
the British Association Dredging Committee, Wyville 
Thomson, Carpenter, Gwyn Jeffreys, Norman, and 
other naturalists of the pre-Challenger days-all these 
men in the quarter-century from 1840 onwa rds worked 
under research committees of the British Association, 
bringing their results before successive meetings; and 
some of our older volumes enshrine cla ssic reports 
on dredging by Forbes, McAndrew, Norman, Brady, 
Alder, and other notable naturalists of that day. 
These local researches paved the way for the Chal
lenger and other national deep-sea expeditions. Here, 
as in other cases, it required priva te enterprise to 
precede a nd stimulate Government action. 

It is probable that Forbes and his fellow-workers 
on this "Dredging Committee " in their marine 
explora,tions did not fully realise that they were 
opening up a most comprehensive and important 
department of knowledge. But it is also true that in 
all his expeditions-in the British seas from the 
Channel Islands to the Shetlands, in Norway, and in 
the Mediterranean as far as the /Egean Sea-his broad 
outlook on the problems of Nature was that of the 
modern oceanographer, and he was the spiritual 
ancestor of men like Sir Wyville Thomson, of the 
Chalienger Expedition, and Sir John Murray, whose 
accidental death a few years ago, whilst still in the 
midst. of active work, was a grievous loss to this 
new and rapidly advancing s cience of the sea. 

Forbes in these marine investiga tions worked at 
border-line problems, dealing, for example, with the 
relations of · geology to zoology and the e ffect of the 
past history of the lar:d and sea upon the distribution 
of plants and animals at the present day, and in these 
respects he was an early oceanographer. For the 
essence of tha t new subject is tha t it also investigates 
border-line problems, and is based upon and makes 
use of all the older fundamental sciences- physics, 
chemistry, and biology-and shows, for example, how 
variations in the . great ocean-currents ma y a ccount for 
the movements and abundance of the migra tory fishes, 
and how periodic changes in the physico-chemical 
characters of the sea, such as va riations in the 
hydrogen-ion and hydroxyl-ion concentra tion, are cor
related with the distribution at the different seasons of 
the all-important microscopic organisms that render 
our oceanic waters as prolific a source of food as the 
pastures of the land. 

Another pioneer of the nineteenth centurv who, I 
sometimes think, has not vet received sufficient credit 
for his foresight and initiative is Sir Wvville Thom
son, whose name ought to go down throi'.i ith the ages 
as the leader of the scientific s ta ff on the famous 
Challenger DeeP-Sea Exploring Expedition. It is 
due chie.flv to him and to his friend, Dr. W. B. 

3 11 For researches with the dredge, with a view to the investiga tion of 
tbe marine zoology of Great Britain. the illu stration of the geographical 
<listribut;OP of marine animals, and the more accura te determination of the 
fossils of 1he Pleistocene ocriod: undeT the- super.intendence of Mr. Gray 
Mr. Forhes, Mr. Goodsir, Mr. Patterson1 Mr. Thomp~on of Belfas t, M/ 
Rall of Dublin, Dr. Geo•ge Johnston, Mr. Smith of J ordan Hill, and Mr. 
A. Strickl~nd, 6ol." Report for 1839, p. xxvi. 
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Carpenter, that the British Government, through the 
intluem:e of the Royal Society, was induced to place 
at the dbposal 01 a committtcc of scier.titic experts, 
tirsc th<.: small surveying steamer Lightning in 1801:!, 
and then the more ('ffic1ent steamer J'orcupme in the 
two succeeding ycar3, for the purpose of exploring the 
tkep water 01 the Atlantic from the .Faroes in the 
north to Gibraltar and beyo1,d in the south, in the 
course of which expeditions they got successful hauls 
from the then unprecedented depth of 2435 fathoms, 
nearly three st<1tute miles. 

It will be remembered that Edward Forbes, from 
his observations in the Mediten-ancan (an abnormal 
sea in some respec~s), regarded depths of more than 
300 fathoms as an azoic zone. 1 t was the work of 
\Vyville Thomson and his colleagues, Carpenter and 
Gwyn Jeffreys, on tl-'.ese successive dredging expedi
tions to prove conclusively \Vhat was beginning to be 
suspected by n.aturnlists, that there i:; no azoic zone 
in the sea, but that abundant life belonging to many 
groups of animals extends down to the greatest 
depths of from four to tive thousand fathoms- nearly 
six statute miles from the surface. 

These pioneering expeditions in the Lightning and 
Porcupine-the results of which arc not even yet fully 
made known to science-were epoch-making, inas
much as they not only opened up this new- region to 
the systematic marine biologist, but also gave glimpses 
of world-wide problems in connection with the physics, 
the chemistry, and the biology of the sea which arc 
only now being adequately investigated by the modern 
oceanographer. These results, which aroused intense 
interest amongst the leading scientific men of the 
time, were so rapidly surpassed and overshadowed 
by the still gre.ater achievements of the Challenget 
and other national exploring expeditions that followed 
in the seventies and eighties of last century, that 
there is some danger of their real importance being 
lost sight of; but it ought never to be forgotten that 
thev first demonstrated the abundance of life of a 
var.ied nature in depths formerly supposed to be azoic, 
and, moreover, that some of the new deep-sea animals 
obtained were related to extinct forms belonging to 
the Jurassic, Cretaceous, an<l Tertia ry periods. 

It is interesting to recall that our Association played 
its part i,1 promoting the movement that led to the 
Ch_a/lenger Expedition. Our general committee at 
the Edinburgh meeting of 1871 recommended that the 
pr<'si<lent and council be authorised to co-operate with 
the Royal Society in promoting " a circumnavigation 
expedition, speciallv fitted out to carry the physical 
and biological exploration of the deep sea into all th  
great oreanic areas "; and our counril later appointed 
a committee rnnsisting of Dr. Carpenter, Prof. 
Huxley, and others to co-opcr:>te with the Royal 
Soc:ietv in carryin~ out the~c objects. 

It has been said that the Chall'enger Expedition 
will rank in historv with the \'Oyages of Vasco da 
Gama, Columbus, Magellan, and Cook. Like these, 
it ndded new reriions of the globe to our knowledge, 
and the wide expanses thus opened up for the first 
time, the floors of the oceans, though less accessible, 
are vaster than the discoveries of anv previous 
exploration. Has not the time come for a new 
Challenger expedition? 

Sir \.Vvville Thomson, although leader of the ex
pedition, ·did not live to sec the rompleted results, and 
Sir John Murrav will be rememberf'd in the historv 
of science as the Challenger naturalist who brought 
to a sucoessful issue thi> investigation of the enormous 
collections and the publiration of the srientific results 
of that memorable vovajte; these two Scots share the 
honour of having guided the destinies of what is still 
the greatest oceanographic exploration of all time. 
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In addition to taking his part in the general work 
of the expedition, Murray devoted special attention 
to three subjects of primary importance in the science 
of the sea, viz. : (1) The plankton or floating life of 
the oceans, (2) the deposits forming on the sea
bottoms, and (3) the origin and mode of formation of 
coral-reefs and islands. It was characteristic of his 
broad and synthetic outlook on Nature that, in place 
of working at the specic-graphy and anatomy of some 
group of organisms, however novel, interesting, and 
attractive to the naturalist the deep-sea organisms 
might seem to be, he took up wide-reaching general 
problems with economic and geological as well as 
biological applications. 

Each of the three main lines of invcstigation
deposits, plankton, and coral-reds-which Murray 
undertook on board the Challenger has been most 
fruitful of results both in his own hands and in those 
of others. His plankton work has led on to those 
modern planktonic researches which are closely bound 
up with the scientific investigation of our sea-fisheries. 

His work on the deposits accumulating on the floor 
of the ocean resulted, after years of study in the 
laboratory as well as in the field, in collaboration with 
the Abbe Renard, of the Brussels Museum, after
wards. professor at Ghent, in the production of the 
monumental "Deep-Sea Deposits " volume, one of 
the Challenger reports, which first revealed to the 
scientific world the detailed nature and distribution of 
the varied submarine deposits of the globe and their 
relation to the rocks forming the crust of the earth. 

These studies led, moreover, to one of the romances 
of science which deeply influenced Murray's future 
life and work. In accumulating material from all 
parts of the world and all deep-sea exploring expedi
tions for comparison with the Challenger series, some 
ten years later, Murray found that a sample of rock 
from Christmas Island, in the Indian Ocean, which 
had been sent to him by Comdr. (now Admiral) 
Aldrich, of H.M.S. Egeri.a, was composed of a valu
able phosphatic material. This discovery in Murray's 
hands gave rise to a profitable commercial under
taking, and he was able to show that some years ago 
the British Treasury had already received in royalties 
and taxes from the island considerably more than the 
total cost of the Challenger Expedition. 

That first British circumnavigating expedition on 
the Challenger was followed by other national ex
pcdi tions (the American Tuscarora and Albatross, the 
French Travailleur, the Crerman Gauss, National, and 
Valdivia, the Italian Vettor Pisani, the Dutch Siboga, 

· the Danish Thor, and others) and by almost equally 
celebrated and important work bv unofficial oceano
graphers such as Alexander Agassiz, Sir John Murray 
with Dr. Hjort in the Michael Sa,rs, and the Prince 
of Monaco in his magnificent ocean-going yacht, and 
by much other good work by many investigators in 
~mailer and humbler vessels. One of the~ supple
mentary expeditions I must refer to briefly because 
of its rnnnection with sea-fisheries. The Triton, 
under Tizard and Murray in 1882, while e;,:ploring 
the rold and warm areas of the Faroe Channel 
separated bv the Wvville Thomson ridge, incidentally 
discoverf'd the famous Dubh-Artach fishing-grourtds, 
which have been worked by British trawl~rs ever 
since. 

Notwithstanding- all this activity during the last 
fortv vears since oreanography became a science, 
murh has still to be investigated in all seas in all 
branches of the subject. On pursuing anv line of 
investigation one very soon comes up against a wall 
of the unknown or a maze of controversv. Peculiar 
diffirulties surround the subject. The matter~ inves
tigated are often remote and almo~t inaccessible. Un-
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known faC'tors may enter into every problem. The 
samples required may be at the other end of a rope 
or a wire eight to ten miles long, and the oceano
grapher may have to grope for them literally in the 
dark and under other difucult conditions which make 
it uncertain whether his samples when obtained are 
adequate and representative, and whether they have 
undergone any change since leaving their natural en
vironment. lt is not surprising, then, that in the 
progress of knowledge mistakes have been made and 
corrected, and that views have been held on what 
seemed good scientific grounds which later on were 
proved to be erroneous. For example, Edward 
f,' orbes, in his division of life in the sea into zones, 
on what then seemed to be sufficiently good observa
tions in the JEgean, but which we now know to be 
exceptional, placed the limit of life at 300 fathoms, 
while Wyville Thomson and his fellow-workers on the 
Porcupine and the Challenger showed that there is no 
azoic zone even in the great abysses. 

Or, again, take the celebrated myth of Bathybius. 
In the sixties of last century samples of Atlantic 
mud, taken when surveying the bottom for tht> first 
telegraph cables and preserved in alcohol, were found 
when examined by Huxley, Haeckel, and others to 
contain what seemed to be an exceedingly primitive 
protoplasmic organism, which was supposed on good 
evidence to be extended widely over the floor of the 
ocean. The discovery of this Bathybius was ~aid 
to solve the problem of how the deep-sea animals 
were nourished in the absence or seaweeds. Here 
was a widespread protoplasmic meadow upon which 
other organisms could graze. Belief in Bathybius 
seemed to be confirmed and established by Wyville 
Thomson's results in the Porcupine Expedition of 
1869, but was exploded by the naturalists on the 
Challenger some five years later. Buchanan in his 
recently published "Accounts Rendered " tells us how 
he and his colleague Murray were keenly on the look
out for hours at a time on all possible occasions for 
traces of this organism, and how they finally proved, 
in the spring of 1875 on the voyage between Hong
Kong a nd Yokohama, that the all-pervading substance 
like coagulated mucus was an amorphous precipitate 
of sulphate of lime thrown down from the sea-water 
in the mud on the addition of a certain proportion 
of alcohol. He wrote to this effect from Japan to 
Prof. Crum Brown, and it is in evidence that after 
receiving this letter Crum Brown interested his friends 
in Edinburgh by showing them how to make Bathy
bius in the chemical laboratory. Huxley at the 
Sheffield meeting of the British Association in 1879 
handsomely admitted that he had been mistaken, and 
it is said that he characterised Bathvbius as "not 
having fulfilled the promise of its youth." Will any 
of our present oceanographic beliefs share the fate of 
Bathybius in the future? Some may, but even if they 
do they may well have been useful steps in the pro
gress of science. Although, like Bathybius, they may 
not have fulfilled the promise of their youth, yet we 
may add they will not have lived in the minds of 
man in vain. 

Ma ny of the phenomena we encounter in oceano
graphic investigations are so complex, are or may be 
affected by so many diverse factors, that it is difficult, 
if indeed possible, to he sure that we are unravelling 
them aright and see the real causes of what we 
observe. 

Some few things we know approximately, nothing 
completely. We know that the greatest depths of the 
ocean, about six miles, are a little greater than the 
hii;!hest mountains on land, and Sir John Murray has 
calculated that if all the land were washed down into 
the sea the whole globe would be covered by an ocean 
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averaging about two miles in depth.• We know the 
distribution of temperatures and salinities over a great 
part of the surface and a good deal of the bottom of 
the oceans, and some of .the more important oceanic 
currents have been charted and their periodic varia
tions, such as those of the Gulf Stream, are being 
studied. We know a good deal about the organisms 
floating or swimming in thJe surface waters (the epi
plankton), and also those brought up by our dredges 
and trawls from the bottom in many parts of the 
world, although every expedition still makes large 
additions to knowledge. The region that is least 
known to us, both in its physical conditions and in 
its inhabitants, is the vast zone of intermediate waters 
lying be tween the upper few hundred fathoms and 
the bottom. That is the region that Alexander 
Agassiz, from his observations with closing tow-nets 
on the Blake Expedition, supposed to he destitute of 
life, or at least, as modified by his later observations 
on the Albatross, to be relatively destitute compared 
with the surface and the bottom, in opposition to the 
contention of Murray and other oceanographers that 
an abundant mesQC.plankton was present, and that 
certain groups of animals, such as the Challengerida 
and some kinds of Medusre, were characteristic of 
these deeper zones. I believe that, as sometimes 
happens }11 scientific controversies, both sides were 
right up to a point, and both could support their views 
t>;>on observations from particular regions of the ocean 
in certain circumstances. 

But much still remains unknown or only imper
fectly known even in matters that have long been 
"tudied and where practical applications of great value 
are obtained-such as the investiga tion and prediction 
of tidal phenomena. We are now told that theories 
require reinvestigation, and that published tables are 
not sufficiently accurate. To take another practical 
application of oceanographic work, the ultimate causes 
of variations in the abundance, in the sizes, in the 
movements, and in the qualities of the fishes of our 
coastal industries are still to seek, and, notwithstand
lng volumes of investigation and a still greater volume 
of discussion, no man who knows anything of the 
matter is satisfied with our present knowledge of even 
the best-known and economically most important of 
our fishes such as the herring, the cod, the plaice, 
and the salmon. 

Take the ease of our common fresh-water eel as an 
example of how little we know and at the same time 
of how much has been discovered. All the eels of 
our streams and lakes of North-West Europe live and 
feed and grow under our eyes without reproducing 
their kind; no spawning eel has ever been seen-. 
After living for years in immaturity, at la st near the 
end of their lives the large male and female yellow 
eels undergo a change in appearance and in nature. 
They acquire a silvery colour and their eyes enlarge, 
and in this bridal attire they commence the long 
journey which ends in maturity, re production, and 
death, From all the fresh waters they migrate in the 
autumn to the coast, from the inshore seas to the 
open ocean and still westward and south to the mid
Atlantic, and we know not how much further, for 
the exa_ct locality and manner of spawning have still 
to be d1scqvered. The yoU'ngest known stages of the 
Leptocephalus, the larval stage of eels, have been 
found by the Dane, Dr. Johannes Schmidt, to the 
west of the Azores, where the water is more than 
2000 fathoms in depth. These were about one-third 
of an inch in length, and were probably not long
hatched. I cannot now refer to all the able inves-

4 It was oo~sibly in such a fonr.er wr rld-wi<fc ocean of il"l ni<.ed wat~r· that. 
actordir1g to the recent specul::itioolli 4)f A. H : Church ·(" Thala~<.iophyta," 
191Q) . the first li"ing ore:anisms were evolved, Lo become later the floating 
unicellular Plants o f the primitive plankton. · 
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tigators-Grassi, Hjort, and others-who have dis
covered and traced the sta~s of growth of the Lepto
cephalus and its metamorphosis into the '"elvers" or 
young eels which are carried by the North Atlantic 
drift back to the coasts of Europe and ascend our 
rivers in spring in countless myriads; but no man 
has been more indefatigable and successful in the 
quest than Dr. Schmidt, who in the various expedi
tions of the Danish investigation steamer Thor from 
1904 onwards found successively younger and younger 
stages, and is during the present summer engaged 
in a traverse of the Atlantic to the West Indies in the 
hope of finding the missing link in the chain, the 
actual spawning fresh-water eel in the intermediate 
waters somewhere above the abysses of the open 
ocean. 5 

Again, take the case of an interesting oceanographic 
observation which, if established, may be found to 
explain the variations in time and amount of im
portant fisheries. Otto Pettersson in 1910 discovered 
by his observations in the Gullmar Fjord the presence 
of periodic submarine waves of deeper salter water 
in the Kattegat and the fjords of the west coast of 
Sweden, which draw in with them from the Jutland 
banks vast shoals of the herrings which congregate 
there in autumn. The deeper layer consists of "bank. 
water " of salinity 32 to 34 per thousand, and as this 
rolls in alcing the bottom as a series of huge undula
tions it forces out the overlying fresher water, and 
so the herrings living in the "bankwater " outside are 
sucked into the Kattegat and neighbouring fjords 
and give rise to important local fisheries. Pettersson 
connects the crests of the submarine waves with the 
phases of the moon. Two great waves of salter 
water which reached up to the surface took place in 
November, 1910, one near the time of full moon and 
the other about new moon, and the latter was at the 
time when the shoals of herring appeared inshore and 
provided a profitable fishery. The coincidence of the 
oceanic phenomena with the lunar phases is not, how
ever, very exact, and doubts have been expressed as 
to. the connection; yet, if established, and even if 
found to be due, not to the moon, but to prevalent 
winds or the influence of ocean currents, this would 
be a case of the migration of fishes depending upon 
mechanical causes, while in other cases it is known 
that migrations are due to spawning needs or for the 
purpose of feeding, as in the case of the cod and the 
herring in the west and north of Norway and in the 
Barents Sea. 

Then, turning to a very fundamental matter of 
purely scientific investigation, we do not know with 
any certainty what causes the great and all-important 
·seasonal variations in the plankton (or floating minute 
life of the sea) as seen, for example, in our own home 
seas, where there is a sudden awakening of micro
scopic plant-life, the Diatoms, in early spring when 
the water is at its coldest. In the course of a few 
days the upper layers of the sea may become so tilled 
with organisms that a small silk net towed for a few 
minutes may capture hundreds of millions of irdi
viduals. And these myriaqs of microscopic forms, 
after persisting for a few weeks, may disappear as 
suddenly as they came, to be followed by swarms of 
Copepoda and many other kinds of minute animals, 
and these again may give place in the autumn to a 
second maximum of Diatoms or of the closely related 
Peridiniales. Of course, there are theories as to all 
these more or less periodic changes in the plankton, 
such as Liebig's "law of the minimum," which limits 
the production of an organism by the amount of 

5 According to Schmidt's results, the European fresh-water eel, in order 
to be able to propagate, requires a depth of at least 500 fathoms, a salinity 
of more than-35·20 per IIlile, and a temperature of more than 7° C. in the 
re.quired depth. 
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that necessity of existence which is present in least 
quantity, it may be nitrogen or silicon or phosphorus. 
According to Raben, it is the accumulation of silicic 
acid in the sea-water that determines the great in
crease of Diatoms in spring and again in autumn. 
Some writers have considered these variations in the 
plankton to be caused largely by changes in tempera
ture supplemented, according to Ostwald, by the 
resulting changes in the viscosity of the water; but 
Murray and others are more probably correct in 
attributing the spring development of phyto-plankton 
to the increasing power of the sunlight and its value 
in photosynthesis. 

Let us take next the fact-if it be a fact-that the 
genial, warm waters of the tropics support a Jess 
abundant plankton than the cold polar seas. The 
statement has been made and supported by some 
investigators and disputed by others, both on a certain 
amount of evidence. This is possibly a case like some 
other scientific controversies where both sides are 
partly in the right or right under certain conditions. 
At any rate, there are marked exceptions to the 
generalisation. The German Plankton Expedition in 
1889 showed in its results that much larger hauls of 
plankton per unit-volume of water were obtained in 
the temperate North and South Atlantic than in the 
tropics between, and that the warm Sargasso Sea 
had a remarkably scanty microflora. Other inves
tigators have since reported more or less similar 
results. Lohmann found the Mediterranean plankton 
to be less abundant than that of the Baltic; gatherings 
brought back from tropical seas are frequently very 
scanty, and enormous hauls, on the other hand, have 
been recorded from Arctic and Antarctic seas. There 
is no doubt about the large gatherings obtained in 
northern waters. I have myself in a few minutes' 
haul of a small horizontal net in the north of Norway 
collected a mass of the large Copepod, Callanus fin
marchicus, sufficient to be cooked and eaten like 
potted shrimps by half a dozen of the yacht's com
pany, and I have obtained similar large hauls in the 
cold Labrador current near Newfoundland. On the 
other hand, Kofoid and Alexander Agassiz have re
corded large hauls of plankton in the Humboldt cur
rent off the west coast of America, and during the 
Challenger Expedition some of the largest quantities 
of plankton were found in the equatorial Pacific. 
Moreover, it is common knowledge that on occasions 
vast swarms of some planktonic organism may be 
seen in tropical waters. The yellow alga, Tricho
desmium, which is said to have given its name to the 
Red Sea, and has been familiarly known as sea
sawdust " since the days of Cook's first voyage,6 may 
cover the entire surface over considerable areas of 
the Indian and South Atlantic Oceans; and some 
pelagic animals, such as Salpre, Medusa;, and Cteno
phores, are also commonly present in abundance in 
the tropics. Then, again, American biologists 7 have 
pointed out that the warm waters of the West Indies 
and Florida may be noted for the richness of their 
floating life for periods of years, while at other times 
the pelagic organisms become rare and the region is 
almost a desert sea. 

It is probable, on the whole, that the distribution 
and variations of oceanic:. currents have more than 
latitude or temperature alone to do with any observed 
scantiness of tropical plankton. These mighty rivers 
of the ocean in places teem with animal- and plant
life, and may sweep abundance of food from one 
reg'ion to another in the open sea. 

But even if it be a fact that there is this alleged 
deficiency in tropical plankton, there is by no means 

6 See "Journal" of Sir Jo~eph B:mks. This and other swarms were 
also noticed by Darwin during the voyage of the Beagle. 

7 A. Agassiz A. G. Mayer, and H. B. Bigelow. 
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agreement as to the cause thereof. Brandt first 
attributed the poverty of the plankton in the tropics 
to the destruction ol nitrates in the sea as a result 
of the greater intensity of the metabolism of de-
nitrifying bacteria in the warmer water; and various 
writers since then have more or less agreed that 
the presence of these denitrifying bacteria, by 
keeping down to a minimum the nitrogen concentra
tion in tropical waters, may account for the relative 
scarcity of the phyto-plankton, and, consequently, of 
the zoo-plankton, that has been observed. But Gran, 
Nathansohn, Murray, Hjort, and others have shown 
that such bacteria are rare or absent in the open 
sea, that their action must be negligible, and that 
Brandt's hypothesis is untenable. It seems clear, 
moreover, that the plankton does not vary directly 
with the temperature of the water. Furthermore, 
Nathansohn has shown the influence of the vertical 
circulation in the water upon the nourishment of the 
phyto-plankton-by rising currents bringing up neces
sary nutrient materials, and especially carbon dioxide, 
from the bottom layers; and also possibly by convey
ing the products of the drainage of tropical lands to 
more polar seas so as to maintain the more abundant 
life in the colder water. 

Putter's view is that the increased metabolism in 
the warmer water causes all the available food 
materials to be used up rapidly, and so puts a check 
to the reproduction of the plankton. 

According to van't Hotf's law in chemistry, the 
irate at which a reaction takes place is increased by 
raising the temperature, and this probably holds good 
for all biochemical phenomena , and therefore for the 
metabolism of animals and plants in the sea. This 
has been verified experimentally in some cases by 
J. Loeb. The contrast between the plankton of Arctic 
and Antarctic zones, consisting of large numbers of 
small crustaceans belonging to comparatively few 
species, and that of tropical ~aters, containing a great 
many more species generally of smaller size and fewer 
in number of individuals, is to be accounted for, 
according to Sir John Murray and others, by the rate 
of metabolism in the organisms. The assemblages 
captured in cold polar waters are of different ages and 
stages, young and adults of several generations oc
curring together in profusion,' and it is supposed that 
the adults "may be ten, twenty, or more years of 
age." At the low temperature the action of putre
factive bacteria and of enzymes is very slow or in 
abeyance, and the vital actions of the Crustacea take 
plaoe more slowly and the individual lives are longer. 
On the other hand, in the warmer waters of the 
tropics the action of the bacteria is more rapid, meta
bolism in general is more active, and the various 
stages in the life-history are passed through more 
rapidly, so that the smaller organisms of equatorial 
seas probably live only for days or weeks in place of 
years. 

This explanation may account also for the much 
greater qua ntity of living organisms which has been 
found so often on the sea-floor in polar waters. It 
is a curious fact that the development of the polar 
marine animals is, in general, "direct " without 
larval pelagic stages, the result being that the young 
settle down on the floor of the ocean in the neigh
bourhood of the parent forms, so that there come to 
be enormous congregations of the same kind of animal 
within a limited ar,ea, and the dredge will in a par
ticular haul come up filled with hundreds, it mav be, 
of an E chinoderm, a Spon~e, a Crustacean, a 
Brachiopod, or an Ascidian ; whereas in warmer seas 
the young pass through a pelagic stage and so become 

8 Whether, however. the low temperature may not also retard reproduc· 
tion is worthy of consideration. 
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more widely distributed over the floor of the ocean. 
The Challenger Expedition found in the Antarctic 
certain Echinoderms, for example, which had young 
in various stages of development attached to some 
part of the body of the parents, whereas in temperate 
or tropical regions the same class of animals set free 
their eggs and the deYelopment proceeds in the open 
water quite independently of, and it may be far distant 
from, the parent. 

Another characteristic result of the difference in 
temperature is that the secretion of carbonate of lime 
in the form of shells and skeletons proceeds more 
rapidly in warm than in cold water. The massive 
shells of molluscs, the vast deposits of carbonate of 
lime formed by corals and by calcareous seaweeds, are 
characteristic of the tropics; whereas in polar seas, 
while the anima ls may be large, they are for the most 
part soft-bodied and destitute of calcareous secretions. 
The calcareous pelagic Foraminifera are characte ristic 
of tropical and sub-tropical· plankton, and few, if 
any, are found in polar waters. Globigerina ooze, a 
calcareous deposit, is abundant in equatorial seas, 
while in the Antarctic the characteristic deposit is 
siliceous Diatomaceous ooze. 

The part played by bacteria in the me tabolism of 
the sea is very important and probably of wide
reaching effect, but we still know very little about it. 
A most promising young Cambridge biologist, the 
la te Mr. G. Harold Drew, now unfortunatelv lost to 
science, had a lready done notable work at -Jamaica 
and at Tortugas, Florida, on the effects produced by 
a bacillus which is found in the surface waters of 
these shallow tropical seas and in the mud at the 
bottom; and which denitrifies nitrates and nitrites, 
giving off free nitrogen. He found that this Bacillus 
calcis also caused the precipitation of soluble calciuni 
salts in the form of calcium carbonate (" drewite ") 
on a large scale in the warm shallow waters. Drew's 
observations tend to show that the great calcareous 
deposits of Florida and the Bahamas previously known 
as "coral muds" are not, as was supposed by Murray 
and others, derived from broken-up corals, shells, 
nullipores, etc., but are minute particles of carbonate 
of lime which have been precipitated by the action of 
these bacteria.• 

The bearing of these observations upon the forma
tion of oolitic limestones and the fine.grained un
fossiliferous Lower Palreozoic: limestones of New 
York State, recently studied in this connection by 
R. M. Field,1° must be of peculiar interest to geo
logists, and forms a notable instance of the annectant 
character of oceanography, bringing the metabolism 
of living organisms in the modern sea into relation 
with oal:eozoic rocks. 

The work of marine biologists on the plankton has 
been in the main qualitative, the identification of 
species, the observation of structure, and the tracing 
of life-histories. The oceanographer adds to that the 
quantitative aspect when he attempts to estimate 
numbers and masses per unit-volume of water or of 
area. Let me lay before you a few thoughts in regard 
to some such attempts, mainly for the purpose of 
showin~ the difficulties of the investigation. Modern 
quantitative methods owe their orig-in to the ingenious 
;md laborious work of Victor Hensen, followed bv 
Brandt, Apstein, Lohmann, a nd others of the Kiel 
school of quantitative planktologists. We mav take 
their well-known estimations of fish-eggs in the 
North Sea as a n example of the method. 

The floating eitits and embrvos of our more important 
food-fishes may occur in quantities in the plankton 
during certain months in spring, and Hensen and 

9 Journ. Mar. Biol. Assoc .• October, 1911. 
10 Carnegie Institution of Washingtlim. "Year Book for 1919

1
" p. 197, 
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Apstein have made some notable calculations based 
on the occurrence of these in certain hauls taken at 
intervals across the North Sea, which led them to the 
conclusion that, taking six of our most abundant fish, 
such as the cod and some of the flat-fish, the egg5 
present were probably produced by about r,200,000,000 
spawners, enabling them to calculate that_ the t?tal 
fish population of the North Sea (of these six species) 
at that time (the spring of 1895) amounted to about 
10,000,000,000. Further calculations led them to the 
result that the fishermen's catch of these fishes 
amounted to about one-quarter of the total popula
tion. Now all this is not only of scientific interest, 
but also of great practical importance if we could be 
sure that the samples upon which the calculations are 
based were adequate and representative, but it will be 
noted that these samples represent only 1 square metre 
in 3,465,968,354. Hensen 's statement, repeated in 
various works in slightly differing words, is to the 
effect that, using a net of which the constants are 
known hauled vertically through a column of water 
from a certain depth to the surface, he can calculate 
the volume of water filtered by the net and so estimate 
the quantity of plankton under each !>quare metre uf the 
surface; and his whole results depend upon the assump
tion, which he considers justified, that the plankton 1s 
evenly distributed over ·large areas of water which 
are under similar conditions. In these calculations in 
regard to the fish-eggs he takes the whole of the 
North Sea as being an area under similar conditions, 
but we have known since the days of P. T. Cleve and 
from the observations of Hensen 's own colleagues that 
this is not the case, and they have published chart
diagrams showing tha t at least three different kinds 
of water under different conditions are found in the 
North Sea, and that at least five different planktonic 
areas may be encountered in making a traverse from 
Germany to the British Isles. If the argument be 
used that wherever the plankton is found to vary 
there the conditions cannot be uniform, then few 
areas of the ocean of anv considera ble size remain as 
cases suitable for population-computation from 
random samples. It may be doubted whether even 
the Sargasso Sea, which is an area of more than 
usually uniform character, has a sufficiently evenly 
distributed plankton to be treated by Hensen 's method 
of estimation of the population. 

In the German Plankton Expedition of 1889 Schutt 
reports that in the Sargasso Sea, with its relati_vely 
hioh temperature, the twenty-four catches obtamed 
w:re uniformly small in quantity. His a nalysis of 
the volumes of these catches shows that the average 
was 3·33 c.c., but the individual catches ranged from 
1-5 c.c. to 6-5 c.c., and the divergence from the 
average may be as great as +3-2 c.c.; and, after 
deductin1; 20 per cent. of the divergence as due to 
errors of the experiment, Schutt estimates the mean 
variation of the plankton at about 16 per cent. above 
or below. This does not seem to me to indicate the 
uniformity that might be expected in this "ha!istatic " 
area occupying the centre of the North Atlantic. Gulf 
Stream circulation. Hensen also made almost simul
taneous hauls with the same net in quick succession 
to test the amount of variation, and found that the 
average error was about 13 per cent. 

As so much depends in all work at sea upon the 
weather, the conditions under which the ship is 
wprking, and the care taken in the experiment, with 
the view of getting- further evidence under known 
conditions I carried out similar experiments at Port 
Erin on four occasions during last April and on 
a further occasion a month later. choosing favour
able weather and conditions of tide and wind so as 
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to .be able to maintain an approximate position. <?n 
each of four days in April the Nansen net, with 
No. 20 silk, was hauled six times from the same 
depth (on two occasions 8 fatho~s and on t:vo occ~
sions 20 fathoms), the hauls beu~g taken m rapid 
succession and the catches emptied from the net 
into bottles of 5 per cent .. formali:1e, in which they 
remained until examined microscopically. 

The results were of interest, for although they 
showed considerable uniformity in the amount of the 
catch-for example, six successive hauls from 
8 fathoms being all of them 0-2 c.c., and four out of 
five from 20 fathoms being o-6 c.c.-the volume was 
made up rather differently in the successive haul~. 
The same organisms occur for the most part m 
each haul, and the chief groups. of organisms are 
present in much the same proport10n. For example, 
in a series where the Copepoda average abo~t 100, 
the Dinoflagellates average about 300 and the Diatoms 
about 8000, but the percentage deviation of individual 
hauls from the average may be as much as plus or 
minus 50. The numbers for each organism (about 40) 
in each of the twenty-six hauls have been worked out, 
and the details will be published e.lsewhere, but the 
conclusion I come to is that if on each occasion one 
haul only in place of six had been taken, and if one 
had used that haul to estimate the abundance of any 
one organism in that sea-~rea! one i:nigh_t have been 
about 50 per cent. wrong m either _d_1rect10n. , 

Successive improvements and additions to Hensen s 
methods in collecting plankton have been made by 
Lohmann, Apstein, Gran, and others, such as pun:ip
ino up water of different layers through a hose-pipe 
and filtering it throl!gh felt, filter-pape:, and other 
materials which retam much of the micro-plankton 
that escapes through the meshes of the finest silk. 
Use has even been made of the extraordinarily minute 
and beautifully regular natural filter spun by the 
pelagic animal Appendicularia for the capture of its 
own food. This grid-like trap, when dissected out 
and examined under the microscope, reveals a sur
prising assemblage of the smallest protozoa and proto
phyta, less than 30 micro-millimetres in diameter. 
which would all pass easily through the meshes of 
our finest silk nets. 

The latest refinement in capturing the minutest
known organisms of the plankton (excepting the bac
teria) is a culture method devised by Dr. E. J. Allen, 
director of the Plymouth Laboratory.11 By diluting 
half a cubic centimetre of the sea-water with a con
siderable amount (1500 c.c.) of sterilised water treated 
with a nutrient solution, and distributing that over a 
large number (70) of small flasks in w\1ich after_ an 
interval of some days the number of different kmds 
of organisms which had developed .in each flask was 
counted, he calculates that the sea contains 464,000 of 
such organisms per litre; and he gives reasons why 
his cultivations must be regarded as minimum results, 
and states that the tctal per litre n.ay well be something 
like a million. Thus everv new method devised seems 
to multiply many times the probable total population 
of the sea. As further results of the quantitative 
method, it may be recorded that Brandt found about 
200 Diatoms per drop of water in Kiel Bay, and 
Hensen estimated that there are several hundred 
millions of Diatoms under each square metre of the 
North Sea or the Baltic. It has been calculated that 
there is approximately one Copepod in each cubic 
inch of Baltic water, that the annual consumption 
of these Copepoda by herring is about a thousand' 
billion, and that in the sixteen souare miles of a cer
tain Baltic fishery there is Copepod food for more than 
530,000,000 herring of an average weight of 60 grams_ 

11 Journ. Mar. Biol. Assoc., voL xii., p. r, July, 1919. 
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There are many other problems of the plankton in 
addition to quantitative estimates-probably some 
that we have not yet recognised-and various interest
ing conclusions may be drawn from recent planktonic 
observations. Here is a case of the introduction and 
rapid spr~ad of a form new to British seas. 

Biddulphia sinensis is an exotic Diatom which, 
according to Ostenfeld, made its appearance at the 
mouth of the Elbe in 1903, and spread during suc
cessive years in several directions. It appeared sud
denly in our plankton gatherings at Port Erin in 
November, 1909, and has been present in abundance 
each year since. Ostenfeld in 1908, when tracing its 
spread in the North Sea, found that the migration to 
the north along the coast of Denmark to Norway 
corresponded with the rate of flow of the Jutland 
current to the Skager Rak, viz. about 17 cm. per 
second-a case of plankton distribution throwing light 
on hydrography-and he predicted that it would soon 
be found in the English Channel. Dr. Marie Lebour, 
who recently examined the store of plankton gather
ings at the Plymouth Laboratory, finds that, as a 
matter of fact, this form did appear in abundance in 
the collections of October, 1909, within a month of the 
time when, according to our records, it reached Port 
Erin . Whether or not this is an Inda-Pacific species 

· brought accidentally by a ship from the Far East, or 
whether it is possibly a new mutation which appeared 
suddenly in our seas, there is no doubt that it was 
not present in our Irish Sea .. plankton gatherings 
previous to 1909, but has been abundant since that 
year, and has completely adopted the habits of its 
English relations, appearing with B. mobiliensis in 
late autumn, persisting during the winter, reaching 
a maximum in spring, and dying out before summer. 

The Nauplius and Cypris stages of Balanus in the 
plankton form an interesting study. The adult 
barnacles are present in enormous abundance on the 
rocks round the coast, and they reproduce in winter 
at the beginning of the year. The newly emitted 
young are sometimes so abundant as to make the 
water in the shore-pools and in the sea close to the 
shore appear muddy. The Nauplii first appeared at 
Port Erin in 1907 in the bay gatherings on February 22 
(in 1908 on February 13), and increased with ups and 
down s to their maximum on April 15, and then de
creased until their disappearance on April 26. None 
were taken at any other time of the year. The Cypris 
stage follows on after the Nauplius. It was first 
taken in the bav on April 6, rose to its maximum on 
the same day with the Nauplii, and was last caught 
on May 24. Throughout the Cypris curve keeps 
below that of the Nauplius, the maxima being 1740 
and 10,500 respectively. Probably the difference 
between the two curves represents the death-rate of 
Balanus during the Nauplius stage. That conclusion 
I think we are justified in drawing, but I would not 
venture to use the result of any haul, or the average 
of a number of hauls, to multiply by the number of 
square yards in a zone round our coast in order to 
obtain an estimate of the number of young barnacles 
or of the old barnacles that produced them; the 
irregularities are too great. 

To my mind it seems clear that there must be 
three factors making for irregularity in the distribu
tion of a plankton organism : 

(1) The sequence of stages in its life-history, such 
as the Nauplius and Cypris stages of Balanus. 

(2) The results of interaction with other organisms, 
as when a swarm of Calanus is pursued and devoured 
by a shoal of herring. 

(3) Abnormalities in time or abundance due to the 
physical environment, as in favourable or unfavour
able seasons. 
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And these factors must be at work in the open 
ocean as well as in coastal waters. 

In many oceanographical inquiries there is a double 
object. There is the scientific interest and there is 
the practical utility-the interest, for example, of 
tracing a particular swarm of a Copepod like Calanus, 
and of making out why it is where it is at a particular 
time, tracing it back to its place of origin, finding 
that it has come w:ith a particular body of water, and 
perhaps that it is feeding upon a particular assem
blage of Diatoms; endeavouring to give a scientific 
explanation of every stage in its progress. Then 
there is the utility-the demonstration that the migra
tion of th..e Calanus has determined the presence of a 
shoal of herring or mackerel that are feeding upon it, 
and so have been brought within the range of the 
fisherman and have constituted a commercial 
fishery. 

We have evidence that pelagic fish which congre
gate in shoals, such as herring and mackerel, feed 
upon the Crustacea of the plankton, and especially 
upon Copepoda. A few years ago when the summer 
herring fishery off the south end of the Isle of Man 
was unusually near the land, the fishermen found 
large red patches in the sea where the fish were 
specially abundant. Some of the red stuff brought 
ashore by the men was examined at the Port Erin 
Laboratory, and found to be swarms of the Copepod, 
Temora longicornis; and the stomachs of the herring 
caught at the same time were engorged with the same 
organism. It is not possible to doubt that during 
these weeks of the herring fishery in the Irish Sea the 
fish were fe eding mainly upon this species of Copepod. 
Some ten years ago Dr. E. J. Allen and Mr. G. E. 
Bullen published 12 some interesting work from the 
Plymouth Marine Laboratory demonstrating the con
nection between mackerel and Copepoda and sunshine 
in the English Channel; and Farran 13 states that 
in the spring fishery on the West of Ireland the food 
of the macke rel is mainly composed of Cala nus. 

Then again, at the height of the summer mackerel 
fishery in the Hebrides in 1913, we found ,. the fish 
feeding upon the large Copepod, Calanus finmarchi
cus, which was caught in the tow-net at the rate of 
about 6000 in a five minutes' haul, and 6000 was also 
the average number found in the stomachs of the fish 
caught at the same time. 

These were cases where the fish were feeding upon 
the organism that was present in swarms-a mono
tonic plankton-but in other cases the fish are clearly 
selective in their diet. If the sardine of the French 
coast can pick out from the micro-plankton the minute 
Peridiniales in preference to the equally minute 
Diatoms which are present in the sea a t the same 
time, there seems no reason why the herring and the 
mackerel should not be able to select particular species 
of Copepoda or other large organisms from the macro
plankton, and we have evidence that they do. Nearly 
thirty years ago the late Mr. Isaac Thompson, a con
stant supporter of the Zoological Section of this Asso
ciation and one of the honorary local secretaries for 
the last Liverpool meeting, showed me in 1893 that 
young plaice at Port Erin were selecting one particular 
Copepod, a species of Jonesiella, out of manv others 
caught in our tow-nets at the time. H. Blegvad 15 

sho.¢ed in 1916 that young food-fishes, and also .small 
shore-fishes, pick out certain species of Copepoda 
(such as Harpacticoids) and catch them individually
either lying in wait or searching for them. A couple 

12 _T'lurn . Mar. Biol. Assoc:., vol. viii. (1909). pp. 394·406. 
13 Conseil Jnternat. Bull. Trimestr. , 1902·8, u Planktonique," p. 89. 
14 "Soolia Runiana," Iii., L_inn. Soc. Journ., Zoology, vol. xxxiv. , 

p. 05. ,9, 8. 
US Rep. Danish Biol. Stat., vol. xxiv., 1916. 
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of years later 1• Dr. Marie Lebour published a detailed 
account of her work at Plymouth on the food of young 
fishes, proving that certain fish undoubtedly do prefer 
certain planktonic food. 

These Crustacea of the plankton feed upon smaller 
and simpler organisms-the Diatoms, the Peridinians, 
and the Flagellates-and the fish themselves in their 
youngest post-larval stages are nourished by the same 
minute forms of the plankton. Thus it appears that 
our sea-fisheries ultimately depend upon the living 
plankton, which no doubt, in its turn, is affected by 
hydrographic conditions. A correlation seems to be 
established between the Cornish pilchard fisheries and 
periodic variations in the physical characters (probably 
the salinity) of the water of the English Channel 
between Plymouth and Jersey." Apparently a 
diminished intensity in the Atlantic current corre
sponds with a diminished fishery in the following 
summer. Possibly the connection in these cases is 
through an organism of the plankton. 

It is only a comparatively small number of different 
kinds of organisms-both plants and animals-that 
make up the bulk of the plankton that is of real 
importance to fish. One can select about half a dozen 
species of Copepoda which constitute the greater part 
of the summer zoo-plankton suitable as food for larval 
or adult fishes, and about the same number of generic 
types of Diatoms which similarly make up the bulk 
of the available spring phyto-plankton year after year. 
This fact gives great econom.ic importance to the 
attempt to determine with as much preeision as pos
sible the times and conditions of occurrence of these 
dominant factors of the plankton in an average year. 
An obvious further extension of this investigation is 
an inquiry into the degree of coincidence between the 
times · of appearance in the sea of the plankton 
organisms and of the young fish, and the possible 
effect of any marked absence of correlation in time 
and quantity. 

Just before the war the International Council for 
the Exploration of the Sea 18 arrived at the conclusion 
that fishery investigations indicated the probability 
that the great periodic fluctuations in the fisheries are 
connected with the fish-larvre being developed in great 
quantities only in certain years. Consequently they 
advised that plankton work should be directed 
primarily to the question whether these fluctuations 
depend upon differences in the plankton production in 
different years. It was then proposed to begin sys
tematic investigation of the fish-larvre and the plankton 
in spring and to determine more definitely the food 
of the larval fish at various stages. 

About the same time Dr. Hjort" made the interest
ing suggestion that possibly the great fluctuations in 
the number of young fish observed from year to year 
may not depend wholly upon the number of eggs pro
duced, but also upon the relation in time between the 
hatching of these eggs and the appearance in the 
water of the enormous quantity of Diatoms and other 
plant plankton upon which the larval fish, after the 
absorption of their yolk, depend for food. He points 
out that if even a brief interva l occurs between the 
time when the larvre first require extraneous nourish
ment and that when such food is available, it is 
highlv probable that an enormous mortality would 
result. In that case even a rich spawning season 
might yield but a poor result in fish in the commercial 
fisheries of successive vears for some time to come. 
So that, in fact, the numbers of a year-cl.ass may 
depend not so much upon a favourable spawning 
season .as upon a coincidence between the hatching of 

16 J~urn. Mar. Biol. Assoc., May, ,918. 
17 See E. C. Je~, " Hydrography of the Engl ish Channel," 1904-17. 
18 l<apports et, Proc. Verb., vol. xix., December, 1913. 
19 Ibid., vol. xx., 1914, p. 204. 
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the larvre and the presence of abundance of phyto
plankton available as food. 2 " 

The curve for the spring maximum of Diatoms cor
responds in a general way with the curve representing 
the occurrence of pelagic fish-eggs in our seas. But 
is the correspondence sufficiently exact and constant 
to me1:t the nee~s of the case? The phyto-plankton 
may still be relatively small in amount during .Februarv 
and part of March in some years, and it is not easy 
to determine exactly when, in the open sea, the fish
eggs have hatched out in quantity and the larvre have 
absorbed their food-volk and started feedincr on 
Diatoms. · 0 

If, ho"':'ever, we take the case of one important fish 
-the plaice-we can get some data from our hatching 
experiments at the Port Erin Biological Station, which 
have now been carried on for a period of seventeen 
years. An examination of the ha tchery records for 
these years in comparison with the plankton records 
of the neighbouring sea, which have been kept sys
tematic.ally for the fourteen years from 1907 to 1920 
inclusive, shows that in most of these years the 
Diatoms were present in abundance in the sea a few 
days at least before the fish-larvre from the hatchen, 
were set free, and that it was only in four vear~ 
(1908, 1909, 1913, and 1914) that tnere was apparent)\, 
some risk of the larvre finding no phyto-plankton food 
or very little. The evidence so far seems to show that 
if fish-larvre are set free in the sea so late as March 20 
they are fairly sure of finding suitable food 21

; but if 
they are hatched so early as February they run some 
chance of being starved. 

But this does not exhaust the risks to the future 
fishery. C. G. Joh. Petersen and Boysen-Jensen in 
their valuation of the Limfjord 22 have shown that in 
the case not only of some fish, but also of the larger 
invertebrates on which they feed, there are marked 
fluctuations in the number of young produced in 
different seasons, .and that it is only at intervals of 
years that a really large stock of young is added to 
the population. 

The prospects of a year's fishery may, therefore, 
depend primarily upon the rate of spawning of the 
fish, affected, no doubt, by hydrographic and other 
environmental conditions; secondarily, upon the 
presence of a sufficient supply of phyto-plankton in 
the surface-layers of the sea at the time when the 
fish-la rvre are hatched, and that, in its turn, depends 
upon photosynthesis and physico-chemical changes in 
the water; and, finally, upon the reproduction of the 
stock of molluscs or worms at the bottom which con
stitute the fish-food at later stages of growth and 
development. 

The question has been raised in rece nt years : Is 
there enough plankton in the sea to provide sufficient 
nourishment for the larger animals, and especially 
for those fixed forms, such .as sponges, that are sup
posed to feed by drawing currents of pla nkton-laden 
water through the body? In a series of remarkable 
papers from 1907 onwards Putter and his followers 
put forward the views: (1) that the carbon require
ments of such animals could not be met bv the 
amount of plankton in the volume of water that· could 
be passed through the body in .a given time, and 
(2) that sea-water contained a large amount of dis
solved ori,anic carbon compounds which constitute 
the chief, if not the only, food of a large number of 
marine animals. These views have given rise to 

20 For· the purpose of this ~rgument we may include in "phyto
plankton " the various group~ of Flagellata and l ther minute organism~ 
which may be present with the Diatoms, 

11 All dates and statements as to occurrence refer to the Irish Sea round 
the south end of the Isle of Man. For further detaili see Report Lanes 
Sea-Fi~h. Lab. for 1919. 

32 Report of Danish Bio 1
• Station for r919. 
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much controversy, .ind have been useful in stimu
lating further research, but I believe it is now ad
mitted that Putter's samples of wate r from the Bay 
of Naples .and at Kiel were probably polluted, that 
his figures were erroneous, a nd tha t his conclusions 
must be rejected, or .at least greatly modified. His 
estimates of the plankton were minimum ones, while 
it seems probable that his figures for the organic 
carbon present represent a variable amount of organic 
matter arising from one of the rea gents used in the 
analyses. 23 The later experimenta l work of Henze, 
of R.aben, a nd of Moore shows tha t the organic carbon 
dissolved in sea-water is .in exceedingly minute 
quantity, well within the limits of eJ_{perimental error. 
Moore puts it at the most at one-millionth part, or 
r mgm. in a litre At the Dundee meeting of the 
Association in. 1912 a discussion on this subject took 
place, at which Putter still adhered to a modified 
form of his hypothesis of the inadequacy of the 
plankton and the nutrition of lower marine animals 
by the direct absorption of dissolved organic matter. 
Further work at Port Erin since has shown that, 
while the plankton supplv as found generally dis
tributed would prove sufficient for the nutrition of 
such sedentary animals as Sponges and Ascidians, 
which require to filter only about fifteen tim~s their 
own volume of warer per hour, it is quite inadequate 
for active animals such a s crustaceans and fishes . 
These la tte r are, however, able to seek out and cap
ture their food, and are not dependent on what they 
may filter or absorb from the sea-water. This result 
accords well with recorded observations on the ir
regularity in the distribution of the plankton arid 
with the variations in the occunence of . the migra
tory fishes which may be regarded .as following and 
feeding upon the swarms of planktonic organisms. 

This, then, like most of the subj ects I am dealing 
with, is still a matter of controversy, still not com
pletely understood. Our need, then, is 1·esearch, more 
resea rch, and still more research. 

Our knowledge of the relations between plankton 
productivity and variation and the physico-chemical 
environment is still in its infancy, but gives promise 
of great results in the hands of the biochemist and 
the physical chemist. 

Recent papers by S0rensen, P.alitzsch, Witting, 
Moore, and others have made clear that the amount 
of hydrogen-ion concentration as indicated by the 
relative degree of alkalinity a nd acidity in the sea
water may undergo local and periodic variations, and 
that these have an effect upon the living organisms in 
the water and can be correlated wi th their presence 
and abundance. To take an example from our own 
seas, Prof. Benjamin Moore a nd his assistants in their 
work .at the Port Erin Biological Station in succes
sive years from 1912 onwards have shown•• that the 
sea a round the Isle of Man is a good deal more alka
line in spring (sav April) than it is in summer (say 
July). The alkalinitv, which gets low in summer, 
increases somewhat in autumn, and then decreaseS' 
rapidlv, to disappear during the winter; and then 
once 'more, after sever.al months of a minimum, 
begins to come into evidence again in March, and 
rapidlv rises to its maximum in April or May. This 
periodic change in alkalinity will be seen to correspond 
roughly with the changes in the living microscopic 
contents of the sea represented by the phyto-plankton 
annual curve, and the connection between the two will 
be seen when we realise tha t the alkalinitv of the 
sea is due to the relative absence of carbon- dioxide. 
In early spring, then , the developing myriads of 

IS See Moore, etc. , Bio-Clte.,,i . / ourn. , vo1. vi. 1 p . :.?66, 19 r-2. 
24 "Photo, ynthetic Phenomena in Sea-water, ,. Tmns. L1vorpoo) Biol. 

Soc. , vol . xxix., p. 2331 1915, 
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Diatoms in their metabolic processes gradually use 
up the store of carbon dioxide accumulated during 
the winter or derived from the bicarbonates of calcium 
and magne sium, .and so increase the alkalinity o.f the 
w4ter until the maximum of alkalinity, due to the 
fixation of the carbon .and the reduction in amount 
of carbon dioxide, corresponds with the crest of the 
phyt0-plankton curve in, say, April. Moore has cal
culate<! that the .annual turnover in the form of 
carbon which is used up or converted from the in
organic into an organic form probably amounts to 
something of the order of 20,000-30,000 tons of 
carbon per cubic mile of sea-water, or, say, over an 
area of the Irish Sea measuring 16 square miles and 
a depth of 50 fathoms; and this prob.ably means a 
production each season of about two tons of dry 
orga nic matter, corresponding to at least. ten tons of 
moist vegetation, per acre-which suggests that we 
may still be very far from getting from our seas .any
thing like the .amount of possible food,matters that 
are produced annually. 

Testing the .alkalinity of the sea-water may there
fore be said merely to be ascerta ining a nd measuring 
the results of the photosynthetic activity of the great 
phyt0-plankton rise in spring due to the daily increase 
of sunlight. 

The marine biologists of the Carnegie Institution, 
Washington, have made a recent contribution to the 
subject in certain observations on the alkalinity of the 
sea (as determined by hydrogen-ion concentration), 
during which they found in tropical mid-Pacific a 
sudden change to acidity in a current running east
wards. Now in the Atlantic the Gulf Stream and 
tropical Atlantic waters generally are much more 
.alkaline than the colder coastal water running south 
from the Gulf of St. Lawrence-th.at is, the colder 
Arctic water has more carbon dioxide. This suggests 
that the Pacific easterly set may be due to deeper 
water, containing more carbon dioxide ( =acidity), 
coming to the surface at that point. The .alkalinity 
of the sea-water can be determined rapidly by mixing 
the sample with .a few drops of an indicator and 
observing the change in colour ; .and this method of 
de tecting ocean currents by observing the hydrogen
ion concentration of the water might be useful to 
navigators as showing the time of entrance to a 
known current. 

Oceanography has many practical applications, 
chiefly, but by no means wholly, on the biological 
side. The great fishing industries of the world deal 
with living organisms, of which .all the vital activities 
and the inter-relations with the environment are 
matters of scientific investigation. Aquiculture is as 
susceptible of scientific treatment as a griculture can 
be ; a nd the fisherman, who has been in the past too 
much the nomad .and the hunter-if not, indeed, the 
devastating raider-must become in the future the 
settled farmer of the sea if his harvest is to be less 
precarious. Perhaps the nearest approach to cultiva
tion of .a marine product, and of the fisherman reap
ing what he has actually sown, is seen in the case 
of the oyste r and mussel industries on the west coast 
of Fra nce , in Holland, America, and, to a less extent, 
on our own coast. Much has been done by scientific 
men for . these and other similar coastal fisheries since 
the d ays __ when Prof. Coste in France in 1859 intro.
duced oysters from the Scottish oyster-beds to start 
the 12:reat industry at Arcachon and elsewhere. Now 
we buy back the descendants of our own oysters from 
the French ostreiculturists to replenish our depleted 
beds. 

It is no small matter to have introduced a new al'!d 
important food-fish to the markets of the wor-ld. The 
remarkable deep-water "tile-fish,'' new to science and 
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described as Lopholatilus chamaeleonticeps, was dis
covered in 1879 by one of the United States tishing 
schooners to the south of Nantucket, near the 
ioo-fathom line. Several thousand pounds' weight 
was caught, and the matter was duly investigated by 
the United States Fish Commission. For a couple of 
years after that the fish was brought to market in 
quantity, and then something unusual happened at 
the bottom of the sea, and in 1882 millions of dead 
tile-fish were found floating on the surface over an 
area of thousands of square miles. The schooner 
Navarino sailed for two days and a night through at 
least 150 miles of sea thickly covered, so far as the 
eye could reach, with dead fish, estimated a t 256,000 to 
the square mile. The Fish Commission sent a vessel 
to fish systematically over the grounds knsiwn as the 
"Gulf Stream slope," where the tile-fish had been 
so abundant during the two previous years, but she 
did not catch a single fish, and the associated sub
tropical invertebrate fauna was also practically 
obliterated. 

This wholesale destruction was attributed by the 
American oceanographers to a sudden change in the 
temperature of the water at the bottom, due in all 
probability to a withdrawal southwards of the warm 
Gulf Stream water and a flooding of the area by the 
cold Labrador current. 

I am indebted to Dr. C. H. Townsend, director of 
the celebrated New York Aquarium, for the latest 
information in regard to the reappearance in quantity 
of this valuable fish upon the old fishing-grounds of 
Nantucket and Long Island, at about 100 miles from 
the coast to the east and south-east of New York. 
It is believed that the tile-fish is now abundant 
enough to maintain an important fishery, which will 
add an excellent food-fish to the markets of the United 
States. It is easily caught with lines at all seasons 
of the year, and reaches a length of more than 3 ft. 
and a weight of 40-50 lb. During July, 1915, the 
product of the fishery was about 2,500,000 lb. weight, 
valued at 55,000 dollars, and in the first few months 
of 1917 the catch was 4,500,000 lb., for which the 
fishermen received 247,000 dollars. 

We can scarcely hope in European seas to add new 
food-fishes to our markets, but much may be done 
through the co-operation of scientific investigators of 
the ocean with the administrative departments to 
bring about a more rational conservation a nd exploita
tion of the national fisheries. 

Earlier in this address I referred to the pioneer work 
of the distinguished Manx naturalist, Prof. Edward 
Forbes. There are many of his writings and of his 
lectures to which I have no space to refer which have 
points of oceanographic interest. Take this, for 
example, in reference to our national sea-fisheries. 
We find him in 1847 writing to a friend : "On Friday 
night I lectured at the Royal Institution. The sub
ject was the bearing of submarine researches and dis
tribution ma tters on the fishery question. I pitched 
into Government mismanagement pretty strong, and 
made a fair case of it. It seems to me that at a time 
when half the country is starving we are utterly neg
lecting or grossly mismanaging great sources of 
wealth and food. . .. Were I a rich man I would 
make the subject a hobby for the good of the country 
and for the better proving that the true interests of 
Government are those linked with and inseparable 
from Science." We must still cordially approve of 
thes-e last words, while recognising that our Govern
ment Department of Fisheries is now being organised 
on better lines, is itself carrying on scientific work of 
national importance, and is, I am happy to think, in 
complete sympathy with tl:ie work of independent 
scientific investigators of the sea and desirous of closer 
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co-operation with university laboratories and biological 
stations. 

During recent years one of the most important and 
most frequently discussed of applications of fisheries 
investigation has been the productivity of the trawling 
grounds, and especially those of the North Sea. It 
has been generally agreed that the enormous increase 
of fishing power during the last forty years or so has 
reduced the number of large plaice, so that the 
average size of that fish caught in our home waters 
has become smaller, although the tot.al number of 
plaice landed had continued to increase up to the year 
of the outbreak of war. Since then, from 1914 to 
1919, there has of necessity been what may be 
described as the most gigantic experiment ever seen 
in the closing of extensive fishing-grounds. It is still 
too early to say with any certainty exactly what the 
results of that experiment have been, although some 
indications of an increase of the fish population in 
certain areas have been recorded. For example, the 
Danes, A. C. Johansen and Kirstine Smith, find that 
large plaice landed in Denmark are now more abun
dant, and they attribute this to a reversal of the pre
war tendency, due to less intensive fishing. But Dr. 
James Johnstone has pointed out that there is _some 
evidence of a natural periodicity in abundance of such 
fish, and that the results noticed may represent phases 
in a cyclic change. If the periodicity noted in Liver
pool Bay 25 holds good for other grounds, it will be 
necessary in any comparison of pre-war and post-war 
statistics to take this natural variation in abundance 
into very careful consideration. 

In the application of oceanographic investigations 
to sea-fisheries problems one ultimate aim, whether 
frankly admitted or not, must be to obtain some kind 
of a rough approximation to a census or valuation 
of the sea-of the fishes that form the food of man, 
of the lower animals of the sea-bottom on which many 
of the fishes feed, and of the planktonic contents of 
the upper waters which form the ultimate organised 
food of the sea~and many attempts have been made 
in different ways to attain the desired end. 

Our knowledge of the number of animals living in 
different regions of the sea is for the most part rela
tive only. We know that one haul of the dred~e is 
larger than another, or that one locality seems ncher 
than another, but we have very little information 
as to the actual numbers of any kind of animal per 
square foot or per acre in the sea. Hensen, as we 
have seen, attempted to estimate the number of food
fishes in the North Sea from the number of their 
eggs caught in a comparatively small series of hauls 
of the tow-net, but the data were probably quite in
sufficient and the conclusions may be erroneous. It is 
an interesting speculation to which we cannot attach 
any economic importance. Heincke says of it : "This 
method appears theoretically feasible, but presents in 
practice so many serious difficulties that no positive 
results of real value have as yet been obtained." 

All biologists must agree that to determine even 
approximately the number of individuals of any par
ticular species living in a known area is a contribution 
to knowledge which may be of great economic value 
in the case of the edible fishes, but it may be doubted 
whether Hensen 's methods, even with greatly in
creased data, will ever give us the required informa
tion. Petersen's method, of setting free marked plaice 
a nd then assu_ming that the proportion of these re
caught is to the total number marked as the fisher
men's catch irt the same district is to the total popula
tion, will hold good only in circumscribed areas 
where there is practically no migration and the fish 

t3 See John!tone, Report Lane, Sea•Fisb. Lab. for 1917, p. 60; and 
Da.niel, Report for 1919, p. 51. 
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are fairly evenly distributed. This method gives us 
what has been called "the fishing coefficient," and 
this has been estimated for the North Sea to have a 
probable value of about 0-33 for those sizes of fish 
which are caught by the trawl. Heincke,"" from .in 
actual examination of samples of the stock on the 
ground obtained by experimental trawling (" the catch 
coefficient "), supplemented by the m a rket returns of 
the various countries, estimates the adult plaice at 
about 1,500,000,000, of which about 500,000,000 are 
caught or destroyed by the fishermen annually. 

It is difficult to imagine any further method which 
will enable us to estimate any such case as, say, the 
number of plaice in the North Sea, where the indi
viduals are so far beyond our direct observation and 
are liable to change their positions at any moment. 
But a beginning can be made on more accessible 
ground with more se<lentary animals, and Dr. C. G. 
Joh. Pe tersen, of the Danish Biological Station, has 
for some years been pursuing the subject in a series 
of interesting reports on "The Evaluation of the 
Sea." 21 He uses a bottom-sampler or grab, which 
can be lowered down open and then closed on the 
bottom so as to bring up a sample square foot or 
square metre (or in deep water one-tenth of a square 
metre) of the sand or 1rn,1d and its inhabitants. With 
this apparatus, modified in size and weight for 
different depths and bottoms, Petersen and his fellow
workers have made a very thorough examination of 
the Danish waters, and especially of the Kattegat and 
the Limfjord, have described a series of "animal 
communities " characteristic of different zones and 
regions of shallow water, and have arrived at certain 
numerical results as to the quantity of animals in 
the Kattegat expressed in tons-such as 5000 tons of 
pla ice requiring as food 50,000 tons of "useful 
animals" (mollusca and polychret worms), and 
25,000 tons of starfish using up 200,000 tons of useful 
animals which might otherwise serve a .s food for 
fishes, and the dependen_ce of all these animals 
directly or indirectly upon the great Beds of Zostera, 
which make up 24,000,000 tons in the Kattegat. Such 
estimates are obviously of great biological interest, 
and, even if only rough approximations, are a valu
able contribution to our understanding of the meta
bolism of the sea and of the possibility of increasing 
the yield of local fisheries. 

But on studying these Danish results in the light 
of what we know of our own marine fauna, although 
none of our seas have been examined in the same 
detail by the bottom-sampler method, it seems prob
able that the animal communities as defined by 
Petersen are not exactly applicable on our coasts, and 
that the estimates of relative and absolute abundance 
may be very different in different seas under different 
conditions. The work will have to be done in each 
great area, such as the North Sea, the English 
Channel, and the Irish Sea, independently. This is 
a necessary investigation, both biological and physical, 
which lies before the oceanographers of the future, 
upon the results of which the future preservation and 
further cultivation of our national sea-fisheries may 
depend. 

It ha s been shown by Johnstone and others that the 
common edible animals of the shore mav exist in such 
abundance that an area of the sea may be more pro
ductive of food for man than a similar area of pasture 
or crops on land. A Lancashire mussel-bed has been 
shown to have as many as 16,000 young mussels per 
square foot, and it is estimated that in the shallow 

16 F. Heincke, Cons. Per. Internat. Explor. de la Mer, "Investigations 
on the Plaic<!," Copenhagen. 1913. 

!7 See Reports of the Danish Biolngical Sration, and especially the 
Report for 1918 1 "The Sea Bottom and it,;; Production of Fish Foo J. 
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waters of Liverpool Bay there are from 20 to 200 
animals of sizes varying from an amphipod to a 
plaice on each square metre of the bottom." 

From these and similar data which can be readily 
obtained it is not difficult to calculate totals by esti
mating the number of square yards in areas of 
similar character between tide-marks or in shallow 
water. And from weighings of samples some ap
proximation to the number of tons of available food 
may be computed. But one niust not go too far. 
Let all the figures be based upon actual observation. 
Imagination is necessary in science, but in calculating 
a popula tion of even a very limited area it is best to 
believe only what one can see and measure. 

Countings and weighings, however, do not give us 
all the information we need. It is something to know 
even approximately the number of millions of animals 
on a mile of shore and the number of millions of 
tons of possible food in a sea area, but that is not 
sufficient. All food-fishes are not equally nourishing 
to man, and all plankton and bottom invertebrata are 
not equally nourishing to a fish. At this point the 
biologist requires the assistance of the physiologist 
and the biochemist. \,Ve want to know next the 
value of our food-matters in proteids, carbohydrates, 
and fats, and the resulting Calories. Dr. Johnstone, 
of the oceanography department of the University of 
Liverpool, has alr.eady shown us how marke<liy a 
fat summer herring differs in essential constitution 
from the ordinary white fish, such as the cod, whh:h 
is almost destitute of fat. 

Prof. Brandt at Kiel, Prof. Benjamin Moore at 
Port Erin, and others have similarly shown that 
plankton gatherings may vary greatly in their nutrient 
value according as they are composed mainly of 
Diatoms, of Dinoflagellates, or of Copepoda. And, no 
doubt, the animals of the "benthos," the common 
invertebrates of our shores, will show similar differ
ences in analysis." It is obvious that some contain 
more solid flesh, others more water in their tissues, 
others more calcareous matter in the exoskeleton, and 
that therefore, weight for weight, we may be sure 
that some are more nutritious than othe rs; and 
this is probably at least one cause of that preference 
we see in some of our bottom-feeding fish for certain 
kinds of food, such as polychret worms, in which there 
is relatively little waste, and thin-shelled lamellibranch 
molluscs, such as young mussels, which have a highly 
nutrient .body in a comparatively thin and brittle shell. 

My object in referring to these still incomplete 
investigations is to direct attention to what seems a 
natural and useful extension of faunistic work for 
the purpose of obtaining some approximation to a 
quantitative estimate of the more important animals 
of our shores and shallow water and their relative 
values as either the immediate or the ultimate food 
of marketable fishes. 

Each such fish has its " food-chain " or series of 
alternative chains, leading back from the food of man 
to the invertebrates upon which it preys, and then to 
the food of these, and so down to the smallest and 
simplest organisms in the sea, and each such chain 
must have a ll its links fully worked out as to seasonal 
and qu antitative occurrence back to the Diatoms and 
Flagellates , which depend upon physical conditions, 
and take us beyond the range of biology, but not 
bevond that of oceanography. The Diatoms and the 
Flagellates are probably more important than the 
more obvious seaweeds not only as food, but also in 

28 "Conditions of Life in the -Sea," Cambridge U, iversity Press, 1908. 
29 Moore and others have made analyses of the protein, lat, etc. , in the 

soft parts of Sponge, Ascidian 1 -Aply_sia , Fusus, Echinu,;;,_ and C'!ncer at 
Port Erin, and find considerable differences-the protem ranging, for 
ex~mple, from 8 to 51 per cent. 1 an<l the fat from 2 to 14 per cent. (see 
Hio-Chr_ufical fount., voi. vi., p. 291). 
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supplying to the water the oxygen necessary for the 
respiration of living protoplasm. Our object must be 
to estimate the rate of production and rate of destruc
tion of all organic substances in the sea. 

To attain to an approximate census and valuation of 
the sea-remote though it may seem-is a great aim, 
but it is not sufficient. We want not only to observe 
and to count natural objects, but also to under
stand them. We require to know not merely what 
an organism is-in the fullest detail of structure 
and development and affinities-where it occurs 
-again in full detail-and in what abundance in 
different circumstances, but also how it lives and 
what all its relations are to both its physical and its 
biological environment, and that is where the physio
logist, and especially the biochemist, can help us. 
In the best interests of biological progress the day of 
the naturalist who merely collects, the day of the 
anatomist and histologist who merely describe, is 
over, and the future is with the observer and the 
experimenter animated by a divine curiosity to enter 
into the life of the organism and understand how it 
lives and moves and has its being. " Happy indeed 
is he who has been able to discover the causes of 
things." 

Cardiff is a seaport, and a great seaport, and the 
Bristol Channel is a notable sea-fisheries centre of 
growing importance. The explorers and merchant 
venturers of the south-west of England are celebrated 
in history. What are you doing now in Cardiff ta 
advance our knowledge of the ocean? You have here 
an important university centre and a great modern 

national museum, and either or both of these homes 
of research might do well to establish an oceano. 
graphical department, which would be an added glorJ 
to your city and of practical utility to the country. 
This is the obvious centre in Wales for a sea-fisheries 
institute for both research and education. Many 
important local movements have arisen from British 
Association meetings, and if such a notable scientific 
development were to result from the Cardiff meeting 
of 1920, all who value the advance of knowledge and 
the application of knowledge to industry would 
applaud your enlightened action. 

In a wider sense, it is not to the people of 
Cardiff alone that I appeal, but to the whole popula
tion of these islands, a maritime people who owe 
everything to the sea. I urge them to become better 
informed in regard to our national sea-fisheries and to 
take a more enlightened interest in the basal principles 
that underlie a rational regulation and exploitation 
of these important industries. National efficiency 
depends to a very great extent upon the degree in 
which scientific results and methods are appreciated 
by the people and scientific investigation is promoted 
by the Government and other administrative authori
ties. The principles and discoveries of science apply 
to aquiculture no less than to agriculture. To in
crease the harvest of the sea the fisheries must be 
continuously investigated, and such cultivation as is 
possible must be applied, and all this is clearly a 
natural application of the biological and hydro
graphical work now united under the science of 
oceanography. 

Summaries of Addresses of Presidents of Sections of the British Association. 
Mathematical and Physical Science. 

PROF. EDDINGTON's presidential address to Section A 
deals with the investigation of the internal conditions 
of the stars. Most of the naked-eye stars have densi
ties so low that they may be treated as spheres of 
perfect gas (giant stars). In familiar hot bodies the 
energy existing in the ;cether (radiant heat) is ex
tremely small compared with that associated with the 
matter (molecular motions); conditions might exist in 
which this disproportion was reversed; but the stars 
are of just such a mass that the two kinds of energy 
are roughly equal. It is thought that this balance 
cannot be a coincidence, but determines why the 
masses of the stars are always close to a particular 
value. From astronomical data as to the masses and 
radiation of the stars it is possible to determine the 
opacity of stellar material to the radiation traversing 
it. The opacity turns out to be very high and of the 
same order of magnitude as that found for X-rays in 
the laboratory. (At the high temperatures in the stars 
the radiation consists mainly of soft X-rays.) A 
rather surprising result is that the opacity varies very 
little with the temperature of the star or wave-length 
of the radiation. The discussion leads to many 
astronomical results which appear to be generally con
firmed by observation; in particular, it fixes within 
fairly narrow limits the period of a mechanical pulsa
tion of any star, and this agrees in all known Cepheid 
variables with the observed period of light-pulsation. 
The question of the source of a star's heat is raised in 
an acute form by these investigations. It appears that 
the energy of gravitational contraction is quite in
adequate. The recent experimental results of Aston 
and Rutherford seem to throw some new light on the 
often-discussed qu~stion whether sub-atomic energy 
can be made available in the stars. The address con
cludes with some observations on the legitimate place 
of soeculation in scientific research. 
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Chemistry. 
Mr. C. T. Heycock deals in his presidential address 

to Section B with the manner in which our present 
rather detailed knowledge of metallic alloys has been 
acquired, starting from the sparse information which 
was available thirty or forty years ago, and sketches 
briefly the present position of the subject. He 
considers chiefly the non-ferrous alloys, not because 
any essential difference in type exists between these 
and ferrous alloys, but because the whole field pre
sented by the chemistry of the metals and their alloys 
is too vast to be covered in an address of reasonable 
length. Though Reaumur in r722 employed the micro
scope to examine the fractured surfaces of white and 
grey cast-iron and steel, and Widmanstatten in r8o8 
polished and etched sections from meteorites, the 
founder of modern metallography is undoubtedly 
H. C. Sorby, whose methods of polishing and etching 
alloys and of vertical illumination are used to-day by 
all who work at this subject. The first important clue 
to what occurs on cooling a fused mixture of metals 
was given by Guthrie's. experiments on cryohydrates, 
and these researches, with those of Sorbv undertaken 
as they were for the sake of investigating natural 
phenomena, are remarkable ,examples of how purely 
s~ientific experiment can lead to 'Ilost important prac
tical results. Raoult's work on the depression of the 
freezing point of solvents due to the addition of dis
solved substances led to the establishment by van't 
Hoff of a general theory applicable to all solutions. 
Later experiments established the similarity between 
the behaviour of metallic solutions or alloys and that 
?f aqueo;1s and other sol~tions of organic compounds 
m organic solvents; and m r897 Neville and Heycock 
determined the complete freezing-point curve of the 
copp r-tin alloys, confirming and extending the work 
of Roberts-Austen, Stansfield, and Le Chatelier. 
These were probably the first of the binary alloys on 
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