6.—PLANKTONIC STUDIES: A COMPARATIVE INVESTIGATION
OF THE IMPORTANCE AND CONSTITUTION OF THE PELAGIC

FAUNA AND FLORA.

By ERNST HECKEL.

[Traunslated by George Wilton Field.}

TRANSLATOR'S PREFACE.

Prof. Heckel’s ¢“Plankton-Studien” first appeared in the Jenaische
Zeitschrift, vol. Xxv, first and second parts, 1890. It was immediately
published in separate form by Gustav Fischer, of Jena, and attracted
much attention on the Continent and in England. The subject, “a
comparative study of the importance and constitution of the marine
fauna and flora,” is presented in Prof. Heckel’s usual pleasing style,
and the work can not fail to be of value to all interested in the bio-
logical sciences, to the general reader as well as to the specialist. It
derives especial interest in connection with the work of the Fish Com-
mission, from its broad discussion of those many important elements
which enter into the food supply of all pelagic fishes, such as the
mackerel and menhaden, and, considering the extensive physical inves-
tigations now being conducted in our coast waters by the schooner
Grampus, its publication at the present time will prove exceedingly
advantageous.

The terminology used by Prof. Haeckel may at first seem formidable,
but this difficulty is more fancied than real. The terms are formed
upon correct analogies, and most of them will probably find a perma.
nent place. Thedetfinite restriction of the meaning of terms is a funda-
mental necessity in every science, and for the lack of this the branch
of biology here considered is in a very unsatisfactory condition. The
author, first of all, proposes certain terms with a definite meaning.
The word “plankton,” from the Greek =iayxris, wandering, roaming, was,
1 believe, first employed by Hensen in place of the German ‘ Auftrieb,”
to designate all plants and animals found at the surface of the ocean
which are carried about involuntarily in the water. Heeckel adopts this
term, but objects somewhat to the meaning at present attached to it.

Particularly valuable for us is the general review which the author

gives of the discovery and growth of our knowledge of this branch,
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which he names “planktology”; the distinctions which he points out
between the varied constituents and distribution of the plankton; and
finally his extremely valuable suggestions for further work in the field
which he so justly terms ¢“a wonder-land.”

In the translation the liberty of omitting a few personal references
was taken, for the reason that we in this country know very little of
the facts which have called them forth.

In the case of several German words it has been found necessary for
the sake of clearness to use a circumlocution. For instance, I canrecall
no English equivalent for ¢ Stoffwechsel des Meeres,” which would con-
vey its meaning in a single word. The ¢ cycle of matter in the sea,”
i. e., the change of inorganie matter into vegetable and animal organic
matter, and this fivally again into inorganic matter, seemed the best
rendering, though even this does not include all which the German term
implies. ‘ '

I.-HISTORICAL EXPLANATIONS.

For the great progress madein the last half eentury in our knowledge
of organic life, we are indebted—next to the theory of development—in
a great measure to the investigation of the so-called ¢ pelagic animal
world.” These wonderfulorganisms, which live and swim at the surface
of the sea and at various depths, have long aroused the interest of sea-
farer and naturalist, by the wealth of the manifold and strange forms,
as well as by the astonishing number of individuals—these have been
referred to in many old as well as in recent narratives. A considerable
number of these, especially of the larger and more remarkable forms,
were described and figured in the last, or in the first half of the present,
century. The new and comprehensive investigation of the ¢“pelagic
world” beganin the fifth decade of our century, and is therefore not
yet 50 years old.

Into this, as into so many other regions of biology, the great
Johannes Miiller, of Berlin, equally distinguished in the rcalms of
morphology and physiology, entered as a pioneer. He was the first
who systematically and with great results earried on the ¢pelagiC
fishery by means of & fine net.” 1In the autumn of 1845, at Helgoland,
he began his celebrated investigations upon the developmeut of
echinoderms, and obtained the small pelagic larvie of the echinoderms,
and other small pelagic animals living with them, as sagitta, worm
Jarvee, etc., at first by ¢microscopical examination of the sea water
which was brought in” (1). This wearisome aund th ankless method was
soon displaced by the successful use of the « fine pelagic net.” In the
treatise ‘“on the general plan in the development of the echinoderms,”

g

Noti.—Citations inclosed in parentheses which eceur in the text refer to the list of
publications at the end of this paper (pp. 40, 641).
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Miiller compares the different methods of obtaining them, and chooses,
above all, ‘“fishing with a fine net at the surface of the sea.” He
sSays: '

I have usod this method for many years with the best results; for tho advanced
stages of the swimming larvie and for the time of maturity and metamorphosis it
is quite indispensable, aud in no way to be replaced.

The students who, in 1843-46, as well as in the following years,
accompanied Johannes Miiller to Helgoland and Trieste (Max Miiller,
Busch, Wilms, Wagener, and others) were introduced into this method
of “pelagie fishery” and into the investigation of “pelagic tow-stuft”
(pelagische Auftrieb) obtained thercby. It was soon employed at sea
with excellent results by other zodlogists—by T. 1. Huxley, by Krohn,
Leuckart, Carl Vogt, and others, and especially by the three Wiirts-
burg natuxahsts, A. Kolliker, Heinrich Miiller, and C. Gegenbaur,
who in 1832 examined with sucl brilliant success the treasures of the
Straits of Messina. At this time, in the beginning of the second half
of our century, the astonishing wealth of interesting and instructive
forms of life whicli the surface of the sea offers to the naturalist first
became known, and that long series of important discoveries began
which in the last forty years have filled so many volumes of our rapidly
increasing zodlogical literature. A new and inexhaustibly rich field
was thus openecd to zoidtomieal and microscopical investigation, and
anatomy and physiology, organology and histology, ontogeny and
systematic zodlogy have been advanced to a surprising degrce. The
investigation of the lower animals has since then been recognized as
a wide field of work, whose. exploration is of great significance for all
branches of science and to whieh we owe numberless spemal and the
most important general conclusions.

The general beliet ot zodlogists regarding the extent of this rich
pelagic animal world arose as the result of the discovery that a special
“pelagic fauna” exists, composed of many characteristic forms, fanda-
mentally different from the littoral fauna. This pelagic fauna is made
up of animals (some floating passively, others actively swimming) which
remain at the surface of the sea and never leave it, or only for a short
time descend to a slight depth. Among such true ¢ pelagic animals”
are the radiolaria, peridinia, noctiluca, medus:e, siphonophores, cten-
ophores, sagitta, pteropods, heteropods, a greater part of the crustacea,
the larve of echinoderins, of many worms, etc.

‘Important changes were first made in the prevailing idea of the
“pelagic fauna” by the remarkable discoveries of the epoch-making
Challenger expedition (1873-1876). The two leaders of this, Sir
Wyville Thompson and Dr. John Murray, did not limit themselves to
their chief object, the general physical and biological investigation
of the deep sen, but studied with equal care and perseverance the
conditions of organic life at the surface of the ocean and in zones of
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various depths. As the most significant general result Murray, in s
«“Preliminary Report” (1876), says:

Everywhere we have found arich organic life at and below the surfnce of the
ocean. Ifliving individnals are scarce at the'surface, below it the tow net commouly
discloses numerous forms, even to a depth of 1,000 fathoms and more (5, p. 536).

In 1875, on the journey through the North Pacific Ocean (from Japan
to the Sandwich Islands), thé extremely important fact was established
that the pelagic organism’ in oceanic zones of different depths belong
to different species; fine pelagic nets (or tow nets) ¢ on many occasions
were let down even to depths of 500, 1,000, and 2,000 fathoms, and
thereby were discovered many swimming organisms which had never
been captured hitherto, either at the surface of the ocean or at slight
depths (up to 100 fathoms below the surface)” (6, p. 758). The most
characteristic forms of these zones of different depths belong chiefly to
the class of the Radiolaria, especially to the order of the Phwodaria.

Through the investigation of the Challenger radiolaria, which occupied
for ten years the greater part of my time and attention, I was led to
study anew these conditions of distribution; and I reached the con-
viction that the differences discovered by Murray in the pelagic fauna,
at different depths of the ocean, were still more significant than he
assumed, and that they had the greatest significance, not merely for
the radiolaria, but also for other groups of swimming oceanic organisms.
In 1881, in my “ Entwurf cines Systems der Challenger Radiolurien,” P-
422, I distinguished three groups: (a) pelagie, living at the surface of
the calm sea; (b) zonary, living in distinct zones of depth (to below
20,000 feet); and (c) profound (or abyssal) animals living immmediately
above the bottom of the deep sea. In general, the different character
istic forms correspond (to below 27,000 feet) to the different zones.

Inmy “General Natural History of the Radiolaria” (4, p. 129) I have
established this distinction, and have expressed my convietion that it
is possible, by the aid of a suitable bathygraphic net, to demonstrat®
many different faunal belts overlying one another in the great deep-
sea zones. . ‘ -

The existence of this “intermediate pelagic fauna,” discovered bY
Murray, inhabiting the zones of different depths of the ocean betweel
the surface and the deep-sea bottom, which I have briefly called ¢ zo™
ary fauna,” has been decidedly contradicted by Alexander AgassiZ
He claimed, on the ground of ‘‘exact experiments” carried on during
the Blake expedition, in 1878, that the greater part of the ocean con-
tains absolutely no organic life, and that the pelagic animals go down
no deeper than 100 fathoms. ¢The experiments finally show thab
the surface fauna of the sea is actually limited to a relatively thin layeT
and that no intermediate zone of animal life, so to speak, exists betweel
the fauna of the sea bottom and of the surface” (15, pp. 46, 48).
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Although these negative conclusions from the so-called ¢ exact ex-
periments” of Agassiz are contradicted by the foregoing results of the
Challenger investigator, yet against the latter, with some show of right,
Agassiz might have raised the obj ection that the ¢“tow net” used could
establish no safe conclusion.* This objection could only be finally
removed by the construction of a new tow net, which could be let down
closed to a certain depth, and then opened and closed again. The
merit of inventing such a closible net, and of the immediate successiul
use of it, belongs to two distinguished Italian naval officers: G. Pal-
umbo, commander of the Italian war corvette Vettor Pisant, first con-
structed such a closible pelagicnet or ‘bathygraphical zone net;” and
Naval Lieutenant Gietano Chierchia, who during the three years’ voyage
of the Vettor Pisani around the world made a very valuable collection
of pelagic animals, used the new closible net with fine results, even at
a depth of upwards of 4,000 meters (8, p. 83).

Chierchia’s first trial with this ¢deep-sea closible net” was June 5,
1884, in the East Pacific Ocean, directly under the equator, 15° west of
the Galapagos Islands. TFourtcen dayslater, June 19, midway between
the Galapagos and the Sandwich Islands, this closible net was sunk to
4,000 meters. In this and in many other trials these Italian mnaval
officers captured an astonishing wealth of new and interesting zounary
animals, whose description has for a long time busied zoblogists. The
collections brought back to Naples by the Vettor Pisani are, next to
those of the Challenger, the most important materials from the region.
under consideration.

A few faults which pertained to Palumbo’s net were soon done away
with by improvements, for which we are indebted to the engineer Peter-
sen and to Prof. Carl Chun, of Breslan. The latter, in 1886, made
trials in the Gulif of Naples with the improved closible net which
showed “a still more astonishing richuess of pelagic animals in greater

#The “tow nets”’ nsed by the Challenger weore the ordinary Miiller's net (or the
+ fine pelagic net” of Joh. Miiller), o ronnd bag of Milller gauze or silk mull, the
mouth being kept open by a circular metallic ring. This ring is in ordinary pelagic
fishing fastened to a handle 2 or 3 meters long (like the ordinary butterfly net).
While the boat moves along, the oponing of this net is held at the surface in such a
way that the swimming animals are taken into the bag. They remain hanging
in the bottom of this, while the wator passes through the narrow meshes of the net.
After a time the net is carefully inverted and the tow stuff (dufiried) is omptied
into a glass vessel filled with sea water. If one wishes to fish below the surface,
the ring of the net is fastened by moans of three strings, equally distant from one
another, which at a point (about 1 meter distant from the opening of the net) are
joined to a longer line which is sunk by weights to a definite distance, correspond-’
ing to the desired depth. When Murray fastenod such a tow net to the deep-sea
sounding line or to the long line of the deep-sea dredgo, he first obtained the inhabi-
tants of the ¢ intermediate ocean zones,” but he could not thereby avoid the objec-
tion that, since this tow not always remained open, the contents might come from
very different depils or oven only from the surface. For in drawing up the open
tow net animals from the most different zones of depth might occasionally be taken in.
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depths, and completely overthréw the assumption that an azoic layer
of water exists between the surface and the sea bottom” (15, p. 2). Chun
embraced the general results of his important bathypelagic investiga-
tions under the four following heads:

(1) The portion of the Mediterrancan investigated showed a rich pelagic fanna at
the surface as well as at all depths up to 1,400 meters.

(2) Pelagic animals which during the winter aud spring appear ot the surfiace seek
deep water at the beginning of snmmer.

(3) At greater depths ocenr polagic animals which have hitherto been seldom or .
never observed at tho surface.

(4) A number of pelagic animals also remain at the snrfice durings the snmmer,
and never sink into deep water (15, p. 44).

Among the remarks which Chun made on the vertical distribution of
the pelagic fauna and the astonishing planktouic wealth of the depths
of theseca (at 1,000 to 2,000 meters), he justly throws out the question,
“Who knows, whether in the course of tilne our views will not undergo
a complete reversal, and whether the depths will not show themselves
as the peculiar mother earth of pelagic life, from which, for the time
being, swarms are sent out to the surface as well as to the sea bottom!
There are only a few forms which can so completely adapt themselves
to the changing conditions of existence at the surface that they no
more seck the deeper levels” (15, p. 49). In consequence of his obser-
vations on the periodie rising and sinking of pelagic animals, Chun
“can not resist the impression that from the abundance of animal life
in the depths the surface fauna represents relatively only an advance
guard of the whole, which sometimes to a greater, somnetimes to a
less extent, and occasionally completely, withdraws itself into more
protected regions. Facts plainly speak for this, that the periodical
wandering of pelagic animals in the vertical direction is especially
conditioned by the changes in temperature. Only a few pelagic animal
groups can endure the high temperature of the surface water during
the summer; the majority withdraw from the influence of this by
sinking, and, finally, whole groups pass their life in the cool deep
regions without ever rising to the surface” (15, p. 54).

The general ideas which Chun had obtained by this deep-sea inves-
tigation of the Mediterranean he was able to confirm for the Atlantie
Ocean on a trip made in the winter of 1887-88 to the Canary Islands
(16, p. 31). At this time he made the observation that the periodical
wandering of pelagic animals in a vertical direction was influenced in
great part by ocean currents (at the surface as well as in deep water),
and that among other things the occurrence of the full moon exerted
a significant action (16, p. 32). Chun’s special observation in the sea
of Orotava, upon the poverty of the Canary plankton in November and
December and the sudden appearance of great numbers and many
species of pelagic animals in January and February, agrees completely
with the observations which I myself made twenty years before at
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the Canary island Lanzarote. I also entirely agree with Chun in
regard to his general views upon the chorology of the plankton, and
consider his investigations upon the pelagic animal world and its rela-
tion to'the surface fauna as the most important contribution which
planktology has received since the pioneer discoveries of the Challenger
and of the Vettor Pisani.

Entirely new aspects and methods have been introduced into pelagic
biology in the last threc years by Dr. Victor 1Tensen, professor of phy-
siology at Kiel (9 and 22). He has for a number of years thoroughly
studied the conditions of life of the fauna and flora of the bay of
Kiel, and as a member of the commission for the scientific investigation
of the German Ocean (at Kiel) has endeavored to improve and extend
the fisheries there, and by counting the fish eggs collected to get an
approximate idea of the number of fish in eorresponding districts (9,
p. 2). This investigation led him to the conclusion that it was neces-
sary and possible to come nearer to the fundamental food supply of
marine animals and to determine this quantitatively. TFor solving this
problem Hensen invented a new mathematical method (2, p. 33). He
constructed a new pelagic net (p. 3), and in July, 1884, in company
with three other naturalists of Kiel, undertook a nine-day excursion in
the North Sea and Atlantic Ocean, which was extended to the Hebrides
and to the Gulf Stream (57° 42’ N. Lat.) (p. 30). In 1887 he published
the results of this investigation in a comprehensive work containing
many long numerical tables, “On the Determination of the Planktou,
or the Animal and Vegetable Material found in the sea” (9). He used
the term “plankton” in place of ‘“Auftrieb,” the word hitherto com-
monly used, because this name is not sufficiently comprehensive and
suitable (9, p. 1). To be sure, the German term ‘“Auftried” or “pelagi-
scher Mulder,” introduced by Johannes Miiller forty years ago, was in
gencral use and has many times been used in ‘English, French, and
italian works. But I agree with Hensen that in this, as in other
scientific terms, a Greek terminus technicus, capable of easier flexion,
is preferable. I adopt the term IPlankton in place of “Aufitried,” and
form from it the adjective planktonic (planktonisch). The whole science
which treats of this important division of biology is briefly called
planktology.

Hensen regards the mathematical determination of the plankton as
the chief aim of planktology from a physiological standpoint. By it he
hopes to solve the somewhat neglected question of the cycle of matter
in the sea. Tor the purpose of solving this, and to make a trial of his
new method on a larger scale, Hensen, in the summer of 1889, arranged
a more extensive expedition in the Atlantic, which was most liberally
supported by the German government and by the Berlin Academy
of Sciences. The German Emperor farnished 70,000 marks; the Berlin
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Academy gave, from the income of the Humboldt fund, 24,600 marks,
and by further contributions the entire sum at the disposal of the ex-
pedition was raised to 105,600 nmrarks—a sum never before made avail-
able in Germany for a biological expedition. The new steamer Na-
tional, of Kiel, was chartered for three months, and was fitted out ¢ with
all the admirable contrivances for obtaining plankton, for deep-sea
fishing, and for sounding.” Besides the leader of the expedition, Prof.
Hensen, five other naturalists participated: the zodlogists Brandt and
Dall; the botanist Schiitt; the bacteriologist Fischer; the geographer
Kriimmel; and the marine artist Richard Eschke. The voyage of
the National lasted 93 days (July 7 to November 15). The course was
westward through the north Atlantic (Gulf Stream, Sargasso Sea),
then southward (Bermudas, Cape Verde, Ascension) to Brazil, and
eastward back by the Azores. During this voyage 400 casts were
made, 140 with the plankton nets, 260 with other nets.

Our German pavy has been but little used for secientific, still less
for biological, investigations; much less than the navies of England,
France, 1taly, Austria, and the United States. The remarkable serv-
ices which many distinguished German zoélogists have rendered in the
last half centary for the advancement of marine biology have been car-
ried on almost entirely without government aid. The German govern-
ment has hitherto had very little means available for this branch of
science. Therefore, great was the satistuction when, by the liberal en-
dowment of the plankton expedition of Kiel, the first step was taken
for the more extensive investigation, with better apparatus, of the biol-
ogy of the ocean, and for emulation of the results which the English
Challenger and the Italian Tettor Pisani had lately obtained in this
region,

Accounts have been published of the results of the plankton expedi-
tion of Kiel, by Victor Hensen (22), Karl Brandt (23), Ii. du Bois Rey-
mond (21), and Kriimmel. The essential details of these aceounts have
been repeatedly published in the German newspapers, to the general
effect that the proposed goal was reached and the most important
question of the plankton was happily solved. T very greatly regret
that I can not agree with this favorable verdict. (1) The most impor-
tant generalizations which the plankton expedition of Kiel obtained on
the composition and distribution of the plankton in the ocean stand in
sharp contradiction to all previous experience; one or the other is
wrong. (2) It seems to me that Hensen has incautiously founded &
number of far-reaching erroneous conclusions on very insuflicient prem-
ises. Finally, I am convinced that the whole method emnployed by
Hensen for determining the plankton is utterly worthless, and that the
general results obtained thereby are not only false, but also throw @
very incorreet light on the most important problems of pelagic biology-
Before I establish this dissenting opinion let me give an account of my
owu planktonic studies and their results.
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II.—PLANKTONIC STUDIES.

My own investigations on the organisms of the plankton were begun
thirty-six years ago, when I got my first conception of the wonderful
richness of the marine fauna and flora in the North-Sea. Accepting
the kind invitation of my ever-remembered teacher, Johannes Miiller,
I accompanied him in the autumn of 1854 on a vacation trip to Helgo- -
land, and was mtroduced by him personally into the methods of plank-
ton fishery and the investigation of the pelagic fauna. There, during
August and September, I accompanied him daily on his boating trips,
and under all conditions of the rich planktonic captures I received from
him the most competent instruction, and pressed with corresponding
eagerness into the mysteries of this wonderful world. Never will I for-
get the astounishment with which I first beheld the swarms of pelagic
-animals which Miiller emptied by inversion of his ¢ fine net” into a glass
jar of sea water-—u confused mass of elegant medusa and glistening
ctenophores, swift-darting sagittas and snake-like tomopteris, copepods
and schizopods, the pelagic larvic of worms and echinoderms. The
important stimulus and instruection of the founder of planktonic inves-
tigation has exercised a constant influence on my entire later life, and.
has given me a lasting interest in this branch of biology.*

Two years later (in August and September, 1856), while at Wiirtz-
burg, I accepted the invitation of my honored teacher, A. Kolliker, to
accompany him to Nizza, and, under his excellent guidance, became
acquainted with the zoblogical treasures of the Mediterranean. In
company with Heinrich Miiller and K. Kupffer, we investiguted espe-
cially the rich pelagic animnal life of the beauntiful bay of Villafranca.
There, for the first time, I met those wonderful forms of the pelagic
auna which belong to the classes of the siphonophores, pteropods, and
heteropods. . 1 also there first saw living polycyttaria, acanthometra,
and polycystina, those phantasmic forms of radiolaria, in the study of
which I spent so many later years.

Johannes Miiller, who was at this time at Nizza, and had already
begun his special investigation of this latter order, called my attention
to the many and important questions which the natural history of
these enigmatical microscopical organisms present. These valuable
suggestions resulted some years later in my going to Italy and spend-
ing an entire year in pelagic fishing-on the Mediterranean coast. Dur-

* When at Helgoland, investigating the wonders of the plankton with the micro-
scope, Johannes Mitller, pleased with the care and patience with which his zealous
students tried to study the charming forms of medusx and ctenophores, spoke to me
the ever-memorable words, ¢ There yon can do much; and as soon a8 you have
entered into this pelagic wonderland you will see that you can not leave it.”






