XII.—THE PROTOZ0OA AND PROTOPHYTES CONSIDERED AS THE
PRIMARY OR INDIRECT SOURCE OF THE FOOD OF FISHES.”

By JouN A. RYDER.

In the course of observations made during the last few years the
writer has been more and wore impressed with the importance of the
Protozoa and Protophytes as an indirect or primary source of much of
the food consumed by man. This is notably true of what is known as
fish and shell-fish food. As very striking instances of the truth of theso
propositions we need only to allude to the various edible species of
the berring family, the shad, herring, and sardine, the gill-rakers of
which are modified so as to enable them to strain the minute living or-
ganisms out of the water which is passed through the mouth in respi-
ration; the menhaden or Brevoortia, which is of the same family and
swarms along our coast, and which in its turn furnishes a large propor-
tion of its food to the edible Lluefish, and so serves this tyrant of the
. 8ea as a strainer, elaborator, and accumulator, as it were, of the minuter
life of the oceanic wastes which it inhabits. The oyster, in like manner,
subsisting as it does entirely upon Protozoa, Diatoms, minute ciliated
larve, &c., reminds us forcibly that for some of the most savory luxu-
Ties of the table we are indirectly indebted to the existence of countless
hosts of living marine beings which can be rendered visible ounly with
the help of a microscope.

Comparatively few fishes appear to be able to utxhze the Protozoa
directly as a source of food. The most remarkable exception to this
Tule was first made known by Professor S. A. Forbes, of Illinois, who
found the intestines of certain young suckers or Catostomide packed
with the shells or tests of Difflugian Rhizopods. In the Proceedings of
the Academy of Natural Sciences of Philadelphia for 188t, Professor
Leidy states that upon examining two slides containing somo of the
intestinal contents of young Myxostoma macrolepidotum and Erimyzon
Sucetia submitted to him for examination by Professor Forbes he was
able to distinguish the shells of six distinet species of Rhizopods or test-
Covered Ameeboid Protozoa. The habits of thoe fishes in question are,
however, mud-loving, and since they are provided with a more or less
suctornl mouth it is easy to understand bow they might readily con-
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sume large numbers of these Protozoans where the surface of the ooze
of the bottoms of the streams and pools inhabited by the fishes was
favorable to the propagation and healthy existence of the former.

In order to render the vast multitude of Protozoa available as fish-
food it is necessary that they be consumed by larger organisms, which
irr their turn may be consumed by the fishes. Upon investigating the
literature relating to the food of the smaller crustaceans, especially of
the Entomostraca, which enters so largely into the food supplies of most
young fishes and very many adult forms, I find that the almost unani-
mous testimony of various observersis to the effect that these creatures
are largely carnivorous, and subsist mostly upon Protozoa, or the low-
est grade of animal existence. In proof of the foregoing the following
extracts are here introduced.

In bhis Natural History of the British Iintomostraca, page 6 of the
introduction, Dr. W. Baird remarks: ¢ I have no doubt that most of the
Entomostraca are essentially carnivorous, and I have frequently scen
specimens of Cypris in their turn, as soon as dead, attacked immediately
By quantities of Cyclops quadricornis, which in a few minutes had fast-
tened themselves upon the dead animal, and were so intent upon their
prey that they were scarcely frightened away from it by being touched
with a brush. In a short time the Cypris might be seen lying at the
hottom of the vessel, the valves of the shell separated and cmptied of
its contents. Leeuwenhoek and De Geer not only maintain that the
Cyclops quadricornis lives upon animalcules, but that it even preys upon
its own young, a fact which I have also noticed myself. Jurine asserts
that the Cyclops quadricornis is carnivorous from taste, and only her-
Bivorous from necessity ; while the Daphnia pulex he distinetly aflirms
lives upon animalcules. Place a few Entomostraca, such, for example,
as the Daphnice, Chirocephali, Lyncei, ete., in a vessel with pure, clear
water and only some vegetable matters in it, and they gradually be-
gome languid, transparent, and finally die; but mix with this water
some which contains numerous Infusoria, and the Entomostraca will
then be ‘scen speedily to assume another aspeet. They become lively
and active, and the opacity of their alimentary canal testifies sufficiently
the cause of it. When, indeed, we consider the amazing quantity of
animals which swarm in our ponds and ditches, and the deterioration of
the surrounding atmosphere which might ensue from the putrefaction
of their dead bodies, we see a decided fithess in these Entomostraca
being carnivorous, thus helping to prevent the noxious effects of putrid
air which might otherwise ensue; whilst they in their turn become 2
prey to other animals which, no doubt, serve their purposes also in the
cconomy of nature.”

“The food of the Lynccide,” says Baird, “ consists of both animal
and vegetable matter, and while they prey upon animalcules smaller
than themselves they in their turn are devoured in great numbers by
insects larger than they are,”
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According to Pritchard the Chyodorus spharicus is the choice food of
a gpecies of a fresh water Nais which he calls Lurco. ¢ So great is the
voracity,” he says, ¢ of this creature that I have seen a middle-sized one
devour seven Lyncei in half an hour.”

Referring to the Daphniade, our author again observes: ¢ The food
of these animals, according to Straus, consists of vegetable matter, and
not animal ; but I have found that of' two groups placed in separate
vessels of clear water, the one having only particles of vegetable wat-
ter placed beside them, while with the other there were also introduced
infusorial animalcules, the latter were much stronger, more active, and
throve better than the former.” )

This appears to be very strong evidence in favor of the animalcular
dict of these crustaccans. Other evidenee, too, of quite as convincing
a character is not wanting. Those who have been in the habit of col-
lecting quantities of microscopic wmaterial from ponds and ditches have
frequently observed very large schools of Entomostraca in such places
where the water as a rule is not absolutely stagnant, but where an
abundance of duck-weed, {fresh-water algm of many kinds, as well as
various water plants of the higher orders wmake a splendid nidus for
all kinds of Monads and ciliated and Amaboid Protozoa. These are the
places where Cyclops, Daphuia, and allies flourish inland in fresh water.
The writer has also noticed them particularly abundant in the wide
river flats near the mouth of the Susquebanuna at Havre de Grace,where
there are large arcas many acres in extent which are covered with a
laxuriant growth of Potamogeton, Anacharis, and Vallisneria, making a
deuse mat of delicate stems and leaves upon which countless multi-
tudes of Protozoa may fix themselves and abide. If in rowing through
such masses of aquatic vegetation one will stop the boat and stir care-
fully among the plants with the hand over the side, and cautiously
watch the result, one will often notice that great numbers of Entomo-
8traca have been frightened from their leafy retreats. Theso are the
Places where young shad ought to be liberated; in such places they
would find an abundance of food at an early period, or as soon as they
are fitted to partake of nutriment by swallowing.

Just as we find the fresh-water forms of Entomostraca take to the
shelter of aquatic vegetation at the mouths of rivers, so it appears that
any of the marine forms seek protection, and probably food, under
cover of the fronds of marine algse. Here is what their wmost recent
monographer says in relation to this point: ¢ A large number of species
haunt alimost exclusively the forests of Laminarie which grow on rocky
coasts at and below low-water mark ; the fronds of Laminaria saccharina
in particular are the favorite abode of many speeies.” (Brady, Monog.
Brit. Copep., Introd., i, p. 7.) Again, on page 9, he remarks * The
washing of the fronds and roots of Laminarie, which may be dragged
up by means of the hooked grapnels used on many coasts by kelp
blll‘ners, often affords multitudes of Copepoda.”
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They appear in many cases to be surface swimmers., I have mysclf
scen schools of several thousands of Daphniade of a grcenish yellow
color in the ditches south of Camden, N. J., swimming at the surface of
the water at midday in the bright sunlight. In the vicinity of Wood-
bury, in the same State, my friend Mr. W, P. Seal has taken great
numbersof abright-red colored Copepod,apparently related to the genus
DPontella, and perhaps undescribed. They were sufficiently abundant
in some cases to impart a red tinge to the water.

Brady (Monograph British Copepoda) observes in his introduction,
vol. i, page 9: ¢ The beds of fresh-water lakes seem to be very sparsely
populated with Copepoda, and as to swimming species it may, as a
general rule, be said that the weedier the pool and the smaller its ex-
tent the more abundant in all probability the Entomostraca.

“ Many of the wmarine species pass their life apparently near the sur-
face of the open sea, and some of these, such as Calanus finmarchianus,
Gunner, and Anomolocera Patersonii, Templeton, are frequently found
in immense profusion, the first-named species having been said to form
a very important part of the foord of the Greenland whale, and it is re-
markable that in the Arctic seas not only do the Entomostraca attain
an enormous development in point of nambers, but also in individual
size, Arctic specimnens, for example, of Calanus finmarchianus and Me-
tridia armata being many times the bulk of those taken in our own lati-
tude.” (L ¢.)

According to H. Woodward, in his article Crustacea, Encyclopedia
Britannica, the fecundity of the Copepoda is truly surprising. ¢ Cyclops
quadricornis is often found with thirty or forty eggs on each side, and
though those species which have but a single ovisac do not carry so
many, their number is still very considerable. Jurine isolated speci-
mens of Cyclops, and found them tolay cight or ten times within three
months, cach time about forty eggs. At the ond of a year one female
would have produced 4,442,189,120 young! Cetochilus is so abundant
both in the northern seas and in the South Atlantic as to serve for
food to such an immense animal as the whale. They color the sea for
many miles in extent, and when the experienced whaler sees this ruddy
hue upon the ocean he knows he has arrived at the ‘pasture of the
whales. They are to be seen in vast quantities off the Isle of May, in
the Firth of Foith, during the summer months. Many Cetacea are at-
tracted thither, and vast shoals of fish also come to feed upon them.
One anomalous type of free Copepod is the Notodelphys ascidicola, de-
scribed by Allinan, which is found swimming freely in the branchial
sack of Ascidia communis.”

The writer, in passing, would remark that he has frequently met with
Copepoda swimming freely in the ventral part of the branchial space
of Mya arcnaria, in which the animals were probably not parasitical or
commensal, but had been drawn from without into the respiratory space
of the mollusk through the incurrent part of its siphon.
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In the same article as previously quoted Woodward observes: ¢“The
Cladocera are chiefly fresh water, and are distributed over the whole
world. Of this order the Daphnia pulex, so abundant in our [British]
fresh waters, is a good example. So numerous are they in our ponds in
summer as frequently to impart a blood-red hue to the water for many
Yyards in extent. TIn order to realize the wonderful fecundity of this and
allied genera, it is necessary to realize that when a Daphnia is only ten
days old eggs commence to be formed within the carapace, and under
favorable conditions of light and temperature it may have three broods
a month, or even a greater number, the larger species having as many as
forty or fifty eggs at once.”

The remarkable fecundity of the Copepoda explains the extraordinary
abundance of the free-swimming species upon the high seas, and even
bays, where vast schools of these crustaceans beeome, in turn, the food
of vast schools of herrings, menhaden, and shad. Doubtless, the move-
ments of these fishes on the high seas are determined by the abundance
of their favorite food in various localities; that, like the whale, they
8eele their marine pasture of crustaceans, as argued by Mobius. Even
larger forms of fishes, such as the huge basking shark (Cetiorkinus maz-
imus), have their branchial apparatus adapted to capture small pelagic
organisms in the same way as the Clupeoids. The prodigious numbers
of herrings and menhaden is a proof of the abundance of the minute
pPelagic organisms upon which, with scarcely a doubt, it may be sup-
posed they subsist. It is also not improbable that the vast schools of
Pelagic Entomostracans are in pursuit of still smaller protozoan prey,
upoun which they subsist and maintain their marvellous reproductive
Powers. Mosely, in his “Notes by a Naturalist on the Challenger,” ob-
serves: ¢ The dead pelagic animals must fall as a constant rain of food
upon the habitation of their deep-sea dependents. Maury, speaking of
the surface Foraminifera, wrote, ¢ The sea, like the snow-cloud, with its
flakes in a calm, is always letting fall upon its bed showers of micro-
scopic shells.’” Mosely records that he estimated, from experimental
data, that it would take four days and four hours for a dead Salpa to
fall to the bottom where the sea was 2,000 fathoms in depth. The deep-
sea fauna is probably well supplied with food from such sources. The
researches of Mr. John Murray, of the Cbhallenger, fully confirmn, and
greatly expand the significance of the views of Licutenant Maury in
relation to the destiny of the marine foraminiferal shells. Wyville
Thompson, Voyage of the Challenger, I, 210, observes: ¢ Mr, Murray
has comnbined with a careful examination of tho soundings a constant
use of the tow-net, usually at the surface, but also at depths from ten to a
thousand fathoms; and he finds the closest relation to exist between
the surface fauna of any particular locality and the deposit which is
taking place at the bottom. In all seas, from the equator to the polar
ice, the tow-net contains Globigerine”  Some of these surface IForami-
bifera are relatively large, Orbulina universa being as much as a fiftieth
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of an inch in diameter, and hence of a sufficient size to be preyed upon
by a larger arthropod. The remarkable Pyrocystis noctiluca, discovered
by Mr. Murray, and nearly a millimeter in diameter, is another inter-
esting surface form, as is also the P. fusiformis, which is allied to it.
Both are phosphorescent surface swimmers, and tall within the reach of
other surface animals as a probable source ot food. To these may be
added the curious group of the Challengerida, together with the whole
of the Radiolaria, with their siliceous shells, whicl, in the warmer parts
of the high seas, actually tinge the surface when some of the highly-
colored forms are abundaut. Irom the surface of the mid-Atlantic the
Challenger crew obtained stalked infusorians fixed to tbe shell of Spi-
rula ; also an abundance of large radiolarians. Haeckel, Monograph of
the Radiolaria, says the largest living Radiolaria measure only a few
lines in diameter, but most of them are much smaller, and attain
scarcely a tenth down to a twenticth of a line in diameter. At Saint
Jerome’s Creek, Maryland, in one of its arms which is now used as an
oyster park, the writer found an abundance of a fresh-water Heliozoan,
not specificially distinguishable from Actinophrys sol. They were found
in great abundance at times on the surface of the slate collectors which
had been put down for the purpose of enabling the free-swimming {ry
of the oyster to fix itself. This raises the question whether the fresh-
water protozoan fauna does not overlap the marine. The water in the
situation mentioned was not simply brackish, but positively salt. Inthe
same place great numbers of stalked and tube or test building ciliate
forms of Protozoa were also found. The magnificent bottle-green Ireia
producta was found in the same locality in the greatest profusion. Some-
times several hundred mighthave been counted on a single squarcineh of
the surface of oyster shells, slates, or boards, giving such surfaces a dark-
greenish or speckled tint from their numbers. Very small species of
nudibranchiate mollusks (Jolis and Doris) were found creeping amongst
and over the forest of Protozoa, pasturing off of them. Amongst the
tubes of the Freia, and attached to them, a small operculate Cothurnid,
with a rich brown-colored test, was found in abundance, and, rarely, &
very curious form of Tintinnus, with a tubular, subulate test, to the
inside of which the stalk of the inbabitant was attached, at one side,
about balf way up from its base. The open or mouth end of the per-
fectly hyaline test was very strongly toothed, or serrate. ‘The specics
may be named Zintinnus Fergusonii. Another species of Freiahas been
detected on the coast of New Jersey, by Professor Leidy, and, from 2
verbal description given me by Dr. H. C. Evarts, a species occurs in the
vicinity of Beaufort, N. C. So abundant was Freia producta in Saint
Jerome’s Creek that I apprehend that in its free-swimming young stateé,
previous to the timo that it commenced to build its test, it afforded not
an inconsiderable proportion of food to the oysters planted in some
parts of those waters. Besides tho Freia therc were innumerable indi-
viduals of Vorticella observed. One of these had a very thick brown-
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ish cuticle; but for numbers these were again very greatly exceeded by
the compound stalked genera of bell-animaleules. Upon the very com-
mon alga, Laminaria, these were abundant, and upon the fronds of
another alga, the Grinnellia, in three or four fathoms of water, near the
middle of the Chesapeake, their number was truly astounding. In a
few such places where these alge were dredged up from the bottom,
covered with inmumerable colonies of protozoans, it would doubtless be
much within bounds to state that there were 1,000 individual protozoan
zobids to the superficial square inch of froud surface. At this rate
there would be 39,204,000 zoUids found to popunlate a single square rod
of frond surface. Estimating the number at only 100 per square inel,
which is low, and which would, I think, represent a fair average over
considerable areas where the conditions of life were favorable, there
would still be a stalked protozoan population of nearly four millions to
the square rod. The most abundant of these compound forms was one
which very much reseinbles Zodthamniuwm alternans, Claperede, found on
the west coast of Norway. The same form was again found in vast
abundance upon algm in Cherrystonoe River, near the mouth of the
Chesapeake, during the season of 1881, Tpou one occasion I found it
in great abundance growing on the parts of the body of a Pinnotheres
which was living in the gill cavity of an oyster, its swarmers, or young,
as they were thrown off, in all probability forming part of the food sup-
ply of the mollusk.

I'have beeu interested upon several occasions to observe that the very
minute stalked, collared monads, Salpingaca and Codosiga, arefrequently
to be found attached to the stems of the compound colonies of bell-ani-
malcules, or gathered about in the vicinity of the point of attachment
of a single one. In such cases the monads appear to derive a benefit
from the currents or vortices sct up in the water by the waving of the
ciliary crowns of their giant neighbors, which bring particles of food to
their very doors as it were. On one occasion I found individuals of a
species of Vorticella fixed to the egg-membrane of the ova of the cod-
fish at Wood’s Holl, Massachusetts, as had Dbeen previously observed
Ly R. . Earl], and in their vicinity were several colonies of acompound
stalked monad, resembling the Dinobryon of Ehrenberg. On another
occasion I found something like Poteriodendron on the Zodthamnium
which covered a Pinnotheres inhabiting an oyster; but the chain of par-
asitism did not stop here, for on the monad as well as on the bell-animal
there were rod-like bodics attached which were presumably bacteroid,
as has been supposed by Stein. Stalked monads are probably much
more common than has been supposed, which reminds me that I have
detected the occurrence of Rhipidodendron splendidum in the bogs and
ponds of New Jersey, a form which was described originally by Stein
from Bohemia. Minute as the stalled monads are, they must live on
still minuter Leings, probably upon Microbia, or Schizomycetés, a group
of fungi, now known to be the active agents in putrefactive changes
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and proven in some cases to be at least the vehicles of infection in cer-
tain diseases. These organisms, which are very minute, are the first
to appear in disintegrating or putrefying organic infusions. If smnall
Protozoans, such as Paramecium, are left to die in improperly aérated
water, or water otherwise hurtful to them, they are, under favorable con-
ditions, immediately attacked by these Microbia,* which then in their turn
become au indirect source of supply of food for the grades next above
them, such as the free and fixed ciliate Protozoa, which feed upon
monads which have themselves fed on Bacteria or Bacillus-like organ-
isms, and so onward the matter of life takes its upward way.

The process of swallowing of many ciliate infusorians is as peculiar
as it is interesting. An opening, oftenest at one side of the body, is the
mouth, from which a short blind canal passes into the soft substance of
thie animal’s body. The rapid vibration of rows of cilia in the vicinity
of the mouth creates currents which set in the direction of the throat,
the lower end of which is dilated into a globular space by the force of
the currents produced by the cilia, in which the particles of food are
rotating in the contained water. This space enlarges gradually until |
eventually its connection with the throat is suddenly broken by a col-
lapso of the walls which join the globular space with the former. In
this way food-vesicle after food-vesicle is taken into the body of the
animalcule, from which the creature will abstract whatever is useful
and ecast out near the mouth whatever is contained in the food-vesicles
that is indigestible. The writer has seen the proeess in a number of
forms, and it is not unusual to abserve a dozen or more food-vesicles in
the body of a single Protozoan. Many parasitic forms, however, aroe
mouthless, such as Opalina, Benedenia, Pyrsonymplha, Trichonympha, ete.,
where the nourishment is probably obtained from their hosts by transu-
dation througl the body-walls. 1In other forms again comparatively
large objects are swallowed with apparent ease, judging from shells of
other protozoan types which are found within their bodies. Such a
form I encountered in a slightly brackish water pool near New Point
Comfort, Virginia, during the summer of 1880. It was apparently &
very large species of Prorodon of an irregular cylindrical form which
had in a number of instances swallowed five or six large Difflugians,
Arcella vulgaris, the shells of which remained within the animal to tes-
tify to the nature of the food it had been devouring. Some other modo
of swallowing such large prey is probably practiced by this large ciliate,
very different from the method first described. In the same pool a very

* Or Schizomyoctés, the germs of which are abundant in the surrounding air, and
from which tho infection in such cases is derived. Iun some ¢ases it may be observed
that the body of the dead Protozoan is attacked at one side, which becomes the cen-
ter of multiplication, from whence the putrefactive organism mmltiples by germina-
tion, gradually invading and appropriating the dead protoplasm of the organism
upon which it feeds. These forms scem to have little or no power of forming living
matter de novo from ammonisa, carbonio dioxide, and water, but, like animals, approprt-
ato pre-existing living matter, or such as has ceased to manifest vital phenomens.






