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REPORT ON MACKEREL INVESTIGATIONS IN 1897.

By J. PERCY MOORE.

INTRODUCTION.

The almost unparalleled scarcity of mackerel in our waters during
the last decade, and the consequent loss to our fishereen, having given
rise to the fear of a permanent decrease in numbers of this excellent
fish, it has become incumbent upon the United States IFish Commission
to determine the cause of the decrease and, if possible, to augment
the supply. Similar periods of scarcity, but of shorter duration, are
recorded from time to time in the history of the mackerel fishery, and
have hitherto been followed by times of greater plenty. This well-
known fact should lead us to hope that the present conditions are only
temporary, but it is nove the less important to determine, and if pos-
sible to overcome, the disturbing cause, to the end that a constant and
certain supply of this capricious wanderer may be had.

Wky the mackerel supply is thus subject to periodical wax and wane
is unknown. There are no certain data upon which to venture a solu-
tion of the problem. Are their numbers depleted by disease? There
is no evidence that the mackerel is subject to any serious infectious
disease. Is the decrease due to a period of lowered fertility, of less or
greater duration? Here again we lack facts. We know but little to
what extent the biological and physical conditions of the sea have
varied, nor yet how variations in these factors affect the vitality and
habits of the mackerel. There inay have been no actual diminution in
the propagating capacity of the fish, but some condition peculiarly
detrimental to the development of the eggs and embryos may have
existed, causing their consequent destruction on a large scale. Has
there been o real or only an apparent decrease due to migrations of the
fish from our waters to other parts of the ocean? This view, most fre-
quently accepted as explaining the fact, has little to support it, and is a
mere guess founded on the known wandering habits of the mackerel.

For several years past the Fish Commission has attempted to over-
come the deficiency by propagating the mackerel artificially. So far as
any practical results are concerned, the attempt has beeu unsuccessful.
Briefly stated, the difficulties have been two, namely, the number of
eggs obtained has been entirely inadequate, and the proportion hatched
in most cases has been low.

The present report contains a statement of the results attained in the
course of a brief study of this work of mackerel propagation during

the season of 1897. The investigation was begun in early June at
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Woods Hole, and was continued from June 25 to July 27 on board the
steamer Fish Hawk, in Oasco Bay, Maine. During August the mate-
rial and data gathered were worked over at Woods Hole. At Woods
Hole the local fisheries were watched closely in order to determine the
advent of spawning schools, and numerous samples of male and female
fish were examined in order to secure material for a study of the matur-
ing ova and spermatozoa. Two small lots of eggs, aggregating 110,000,
were brought to the station and kept under observation during their
whole period of development.

At Oasco Bay the season proved peculiarly unfavorable for the
investigation, which could not be brought to completion with the lim-
ited time and facilities at our disposal. Only a few over 1,000,000 eggs
were takeu, the first on June 25, the last on July 8. Although this
number was sufficient to permit a study of the general history of devel-
opment and the preservation of material for a more complete review of
the embryology, it proved to be entirely inadequate for purposes of
experimentation, which, in order to yield conclusive results and elimi-
nate all doubtful factors, requires extensive checks. The impossibility
of applying these, and the necessity of limiting the experiments to but
one series of those proposed, render this part of the work less valuable
than it otherwise might have proved. ,

For a discussion of the sources of supply of eggs and the conditions
under which they were taken, I refer to the reports of Mr. Locke for
Woods Hole, and Lieutenant Swift for operations of the Fish Hawk.

The results of the investigations may best be considered under
the three heads or groups into which they were organized, namely,
(1) embryology, (2) surface towings, and (3) experiments.

1. RESULTS OF EMBRYOLOGICAL STUDIES.

Under this head will be considered the morphology of the reproduc-
tive organs, the general history of development, and observations on
the conditions which affect it. In the present connection only a general
account showing the similarity in development of the mackerel to other
fishes producing similar pelagic eggs (the cod, Spanish mackerel, sea
bass, ete.) need be given, prominence being given to only those features
which are of most interest to fish-culturists.

A careful study of the rate of growth of the mackerel leads to the
conclusion that maturity is reached at the age of three years, at which
time the female is 12 to 14 inches long and the male somewhat smaller.
In the region included between Qape Cod and Block Island the spawn-
ing season extends from the middle of May to about the 1st of July;
but few spawning fish are taken after June 15. At Casco Bay the
season probably begins and ends, respectively, about two weeks later,
the majority of the fish spawning before the 25th of June. From the
time of our arrival a systematic record was kept of the condition of
ovaries and testes of as many fish as could be obtained for examina-
tion. Very nearly all were partly or entirely spent, and the proportion
of fully spent fish increased toward the end of the season, though
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occasionally a spawning or even immature ovary was met with. It is
worthy of remark that, even in the same run, fish in very different con-
ditions of maturity were found. Most of them were nearly or quite
through spawning; a smaller number might be immature, and for some
unknown reason would probably fail to ripen their eggs this season,
while a still smaller number would be spawning fish. In nearly all
cases the number of males was greater than the number of females.
The fishermen were almost unanimous in stating that a run of spawn-
ing fish much more productive than any which we encountered had
passed into Casco Bay about two weeks previous to our arrival.

If an ovary of a mackere! be examined just previous to the spawning
season, it will be found to contain ova of three sizes or generations.
Coustituting the bulk of its lamell® are large, opaque ova measuring
from 0.35 mm, to 0.55 mm. (8ay about 0.02 inch) in diameter. These
have large, ill-defined nuclei, well-developed egg-membranes and égg-
follicles, protoplasm filled with yolk-spherules and a number of minute
oil-droplets, which latter are scattered in the smaller, but more or less
closely aggregated in the larger of these ova. The opaque ova just
described are destined to produce the mature eggs of the approaching
spawning season. Packed between them are smaller ova of two sizes.
The larger ones measure about 0.12 mm. in diameter, are about as
numerous as the large, opaque ova, and are destined to produce a crop
of eggs a year hence. The smallest measure about 0.04 mm. in diame-
ter, are very numerous, aggregated in clusters, have large and distinct
nuclei, no follicles, and retain the character of simple cells. From
these future crops of ova will arise.

As the spawning season approaches, part of the opaque ova increase
rapidly in size. The yolk-corpuscles, to which the opacity was due,
pass into solation, and as a consequence the yolk becomes more and
more transparent and of a pale amber color. The oil-droplets coalesce
into two or three larger drops and finally into a single sphere, which is
free to move about in the now fluid yolk. The nucleus has, meantime,
become invigible. Such ova are ready for extrusion and the final pro-
cesses of maturation. Owing to these changes the ovary as a whole
has increased greatly in bulk, and becomes spotted all over, both
externally and on the internal laminge, with translucent spots, due to
aggregations of the clear eggs. Unlike some fishes (those generally of
sluggish habit or bottom-livers) the mackerel matures only a portion
of the generation of eggs at one time. Thus is obviated any undue
enlargement of the ovary, which would cause the body walls to pro-
trude and doubtless obstruct the movements of the fish, a result which
might be particularly serious to an active pelagic species like the mack-
erel. The number of ova produced at one time is seldom more than
50,000 and is frequently much less, but the aggregate number matured
in one season by a female of average size is several hundred thousands.

~All of the evidence which could be gathered from examinations of
the ovaries of numerous fishes captured at different hours of the day
seems to indicate that the common mackerel, like the Spanish mackerel
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and many other fishes, is a night spawner. Although development of
the ova proceeds in all parts of the ovary at once, the process is at
first more rapid in the posterior (external) end, which consequently
becomes spent while the ova production is still active at the anterior
(internal) end. The transparent eggs, or more correctly ¢ egg mother-
cells,” now rupture the follicular membranes which envelop them and
are dehisced into the ovarian cavity, where they lie among the ova-
bearing laminz bathed iu a small quantity of serous fluid. They are
slightly smaller and more irregular in shape than the fertilized ova,
owing to the somewhat flaccid, wrinkled state of the egg membrane
and the mutual pressure to which they are subjected. When first
dehisced into the ovarian cavity they are rather opaque, owing to the
presence of numerous minute spherules in and beneath the proto-
plasmic layer which envelops the fluid yolk. As these spherules are
gradually absorbed, the egg mother-cells become more and more trans-
parent; but the last granules do not finally disappear until the egg is
extruded from the oviduct and feels the stimulus of contact with sea
water. Under these circumstances the least opaque eggs immediately
assume a crystalline transparency; the more opaque and less mature
ones clear up more slowly, but usually as completely, and the process
is probably facilitated in this, as in the case of the Spanish mackerel,
by the presence of spermatozoa. Immediately upon contact with the
gsea water, whether or not spermatozoa be present, the egg mother-ceil
.absorbs water and assumes a perfectly spherical shape, the egg mem-
brane becomes tense, while the processes attending maturation ensue,

The egg now resembles the well-known pelagic ova of the Spanish
mackerel, sea bass, and other fishes. 1tis at first perfectly spherical
and varies considerably in size. The average diameter of a large
number of eggs from all sources procurable is 1.25 mm., but even from
the same female they have varied from 1.16 to 1.29 mm., and it was
also found that all of the eggs produced by a particular female were
sometimes larger, sometimes smaller, than the average. Thus, all the
eggs of the two lots studied at Woods Hole which were measured
averaged 1.15 mm., and the individual eggs varied but slightly trom
this average. On the other hand, all of the Casco Bay females pro-
duced eggs of larger size, at the same time presenting a greater range
of variation. The horny, transparent, vitelline membrane which sur-
rounds the egg is of uniform thinness except at a small circular area
which, perhaps owing to its greater weight, always gravitates to the
lowermost pole of the floating egg. This is a micropylar thickening,
a crater-like elevation projecting inward in contact with the vitellus.
A funnel shaped depression exists in its outer surface and extends
about half way through, from which point it is continued to the inner
surface by an exceedingly narrow and perfectly straight canal, the
micropyle, through which the spermatozoan finds its way to fertilize
the ovum. Exceedingly delicate canals perforate the whole region of
the micropylar thickening and doubtless atford a means of interchangé
of water bearing the respiratory gases. Similar but much smaller and



MACKEREL INVESTIGATIONS IN 1897, 7

less numerous perforations exist in all parts of the vitelline membrane,
but are difficult to demonstrate until during the later stages of devel-
opment, when the membrane becomes more brittle and the perforations
perbaps larger.

The egg proper, or vitellus, consists of a vesicle-like skin of proto-
plasm, faintly granular, of a pale brown color and of uniform thickness
throughout, distended by a perfectly fluid transparent yolk, in which
there are no structural elements observable, except occasionally a few
aggregations of spherical bodies attached here and there to the inner
surface of the protoplasmic pellicle. Floating freely about within the
protoplasmic skin and, because of its lower specific gravity, always
rising to the highest point in the egg, is a beautifully clear and per-
fectly spherical oil-drop, by virtue of the presence of which the egg is
buoyant. The oil-drop also is enveloped by a delicate protoplasmic
sheath, which is at first of uniform thickness and always quite distinct
from the protoplasm enveloping the yolk. The oil-drop is of unusually
large size, but varies both absolutely and relatively to the size of the
egg to a considerable degree. Its average size is 0.28 mm. Its color
also varies. Sometimes it is perfectly colorless; sometimes, and more
frequently, of a pale amber, or even of a pinkish tint. And this varia-
tion may be ohserved in eggs taken from the same female. The reason
for this is not apparent, but it was noticed that colorless oil-drops oceur
most frequently in eggs of the smaller sizes. Perhaps both may indi-
cate a coudition of impaired vitality, though this could not be proved
by the results of the further course of development.

Owing to the unfavorable circumstances under which the mackerel
eggs were taken, I was unable to study the maturation processes in
the living egg, but material was preserved for a’ future study of this
phase of development. There is no reason to doubt, however, that the
process is essentially similar in this and other pelagic eggs, and I refer
to my report on the Spanish mackerel and to the papers of Agassiz
and Whitman on the cunner, and of Ryder on the cod, for some obser-
vations on these phenomena. The process consists essentially in the
elimination from the egg mother-cell of a part of its nuclear substance,
without which it seems incapable of fertilization. Accomplishing this
by two successive nuclear divisions, the surplus material is cast out
within two minute cells, the so-called polar bodies, which appear at the
micropylar pole of the egg within a few moments after it reaches the
water, pass into the perivitelline space, and lose further significance in
development. The maturation processes appear to be hastened by
copulation (the contact of a spermatozoan, after entrance through the
micropyle, with the vitellus), and indeed are largely coincident with
this, but may take place quite independently of it, in which case the
time required for the completion of the process is longer., Not until
after the extrusion of the polar bodies is the egg mature and ready for
the union of the egg, or female pronucleus, and the sperm, or male
pronucleus, which constitutes the essential act of impregnation. When
this union takes place there is constituted a cell fundamentally different
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in its properties from the egg mother-cell which left the ovary, in that
it is now a germ capable of further development into a complete organ-
ism, This process also could not be studied in the living mackerel egg,
but probably does not there differ from what has been observed in the
Spanish mackerel egg.

The spermatozoan of the mackerel consists of a pear-shaped head
about 0.002 mm. in length, with a short rod-like middle piece attached
like a stem to the narrow end of the pear, and bearing an exceedingly
delicate flagellum or tail which is about 20 to 25 times the length of
the head. When fully ripe, the sperm is quite fluid and mixes readily
with sea water, through which the spermatozoa, by their very active
lashing, quickly become disseminated. Under such circumstances, a
very small quantity of sperm will serve to impregnate a great many
eggs, and it is of practical importance to use as small a quantity as
will effect the purpose, to the end that the eggs do not become clogged
with great numbers of spermatozoa, which will adhere to their mem-
branes and interfere with free respiration. With fresh and perfectly
ripe sperm, the egg of the mackerel is very easily fertilized, even those
eggs which exhibit a considerable degree of opacity, and are hence
supposed to be less mature, responding at once to the presence of
spermatozoa. In fact, even when considerable numbers of eggs, sev-
eral hundreds of thousands, were handled, scarcely any would be
found to be unfertilized, and in no case, except when the sperm or ova
were obvlously immature, did as many as 1 per cent fail of impregna-
tion. This ease of fertilization and the almost perfectly uniform way
in which the eggs would subsequently develop, all of them passing
into the same stage at nearly the same moment, seem to me to indicate
their healthful state and the necessity of seeking the cause of the
failure of the hatching operations in some condition subsequent to this,

It is, of course, impossible, from the study of a relatively small lot
of material obtained under only one set of conditions, and with no
means of checking results by making comparisons, to state positively
that the eggs were in the best vital condition, but the uniformity and
regularity of results and the comparative scarcity of abnormalities,
except those mentioned later on, seem to lead to this conclusion. My
experiments to test the length of time during which the spermatozoa
retained their fertilizing powers failed, owing to the accidental impreg-
nation of the entire lot of eggs reserved for this purpose, and sub-
sequently no opportunity for repeating the experiment was found.
Direct observation, however, on sperm placed in pails or jars of water
showed that the spermatozoa lost their activity completely in 45 to 60
minutes, and this period must consequently be admitted to be the
extreme limit of their vitality under the conditions of the experiment.

I would here poiut out the futility of hoping for any better results
through the substitution of the so-called dry method for the wet method
of fertilization. The former was invented to meet certain peculiar
conditions, and is indicated in cases where the contact of water with
unfertilized eggs causes either the formation of a coat impervious to
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the spermatozoa or the development around the vitellus of a water
space which the spermatozoa can not traverse. Impregnation in the case
of the mackerel is naturally and casily accomplished by the intimate
mixture, in a small quantity of sea water, of the freshly stripped
ova with a small amount of perfectly ripe sperm from a previously
selected male. The objection to the adoption of the dry method lies in
this: Owing to its greater weight the micropyle, which is the only
point through which a spermatozoan can enter the egg, lies always at
its lowermost pole. Now, when the eggs are only moist and the sperm
is poured over them, a much greater quantity is needed, and more of it
will adhere to the membranes than when the eggs are freely.suspended
and the micropyle exposed to the active swimming spermatozoa. The
dry method may be just as effective as the wet, but it can not be more
80, and has the slight disadvantage just mentioned.

Simultaneously with the progress of the internal act of fusion of the
male and female pronuclei, other and more obvious external changes in
the egg are taking place. The protoplasmic pellicle, which at first
forms a layer of uniform thickuess, begins to accumulate with a peculiar
wave-like streaming at the lower or micropylar pole of the egg. At
first the thickening thus produced is in the form of a scarcely evident
meniscus, which passes off on all sides into the thin pellicle. Gradually
it increases in thickness until nearly all of the protoplasm has accu-
mulated in a sharply defined disc, the blastodisc, which, when com-
pleted, has a circular outline. Its outer surface is in contact with the
egg-membrane and conforms very nearly to its curvature. The inner
surface of the blastodisc has a strongly convex, almost conical, form
and projects into the yolk. At its margins, which rise abruptly from
the yolk, the blastodisc passes into continuity on all sides with the
protoplasmic pellicle, which has now become reduced to an excessively
thin and delicate, but perfectly intact, layer. The completed blasto-
disc becomes the seat of future developmental processes. The remain-
der of the protoplasmic pellicle takes but little part in these processes,
and is known as the periblast layer. Oriented with reference to the
micropyle, the blastodisc seems always to be a little eccentric, and the
micropylar thickening is readily found just outside of its center. The
perivitelline space, which is described above as an exceedingly shallow
space between the egg-membrane and the mature vitellus, has now,
owing to the change in form of the latter, altered its character. Owing
to the contact of the greater part of the external surface of the yolk
and of the blastodisc with the egg membrane, it is in these regions
obliterated or so exceedingly shallow as to escape detection. But
there is a deep ring-like space running all around the margin of the
blastodisc and corresponding with a circular groove which forms the
boundary between the yolk and dise.

The pellicle of protoplasm enveloping the oil-drop has, like that sur-
rounding the yolk, collected in a bleb-like mass on the under surface of
the oil. Its shape is similar to the blastodisc except that it is not con-
strained within a limiting membrane and has conformed to the charac-
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ter of the fluids between which it lies, like the drop of water which
gravitates to the under side of a soap bubble. This smaller dise takes
no important part in development and undergoes no change until it
becomes fused with the surrounding blastodise. It will not be further
considered.

Although just described as accompanying and succeeding fertiliza.
tion, these processes must not be considered wholly as a consequence
and therefore as a test of fertilization, for even in the absence of sper-
matozoa, changes almost precisely similar and likewise resulting in the
formation of a blastodisc ensue, but are much later in reaching their
fulfillment. In this case development never, so far as I have observed,
proceeds any further, and in the course of a day or. two the vitellus
contracts, turns opaque, and rapidly disintegrates, the egg usually
sinking to the bottom soon after the contraction becomes evident.

The brief chronological index to the stages of embryological develop-
ment which follows is founded upon the time record of a series of
embryos which developed at a mean temperature of 12.9° C. After
the blastodisc has attained its greatest thickness and internal convexity,
which occurs 1 hour and 20 minutes after impregnation, the heaped-up
protoplasm slowly subsides, flattens a little, becomes slightly elongated
along one axis, and remains quiescent for a time in this condition.

At 1 hour and 40 minutes after impregnation, the first segmentation
furrow begius to appear as a narrow transverse depression across the
middle of the outer surface of the disc, while on the inner surface
appears a button-like elevation which is quickly subdivided by an
internal depression placed exactly opposite to the external one. The
halves of the button then subside and diverge, and, moving with a
wave-like motion outward on each side of the internal furrow, causea
pair of prominent elevations to appear on this surface of the blastodisc.
The external furrow rapidly extends to the margins of the blastodise
and cuts deeper into the protoplasm, which thus becomes almost sepa-
rated into two equal halves or blastomeres, in each of which the proto-
plasmn becomes actively heaped up. At the same time each blastomere
tends to become circular, so that the blastodisc elongates in the axis
at right angles to the first furrow. The segmentation furrow never
cuts quite through the disc, but spares a thin layer of protoplasm on
its deeper surface, so that the otherwise separate blastomeres remain
connected by a protoplasmic web in contact with the yolk. Theactive
process of division is completed very quickly. The heaped-up blasto-
meres then subside and pass into a resting state, during which the
segmentation furrow becomes much less conspicuous. This condition
is of relatively long duration, and it is interesting to note here that
the slower development of this species as compared with the Spanish
mackerel is due alimost entirely to the greater duration of the resting
periods, the periods of activity in each being of almostequal duration.

The second furrow, formed at right angles to the first, is completed
in 2 hours and 35 minutes after the mixing of the ova and the sperm,






