128 ‘ NINTH REPORT—STATE FISHERIES.

duets of Cuvier to the auricle, but the space, in & later stage, is seen o be
provided with definite walls and is known as the sinus venosus.

By the time stage F is reached some changes have taken place in the cir-
culation. A diagram of the principal vessels at this stage 1s shown in Fig.
-62. Four aortic arches (ao to ac') are now present on each side of the
pharynx, instead of one. One of these lies in each of the gill arches and
they are separated from one another by the gill slits. They lie at the
gides of the pharynx and unite above it to form a single artery on each
side, these latter then uniting to form the dorsal aorta. Most of the blood
from the aortic arches then .pagses backward into the dorsal aorta, and so-
around through the caudal artery and vein into the posterior cardinal

veins and vitelline veins, as in the preceding stage.  Some of the blood

passes forward through the carotid arteries {ert.) to the head and is
returned through the anterior cardinals (crd. a. r., crd a. 1). The walls
of the sinus venosus are now better marked, and it is seen to be made up
by the junction of the right and left ducts of Cuvier (d. cuv. rand d. cuv. 1)
with a third vein (v. hp.) which was not before present. This third vein
returns the blood from the liver to the sinus venosus. The vein by which:
the blood is carried to the liver is difficult to make out in the living speci-
men, but from the fact that blood is passing from the liver there can bs no
doubt of the existence in this stage of a vein which carries it to the liver.
The blood is now red through the presence in it of numerous red blood-cor—
puscles which began to appear on the thirtesnth day and have since become
more numerous. The advances in the circulation between stage I and
stage ¥ consist then in the formation of the aditional aortic arches, of the
anterior and posterior cardinal veins, the hepatic vein, the sinus venosus.
-and of the formation of numerous red blood corpuscles,

The excretory organs of the embryo are now established. They consist
of two tubes, the segmental ducts. At their posterior ends they
open to the exterior, apparently just behind the opening of the
alimentary canal. Bach tube runs forward from the external opening, at
the side of the alimentary canal until it reaches the level of the pectoral
fin. At this point one of the tubes is shown in Fig. 53 at prn., where it is.
seen lying a little way in front of the liver, above the alimentary canal and.
‘below the pectoral fin. If the embryo be turned so as to look at the tuhes
through the yolk from below, it may be seen in fayorable cases that at its
anterior end each tube turns in toward the middle line of the body and is
there lost. High powers elso show that at the anterior ends of the tubes
their cells are provided with' cilia which cause & stream of fluid to flow
through the tubes. These anterior ciliated portions of the tubes form the
head kidney of the embryo fish, the pronephros, It is likely that in all
embryos the fluid which is seen in the tubes has been drawn into them
from the body cavity by the action of the cilia in the tubes, The fluid is
thus carried back and expelled at the external opening of the segmental
ducts. Dissolved in the fluid are doubtless the soluble waste matters which
are usually present in the urine of animals and which, in this case, have
been transferred from the blood to the fluid in the bedy cavity, to be carried
thence to the outside by the segmental ducts. Opposite the point where
each tube opens into the body cavity there has been distinguished in other
fish embryos a rich network of small blood vessels forming an irregular
mass which projects into the body cavity. These masses are the glomeruli
of the pronephros and throngh these the blood probably gives up some of
its constituents to the fluid of the body cavity.
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- The hatching of the fish now depends on the temperature. . They are

- continually moving and turning about within the egg membranes and if

the temperature of the water be slightly raised their movements become
pufficiently vigorous to rupture the membranes. What the lowest tempera-
ture may be at which this is accomplished is not known-to the writer, but
at.a temperature of 55° F. the fish hatch rapidly. The rupture of the
membranes seems to be brought about by the attempts of the embryo to
straighten the body and tail. In this way the tail is brought violently
against the membranes and finslly ruptures them so_that it protrudes.
The  embryo then often swims about with the head still enveloped in the
egg membranes, but usually it manages to free itself entirely from_the egg
membranes by a few vigorous movements of the body and tail. It swims
with an undulating movement, of the body and tail and this serves to carry
it toward the top of the water. It then usually becomes quiet while it sinks
slowly to the bottom again. If not disturbed it may rest quietly on the
bottom fora long time. If disturbed it recommences the undulating move-
ments which carry it to the surface, from whence it again sinks to the
bottom. '

Embryos kept in a dish through which water was running slowly
often lay so close together as to entirely cover the bottom of the dish. Any
disturbance in thie water then caused them to swarm up instently and fill
the water with wriggling fish. If the dish which contains them be placed
between the observer and the sunlight the water appears filled with little
tongues of flame, an effect due to the refraction of the light as it passes
through the tails. of the embryo fish. Owing to the lightness of the oil
globule it, together with the yolk, is always turned uppermost during these
early movements, so that the embryo swims on its back and it is only
when the peetoral fins have become sufficiently developed to be of use that

 the fish is able to keep its back uppermost. As has been stated, the age

of the fish at the time of hatehing varies greatly, as also does its structure.
If the fish hatch at twenty-five days, they are likely to be in the condition

~ which we have described as stage F. But hatching may be delayed until

about the thirtieth day and in that case the fish is in the more advanced
condition shown in IMig. 63. It is probable that the hatching may be

- delayed indefinitely beyond thirty days, though how long is not known.

The oldest embryo that the writer has ebserved is shown in Fig. 64. It
was drawn on the forty-fifth day after impregnating the egg and therefore
twenty days after hatching. The embryo has now approached clogely to
the adult condition with regard to most of its organs, and it may be taken
ag the type of a stage which may be described as

STAGE ¢,

The great increase in size is apparent from a comparison of Figs. 63 and
64, which are drawn to the same scale and to which the scale may be
applied in measurement. The yolk and oil globule have now disappeared,
80 that the protrusion which the yolk sac caused on the ventral surface is
absent. In Fig. 63 (31 days), a considerable portion of both yolk and oil
globule is seen to be still present. But by the 38th day the yolk is entirely
gone and on the 44th the oil globule also has disappeared. Both the
upper and lower jaws have now extended forward so fthat the snout has
lost its bluntness, and appears sharp, as in the adult. The pectoral fin is

.much larger and contains supporting rays similar to those in the median
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fin-folds, It has long since begun to be moved with a very rapid, flutter-
ing movement. The dorsal portion of the median fin-fold is now more
elevated in the middle of its length.

The pigment cells have increased greatly in number and are found along
the borders of both jaws, on the top of the head and over the sides of the
body. - There are also a few of them in the caudal fin. ‘As a result of this,
the embryo has lost some of its transparency and appears gray to the
naked aye. .

. The notochord appears in the figures only at its posterior end, where
its structure is seen to be the same as in the preceding stage. Its anterior
portion does not appear in the figures on account of the greatly increased
thickness and opacity of the embryo. The branchial cartilages, the hyoid
cartilage and the cartilages of the lower jaw (Meckel's cartilage) are
present, a3 in the preceding stage. In addition to these a cartilaginous
rod has made its appearance in the upper jaw and a second in the region
of the pectoral fin. The first of these is ghown at p. q. in Fig. 63, and the
second is shown at a pet. in Figs. 63 and 64. 'The second js the rudiment
of the pectoral arch which supports the peetoral fin and, gives attachment
to the muscles which move if. I])i‘nmh of the cartilages of the pectoral ai%h
is & vertical rod which lies at the base of the pectoral fin, just back of t#e
gill arches. S ,

The lateral body-muscles have not undergone any considerable change,
Muscles are now found attached to the pectoral fin and others to the gill
arches, to the hyoid arches and to the lower jaw. These have been omit-
ted from the figure in order not to render it too complicated. The embryo
now moves by darting rapidly here and there. Its earlier movements were
bendings of the entire body from its head to the tip of its tail and resem-
bled the movements of a tadpole. This resemblance is so great that a
peraon unaccustomed fo the embryo fish speaks of them at once as tadpoles
and is only convinced of his error when he has seen them under the
microgcope. In the embryo of stage (&, locomotion is accomplished, for the
most part, by the movement of the tail alone, and is the same as that of the
adult fish. Owing to the disapperance of the oil-globule and to the nse which
the embryo now makes of its pectoral fins, it is able to mantain a position

with the back uppermost. This it does as soon as the pectoral fins can be -

uged and before the oil-globule has dissppeared. Thig, in the embryos
observed, wes on the twenty-eigth day, On the seme day there are seen
movements of the lower jaw, gasping movements, as though the embryo
were begininng to breathe by drawing water in through the mouth. These
movements soon become the regular swallowing movements by which the
breathing of the adult fish is accomplished.

In the nervous system the most noticeable change is the increase in the
size of the cerebrum. A comparison of Figs. 56, 63 and 64 cbr., shows this
increase. :

In the eye the intenszely black color of the preceding stage has given
place to a metallic coloring of the exposed surface. ' Silver, gold and
copper colors are seen as though the surface of the eye had been sprinkled
with bright, intermingled flakes of these metals. These metallic colors are
on the outside of the black pigment of the preceding stage and aredue to a
coat that has been since added fo the eye. This coat is known as the
argentea. It covers the retina on its outer surface so that it prevents one’s
seeing the black pigment except at the pupil. Here one is able to look
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through the lens, vitreous humour and sensory portion of the retina, at the
‘black pigment layer.

In the ear the semi-circular canals have been better defined and the otoliths
have increased greatly in size. The posterior has-grown larger than the
anterior, so that while the posterior has about six times the diameter that
it had in the preceding stage, the anterior has not more than twice its

" former diameter.

In the olfactory pit s further increase is noticed in the size of its
«cavity, with a consequent greater exposure of surface to the water.

In the alimentary canal there are numerous changes. The growth forward
-of the upper jaw has greatly extended the roof of the mouth and increased
the size of its cavity. The lower jaw and floor of the mouth have also
extended forward. In Fig 63, the lower jaw does not yet extend forward
quite so far as the upper, but in Fig. 64, the lower jaw has passed beyond
the upper and the appearance is that of the adult ish. In both jaws teeth
have appeared. The points appear first and lie embedded in the jaw as
shown in Fig 63. Xach csuses the tissue above it to project as a conical
elevation, but the point of the tooth is not yet exposed at the top of the
elevation and the base of the tooth is not yet in contact with the jaw bone.
By the time stage (. is reached the teeth (¥ig. 64, th.) are much more
numerous and 1%19 tront ones have grown much larger. They are conical
and curved so that the tip of each tooth points toward the throat. The
bage of each tooth is mow in contact with the jaw bone and is probably
united to it, while the crown of the tooth projects a little way beyond the
jaw. The back teeth are still in the condition shown in Fig. 63. The
tongue hag made its appearance as a rounded elevation on the floor of the
mouth and by stage (., has increased to a considerable size (Figs. 63 and
64, tn.).

In the pharyngeal region the gill slits are now entirely covered by the
operculum, which has gradually extended itself backward (Fig. 63, ope.).

. Four branchial arches are seen on each side in side views, and each is seen

to be supported by its branchial cartilage. In Fig. 64, the hinder-most
arch is not shown, being covered by the one in front of it.

From the arches finger-like processes have grown out. These are shown
‘beginning in Fig. 63, gl. £, where they appear as blunt rounded promi-
nences. In Fig. 64 they are seen to have become very much longer and those
.on the posterior arch are beginning to be branched. These are the gill fila-
ments. Justback of the eye there is seen projecting backward into the
pharyngeal cavity (at Fig. 63, h. gl. £.) a lobed body. In Fig. 64, this is seen
1o have becoms much larger and each of its two prongs is provided with
lateral branches. These are the gills produced in eonnection with the first
«or hyoidean gill slit, the slit which was formed between the lower jaw and
the hyoid arch and which has itself, at this stage, disappeared. All the
gill filaments are richly supplied with small blood vessels, the arrange-
ment of which we shall see in considering the vascular system. The blood
in the filament is thus brought very close to the water which is passing in
at the mouth ‘and out through the gill slits in the act of breathing. This
permits an exchange of gases between the water and the blood, the blood

giving up to the water its carbonic-acid gas, and faking from the water its

oxygen. In other words the gill filaments, which, taken together, we call
the gills, are now the organs of respiration.
The lwver is much larger than in the preceding stage, and its division

into lobules is more evident. With a high power it is easy to observe the
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Mood circulating through the liver. It passes by way of numerous small
vessels which everywhere divide and unite with another, so that the liver
looks ag full of them as a sponge is full of holes. In Fig. 64 the blood
spaces (bld. ) are the darker areas shown on the surface of the liver.

Back of the liver the cavity of the alimentary canal is greatly enlarged.
This is shown in Fig. 63 st. where the inner surface is also seen to be thrown
up into folds (fid.). This enlarged portion of the canal iz the stomach. In
the stage shown in Fig. 63, the canal again becomes smaller behind the
stomach to form the intestine (ine.}, which is marked on the inner surface
by regular ring-like folds. In the stage shown in Fig. 64, the absorption:
of the oil-globule and yolk has given room into which the stomach and
intestine have extended, so that the cavities of both are much larger.
Stomach and intestine are now separated by a constrietion (Fig. 64, pyl.)
and the folds of the intestinal wall are not so regular as in the stage
shown in Fig. 63. At the posterior end the intestine bends downward to
open as before at & notch in the ventral fin fold. Across this, the anal
opening, is seen & band of muscle fibres, forming the sphincter muscle:
by which the opening is kept closed (Fig. 64, mu.). The portion of the
elimentary canal between the pharynx and stomach is not readily seen at
any stage, but it may be made out in Fig. 63, at oes. It is, the
msophagus, Peristaltic movements of . the. intestine may be seen in this
stage and are present as early as the twenty-seventh day. They consist of
waves of contraction, beginning &t the anterior end of the intestine and

travelling backward, s¢' as to drive shead of them, toward the enus, the

contents of the intestine.

In Fig. 63, at a. bl. there is seen just above the alimentary canal and
underneath the pectoral fin a small ovoid vesicle with thick walls. This is
the air bladder, or swim bladder, which has doubtless been formed as in
other fish as & hollow cutgrowth from the alimentary canal. In Fig. 64,
it is seen to be much larger and to have thinner walls. It is also covered
along its dorsal surface by intensely black pigment cells, which send branch-
ing processes. downward onto its sides. %%le alimentary canal is thus
brought nearly into its adult condition, being with its appendages, made up
of the following parts: the mouth with teeth and tongue, the pharynx with
the gills, the msophagus, the stomach, the intestine, the liver and the air-
bladder.

‘When the fish are first hatched they do not take food, as the teeth are
not then well developed, nor are the jaws large or strong enough. Besides,
the fish does not yet need the food, being able to draw abundant nourish-
ment from the yolk and oil globule. On the thirty-eighth day in the fish
studied, the yolk had disappeared and the fish were darting rapidly about
88 if in search of food. As this had not yet been provided for them they
began eating one another. Fish do not chew their food, their teeth serving
only to catch and hold it while it is being swallowed. The food is there-
fore swallowed whole unless it can be torn into pieces by shaking it vio-
lently by sidewise movements of the head. When the embryo fish feed
upon one another, the fish thatis eaten is swallowed tail foremost, so that
ontly the head 1is left projecting from the mouth of the swallower. A fish
swimming about with the head of another protruding from its mouth then
seems to have two heads. In most cases the head of the fish that is swal-
lowed is gradually freed from the body by the action of the teeth and by
the shaking of the head of the other fish. The remainder of the swallowed
fish seems to be then gradually forced down the throat into the stomach,
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‘whers it is digested. 1f the young fish are provided with other food, their
cannibal tendencies are temporarily checked. To obtain such food it is only
necessary to strain some of the water from a stagnant pool. Abundance of
small fresh-water crustaces, daphnia and cyelops predominating, are thus
-obtained and these are sagerly eafen by the fish. If they cannot be had
‘the fish will eat liver that has been chopped fine and strained, but they will
not eat the liver if they can get living food. It is interesting to wateh one
-of the liftle fellows as the bits of liver sink through the water. With tail
hent ready to dart upon the morsel, and with snout close to it, he poises
himgelf and follows it as it falls. If he concludes to take it, the tail is
suddenly straightened, the mouth opened, there is a flash as he moves
forward and the morsel is gone.

It is likely that under natural conditions the fish feeds entirely on
Living animals and that in poising himself before the bit of liver,
he is waiting for some movement to tell him whether or hot the
‘morsel is living and should be seized. Just what living animal is the food
-of the embryo of the wall-eyed pike is not known. That it could live
indefinitely, on small crustaces, as many other fish embryos do, there is no
doubt; but that it does so has not been shown. It seems Iikely to the
writer that the fry of the yellow perch may perish in large numbers as food
M the wall-eyed pike fry. The perch eggs are laid a trifle later than
‘those of the pike and probably hatch as soon or sooner and the young perch
.T:night Eﬁer a tempting bait to the somewhat older pike, should they chance

0 Moen.

The keart has been more sharply divided into auricle, ventricle and
truncus arteriosus. This is shown in Fig. 64, and in Fig. 59. The
-opening between the auricle and ventricle is now provided with &
pair of valves, (viv.) which serve to prevent blood that has once
Teached the ventricle from returning again into the auricle. Simi-
lar valves are seen between the ventricle and the truncus and the
‘workings of both sets of valves may be readily studied under & high power
-of the microscope. Each acts as a swinging door which has been arranged
#o that it swings but one way. If the door is marked “push” you may
.got through it by pushing, but once through, push ss you may, you can
not get back again. You must then pull, as an examination of the label
-on the door will tell yon. 8o it is with the valves in the heart, the blood
pushes against them from one side and they yield readily, allowing the
‘blood to pass them. But once past them the blood can not return, for
‘the harder it pushes the more tightly the valves are closed.

The sinus venosus whose connection with the heart was, in the preceding
stage diffieult to observe, may now be seen to be continuous with the .
auricular end of the heart. Itis a large sac with thinner walls than those
«of the guricle and into it is poured the blood from the ducts of Cuvier
-and from the hepatie vein or veins which bring the blood from the liver.
Thus the blood from the whole body passes into the sinus venosus, and so
into the auricle. The relation of the parts ofthe heart to one another has now

changed. In the preceding stage the ventricle lay anterior to or in frontof

the auricle and the point where auricle and ventricle joined lay toward the
left side of the body and not in the middle line. Now the point of union

‘has been cerried downward, and from left to right, until it lies in the

middle line. The result is that the plane in which the heart lies, which

"was before horizontal, is now, in the natural position of the embryo, nearly
-vertical. At the same time the ventricle is carried farther backward, so as
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to le, not in front of the auricle as in Fig. 56, but more nearly beneath
the auricle and sinus venosus, as in Figs. 63 and 64 DBoth these
changes are Dbrought about by the reduction in size and final
absorption of the yolk and oil globule. In the earlier stage the pres-
ence of these large bodies crowds the heart to the left and upward. Bub
as they gradually disappear the apex travels downward, inward and back-
ward to the position shown in Fig. 64. The movement downward towards
the middle line is doubtless due 16 the weight of the heart, which merely
falls into position when there is room for 1t. The backward movement of
the apex is due to the contraction of the ventral body wall, as it fol-
lows up the diminishing yolk. Being thus forced upward the ventricle
travels backward rather than forward and sinee there 1s more room for it
behind, it thus comes to lie beneath the auricle.

The vitelline vein is obliterated, so that, as an examination of the dia-
gram Fig. 62 shows, all the blood from the caudal vein must now pass for-
ward through the posterior cardinal veins. But all the blood from the
candal vein does not pass directly into the posterior cardinals. Some of it
passes a little way along the vitelline vein and then upward to the posterior
cardinals through small vessels which have been formed, and which con-
nect the posterior part of the vitelline vein and the posterior cardinals.
There are usually four of them on each side. The vitelline vein begins®
disappear near its postéiior end on the twenty-seventh day, et a time when
the yolk has been so much reduced that what is left of it is probably
absorbed through the blood vessels of the alimentary canal and liver, which
at this time are growing rapidly. The vitelline vein thus persists only so
long as it is of use in the yolk absorption, and along the line where the
vain ran there is developed a black band of pigment. The circulation
through the liver is readily made out and is remarkable for the close inter-
weaving of the tissue of the liver with the blood vessels, the two forming
two systems of meshes which interlace with one another, so that each fills.
the spaces between the meshes of the other. ‘

The number of aortic arches has increased to five and there may be a
gixth, as it is difficult to count them. The blosd passing through the
arches does not make its way directly to the dorsal sorta. In each of the
gill filaments there is a capillary blood vessel forming, a loop which, start-
ing at the base of the filament, runs to its'tip and thence returns fo the
starting point. Xach of these capillary loops is connected at ome of its
ends with the aortic arch coming from the heart. These arches do not now
commmunicate with thedorsal aorta but each sends all its blood into the
capillary loops. The blood having traversed the loops and reached their
opposite ends ig taken up into another vessel which runs parallel to the
aortic arch and is known as a branchisl vein. The part of the arch con-
nected with the heart may now be spoken of as a branchial artery. Hach
gill arch thus contains two parallel blood vessels by one of which (Fig. 62,
a. br.) the blood enters the arch and by the other of which (v. br.} it leaves
the areh and the blood passes from one to the other of these vessels by
way of the loops tin the branchial filaments. By this arrangement the
blood exposes a much larger surface to the surrounding water and respira-
tion, that is the interchange of gases between blood and water, is more
perfect. Many smaller vessels both veins and arferies have now been.
formed, but these are all offshoots of the main frunks already described.
They are difficult to follow with certeinty and, leaving them aside, the
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circulation has assumed so nearly the adult condition that it does not
require further description.

In the excrefory system it may be seen that the segmental ducts have
united to form a common tube which hasg an opening just posterior to the
anal opening and is apparently surrounded by the same sphincter muscle

- that surrounds the anal end of the alimentary cansl. This common tube

has a spindle shaped dilation {u. bld.) just back of the vertical portion
of the intestine. 1% is the urinary bladder which serves to store up the
urinary secretion until it is expelled. In front of the urinary bladder the
two segmental ducts are difficult to trace and the excretory system is not
again seen until one reaches the region opposite the base of the pectoral
fin. Here there is seen a mass of dark colored coiled tubules (Fig. 64, prn. )
the tubules of the head kidney or pronephros. In these the cilia may be
seen moving but not much more is to be made out about them in the living
embryo. .

The seven steges that have been described may, for convenience of
reference, be summed up as follows:

Stage A : Stage of the triangular, two-layered embryonic area, before the
appearance of the embryo.

Stage B: Stage of the trumpet shaped embryo, marked along the middle
dorsal line by a groove, the neural groove.

The caudal plate is not yet formed.

Stage C: The embryo projects as & ridge. The medullory groove is
. oblitefated.

Solid optic and aunditory vesicles are present.

There is no differentiation in the brain.

There are four to six mesoblastic somites.

The caudal plate is formed from the rim of the blastoderm.

Stage D: The embryo surrounds two-thirds the yolk and its tsil forms

s blunt projection.

The brain is divided into forebrain, midbrain and hindbrain, :

The auditory and optic vesicles are hollow and the olfactory pit is
formed.

The lens has begun to form.

There are about twenty-five mesoblastic somites,

The alimentary canal is forming.

Amoebgid cells are accumulating in the place where the heart is
to form.

Stage E. The tail is elongated and flattened.

Pigment cells are present on the yolk sac.

All parts of the adult brain are established and the nenromeres
have disappeared.

The lens is separated from the spiblast.

The otoliths are formed.

There are about forty-five mesoblastic somites.

A horp-shaped heart is present and beating. It draws a colorless
fluid from the space which liss beneath the head, in front of the
oil globule,

Stage F': The yolk is reduced to one-half its former bulk,

The lower jaw is established but does not reach the end of the snout.

The pectoral fin is established but does not move.

The caudal fin is marked out.
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The eye is black &nd the c¢horoid slit ia closed.

The semi-circular canals are established.

The ]ggél slits and gill arches are established and the operculum ig

un,
The mouth and anus are formed.
f%%e lliver is established.
o heart is divided into auricls, ventricle and fruncus artero
Staggo(g- : The adult form is assumed and there is pigment over ihzui;'hole
y.

The yolk and the oil globule are absorbed.

The cerebrum is much larger.

The argentea is formed in the eye.

The posterior otolith is much larger than the anterior.

The pectoral fin is moved vigorously.

Teeth and tongue are formed and the embryo feeds.

Stor_nach'and intestine are separated by a constriction.

Perigtaltic movements take place in the intestine.

The air bladder is established.

All parts of the heart are present and the valves are established.
‘The vitelline vein is obliterated.
Gill filaments are formed and the blood is circulating through them.

—

PART 1V.

Study of sections of stages A to F to show the history of the germ layers.

In order to gain a knowledge of the fundamental processes that result in

the building up of the body of the adult fish t stu i i
through some of the earlier stages. ¢ 7o must study thm soctions

STAGE A.

A section passing lengthwise through the embryonic ares of this s i
shown'in Fig. 29, PL IV, and a small part of the gz‘gbryonic'area froﬁgfﬁ:
same section is shownmore highly magnified at 29°. The embryonic ares lies
close against the yolk from which it is separated by tho parablast only, Ttis
made. up of two layers of cells, the external epiblast, (eph.) and the primary
gi‘u%ﬁrg;%‘éi ]erlgpolkilaef;}tlil (h.p). T]}:}e epibls.?lt is made of an external layer of

cells, the covering layer, and a d
the Jower or sensory layer of th% epyi’blast. oo 1qyer of reglar eclls,

| STAGE C.

. A transverse section through the middle part of an embryo of this sta,
is slllgown in Fig. 65, P1. X. The section pa§ses inthe direc%gon of the Iigg
marked Fig. 65, in Fig. 34, P1. V. The epiblast is thicker than in the pre-
ceding stage and is thickest in the middle, where it forms a keel-like ridge
%rectec_i toward the yolk. The ridge causesa grooveon the surface of the yolk,

he epiblast consists, as before, of the covering layer and of the lower layeror
sensory layer of cells. It is evident that the increase. in thickness is due to
an1ncrease in the number of cells in the sensory layer. In the section the
nuclei of some of these cellsare seen intheactof dividing, and the divigion of
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the cells follows that of their nuclel. The parablast (prb.) lies beneath the
embryo, covering the yolk and shows three of ifs characteristic, enormous
nuclei. The cells of the primary hypoblast have arranged themselves so as to
form three distinct structures. Those cells which lienext the parablast have
‘become somewhat flattened out, and are united to one another by their edges
80 as to form a tolerably well defined layer, which, to distiniguish it from the
primary hypoblast is known as the secondary hypoblast (h. se.} or simply
a8 the hypoblast. Between the secondary hypoblast and the keel-like
projection of the epiblast in the middle line the cells are grouped to form
the notochord (ch.) the limits of which are not yet very sharply defined.
Qccupying the spaces at the sides of the kesl, between the secondary hypo-
blast and the epiblast are two masses of cells, one on either side. These,
together, make up the mesoblast.

For, the reader who is mnot familiar with the interpretation of
sections the relations of these parts will be more intelligible from
.an examination of the perspective diagram shown in Fig. 75. Cell
atructure is not represented In any of the parts of the diagram. It
includes about one quarter of the egg and the cub surface of the yolk is
dotted. The yolk is seen to be marked along its upper surface by & shallow
groove into which the embryo fits. The yolk is further covered closely by
the parablast (prh.), the cut surface of which is represented as darker than
the cut surface of the underlying yolk. On the outside is seen the epi-
blest (epb.), with the keel-like thickening along its middle. This keel
runs the entire length of the embryonic area and causes the groove on the
surface of the yolk. '

Next the parablast is seen the secondary hypoblast (h. se.), in the form
-of a thin sheet of tissue, like a pieceof paperor cloth. Itruns outonly a little
way at the side of the keel and conforms closely to the underlying parablast.
In the middle line, between the epiblastic keel and the hypoblast, is seen
the end of the notochord {ch.). It ia represented here as & cylinder, the form
‘which it assumes very shortly after stage C. It runs nearly the whole
length of the embryo, its anterior end lying only & little way back of the
.anterior end of the embryo and its posterior end passing insensibly into
the tissues of the tail.

At the sides of the epiblastic keel are the solid masses of mesoblast
-cells which reach tothe ends of the notochord.

We thus have the embryo beginning as two layers of cells, epiblast and
primary hypoblagt. The epiblast has formed a keel-like thickening along
the middle line, while the primary hypoblast has divided into secondary
Thypoblast, mesoblast and notochord. The epiblast, mescblast and hypo-
‘blast are known as the three germ layers. They lie one outside the other
‘like three continuous sheets of paper, only one of them, the mesoblast,
‘being interrupted along the middle line by the presence of the epiblastic
keel and the notochord. The young fish is formed entirely by the meta-
morphosis of these three sheets of tissue. It is one of the most funda-
mental, and most far reaching facts in embyology, that each of the germ layers
gives rise to certain organs of the adult fish and always to the same organs.
"This is a fact of the widest application, holding, not for the fish merely, but
for all many-celled dnimals. If is made use of by histologists in classify-
ing the fissues of all animals and is a guiding prineiple in the study of the
changes which are produced in tissues as the result of disease.

The following table shows what organs of the adult fish are derived from
-each of the. germ layers. . :

18
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1. From the epiblast is derived:

a. The epidermis which is the external coveri
< _ ng of the body. :
b. The entire central nervous system (comprisingg the brai(il gnd spinal
cord) and probably the entire peripheral nervous system {com
prising all the nerves of the body). . )
¢. The essontial parts of all the senso organs, that is of the ear. olfac-

tory orgem, organs of taste and organs of the lateral line.

d. The cells lining the posterio d of i
outer onde oEcbe s ilj:l)l steri r end of the alimentary canal and the

2. From the hypoblast is derived.:

. Ihe 06115 whlc}l (] th allmentaly a fOI 1, the plthehllm
1111 e can 1, mi: g &)
Of 1[‘;5 mucous la y‘e'.[ 83Ce t 1‘ tﬂ p beIl()I &) d ﬂ-nd bh.e OlIf:eI eﬂds

b. The essential parts of the a i \
! l ppendages of the al
liver, the air bladder and thre) pylo%'ic c(z)oecafe shimentery canal the

3. From the mesoblast is derived :
a. All parts of the skeleton.
b. The muscles.
¢. The heart and blood vessels and probably the blood,

The notochord is the center about which th
_ cent; e vertebral col
bone is formed, Investigationsdo not agree as to whaat clgegclﬁn?esorofb?;gi
paf.blast. .Thf;]:S pmfnt will be referred to later. : '
1 examination of sections of later stages sh i
the germ layers give rise to the organs degived fc;‘vgi;&. what way each of

STAGE D.

Fig. 66 represents a section throu i i
gh the middle of th : i
31‘1:; :;?ilcc:,ryo ?f; li:h?' stage s]}{m&v%‘ in Fig. 41, PL V. OThee s?aﬁ%gnvgsui}llfstﬁg
cilon ol the line marked Fig. 66, in Ffig. 41, and is h iqui
%)]i‘?s:lré%l tﬁfgulg?t the(;) rlghtﬂc;ptic vesicle a little further b:.zil?;gaxf’ tii:o };)];g:cf;
A éit.  Over the upper surface in the section i
epiblast (epb.) with its two layers of cells. Over oer suatase. 1o
two . Over the 1 i
:%I;o&g ﬁlfdgﬁﬁ})lam “éhmh 1Ehr211:resented as darker than tﬁggﬂﬁuﬁim— 111:B
_ ine undernes e external epiblast is se 1 :
tion of cells (twb.) in the center of which i itliko space otermmi
the long axis of the oval. This structlTreli" e iobace oveLpying
! - S 198 in the posit; ied i
tpﬁ':;:ei?ir;gi Islt?getlﬁrl _th]t: e}ilblish}(l: ]ﬁeel. Bections.of i]ﬁcei;gzlliggs gfafgegslggcl:v?'
; act this keel, which hag increased in si X i
@h: hexte:t;in‘al epiblast and acquired & centra] cavity, Ze’i‘?:?e? 211181;?%111558931‘3{)51?(3%
%s]sl ; o rgt m%er}t of the central nervous system and the section passes through
fo:?eb?:iu gmﬂsxévéuc}tlhwe ha;‘_e callgd Ifhe» forebrain. At the sides of the
1 I the sections of the optic cups, but th i
these with the forebrain lies in front pf o ction hadd e o
: ) the plane of secti di
shown. The great thickening of the f;}oe OI llp ) 5a shom
] f the cup (rtn.), is sh
and the thinness of the media] wall (rbfla by The puahing i of T
; dial . p.}. The h
izieii;l_ vaaélllmagggii: Jihe n_:eld.lq.l is cai,lsotsaeﬁ and the positli::-lrsl c])ifJ g.éhgnslci)if;-l?ﬁ:
‘ al vesicle is indicated by a heavy line betw th
wells, Over the cup on the left side of the fi t L opihlast
; ] re th t i
seen t0 be thickened and depressed to form gt'llw ‘lanes ?'}fufirl?xzit?p%l;’ﬂ 1;;hlg
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right the section passes & little behind the middle of the lens rudiment.
Above the parablast and separating it from the forebrain and optic vesicle
is seen a layer of cells, This is probably the hypoblast layer. It may
also contain some mesoblast cells, but it is not certain that the mesoblast
extends so far forward in this stage.

Fig. 67, represents a_section through an embryo of the age shown in
Fig. 38, dnd along the line marked Fig. 67, in that figure.

The external epiblast and the parablast appear as befors, but as the
section is a little further back the parablast is thicker. The neural tube,
the rudiment of the nervous system, appears under the middle line as in
the preceding section. In this case it s the hindbrain. Connected with
the neural tube, where it touches the external epiblast, are two masses of cells,
(nrv.) one on each side. These are the rudiments of merves which are
growing out from the hindbrain to connect it with adjoining parts.

Underneath the neural tube is the section of the notochord {ch.),in
which the large nuclei are prominent. It is much more rounded and much
better defined than in the stage of which Fig. 65 is a section.

Underneath the notochord is seen the hypoblast, which now has an appeaz-
ance as though its edges had been folded under. It is seen to pass across the
middle lne underneath the notochord and neursal tube and then upward
and outward at the sides. Before reaching the epiblast it turns back and
the parts thus turning back pass toward the middle line again but end
before reaching it. There is thus only a single layer of hypoblast under
the notochord while at the side of it there are two layers separated by a
considerable space. This space ig the cavity of the alimentary canal snd
at this place it is the pharynx. At the sides of the pharynx are seen some
loosely packed mesoderm cells and below the alimentary canal is seen on
each side a mass of mesoblast cells (pe.) in which there has appeared a
space, the space is the cavity which in later stages surrounds the heart
and is called the pericardial cavity.

Figs. 68 and 69 represent sections through the region of the meso-
blastic somites. ‘The direction of the section shown in Fig. 69, is indi-
cated by the line marked Fig. 69 in Fig. 40. Fig. 68, is taken from
the same portion in a slightly younger embryo. In both Figures
the epiblast is seen composed of two layers. The neural tube in
both is seen to be less separated from the external epiblast than it is in the
sections taken farther forward. It is also seen to have a cavity in Fig. 63,
but to be still solid in Fig. 68. We thus learn that the separation of the
nervous system from the external epiblast begins in front and travels
backward, and that the formation of the central cavity of the nervous
systom begins in front and travels backward. The. notochord is in the
same condition as in the preceding stage. The mesoblast is shown in both
sections occupying all the space at the sides of the neural tube and noto-
chord. But on each side it is now divided into two parts. Next to the
neural tube on each side is seen a somewhat rectangular mass of closely
packed cells. This is a section of one of the mesoblastic somites. Outside
of the mesoblastic somite on each side is a more flattened mass of cells
which is already divided into two layers by a slit-like cavity, represented
by a black line in the figures. These flattened masses of mesoblast, at-the
sides of the mesoblastic somites, are called the lateral plates. The cavity
which each encloses is a part of the body cawvity of the adult fish. By this
cavity each of the lateral plates is divided into two layers of cells. One
lies toward the epiblastand is known as the somatic layer of mesoblast
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{som. ), while the other lies toward the hypoblast and periblast and i
the splanchnic layer of the mesoblast (sgf ), the two ﬂyeré are alsg (szﬁjllzluzc}
‘times called somatopleurs and splanchnopleure,
. On_the lower surface of both sections is seen the parablast, which
is & little thicker than it is farther forward and, above this "and in
contact with it, is the hypoblast. In Fig. 68, the hypoblast has not
yob been folded under to make the alimentary canal. But in Fig.
63, which is from a slightly older embryo, the hypoblast is seen to
be folded up toward the notochord in the middle line. The part thus
folded up forms three sides of & tube which when complete, is the alimen-
tary canal. Thus the folding of the hypoblast to form the alimentary
«canal takes place in front by the turning under of its edges, behind by a
folding up of its middle. The result in both places is to enclose a tube.
Fig. 70, represents & section through the caudal plate of an embrye of
‘the stage shown in Fig, 38. A corresponding section through the embryo
shown in Fig. 40, would lie in the position of the line marked Fig. 70, and
differs but little from the section figured. The epiblagt is here some-
‘what thicker than farther forward and the neural tube is not yet separated
from it. The nervous system is at this point in much the same condition
that it exhibited throughout its length in the preceding stage. The noto-
-chord is not seen, since the section passes through a region where the
notochord cells are not to be distinguished from the other cells of the tail.
:‘At tl}e_s1de§ of the nervous mass are the magses of mesoblast cells (mes.)
not divided into protovertebrae prd latersl plates and showing no trace of 8
body cavity. Underneath lies”the parablast which is still more thickened
~than in the preceding stage, particularly at the sides. In the middle line
between the parablast and the nervous mass is the hypoblast; its cells are
here columnar and the layer appears to be folded under at its edges so as to
form three sides of a tube very much as in the preceding sections. The
-eavity thus enclosed (k. v.) is bounded below by the parablast and is the pos-
23%(% e;d of tjslsae ca{:upy of thle alimentary canal. In some bony fishes this
- resents certain peculiarities and i i
t,naﬁe %f If(u%ﬁ"er’s- tain l}; . s and is usually described under the
ost of the facts shown in Figs. 66 and 70 are shown again in th -
gpective diagram, Fig. 76, which like Fig. 75, shows about-gcme qua.riegezf
‘the yolk with those parts of the embryo that lie upon it. In this case the
‘posterior one-third of the embryo is represented. The yolk, covered by
the parablast and marked by the groove, is shown as before. The epiblast
(epb.), is represented as cut away over a part of one side in order to expoge
“the underlying gttuctures. The nervous system (sp. ¢.) is seen to form a
tube with a small central cavity and very thick walls. This tube is now
-entirely separated from the external epiblast. = It runs the entire length of
the embryo. Underneath this nervous tube is seen the cylindrical noto-
.g}}igrﬁ y(IfollBl)aaE (li the )prev}:lqdliln_g sﬁ&ge. f[{g.demeath the notochord is seen
y st (h. se. ), which is being folde i
-th% middle line ];;o form the a,limenta’r% canaf "p toward the notochord in
ccupying the remaining space between epiblast, nervou
hypoblast and parablast on each side is the rr:ﬁsobﬁlast,’ Whi?}hB i:u Eiji?viilelg
‘into mesoblastic somites (of which three "are shown) and lateral plates.
The mesoblastic somites (ms.s0.) are seen to be rectangular blocks which
lie in a row at the side of the neural tube. They are sharply separated
from one another and from surrounding structures by well marked clefts.
Lying under the somites but extending further outward are the lateral
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. plates of mesoblast. Hach of them contains a part of the body cavity

(coel.), and each is therefore a sac. The somatic wall of. the sac is in
contact with the epiblast and protovertebrae; its splanchnic wall is in
contact with the hypoblast and parablast. The twe body cavity sacs extend
as far as the anterior and posterior ends of the notochord. They aze
continuous sacs with continuous walls, not being broken into parts as is.
the mesoblast that forms the mesoblastic somites.

STAGE H.

Fig. 71 represents & section through the optic vesicle of an embryo of
this stage (ten days). It is in the direction of the line marked Fig. 71,
in Fig. 47. The section is somewhat oblique, passing through the middle
of the optic cup on the right bat behind its middle on the left. The
epiblast is rather thinner than in the preceding stages, but is otherwise
unchanged. The neural tube is at this point the midbrain. Tts cavity is.
broadened and its roof is thin in the middle line, '

Underneath the midbrain is seen the section of a second body (inf),
which has a central cavity and looks much like the neural tube. It is the
infundibulum, cut across back of its connection with the *tweenbrain. At the
side are seen the optic cups. The one on the right is a deep cup in the mouth
of which lies the lens. The difference in thickness between the retinal and
retinal pigment walls of the cup is more pronounced than in the preceding
stage. The lens is separated from the external epiblast and is nearly globu-
lax. Tis central cells are already elongating to form the characteristic fibres.
of the adult lens. Between the lens and the retinal wall of the cup there is
now a considerable space, but none of the cells shown in this space in.
Fig. 46 are to be seen in the section. _

Underneath the optic vesicle and infundibulum is seen the hypo- .
blast which has here the appearance of having been folded under
at the edge, the same appearance that in stage D was obtained farther
back and shown in Fig. 67. The very much flattened space
which. is thus enclosed is the cavity of the mouth mth’ in the
figure. Filling the space between the optic cup infundibulum and
mouth are some scattered .irregular cells. These cells have proba-
bly come from the lateral plates of the mesoblast further back. Cells
which thus become detached from the mesoblast and travel to dif-
ferent parts of the body are called mesenchyme cells (msch.). On each
gide of the infundibulum some of the mesenchyme cells have arranged
themselves so as to enclose a space. This is & part of the cavity of the
carotid artery of which the mesenchyme cells thus form the wall.
Beneath the esophogus is seen & large space (pe.) with walls composed of
much fattened cells. It is the pericardial cavity whose cavities, two in
the preceding stage, bave enlarged greatly and united with each other.

Tig. 72 represenis & section through the reigon of the auditory vesicles.
It is taken from an embryo of the age shown in Fig. 46 and a little
younger then that shown in Fig. 47. It passes along the line marked Fig,
72, in Figs. 46 and 47. The epiblast is unchanged. ’%he neursl tube is heré
the medulla oblongata and is remarkable for the thinness of its pool. In
the preparation of the section the roof has been pressed down so as to make
the cavity of the medulla appear much smaller than it is in the natural
state. The normal dimensions may be seen in Fig. 47, vn'. At the sides
of the medulla are seen the auditory vesicles (aw. v.) They are sacs with
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walls made of a single layer of columnar cells. In an earlier stage -they
are solid thickenings of the sensory layer of the epiblast. They have now
separated from the epiblast and acquired a central cavity. Their history
~is thus similar to that of the neural tube. The notochord appears below
the medulls. ) i
Below this is seen the hypoblast. A comparison with Fig. 67 which
Passes through about the same region in stage I shows that’ this hypo-
blastic pharyngeal tube, which in that stage was incomplete and open
below, is now closed, 80 _that there are two %ayers of hypoblast under the
notochord, in the middle line as well as at the sides. At its sides the
bharyngeal tube is seen to reach upward toward the external epiblast at
{g 83 0h.) These protrusions of the pharyngal wall are also shown in Fig.
67 of the preceding stage. Sections a litﬁe in front of thet shown m
Fig. 72, or a little behind it, show that these protrusions do not run the
whole length of the pharynx.” They are seen in a few sections and are not
found in those that precede and follow these few. This indicates that there
are several such protrusions instead of a single one and that each of them
is in fact a pocket-like out-pushing of the hypoblast. These pockets are the
inner ends of the gill slits shown at the sides of the neck at a later stage,
+in Fig. 54. Opposite each of these hypoblastic pockets is seen a pocket
like in-growth of the sensory layer of the epiblast (g. s. epb.). The covering
layer does not follow the sensory layer in this invagination, but stretches
across the mouth -of the pocket and closes it. The epiblastic pocket is the
outer end of a gill slit. The bottoms of the two pockets are in contact and
1t is only necessary that these/lfottoms should disappear in order to transform
each pair of pockets into & fube leading from the pharynx to the exterior.
By the rupture of the very thin covering layer, water might then pass from
the pharynx to the outside. It is in this way that the gill slits are ulti-
mately formed. A few mesenchyme cells are seen in the gection, filling in the
space between the structures mentioned, but the blood vessels have mot
been represented. Underneath upon the yolk-ig the parablast {prb.)
Wl:fé‘h 1ts7§u§161. '
- Fig. Shows .a section a little further back then the preceding and
along the line marked Fig. 73 in ¥ig. 47. The apiblast is mI:L)changec% In
the middle dorsal line it is extended upward to form a wedge-shaped ridge
(££d.) which is the beginning of the median dorsal fin-fold. On the left
side the sensory layer is seen to be thickened in cne place (1 1i.} and bent
mward so as to form a shallow pit, the mouth of which 1s closed by the cover-
ing layer of epiblast. This pit-like depression resembles closely the olfactory
pit shown in some of the figures of the living embryo. It is one of a line of
gimilar pits. This line extends along the middle of the side of the body and
18 very noticeable in the adult fish, where it is marked by a row of seales
that are peculiar in form and coloring. Each of the pits is the radiment of

‘ons of the organs of the lateral line, sense organs that are believed to take -

‘note of mechanical disturbances in the water.

- The neural tube is here the spinal cord with its small central canal. At
the sides of 1t are seen the mesoblastic somites, ag in the preceding stage
and beneath it is the notochord. 'The notochord now contains numerons
fluid-filled spaces so that the cell material which appeared uninterrupted
in the previous stage is reduced to mere strands which stretch from side o
side of the notochord uniting with one another and so separating the spaces.
These spaces, at first spherical, have become angular from mutual
pressure and give the notochord the peculiar appearance seen in the living
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embryo. Bencath the notochord is the section of the dorsal aorta and
beneath this the section of the alimentary canal, at this point the intes-
tine (ins.). Beneath the intestine and closely connected to it are seen the
cross sections of three somewhat smaller tubes (hpr.) which bear a close
resemblance to the intestine itself. These three tubes may be traced in
successive sections until they are found opening into the intestine. In
some sections they are more numerous than in this one and may be fraced
into one amother. This shows that the tubular outgrowths are branched.
This system of tubes is the beginning of the liver which is thus, at this stage,
& branching hollow cutgrowth from the intestine. Underneath each meso-
blastic somite is the section of a tube (w. d.) which has the general appear-
ance of the liver tubes. These tubes are the segmental ducts or Wolfian
duets which have been formed since the preceding stage, probably by con-
striction from the wall of the body cavity. Outside the segmental ducts and
oxtending far outward are seen the body cavities. The layers of cells that
bound them, the somatapleure and splanchnopleure, are more flattened than
in the preceding stage and the cavity is larger. A few mesenchyme cells
ar?]:hown in the section and the parablast is shown as before covering the
olk. . :
v Fig. 74, is from a section made a little way in front of the anus, along
the line marked Fig. T4, in Fig. 47. The epiblast iy unchanged. The
dorsal portion of the median fin-fold is seen above, and below in the mid-
dle line, is a similar projection, the ventral portion of the median fin-fold.
The neural tube, here the spinal cord, iz not so broad as in the preceding
section and shows a slit-like cavity. Beneath it is the notochord (ch.) as
in the preceding section. Beneath the notochord is the section of the can-
dasl artery (ao. d.} and beneath this the section of the caudal vein. At the
gides are the mesoblasgtic somites (ms. so.), extending further in a dorso-
ventral direction than in the preceding stage. Beneath the mesoblastic
somites are the body cavities (coel. ), one of which is shown smaller than in
the preceding stage. Owing to the absence of the yolk from this region
they oceupy more nearly a vertical direction than in the preceding section.
Beneath the caudel vein in the middle is the section of the intestine
with walls of high, columnar cells. It is now formed into a tube by the
completion of the folding process which was seen beginning in Figs. 69
and 70. At the sides are the sections of the Wolfian or segmental ducts, as
in the preceding section. A few mesenchyme cells fill the spaces befween
the other structures.

Fig. 77, is a perapective diagram of an embryo of about this stage. Ifis
from a region Just anterior to where the tail joins the yolk sac. The mass
of yolk (yk.) is therefore small. ‘The epiblast is represented as cut away
over & part of the side that is turned toward the observer. The neural tube
{sp.c.), here the spinsal cord, appears as in the diagram, Fig. 76. At its sides
are the mesoblastic somites. These are here more extended dorso.ventrally
and so fitted against the neural tube that their inner faces are conecave.
Each shows the beginning of its separation into dorsal and ventral psrts.
The notochord, {ch.) lies, as before, beneath the neural tube in the form of
alongitudinal rod. Beneath it is the intestine (ins.) which has, by the
folding of the hypoblast layer, now been formed inte a tube the walls of
which are not anywhere interrupted. The method of its formation is bet-
ter gathered from the diagrams than from a minute description.

Af the sides of the intestines are the two body cavities (coel.). Each is
larger than in the preceding stage, and their walls .are thinner. As the
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yolk has disappeared ths edges of the body cavities which are outermost:
i Fig. 76, have been permitted to sink downward so that the largest.
diameter of the sacs is now vertical instead of horizontal as in the preced.”
ing stage. The outer edges of the sacs are thus brought nearer to one

another. Their outer or somatic walls lié close against the epiblagt and

the lower faces of the mesoblastic somites, while their inner or

splanchnic walls are in contact with the intestine and yolk.

Above the body cavities, at the sides of the notochord are two tubes.
which were not present in the preceding stage. These are the segmental
ducts. The writer has not traced their origin in the wall-eyed pike and it
is not shown in the figures of actual sections. In the disgrams it is rep-

- Iesented as being formed in the manner deseribed by investigatora.
The beginning of the process is shown in Fig. 76, where, at the point where
the somatic layer of mesoblast passes into the splanchnie, there is seen to
be s fold, (w. d.). This fold is such  one ag may be made in a sheet of paper
by placing a pencil along the middle of it and then folding the two halves
of the sheet toward one another. If the two halves of the sheet thus
folded be not allowed to touch one another, but be bent back into their
original position before meeting, there will be formed a cylindrical tube,
with & glit-like opening on one side of it and with its walls continuous.
on each side of this slit with the remainder of the sheet of paper. The:

in Pig. 716, w. &. In Pig. 77, the edges of the slits have coree together so as.
to close the tubes and the fibes have separated from the body cavity sacs.

At their front ends they}lgt)) not separate from the walls of the - hody
cavity but remain connecfed with ‘them, so that the cavities of the tubes
are in communication with the body cavities, This communication of each

the segmental duct of each side to the body cavity of that side and there
opens into the body cavity by a funnel shaped expansion. This cross tube
with its funne] like ending is the first formed tube of the pronephros or
head kidney in the wall-eyed pike. For & long time it is the only
Ppronephric tubule, but whether others are afterward added to it the
writer does not know. At their back ends the segmental ducis open to
the exterior but neither of the ends appears in the diagram,

The mesenchyme cells are now seen closely surrounding the neural tube
and the notochord, and separating them from one another and from the
muscles formed by the mesoblastic somites, They are soon to be used in
the formation of the vertebral column or backbone,

Fig. 78 is a perspective diagram of g portion of the body of a much later
embryo; only the Important organs are represented. Most of the struct-
ures remain as in Fig 77 and do not require separate mention. The
yolk has now disappeared so that the outer edges of the two body cavities.
have come together under the intestine. The two cavities were thug sepa-
rated from ome auother for a time by only a thin partition and this
partition was double, being made up of a layer derived from each of the
two body cavities. It stretched in s vertica] plane from the lower middle
line of the intestine to the opposite wall of the body. cavity in the position
of the dotted line m. v. in the diagram. By the time the stage repre-
sented in the diagram, Fig, 78, is reached, this partition, which is called the

ventral mesentery has disappeared, so that there is free accessfrom one body .
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ity i 5 may now speak of a single body cavity or
cgmt{ mfif;othte]aJ go(gjhe:é&?g W?[.‘he %ody cmlf)ities also spproach one agot]%?g
abor y_]:? i testiug and are there separated from one another by a,thiln ém:]lr ble
e ilar to the one below the intestine. This partition, the 'Othe
partltli? . mmersis’cs throughout the life of the animal and, as -sho‘wxi 1111 -ne
Emesgn eil;;'Y ’seprves to suspend the intestine and passes in a ‘;»Veﬁgfihepvin—
fr%umei’ts middle dorsal line to the opposite wall of the body. Jyhen the ven-
tral mesentery has disappeared, the dorsal mesentery is sp

; i 1 oge it, small
" mesentery. Between the two sheets of tfissue which comp

' i i d the veing take the
i f the dorsal aorta to the intestine and th
_ar]tﬁgiiféses iﬁ%lzrrying blood from the intestine to the IW@{I_‘: bove and
Em]?) the same process of extension of the bodyf C&Vlh ybod ity
belo);v the intestine, the spl:r;(];hmc_-, ga%eis;e(sgrlﬁ Oforre:: ! t}ire avity
d abow e intestine, ; ad
Eo?llesth? :e?:og; al?:%it of the alimentary canal. This w}_loi‘]el &%uglng:
0? the body cavity together with the little mesenchyme tissue P
it is no the peritoneum. o
poits ﬁ::as ?gg;ljingp I’;hzze chalslges we have the two pngme}.lllyfs?lpa‘;:ﬁfe
bod; cavity sece united, and their walls converfed into the followng

Strfciur;c?;na.tié or pariets]l layer of peritoﬁeal cells, which lines the body

i i t the body wall. '
ca‘éltioéiafa{llfcﬁgtiildjrn\?ixscera.fi laygr of peritoneal cells which covers the

m%esgn;:s%gzig& which suspends the al%aentary canal and connects the
i i ets with one another.
Pa']i%ﬁ?}naéggn‘;l}?;gglczlllﬁ {msch. } are now more densely packed alggﬁdt};:
ral tube and notochord. Some of them have _beelxlx re%r_eizent 1 as
? i & rod (rb.) which runs out at the side and is the ru (11 jent of o
?f)mnfl[‘ghis mesenchyme tissue becomes uwltimately transfox%rille mbo one
n(i forms the vertebrz or joints of the back-bone. -thus, A g the
B]:Letamorphcofs.:is; of the three originally separate germ layers, t?api lgrl =
ﬁ-ou ht into the adult condition, so far as concerns ms1 e:sle)n thepneura]i
s‘l:ruc%ure. It may be describefi as é:onfslstg;%l &fa lat Sggszjche uboeély e
in & bony canal and of a S |
m]?i?z‘heﬁcégscel}gséﬁ a thirc? tube, the alimentary canal. A_supptortmga ;2.?’ ;1}?;
W tochord, runs between the neural tube and the ahme]% ary ];:a,ck'boned
Egdy ca.vi"hy. Sueh- a description is equally true for every :

animal.

PART V.
The development of the organs.

l-eyed pike has beer
des the development of the wal
foﬁ]olwggl &lﬁypgz&ges and in the principal stages s_z;tqh Ozianin]?;ziiege?)%
R iIJ% ghelﬁvmg'fliﬂ‘ggiliﬁic%s énsﬁsl:g the reader to
ctions. This method of dea; ing wi |
ic?zfs:lglllli,e orlf‘ tifeu;ccount in stud;mg the embryo for hufnstelf;,alngt p?ri
method takes up the devefpr%enj: off each cg%ig g:;ggatc ;ﬁsfderecf s part
v f the brain, for instance,
gf&gﬂ;i.n?‘aeg;ﬁnszl f:a.nc())iﬂluar. The method takes no account of the changes
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‘that take place between the stages described. In order to make the
account of the development of each organ continuous and complete, there
18 given in what follows a connected history of each. In doing this it is

necessary to repeat a part of what precedes and it is also necessary to.

refer to the age of the embryo. THe ages given refer to embryos that
hatched in twenty-five days after impregnation of the egg. The eggs
during the first twenty-four hours were at a temperature which is not
known, but which was probably not far above freezing, perhaps 45°F.
After between twelve and twenty-four hours they reached the hatchery
and were placed in water at a temperature of 48°F. The temperature of
the water gradually rose as the weather grew milder, reaching 49°F. on
the nineteenth day and between 51° and 52°F, on the twenty-ffth day,
when the eggs hatched. :

1. The organs derived from the epiblast—As early as twenty-seven
‘hours the covering layer of cells is formed and is the first part of the
epiblagt that can be made out. When the primary hypoblast is formed we
are able to distinguish the tiers of angular cells lying beneath the covering
layer as the lower layer cells or cells of the sensory layer of the epiblast,
and we then speak of them and the overlying cells of the covering layer as
together forming the epiblast.

When the gastrulation is completed and the blastopors is closed the
epiblast forms a complete envelope for the egg. The various organs to
which it gives rise separate themselves from the remaining epiblast, as
they are formed, and sink into the underlying mesoblast. The epiblast
which is then left on the surface continues fo form the external covering
of the snimal in adult life. It becomes gradually thicker by the multipli-
cation of its cells; glands are developed in. it and it forms the epidermal
portion of the skin of the adult fish or the epidermis. The deeper parts
of the skin, making the dermis, are derived from the mesoblast, _

One of the first structures to separate from the epiblast is the central
nervous system. As early as the seventieth hour there is seen a broad
linear opacity running lengthwise of the embryonic area and sections (Fig.
65) show that this is due in large part to a keel-like thickening of the sen-
sory layer of epiblast along this line. This keel is well established by the
eightieth hour. It is from the beginning broader in front and gradually
narrows behind. Soon its ouflines become rounded and it begins to
separate itgelf from the rest of the epiblast. It thus becomes converted
mto a solid rod of cells flattened slightly from side to side. The separation
of the rod from the external epiblast begins at the anferior end and travels
gradually backward, but it is only at a comparatively late stage that the
rudimentary nervous system is entively separated from the epiblast
posteriorly. By the end of the fifth 'day the separation is complete in
front and there has appeared a small diamond shaped cavity in the rod of
cells near its front end. A small part of the rod is thus converted into a
tube. The cavity extends rapidly backward as a vertical slit, the whole rod
thusbecomeseventually converted into a tube—the neural tube. Even before
the cavity has extended itself backward it is noticed that the anterior part
of the neural tube is larger than its posterior portion {Fig. 38), and we
bave thus established the primary division of the central nervous system
into brain and apinal cord. ‘

The later changes in the cord do not fall within the scope of this paper,
and_are not again referred to. At the same time, the end of the fifth day,
the brain becomes marked by two constrictions which divide it into three
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parts, Jying as swellings of the tube one behind another. These are the
three primary divisions of the brain, forebrain, midbrain and hindbrain.
‘The central cavity is continuous as & narrow slit through them sll. We
may follow separately the transformations of each of these parts of the
brain,

Before the keel-like thickening of the sensory laysr is ssparated
from the remaining epiblast, it is nearly twice as broad at its anterior end
as further back (Fig. 30). When the separation takes place this broaden-
ing of the anterior end forms two lateral extensions of the forebrain, like
the halves of the horizontal bar of a T. Soomn after, by the increasein length
of the embryo and the consequent pushing forward of the end of the -
neural tube, these extensions of the forsbrain become pressed back against
its sides {Hig. 34 a) so that their connection with the fore brain is at its
anterior end. The halves of the horizontal portion of the T thus make
with each other an acute angle and the whole T takes the form of an
arrow-head. Meantime the lateral extensions have separated at every
point from the external epiblast and each has acquired a cavity, Fig. 88, (5
days). These solid masses are thus converted into the hollow optic vesicles,
‘whose future history falls properly under the head of the eye.

Over the first diamond-shaped space that appears in the forebrain the roof
of the forebrain hecomes thin and protrudes as a thin-walled, heart-shape
vesicle attached to the forebrain by the narrow apex of the heart. This
vesicle becomes the pineal gland or rudimentary pineal eye. In Figs. 685,
and 64, pn.,, it is seen lying in the notch which separates the cerebrum and
*tweenbrain. It consists of an expanded extremity which lies immediately
under the transparent epiblast and has its cells and nuclei perpendicular
to the surface, and of a narrow stalk, like the stem of a toad stool, connect-
ing the expanded portion with the roof of the brain. In general appear.
ance it bears a close resemblance to the eyes of some invertebrate animals.

At about the time the cavities appear in the optic vesicles there is formed
from the floor of the forebrain a backwardly directed outgrowth, the
infundibulum, the principal features of which have been already pointed
out in the living embryo and in sections.

On the seventh day the forebrain begins to send forward a
blunt, rounded projection which is the rudiment of the cerebrum.
This and its great increase in size have been already pointed out.
When the cerebrum has been formed the part of the forebrain from
which the optic vesicles, infundibulum, and pineal gland have grown
out is. left as a small connecting portion between it and the mid-
brain. It is then known as the ’tweenbrain. The midbrain begins
to broaden out behind on the seventh day; on the ninth it is so broad as to
overlap the optic cups at the sides. In fromt it narrows to join the 'tween-
brain and overlies the infundibulum, which in views from above is seen
through it. Tt does not undergo any further considerabie changes up to
the forty-fifth day. -The hindbrain also broadens at its anterior end, being
on the seveirth day much broader than the midbrain, and on the ninth
still a little broader. It gradually narrows and passes into the cord behind.
Its roof becomes very thin, ag if pulled out in the broadening process
and its side-walls become divided by transverse clefts into six divisions.
These are the neuromeres. The anterior one becomes the cerebellum.
The posterior five are no longer visible by the ninth day and the region
where they were is the medulla oblongata. The result has been to divide

. the original hindbrain into eerebellum and medulls oblongata. .
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_ The originally uniform cavity of the neural tube has been divided by these
changes info the spaces that have been already described, as the lateral
veniricle, the third ventricle, the aqueduct of Sylvius and the fourth
ventricle, '

The peripheral nervous system, comprising the nerves, that connect the
central nervous system with the other parts of the body, is believed by
most morphologists to be formed by cells or cell processes growing out
from the central nervous system to these parts. 'This is & subject about:
which but little is to be made out in the living specimen and ite investiga-
tion in series of sections is  beset with many difficulties of technique and
interpretation and requires much time. Tt is passed over here with the
reference alroady mads to Fig. 67. :

The Hye—On the seventh day each optic vesicle is a hollow body lying
at the side of the forebrain and connected at its anterior end with the
anterior part of the forebrain. This connecting portion subsequently
acquires a cavity so that there is a free passagewny from the cavity of the
forebrain into that of the optic vesicle. This connecting portion soon
becomes narrowed to form the optic stalk, while at the same time the
lateral or retinal wall of the optic vesicle becomes thickened and the medial
wall becomes thinner. On the sixth day the lateral wall is already four or
five times as: thick as the medial (Fig. 41). The epiblast which overlies
the lateral wall of the eptic vesicle thickens on the sisth day and becomes
depressed to form the lems. It thus, necording to the usual view,
presses upon the lateral wall of the vesicle and causes it to
become concave. In other words the opfic vesicle has now become
the opiic cup. The lateral or retinal wall of the vesicle is on
the ingide of the cup, while its medial wall is on the outside.
The cavity of the original vesicle is thus obliterated and its two walls
brought into contact (compare Figs. 38 and 41). The completion 6f the lens,
as well as the growth of the inner wall of the cup, causes the cup to become
continually deeper, until, on the niuth day, it is & flattened sphere with a
large cavity almost filled by the lens (Figs. 44, 44*, 46, 46*). The walls of
the cup are not continuous, being interrapted on the lower side by a trian-
gular notch or slit, wrongly called the choroid slit. Through this notch
amoeboid cells pass into tho cavity of the cup behind the lens, and through
it‘also blood vessels pass to the'lens. The amoeboid cells form the vitre-
ous humour of the adult eye, and the slit gradually closes, only a trace of its
outer end showing on the thirty-second day.

While the slit is closing and the vitreous humour is forming, pigment
is appearing in the eye. First noticed” on the thirteenth day, it has on the
twenty-second rendered the whole eye intensely black. The pigment isdepos-
ited in the outer wall of the optic cup, which thus becomes the pigment layer
of the retina. This pigment layer is lacking where the choroid slit lies,
and there is consequently a lght line here. As soon as sufficient pigment
appears outside the optic cup, this line must be covered and obliterated; so
thet the fact that the slit is visible on the twenty-second day, shows that
the pigment deposited up to that time, is in the pigment layer of the retina,
and not outside of it. ‘

On the twenty-fifth day the pigment of the retina is, in its
turn, obscured by the formation about it of a layer of tissue which
shows metallic colors. This layer is derived from the mesoblast, but its
metallic colors are not due to pigment but to the presence in the layer.of
numerous crystals of guanin. The.layer is the argentea already described.
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Between it and the pigment layer of the refina is now doubtless formed
the choroid coat, or, if the argentea be reckoned a part of the choroid, the
remainder of the choroid coat. The choroid is a very vascular layer which
protects and nourishes the parts within and which, together with the
argentea, extends over the opening of the cup in such a way as to form a
curtain about its edge and to narrow the opening.- This curtain is the
iris and the sjlvery color of its surface is due to the argentea. The opening
in its center is the pupil. The writér has not studied the formation of
the sclerotic coat of the eye in the wall-eyed pike, but it is no doubt formed,
&g in other animals, from the mesoblast about the optic cup. 'The mesoblast
cells here form between themselves numercus fibres which make a very
tough felt work, a protective covering for the parts within. This felt work
of fibres extends from the optic stalk over the whole of the eye, and is
opaque and very white. Over the pupil and iris it is in contact with the
overlying epidermis,and is here very transpavent, allowing the light to
pass to the lens and .retina. This transparent part, with the overlying
epiblast, is called the cornea. There is thus formed from the epiblast,
the retina, the pigmient of the retins, the optic nerve {formed from the
optic stalk) and the lens. These are the essentinl parts of the eye, by
which the “image is formed and its presence known. The other parts
gerve for the nutrition and protection of these essential parts. There are

‘two coats or coverings of mesoblastic origin, whHich envelop and protect

the parts of epiblastic origin. The inner one is vascular and contains the
motallic eolors. It is the choroid, the outer part of which may be called the
argentea. In front it is called the iris, and has in it an opening, the pupil.
The cuter mesoblastic covering is the sclerotic, for protection; its anterior
transparent part with the adjacent epidermis is the cornea. There are no

eyelids and no glands. -

The eqr :—In man the ear consists of three parts known ss external ear,
middle ear and internal ear. The external and middle ear serve mainly to
<ollect the sound waves and transmit them to the internal ear, and it is
«only'in the internal ear that sounds are recognized ss sounds. In the fish
the internal ear, only, is present and, in the adult, it is enclosed in the hones
«of the head, so that thers is ho trace of it seen from the outside. The
sound waves in the water are thus transmitted through the tissues of the

- head to the internal ear, to be there recognized as sounds.

In the transparent embryo fish the development of this internal ear is
readily sbudied, until it has reached nearly its adult condition. Like the
-optic vesicle and neural tube, it begins as a thickening of the sensory layer of
the epiblast, beneath which it lies as a solid bean-shaped mass of cells. This
ass 8001 acquires a cavity ( Figs. 40 and 41), and is then, on the sixth day,
the auditory vesicle. The vesicle rapidly enlarges, and on the tenth day there
appear in it the two otoliths. On the eighteenth day the otoliths have
-enlarged and become compact, and the surface of the vesicle is marked by
lines which are the optical sections of folds in the walls.

The following description of the folds is difficult to understand without a
model. In the lateral surfaco of the vesicle there is formed a shallow
-depression which causes the lateral wall to approach the medial, and which
-consequently narrows the cavity. From the bottom of this depression there
gbart three hollow tubular extensions of the lateral wall. The cavities of
these tubes or cylinders communicate with the space around the vesicle. Two
-of the cylinders aro directed toward the inedial wall. They are not trangverse
‘but one is directed slightly forward and the other slightly backward. We




150 NINTH REPORT—STATE F‘ISHERIES.

may call them the anterior extension of the lateral wall (Figs. 55° and 557,
a. 1) and the posterior extension of the lateral wall (p. I). The third
extension arising from the depression of the lateral wall, i directed down-
ward toward the inferior wall, and may be called the inferior extension of
- the lateral wall (i 1.). As the three extensions start, there are produced
three similar extensions which pass toward them and meet them.” Two of
these rise from the medial wall and are directed laterally. One is the
anterior median extension (a. m.}, and meets the anterior lateral extension
50 that the bottoms of the two fuse. The other is posterior, the posterior
median extension, (p. m.), and meets the posterior lateral extension in the
same way. The third out-growth rises from the inferior wall, the inferior
extension, (in), and meets the inferior lateral extension. The bottoms of
the extensions then become obliterated, so that each pair of them forms a
tube passing entirely through the auditory vesicle. These tubes may be
thought of as arising from the lateral wall of the vesicle, one directed
forward and inward, one backward and inward, these two being at right
angles to one another, and the third directed downward. Over each of
these_ tubular spaces that part of the auditory vesicle that is on the
outside of it, forms an arched canal, and these three arched canals are the
three semicircular candls of the adult ear. Ss. c. is the anterior vertical
canal, 8s. ¢’ the posterior vertical canal and ss. ¢* the horizontal canal in‘Fig.
56. The three canals thus lie in three planes at right angles to one
another and in the three directions of gpace, and are usually stated to be
the organs of eguilibrium. The other notable change in the internal ear
in the embryos studied is, the great incresse in size of the posterior
+ otolith. The whole auditory vesicle with the supporting mesoblast tissue
outside of i, is known as the membranous labyrinth in the adult fish. It
is embedded in the bones of the head as these develop and is thus
protected, .
* The olfactory organ is formed as a pit-like depression of the epiblast
which, during the stages studied, undergoes no other noticeable change
. than increase of size. It is formed, as are the other special sense organs,
. from the sensory layer of the epiblast only.
The organs of the lateral line have already been alluded to. They are
formed as pit-like depressions of the sensory layer of epiblast, one of them

being shown in Fig. 73. The writer has not studied them carefully. In the

edult fish they are situated along the middle of the sides of the body, where
their position is indieated by a peculiarly colored row of scales. They are
connected . with the brain by nerves and are believed to take note of
mechaniceal disturbances in the water.

Organs derived from the mesoblast:

. The mesoblast divides, in the manner already described, to form the
lateral plates and the mesoblastic somites.

a. The Muscular System :—The mesoblastic somites are at first fow in
number. They are separated from one another by clefts which run out-
ward and a little backward from the neural tube, parallel to one another
(Fig. 34). They are at first continuous with the lateral plates, to which
. they bear the same relation that the teeth of a comb bear to its back. A%
the end of the fifth day, when there are ten or a dozen pairs of somites
present, each is seen to be merked off from the lateral plate by a plane of
division that runs parallel to the middle line. The somites give rise to the
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voluntary muscles of the body and perhaps also to the mesenchyme cells’
which form the axial skeleton.

The cells of the somites elongate, and become converted into muscle
fibres. On the thirteenth day there is found a liorizontal partition run-
ing lengthwise of the animal, so as fo divide each somite into dorsal and
ventral portions. The dorsal portion forms the dorsal lateral muscles
and the ventral portions, the ventral lateral muscles. The museles which
méve the pectoral fin are probably formed as outgrowths from the meso-
blastic somites, and those which move the jaws and gil} arches are believed
to be formed from the mesoblast in those regions. The writer has not
made observations on this point. :

b. The Perifoneum —After the separation of the mescblastic somites,
the remainder of the mesoblast forms the latersl plates. These split, by
the formation in them of the body ecavity, into somatic and splanchnic
layers. Their metamorphosis into the various parts of the peritoneal epi-
thelinm has been already traced. ,

¢. The Excretory System—Jn the embryo the excretory system is the
pronephros or hend kidney, the general appearance of which was pointed
out in the living specimen. The writer has not traced its development in
detail and the following account refers to bony fishes in general. The seg-
mental duct is said to be formed by the folding of the splanchnic layer of
mesoblast, and has been so represented in the diagrams and so described.

It is present in the wall-eyed pike on the eighth day. It is said, moreover,
that it does not become separated from the body cavity af its anterior end
but remains there connected with it by a funnelshaped opening. The
portion connecting the funmel to the remainder of the duct becomes
enlarged, and forms a tube lying at right angles to the segmental duct.
The fluid in the body cavity is fthus able to pass in at this
fonnel and so out at the posterior end of the segmental duct.
Opposite the funnel, is to be found o mass of small blood vessels, supplied
with blood from the dorsal aorta. This mass, called the glomerulus of the
pronephros, projects into the body cavity; and it is doubtless through the
blood in these vessels that most of the fluid that passes down the tubules, finds
its way into the body cavity. That part of the body cavity into which
the funnels open, and in which the glomerulus lies, becomes shut off from
the rest of the body cavity, and forms then a closed capsule, containing the

lomerulus and communicating with the segmental duct by way of the

nnel. The fluid in this capsule has thus no choice but to pass down
the segmental duct. Theembryonic excretory system is, according to this ac-
count, formed entirely from the mesoblast. Inembryos of the wall-eyed pike
of twenty-four days and more, there is seen a mass of coiled tubes at the side
of the body opposite the pectoral fins. Whether they are due to the
coiling of the segmental duct or to the formation of mew pronephric
tubules connecting it with the body cavity, has not been determined.

d. The festes and ovaries arise from the mesoblast which forms the peri-
toneal epithelium, but they do not fall within the limits of this paper.

From the mesoblast which forms the lateral plates and the mesoblastic
gomites, cells separate themselves and travel to various parts of the body.
These cells, the mesenchyme cells, fill the spaces that are left between the
structures derived from epiblast, hypoblast and mesoblast. The tissue
which is thus found packed in everywhere between the other organs, has:
been pointed out in the living embryo (Figs. 38 and 41 amb.) and in the
sections. It is the mesenchyme which, according to the more recent work
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on the subject, is not derived from the parablast, but is formed, in la,rgé

part af least, from the mesoblast and may be eonsidered ss a part of the
mesoblast. .

The organs derived from the mesenchyme are:

e. The Skeleton: The development of those parts of the skeleton that
are to be made out in the living embryo has been pointed out. A complete
account can not be attempted here. The notochord has been spoken of as
a skeletal structure and ifs farther history may be alluded to.” Up to the
forty-fifth day it does not show any change except that already noted. In
the adult fish it is found that the vertebral column or back-bone has been
formed in the mesenchyme about the notochord. The notochord is much
constricted where it is surrounded by the body of each veriebra, and is
expanded between the vertebrsm. It thus comes to have the appearance of
a string of beads, in which the parts corresponding to the beads are glob-
ular enlargements, and serve as packing between the vertebrs. - Each ver-
tebra is hollowed at its ends to fit against these enlargements of the noto-
chord, and the consequent peculiar hour-glass shape of the vertebrae is
familiar to everyone.

J. The heart, blood vessels and blood are all formed from the mesen-
chyme. In the region where the heart is to bo formed, mesenchyms cells
are shown, in Fig. 38 a.nFn Fig. 41, ht. The first cells that are to form
the heart flatten themsblves, and arrange themgelves into a tube which is
situated at the anterior end of the notochord (Ziegler), This tube is
between the two body cavities which extend into this region, and is held,
like the intestine, in a vertical partition formed from. the splanchnic walls
of the two body cavities. The ventral portion. of this partition or meso-
cardinm subsequently disappears (Ziegler) and leaves the heart suspended
by the dorsal portion only. .

This anterior part of the body cavity in which the heart lies is called-
the pericardial cavity, and becomes subsequently shut off from the rest
of the body cavity. Soon after the.endothelial portion of the heart is

formed and before the ventral mesocardium has disappeared cells pags .

off from the splanchnic layer of mesoblast, where it is in contact with the
endothelial heart sac. These cells pass around the heart sac above and
below it (Henneguy) and form the muscular wall of the heart. When the
ventral mesocardium disappears, the splanchnie layer of mesoblast remains
oufside the muscular wall of the heart, as the pericardium, which corres.
ponds to the peritoneum of the intestine. The pericardium passes upward,
serves to attach the heart to the body wall above it, and also forms a

lining for the pericardial cavity. The heart as thus formed, consista of .

three sacs one within the other, the innermost or endothelizl, the mus
«cular and the pericardial, all of mesodermic origin. The endothelial and mus
cular sacs are separated from ons another by & considerable interval.

It is in this condition that the heart first attracts attention in the living
embryo and is seen on the eighth day lying underneath the head, with its
smaller end at the anferior end of the notochord and its larger end turned
toward the leftside. Itis beating regularly about sixty times per minute at g
temperature of seventy degrees, drawing in fluid at ifs larger end and driv-
ing it along toward the smaller. The heart subsequently changes form by
becoming divided into auricls, ventricle, sinus venosus and truncuns
arteriosus, and valves are formed in it. These processes are readily observed
and have been sufficiently deseribed in the preceding pages.

[
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els, like the heart, are, according to the best observers,
Eoﬂl:dblgfgmwf}ie énesenchyme. Along the line where a bloc%d v%ssp&
appears, the cells separate from one another by the formation of a hl'uh
between them, until there is formed in this way a fluid-filled spa,ge,fm wl ;}01 b
the cells float. The cells about this space then flatten anf thorrl?l x
.endothelial wall of the blood vessel. The fluid is the plasma of the blood,
while the cells floating in it are the first blood corpuscles. ‘

‘The organs derived from the hypoblast: °

. X L Y blast,
The hypoblast is formed by differentiation from the primitive ‘hypol:g
It ishat ﬁ:.YIgt a sheet of cells lying over the parablast, undelne%th E]hle
embryo. This sheet almost immediately rolls itself info a tu e? e
process being different in front, where a broad flat tube is formecfi rom{i
what it is behind, where the tube is cylindrical. The tube is fully orrge
by the eighth day, and is at firgt closed at both ends. On the elgh{i:h ?:'1{
pocket-like outgrowths of the anterior end of the tube mee vfn
similar ingrowths from the sensory layer of the epiblast. Theht‘wot i{lse
later, and the gill .glits are formed. The region where £ ﬁ, lakes
place is thus marked off as the pharynx. Farther back, at about the gfame
‘time, the liver is formed as one or more hollow branching 01_11',grovvt‘h?:L rlqm
the tube. The liver marks the limit between the intestine, ﬂ_rhlcl_ ies
behind its point of origin, and the stomach and cesophagus, WhnEh ie in
front of its point of origin. At its back end the intestine passes 01(‘1 a way
into the tail and, after the tenth day, is seen to bend downward a.r}t) %pep
in a notch at the lower border of the tail. The part below the bend is
probably formed as an invagination of the external epiblast. the front
Up to about the eighteenth day there is no mouth opening seen at et ron
end of the alimentary tube. It appears at about this time as & shallow 1;1&11)1-
gular depression leading into the pharynx. Whether the hypo_blas;}c 1;] o
reaches forward to the epiblast and breaks through to the outside dl{;ec ]Z’
or whether it comes in contact with a depression of the epiblast and brea £
through into thedbottom of this depression, the writer has not deé:ermﬁf L
The weight of authority is in favor of the first view. The secon mef tﬁ
is the one followed in forming the gill slits and posterior end ? e
intestine. About the seventeenth day the alimentary canal becomeﬁ eurrlgﬁr
just in front of the liver, and this enlarged portion is the stomacﬂ; the
“portion of the tube between stomach and pharynx is thus marked off as the
cesophagus, The subsequent enlargement of stomach and 11_1tesiﬁnfa, as i )
yolk and oil globule disappear, and the formation of folds in s e1dr wa ?i
have been described. Although the mouth appears on the 17th d&y ant
there is thus a complete passage through the alimentary canal, foo I;S tnf?o
{aken until much later. This is owing, not fo the lack of a mouth, :?1 Py
the absence of teeth and tongue and to the absence or weakness Ot 8
muscles which move the jaws and gill arches. Not until these s{;ruplJJ urei
have developed, and the stomach and intestine have acquired a ca.v1h yt qt
congiderable size, is food taken. There is, of course, no necessity that 1
-should be taken until the yolk and oil globule have been used. bzt
The air bladder is shown in the figures for the first time on the lti ir E—
second day (Fig. 63.). Its early development has not been ffo ow:h._
According to the usual account it appears as a hollow outgrowth gom e
intestine on its dorsal side, nearly opposite the liver. It afterward _?ion;ﬁs
greatly enlarged and, in the wall-eyed pike, looses its connection wi &

alimentary canal :

40
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The parablast may be considered as a specially modified portion of the
hypoblgst. Its fate 1s the subject of as much difference of opinion as its
origin. - According to some writers (Hoffman ), many of its nuclei pass
. info the blastoderm, each with some of the profoplasm about it, and
become cells of the body of the embryo., According to another account
the parablast is a structure which serves as a means of converting the
yolk into a form suitable for the use of the embryo and, after it has served
this purpoge, its nmelei degenerate (Ziegler). According to another
account t# parablast breaks up into little masses which pass into the
body of the embryo and ‘are there used as nutriment, but do not them-
selves form any permanent part of the body. The writer's observations do
‘1ot yet lead him to any conclusions in the matter. .

The whole history of the embryo may be thus briefly summed up. By
the union of ovum and spermatozosm then is formed the fertilized ovum,
the germinal disc of which then segments te produce the blastodeim. The
cells of the blastoderm are at first alike. But as it spreads over the yolk
in the process of gastrulation and finally encloses the yolk, its cells become
divided into two layers, the epiblast and the primary hypoblast. The
primary hypoblast then divides into hypoblast, notocherd and mesoblast,
and from these and the epiblast, by inequalities of growth, the various
organs of the embryonic body are shaped. The epiblast gives rise to its
peculiar structures and the hypoblast to those peculiar to it, while the
mesoblagt divides into mesqblastic somites, from which arise the voluntary
muscles of the body, and the lateral plates, from which come the lining of
the body cavity and the excretory and reproductive organs. From ihe

mesoblast also comes the mesenchyme, which gives rige to the skeletal and
vasculsr gystems.

List of Some of the More I mportant Writings on the Development of Bony Fishes.

Agassiz, 4, gnd Whitmen, €. 0.—(1). On the develo ment of some palagic fish egge. Preliminary notice
* Proceedings of the American Academy otp Arts and Bciances%ol XX
£). The Davelopment of (sseons Fishes: i
art; [.—The History of the Hgg from Fertilization to (leavage, X
Part IL.—The Pre-embryonic tqses of Development in Memoirs of the Museum of Com-
fammvg Zoblogy at Harvard Colle, , Cambridge. Vol. XIV. *
Baifour, F. M.—A Treatise on Comparative Embryology:
ol. 1I.—London—Macmillan & Co.—is3L.
Beneden, . Fan—A Gontribution to the History of the Embryonic Development, of the Toleosteans.
Quarterly Jonrnal of Mmroscoﬁical Heience, Vol, X%IH 1878,
Brook, ¢ —The Formation of the Germin La\?ﬂm in Teloostei, With three plates. Transactions of the
Royal Society of Edinbar, h, Vol. 38, part 1, pp, 199-389,
Abstract in Journal of Royal icroscopical Boclety, 1858, part 2, p. 180-191,

Cunningham, T, J.—On the Rala?ions of the Yolk to the Gastrule in, Telecatoans and in other Vertebrate

types,
%z}nartarﬂr Journal of Microscopieal Boience, Yol, XXVI., 1885,
Bmery, O~

udea sur lo developpement ot la morphologie du rein des poissens osseux. Avec 1 planche,
Axchives Ttaliennes &)e Biologie, Tom 1, Fasc. 2, pp,-186-145. F

[Btudies on the development and the moaphology of the kindney of bony fishes. With one

. Plate,
Iialian_Archives of Biokogy, Vol. L, Part 2, pp. 135145, » .

Henneguy, I.. F.--Reocherches sur le evaloggement den poissons osseux; Embryogenie de la Traite,
Journal de PAnatomia et de la yailologie—1888—avac quatre pianches.

EResearchea on the development of bony fishes: The Embryology of the Trout.
ourxltal.lleol{teAn?tom}y] and Physiology; 1888, with fonr plates (Containg a complete list of .
rature,

Hoffman, C. K.—Usher den Urspruni und die Bedentung der sogenannten freien kerne in dem Nahrongs-
iy ., dotter bet den Knochen-fischen, mit 1 Tafel, '
Zeitechrift fur wissenschaftliche Zoologie. Band 46, Hets. 4, pp. 517-548, .
[On tke origin ax d meaning of the #g-called free nnclel in the nutritive yolk in bony fishes.

. With one plate. J ournal of Belentific Zotlogy, Vol 46, Part 4, pp, 517-548.]
Kiein, B.—Qbservations on the Karly Development of the Common Tront,
. Quarterly Journal of Mieroscopical Science, Vol, 16, 1876.
Kingsley, H. .E;It l-lrgd. I(J‘Dt:n, ]f .MW'._~§om§ t?;bﬂﬁrv%?o% on g.ha;}l?bryollb of Teieoelati-u .
plates, smoirs o; 8 Bostonr Hociaty of Nat tor . . . 8, pp. N
Ryder, J. A—{1). & Contributy o Fiahos. onth Baomial BosoDp. 186-210

on {0 the Embryology of s T ith Bpeci '
Deyelopment srsi dhe yology LLETY shes, with Bpecial Beference to the

Beport of the United States Commissioner of Fish and Fisherfes, 188%,

. &. bl, air bladder,
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On the Development of Osseons Fishes, including Marine and Fresh-water Forms.

o gl iab and Fisheries,
, 8. Commissioner of Fish and ]
Wenckebuc%aﬁ?%.ifBgitr_ﬂge zur Entwickelongs-geschichte der Kn

Apatomie B'd XXVIII, 1886

ocgénﬁscho, Archiv far mikroskopische

t N - .
ibuti the Development of the Bony Fishes.
Eﬁfgglﬁcﬁ?cggsco ic A.uutom}g. Vol. XXVILI, 1886.]
dea glu I

—Di hun, tes bel b
Hiegler, B A?égi};};stsftu?r Miﬁroskopische Anatomis.

ochenﬁach-ﬁmbryonen.

XX, 1887,

igin of the Blopd in Bony-fish Embryoa.,
EE&?Q'Q%? ﬁicroscop{c Anatomy. Vol. XXX, 1887.]

A complete list would eontain about two hundred titles.

EXPLANATION OF THE FIGURES.

The following nbbreviatiops have the same meaning in ali the plates:

8, non embryonic part of the blastoderm.

a. bro, bran}(!:l}::iilal a:ﬁery.
Cily .
:: Erégt;nﬁgr Bx‘zgnaion of lateral wall of soditory
vesicla. tar cansl
:{%,ﬁwor gx(;sensi;sn of medial wall of auditory
vosicle, .
amb, amoehoid cells.
an,anus, }
aol, firat nortic arch.
ao4, fourth sortic arch.
a0. 1, left aortic arch.
ao. cd, candal artery.
8. pet, pectoral arch.
au, auricle,
B, v i icle.
%‘lldl;fr‘ La}udmnry ves
ARtOpore.
blA, urinary bladder.
bls, blastoderm.

E? :lt.. branchial slit or gill elit.
cav, ag, sagmentation cavity.
c%l. care}ta) um.

T, terebram. .
g. b‘r. branchial cartilages.

¢, d, tail.
ch, notothord.
ok, slt, choroid alt.
¢ by, hgogd cartilage.
¢, ), cell limit. .
c. Mck, Meckuls cartilage.
c. nnlbcaél nucl_etua.
coel, body cavity. . 4 sidbrain
1, gonstrigtion betwesn forebrain an ain.
:ggﬂ: constriction between midbrain and hind:
brain. 3 i
¢. op, cavity of optic vesicle.
e. p, cell protoplasm.
. p}. candal plate.
ez, metal cross.
cxk, cork.
crn, coTDes. | )
crt. 1, left carotid artéry,
crt. 1, right carotid artery.
c. W, ce]fwa]l. L
d. cuv. duct of Cavier.
d. eav. r, right duet of euvier.
d. euv. 1, left duet of cavier.
- e. a, embryonic area.
e. m, external egg membrate.
end, endothelinm of heart.
emkb, embryo,
%r;bf. ep1l;nln..st.
, forabrain.
. ed, caudal fin.
£, £. d, doraal fin fold.
£, f. v, ventral fin fold. b
fid, folda of intestines and stomach,
£. pct, pectoral fin.
frl, first segmentation furrow.
12, gecond segmentation furrow.
13, third ssgmentation furrow.
f. r, fin rays.
- d, ge_rrﬁnal diac.

gls, glassl vasx‘:{elﬁ
nbe,
g&-&gti%o%: %Between rim of blastoderm and parablast.
€. 8. epb, epiblastic portion of gill alit.
. 8. h, hypoblastic portion of gill slit,
7. col, wire gauze collar. :
, head 05 bant_enor end.
h. b, hindbrain, .
h. gl. £, hyoidenn gill filiament.
h. p, plx:imary hypoblast.
. PT. liver,
:::. Ear. or h, 8, secondary hypoblast,
'\nt: g:%;ghion of inferior well of auditory vesicle.
inf, infundibulum.
ins, intestine. )
K. v. Kupffer's vesicle.
. ¢, covering layer of epiblast.
d. p, ](ia,d 1pe.
. ¢n, lend cone. .
fil cl?)wer layer or sensory layer of epiblast.
.1, lateral line organ.
Ins, lens, .
m. b, midhrain,
med, medula oblongata.
mas, or ms, mesoblast,
ms. 80, mescblastic somite.
wmi, microlziy_le.
mnd, mandible.
mach, mesenchyme.
e ml;mtlté cle of anus,
incter mus s
mgﬁ ?ﬁg. 50, muscular wall of heart.
mxl, maxilla.
n. gr, neural groove.
NmMmTr, heurcmeras,
n, or n. r, nenral keel.
nry, Nerve,
nu, nuclega.
eg, cegophagus, | "
g. ’ oil—ltalrop or oil globnle.
olf, olfuctory Dit.
op. ¢, aptic cup.
oper, operculum.
op. v, optic vesicle.
otl, otolith. .
D. €, peplcard;ﬂl zﬁthy.
£ny cell. .
ngJ' %fsgtler;ior axtension of lateral wall of auditory
ves) 'dezil \and
n, pincal gland. .
E . ;};a.lato-quadrate cartilage.
prb, parablast,
prb. oG, nuglel. of parablast.
pre, proctodasam. . .
hras or head kidney.
g;tn.' E;O?ig between dorsal and wventral lateral
ri:\uaclfea.
pylorus.
t?.ybi, rim of blastoderm.
rbr, rubblagx}'] band.
. D, cubber pipe. .
i?;. z?etli-.na. or rgt?nnl layer of o¥tlc cup.
rtn. p, retinal gigmm;t layer of optic cup.
slp. and slpl. glass slipa.
sotn, somatic layer of meschlast.
8P, space beneath the head.

gl. f, gill filamenta.

sp. ¢, spinal cord.
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@pl, splanchnic layer of mesoblast, v. erd. . 1, loft antarior cardinal veln,
8P, 0. d, space oceupied by ofl-drop. . v.erd. a1, ré%l;zt antorior cardinal vein,
88. cl, anterioz, vertical semi-curcnlar canal, . v crd, p. 1, loft posterior cardinal vein,
'88, ¢4, horizontal somai-circular panal, v.oxd, D, 1y right posterior cardinal vein,
-83. cd, posterior vertical semi-cirenlar canal. v, hp, hepatic vein, -
ot, stomach. vhe, valva of heart.
8. v, ainng venosus. | ¥nd, third ventwicle,
*82. 8p, subzonal space, -¥n4, forrth ventricle.
t, tail or posterior end. v. ¥, vitelline vein,
“th, tooth. ¥E, yolk,
tn, tongua. . 7k.1, yolk investment.
“r, trunous arteriosus. ¥k In, yolk mass,
’twh, 'tweenbrain. 7lc, e, yolk mre,
v, ventricls, Fk. sp, apongy yolk,
V&C, Tacnole, N Z. r, zona radiata,
v. br, branchial vein, . wT, Wire for holding lead cone free from glags,

w. cd, candal vein,

PLATE I

Fig. 1,—Fresh laid oggs, before filling, as seen from above, i. e., with microscope tube vartical.
undlach 2 in, obj. ‘Cberhsueer camera,
Fig. I a—0ne of the eggs shown in Fig. 1., partly flled.
undlach 2in, obj. Obarhiuser camers, .
- Fig. 15.~0ne of the same egga partly “filled,” showing amoeboid movements in the garminal disc,
andlach 2 in. by, Oberhfaser camera. i . .
g, 2—Bgg aftar *'filling," saen from the 8ide, i. 6., with microscope tube horizontal,
Gundlach 2 in, obj. Obechéuser camera,
Fig. 8.—-Eg%}afber "filling,"” seen from above.
. undlach 2 in.'obj, Oberhbuser camera,
-Fig. 4 —PFgg membranes. g, shows the pore canals of the Z0Da, as seen in a fold: ‘b, shows surface of
the membranes,
Gundiach 1-5 obj. Oberhiuser camera.
<Fig. 5.—Qptical section of egg membranes. .
. Hartnack Nr. § obj, Oberhiuser COATArA.
-Fig. 6-Burface of tho external ege membrane by reflectdd light. .
X Draswn with Oberhaus camers. Hoale not detarmined.
-Fig. 7.—8keteh, of micropyle and urrounding portion of membranes, ’ -
g, 8.—0ch&1 crosg gection of ortion of the agsrin region of the micropyle, The sab-zonsl Space is
partly fitlsd. The yoll and gorminal diso are
) Gundlach 5 obj, berhduger cemera, . .
- Hig, 5—A portion of the germinsl disc showing elevation of the protoplasm toward she micropyle.
. _Cameéra drawing scale not determined,
-Fig. 10.—Bpermatozon, killed in osmic aoid, monnted in glycerine containing eosin,
X undlach 1-5 obf. Oberhauser camera.
g, 11.—Egg four hours after fortilization, -
. undiach 2 in. obj.  Oberh#nser camera,
g, 12.—The egglshowr_t in Fig. 11 fonr and one-half hours after fertilization.
Gundlach 2 in. obj. Oberhauser camern,

awn only in outline.

PLATE IL

Fig. 13.--Is on Plate ur, .
Fig, 14.—The egﬁ[ahowq in Fig. 11 four hours and fifty minutes aftor fertilization.

. Gundlach 2 in. obj, Oberhauser, camera, :

Fig. 15—The egg sbhown in Fig. 11 six hours after fertilization,
. Gundlack 2 in. obj, Obsrhfuser Camera.
Fig. 15 a.—Bketch from above of blastodanq of agg shown in Fig. 15,
- 16.—Egg twenty-seven hours atter fertilization.
undlach 2 in. obj. Oberhsuger camers,
Fing, 17.—Eg(§ thirty hours after fertilization.,

. undlach 2 in. obj, Obsrh&nsger camera. -
Fig, 18.—~1s on Plate IT1, . *-
Fig. Ig].]—%ﬁtwn of egg after first segmentation farrow is formed. The ssction passes at right angles to

e furrow, = '

. Leitz oc, 1 obj. 8. Abbe camera.

Fig, 20.—Bection of an egg of botween twanty and twenty-seven honrs,
Leitz, oc. [ obg. 8, Abbe catnera,

PLATE 1L

Fig, 13.—q. Disgram of ege of wall-syed-pike. 5. Diagram of ical cell.
Fig. 18.—Bg, thirty-seven hours after fert?lization. P
. undlach 2 in, obj. ~Oberh&user carmern.
Iig. 21.~Bection throy h the blastoderm of an egg of twenty-seven howrs,
) 9188 00, 4 0bj. A. Abbe camera.
Hig. 22.—Bection of blactoderm of egg af end of segmentation,
Leitz oc. 8. obyj, §. Abbe camera.

ig. 28.—q. Outline of baper which is shown at & folded 5088 to represent the rim of the 'blaatodarm

. and the embryonie area, -
Fig, 24—Pgg, fifty-aix hours after fertilization.
i undlach 2 in. obj., Oberhinser exmera,
Fig. He.—Hoetion of an egg, about fifty-six hours after fertilization, .
Leitz oc. 1, obj: 4, Abbe camera.

APPENDIX. 157

PLATE 1IV.

ig. 25.— hours a;aen'ohliquel'y from the side,
Fzg: 2 E%gugfllagls%tfn. obj. ,()barl_mu.sar camera. | )
Fig. 26— of. seventy—twg h%ﬂg‘a‘ haaean frgan:n thr:. gide. . )
. obj. OborbAuser era. . . )

Fig. 27 —Out?ﬂndélgghtﬁ;%gg sjhcg;)n Jl?ﬁ Fig. 2. al;e etbryonic area is seen from the surfece

T in, obj. OberhAuser camera. i X
Fig. 28, MD?ammmmaécglzugr&%g the manner in which the egg turns during gastrulation.

e jone text. ; ) . '
Fig. 29 -—Sch(t)iro;xg% e\enéatloofngggg ﬂgﬁy hours. The section passes lengthwise of the embryonic ares.
S and erpendicolar to its surface, '

itz oc. 1, obj. 8. Abbe camera. . . 20
Fig. 29a.—A portion of the_faxxgll;yogic area, shown in Fig, 29,
1 3T camera. . . .

g 29!).—.@%l ;ﬁft?gﬁ%fogﬂe non—'e:lbryonic part of the blastoderm, shown in Fig. 29. i
ﬁig 80, mEgléeg?;e%ehtg?gi;ﬁ&?o?r? n:'?lr:%'emhryo is in a position at right &].:lgi&! to that which it waually

™ occupies, ] ]

i i mera. . .
iy, 31 —Ouﬁgéﬁha%féglgf 2&;&?;—2?;;? hours, in which the embryo is in nearly the normal position,
g 51 Gundlach 2 in, obj. Obafrh&%eeti gia]?;améa
; —. imental apparatus for ha eges. 3

%ﬁ g&—gxﬁﬁn&eﬁppugfua for observing the eggs under the microscops,

PLATE V. A

Fig. 84.—Egg of about ons huﬁthéd honxrs, “(The embryo is at right angles to the usual position and ie:
h répresanted a8 Been hhlga_u l{]th]?aycélekr. ) amers
A 21 5 a . .
Fig. bdat. —Igaﬁl gin:hgzotfnél?uéc aanilt-a age, showing anterior end of embryo as seen from above,
) ) i j 8. .
Fig. 35 .Zf‘z'gG’sue;1 gfz%cﬁ‘?g%fa.l;t mgmqbsrh%:?: Ei‘ilg:t?gging the relation of the embryo and of the embryonic area.
. e to the.yolk and to the rim of the blastoderm, I
TFig. 35.—Anterior end of an embryo at the end of the fifth day.
) Gundlach % (ibiﬁ Chber auseg CRINELE.
Fig. 39.—Posterior and of the same em 150,
?&q # P(gn;tli‘i;ch 34 obj, Oberhduser camera, a
Fig. #0.—Egg of siz days and four hours, geen from the side.
N undlach 2 in. obj, Oberb#user camera.
g, 41.—Anterior end of embryo of six days and four hounrs,
Gundlach % J.‘l:% C]‘:Pj' Obarh&%sm: camera.
Fig. 42.—Posterior end of t g_s%)ml;e embryo.
. obj. Obsrhauser camera.
Fig. 48, —Olg.]ilclﬁlgfcl:}ss 512“2031 of trank region of an embryo at the end of the fifth day.
" TGundlach % obj. Oberh#user camera,

PART VI

‘ g from abova.
¢ — i d of an emhbryo at the end of the seventh day, seen
Hig. 44 Anétggé);&%% % obj. Oberh&user camera,
Fig, 440.—Bide view of a.ng:argn‘; a%ﬁ of sa?gl :I?anbryo.
. AU8Sr © . .
Fig. 45 —Sk%ﬁdi%c&x? h(a)ait of ?-i embryo at the end of the eighth day, seen from below.
E‘ig. 46 —Anterigr end of an embryo of nine deys and four hours, i
) Gundlach obi. 3, Oberhiuser camera, b thd
Fig., 46a.~-Outlipe of the eye 05%1; %r;lbryo aatnil;geaend of the tenth day.
bi. . rhéneer camera, . .
Tig. 47 Aﬁgg%htgelen% of the tenth day, as seen from the right side.
- s S snprat gbj'f t.i? b?rhgtlsgr cméfl?l'em outline
i ! o tenth day. . i
Figy 45 Ergt?aﬁov?:st&gf J:ilat,((:rmined, bug Fr;maau.t‘ementa may be made on Fig. 47,
? — shown in Fig. 45.
%' ﬁ'wﬁﬁho?gﬁhgﬁﬁgfgf ten days and twelve hours, seen from below,
*7 T Camera drawing, Hcale not determined.

PLATE VII.

Loy ., .

Fig. 51.—Embryo et theend of the thirteenth days, from theright side. The pigment cells are omitted and
" "“the yolk sae and oil lobtbl% argadru.wn onég* 8‘11:1 ontline.

i j. iuser camera. . . , _

Fig. 52.‘+E1§J‘%%dblﬁht2hemeh% cJ:£ the Sifxteenth day, seen from below. The pigment is emittad from the yolk

BAaC, N . )
in. obj. Oberhbueer camera. .

Fig. 8. —Astgﬁi%%aggc{q ;?ag gmb o Bt’? the end of the eightesnth day, from the left side.

T in, obj. Oberh&user camera,
Fig. 54 -Af.t‘:e‘1iir(l)11? gkdz c;]fl aonbelmbrgo ?Jt the end of the tweniy-second day, from below.

T in, obj. AUBeT CAMOra. i . . .
Fig. 55.*40&?;;11%]3%2\?&5;0?; ireai(()zlaa.r &a]—from the side; (b)—from above; ant.—anterior; pst.—posterior;

’ Iat,—loteral; med.—medial bordera.




PLATE VIII.

‘ Fig. hﬂ-;liﬁgé:ryo at the end ot twenty—four and one-half daxs, seen. from the IB_:fjl? side. . 'I‘he embryo had - .

. audlach 3 in, obj, Oberhinger oamerd, - : . x o
TFig, 57.:—Diagmm of the hdart,of an embryo of elght days.. .
Fig. 58.—Diagram of the heart of an embeyo of twanti laga
g, 59 —Diagram of the heart of an embryoof’ fort.y- v& days.
- g, 60.—Diagram of ths heart, of an sdult be: ony fish,

Fig, 61.—Diegram of the cirenigtion of ‘an.efabryo of thirtean dnys. .

Hig, 62.—D ngram of the circulation In an embryo of twenty-one daya,

Fig. 63 a.—Di. ggram of the airentation in the branchial axch d g:.l.l ihamanta of an embryo of forty-five
- yH. )

. g PLATE Ix.f.. .
.F!zg 6‘9.-—:Ehnbryo at the end of. tl:urty-one and one-hal?. days, from the leﬂi mde \
lach 2 in. obi, Oberh&tger cainera, .
' .F‘ig. 6‘4.—E‘mbryo of forty-ﬁve , Erom, the left. mde
Gundlach g in. obj, gs ‘hinger camera

PLATE X

E;q. sﬁ.-Transvarse seotmn t.hron% :
- Zeids oc. 1; ob; a cariera, .
- HEg, sgl.lhfll.‘mnavetsa sactlon tb ug the optm vesiolo of an.embryo at the end of the sixth day, along
. the line marked
A G‘T.-—-Transvetse aeclgon throug the phamyngeal region of- an, embryo at the end of the fiffh da.y, along
the lina.my . 6710 Figa, 58 and 40,
Fe'g 6'5'.—Transvarse saotmn £

hrongh an embryo at the end of the fifth day, along the line marked Kig. 65

JF‘ig es.—-'l‘rﬁa:gvxgraﬁ :?in%‘?n glgzr&u h the doma.l region of an embryo at the end of the sixth day, a.long the ‘
.F‘:g. 70.—T1'1£:§:v;1:: ssctmn.thmu% tha tallmg;on of en enllbryo at the end" of the ﬁfth day, alung the .
3 71.—-'I‘x‘anevemse saction ngh t.he optm oups of at embryo at the and of i :
kedff’iv-'f! in" Xy, 47 L
ction h;o?gil::t g qditom vemo.l

"t:Li;lm regm' oY ftha iy
I«‘w.?&mﬁa‘tg# 2 i

t.ha middle of an ambryo-of e:ghty honra

.F‘;g 74.~—Tmnsveme secmon just.in fromt of the anug through an embryo at’'the end of the tanth day, along ’
Fig. 75— Permmanin ied g, 7 AL O f sbout eighty h, '
G, 76—, erspeo agram of one-qn; of an egg of shou elg ¥ honra,
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On the first of January, 1889, the term’of Commissioner John H. Bissell
expired. Owing to the pressure of business affairs he did not seek a reap-
pointment. At the regular meeting of the board, held February 23, -1889,
being the first meeting held after, the appointment of Mr. Bissell's success-
. “or, the fellowing - was adopted by the -board, ordered entered upon. its. -
- mimutes and a certified copy delivered to"Mr. Bissell: ‘ o
«The tori of Mr. John H. Bissell, as one of the Board of Michigan Fish...

Commissioners expired on the first day of January, 1889, and owing to the
demands of increasing personal business affairs he has deemed it best not
o accept a reappointment for another term, therefore it is the duty and
plessure of this board to enter upon its minutes an expression of their
appreciation of his official conduct and his personal worth. ,
Mr. Bissell upon his appointment brought to the performance of his.
_duties as Commissioner a natural love and zeal for his work. He possessed
all the enthusiasm. of & {rue sportsman, and to this was added business. -
‘sagacity end‘fudgment and a keen appreciation of the posaibilities of the =
work with which the board is.charged. His personal devotion of time and:
-effort to the details of the work of the board, demanding as it did at times
- a.sacrifice of his time which should have been -devoted to his own affairs,
have never been and cannot be compensated; yet he may retire with the -
‘ satisfaction that his energy and foresight have largely contributed to the
. development of one of the most important interprises of this State,. and
* that it has been raised during his term of cffice, and largely by his aid, -
from: an ingignificant and small condition to such a degree of efficiency and "
thoroughness that it now ranks with the work done by the best boards in
the United States. . . . : B
" Tn his retirement from his field of work he carries with him the esteem .
of his fellow commissioners, who feel that the State has lost a valuable and
frithful commissioner, and the board a friend and efficient co-worker.”




O'BSERVA:T-IONS ON THE POSSIBILITIES OF FISH
‘ CULTURE IN THE FUTURE.

BY DR. 7. . FARKER.

The power of man to change natural conditions finds & most striking
example in the distribution of the inhabitants of the waters; and in their
artificial fecundation and preservation to. a point in fish life when it may

.be said that they,are self supporting. ‘ .

The past experience and constantly accumulating information of thig
most interesting oi subjects, leads thoge interested in these matters to-
feel that we are as yef only in'the infancy of a vast economic problem,
which when successfully solved, will add most materially to the well being-
:gf the individual, and the financial and food developing interests of the

tate. ‘ :

The operations of the commission for.the past two years, with the
increased means placed at its disposal, have carried the economic features
of our work far beyond that of any two preceding years, and demonstrated
beyond a doubt, the power of increasing in a direct arithmetical ratio the
producing powers of -the board, by improved bowers of production

Hereased until the amount of young fish. to be planted in the waters of -

this State each year shall be made equal to the amount taken out as adult
fish and an equal balance obtain.

One of the most gratifying results is the increasing intelligent informa-
tion that is being disseminated and the interest manifested in regard to
this work throughout the State. Letters of inquiry in regard to the meth-
ods of the commission are rapidly inereasing, showing an detive interest.
and an earnest desire to sid in this tmportant work, and if there could be
put into the hands of the commissioners the means and power, from time
to time, to print for distribution among the inhabitants of the State such
practical informationas the commissioners may desire furnished it would, in
our estimation, be of vastly greater importance than the passage of retalia-

“tory and prohibitory laws. The broad fact is that the largest portion of
“the people of the State are reasonable, intelligent men, law abiding and err
through ignorance, rather than inclination, The cultivation and conserva-
tion of fish is a comparatively new thought in the body politic, but there is

o
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every reason to hope that in process of time the point may be reached

when every individual who controls an acre of water will 50 use it as to
fully secure the best resnit through intelligent culture and care.

The following from an article in the Popular Science Monthly, by a
native of China on the water system of his mother land, seems thoroughly
pertinent to the matter under consideration. o

“Through the abundance of water everywhere, my countrymen, instead
of being satisfied to cover the sea, rivers and lakes with their fishing boats,
have been able to devote themselves extensively to the raising of fish. The
spawn is carefully collected wherever it is found ; instead of abandoning it
to the channels of the rivers, the watchful shore dweller pats it under pro-
tection wherever a suitable supply of water is to be found. The fallow rice -
fields dammed and flooded in winfer are alive with wriggling carps; and
even the rain water cistern is turned into a breeding pond.

This economical mansgement permits us, without piscicultural societies,
to stock the rivers with millions of fry, and to add & considerable variety
of fish to il our bill of fare, a part of which is consumed fresh, while the
rest, salted or dried, is dispatched into all perts of the empire and sold at
& moderate, but always remunarative price.” .

The above quotation serves to show what may ultimately be done with
our own waters. With: the advancing settlement and development of onr
country, when a denser population shall have grown up, and the necessities
for husbanding all our recourses for the production of food shall become
more urgent and imperative than now, there will probably result a neces-
sity for the use of every available water for the production of fish food.

2




SUGGESTIONS TOUCHING THE INCREASE OF PER-
CENTAGE OF FERTILIZATION OF THE EGGS
OF THE WALL-EYED PIKE.

BY PROF. JACOB E. REIGHARD.

.

ABSISTANT PROFESEOR OF BIOLOGY OF THE UNIVERSITY. OF MICHIGAN, AND REAY BEFORE THE AMERIOAN
FISHERIES SCOLETY AT PUT-IN-BAY, IN MAY, 1880. .

The following was prepared by Prof. Reighard at the. request of the
board of commissioners to prepare a practical paper to be read on this
occasion, showing the ceuses as developed by his investigations on Sagi-
paw bay, Michigan, of the large percentage of loss in the impregnation of
the wall-eyed pike eggs. A detailed report of & more scientific nature and
relating particularly to the development of the embryo of the wall-eyed
pike will be found in the appendix of this report:

The eggs of the wall-eyed pike, after having been for some time in water,
meggure 2.2 millimeters (about 1-12inch) in diameter. The egg has an
en?ﬁoping membrane {or zona ragdiata) of the usual form. Outside this 1s
a second thinner membrane which wrinkles, and stains more deeply in
haematoxylin than does the inner zona radiata. The eggs are very
adhesive and it is to this outer membrane that the adhesiveness is due.

There is probably also a third membrane within the zona, but this has not’

been determined with cerfainty. Within thése membranes is the yolk,
having & diameter of 1.4 mm (about 1-18inch). The yolk is gpherical and
in one side of 14 is embeddied a spherical oil-drop having a diameter of .8
m. (About 1-31 inch). The oil-drop causes the surface of the yolk
sphere to protrude on one side. The oil-drop being lighter than the yolk
ig always turned upward, so that in looking at the egg from_above, the oil-
drop appears to be in the middle of the yolk, while in looking at the egg
from the side the oil-drop appears to be at the top of the yolk.

I shall speak of that pole of the yolk in which the oil-drop is embedded,
as the upper pole, and of the opposite side as the lower pole. A line
drawn about the yolk half way between these two poles will be spoken of
as the equator. en the egg is at rest the lower pole of the yolk rests
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upon the egg membrane, so that the space which separates the yolk from
the zons is altogether above and at the side of the yolk and oil-drop.
This space may be spoken of as the breathing space.  Surrounding the
yolk and oil-drop is a layer of protoplasm, which forms an investment for
them and separates them from the water in the breathing space.

This layer of protoplasm is extremely thin over the greater part of the
yolk and is tightly stretched over the protuberance formed by the oil
globule. Tt is not, however, uniformly thin, but in one place has a disc-
shaped thickening. This thick dise of protoplasm (germinal disc) is
coneave towards the yolk and conuvex on its opposite side and is fitted like
& saucer against one side of the yolk. The position is such that its center
is upon the equator of the yolk, so that in looking at the egg from above,
one sees the edge of the germinal dise. Outside the disc the layer of
enveloping protoplasm is so thin that it cannot be easily seen except by
the use of reagents. 8o long as the yolk is within this enveloping layer of
protoplasm. it is &ntirely transparent and colorless. If the enveloping
layer be ruptured so that the yolk passes out and comes into contact with
the water it becomes instantly opague and of a milk-white color.

The foregoing description applies to the egg after it has been some time

‘in the water. As the egg leaves the female the egg membranes are not
- separated from the yolk by a water filled space, but are everywhere in

close contact with the layer of protoplasm which invest the yolk. When
the egg is placed in water, the water passes rapidly through the egg mem-
branes” and accumulates between them and the yolk. In this way the
membranes become gradually separated from the yolk by a water filled
space, “the breathing space.”

By this passage of'water through the membranes they become tightly
stretched and tense so that an egg which at first feels, under the finger,
like a piece of soft putty, becomes hard to the touch by the sbsorption of .
water and feels like a shot. This *filling” of the egg takes about two

" hours.

The foregoing account of the structure of the egg is sufficient to an
understanding of the mechanical arrangements that it presents.

As it seems likely that for some reason a large per cemt of the eggs
failed to be impregnated, my intention was first directed to determining
the first difference between impregnated and unimpregnated egEs.

In order to determine the question with certainty for this partioular
animal, the following experiment was tried. (Quoted from note-book. )

April 16, §:45 A. M.

After washing the surface of the body of a female fish, in the region of
the external opening, with weak acetic acid, in order to destroy any
spermatozoa, the eggs were stripped into two dishes containing water.
Into one dish milt was immediately stripped, the other was left without
milt. These were marked lot 1 and lot 2, respectively.

Lot 1 examined at 1:45 P. M. (the eggs having been kept in a cold room)
and found segmentation going on. The germinal disc is divided into either
two or four cells.

Lot 2 examined 8 A. M., April 17, 24 hours after impregnating lot 1.

-
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The eggs were firmly set in & mass 613 the bottom of the dish. 100 taken
at random were examined with the following results:

Bhowing normal germinal disc without trave of segmenta-

tion. 82= 82¢
Showing abnormeal germinal dise with possible traces ot first
or second segmentation, “ 4= 49

Injured by rupture of protoplasmic investient of yolk 50
that yolk bad ‘escaped and egg had turned white, 14— 14%

- This experiment was after repeated without, however, counting the eggs
and always with the same result.

Segmentation of the germinal dise is therefore the first easily recognized
sign of impregnation. ‘

In order to determine the percentage of unimpregnated eggs among
those taken by the men and ready for shipment to the <Detroit hatchery,
the following counts were made: '

. April 17, 1 P. M., 252 egge taken at random from a tub, after stirring
the egge in the tub, wers examined with the following results:

Segmented normally (i. e. impregnated) _________________. 14l= 56¢
Uneegmented normally (not impregnated) ... ________... 26— 11g
Injured by escape of yolk (white eggs) .o cmae oo 85= 33%

Total oo oo e e . 252=100%

The eggs marked as unimpregnated were set aside and were found to be
still unsegmented after 24 hours. ‘ 1

This was several times repeated on other lots, of eggs'with similar results.

It shows that about 339 of the eggs are injured mechanically by the
rupture of the protoplasmic investment of the yolk, while only about 11%
perish from lack of impregnation. Even superficial examination shows
that in nearly every case this rupture of the yolk takes place over the oil

“globule. A consideration "of the mechanical arrangement of the parts of
the egg shows that this is the weak spot. ‘-

In the natural position the yolk sphere lies with its lower half againgt
the egg membranes. These membranes, therefore, support this half of the
yolk, surrounding it ag if it were resting at the bottom of a cup.

The upper half of the yolk is, on the eontrary, not of the same form as
the investing membrane, its spherical surface is interrupted by the protrud-
in#oil globule. .

The result of this arrangement is that when any pressure is brought fo
bear on the egg membrane, so that the space within which the yolk lies is.
reduced, the yolk is able to resist this pressure by fitting itself against the
egg membrane at every part of its surface except over the oil globule. The
strain therefore comes on that part of the protoplasmic investment of the
volk which covers the oil globule and here it bursts. In alinost every
case the white spot which indicates the rupture of the yolk investment
mekes its appearance at the oil globule, usually at its equator.

. Owing to the fact that the eggs are adhesive, it is the practice of the men
in taking them to sfir the eggs with the hand. By this means they detach.
' the eggs that have adhered to the sides of the pail and separate from one
another those that have adhered together in bunches. This stirring takes.
place shortly after the eggs are placed in the pail and befgre they have
filled with water. In this condition the space between the fiembranes and
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yolk is either absent or it iz so small that it forms rather an aid than a
hinderance to the bursting of the yolk investment.

It is therefore desirable to find some means of handling the egga so they
will not adhere to the vessel in which they are placed, and so they will not
adhere to one another to such an extent as to render it necessary to separate
them by the hand.

As to the first point, the men handling the eggs have found they do not

" adhere to an ordinary unpainted, wooden pail which by use has become

rogigh inside, while they do adhere to the galvanized iron pails now in use.
I have observed that while the eggs adhere strongly to glass, they adhere
but slightly to cloth. I have no doubt that by the substitution of wooden
pails for metal this diffieulty will be overcome.

It ig likely that a metal surface might be oiled or otherwise so prepared
a8 to prevent the adhering of the eggs.

With regard to the second point, it has been found that if water be
added to the eggs very slowly, while at the same time they are kept in
motion by rocking the containing vessel, they do not then adhere to one
another. This is true whether or not milt be mixed with the water. |

Two lots of eggs were taken from the female and placed in two similar
glass dishes and to one milt was added. Water was then gradually added
1o each lot with continual agitation of the eggs by rocking the dishes. This
-was continued uniil the dishes had been filled with water and until the
eggs had “filled.” In neither dish did the eggs adhere to one another or
to the dishes. Eggstaken from either dish and transferred to another dish
containing a larger gquantity of water adhered at once.

In order to test the efiect on the eggs of not introducing the hand,
about two quarts of eggs were impregnated in a galvinized iron pail
The water was added slowly and the pail kept in motion. The
eggs did not adhere to one another, but adhered in a layer ome
or two eggs thick over the bottom and sides of the pail. Without dis-
turbing those eggs that had adhered to the pail, those in the center were
removed and 154 taken at random were examined with results as follows:

Injured. . .. iemceeeeee - 1D=10%
Not impregnated e 0= 0%
Impregnated end afterwards segmented_ ___________.______ 139=90%
Motal. ool 154=1002
A second trial resulted as follows :
Injured . e 12= 7¢
Not impregnated ____ .. __ .. __ ... __.. [, C 2= 1g
Impragnated i 166=92%
Total. e a2 1792100

An attempt was made to determine the result of using a wooden pail and
taking account of all of the eggs, whether they had adhered to the pail or
not. About a quart of eggs was used and fhey were examined shortly
after being impregnated. They had not adhered to the pail, nor to one
another, and the percentage of injured eggs did not appear to be more than
five (5). Unfortunately the eggs were afterwards mixed with others and
the whole lot roughly handled before an opportunity was had of making a
careful examination of them. The suspension of opertions shortly after
this prevented a repetition of the experiment.
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It is to be noted that when the eggs are permitted to adhere to the pail
and to one another so that the percentage of those injuved is large, the per-

centage of those unimpregnated is also greater.

The same method of

handling that reduces the percentage of injured eggs reduces also the per-

centage of those unimpregnated.

. From the two causes about 45% of the eggs examined could never have
developed. Since the percentage of the eggs lost during the present year
is-estimated at 40, there remains 15% still to be accounted for. :

A lot of eggs, 45%of which are dead, requires much more handling than
would be the cage if all were sound. Such a lotofeggralso invites the attacks
of fungus which spreads from the dead eggs to the living ones and is likely

to kill those in turn.

In such a lot many living eggs become clogged among the dead ones and

are probably either smothered or poisoned.

In short, if the loss of eggs which takes place at first from mechanical
v injury and lack of impregnation can be stopped it is fair to expect that the

subsequent loss will be much reduced.

Y

FISH PLANTS, 1888-1889.

Whitefish Plants, 1889.

Name of Waters. ‘Where Planted, Date. Number.
Take Michigan ... ... Bt. Foseph._ ... 4,000,000
Lalke Michigen. Bouth Haven.... .- 4,000,000
Lake Michigan. Ludington, 4,000,000
Datroit Biver.__ Grassy and Memmy Judy Islan; 4,000,000
Lake Michigan. Maniates ... .o 4,000,000
Saginaw Bay___ Bay City..__. N i 4 000,000
Detroit Diver__ .| Fort Wayne._ “ 4,000,000
Lake Michigan ... ____.___.. Muskegon oo e 4,000,000
"Laleg 8t Clair.___._ .o Grosse Polmte... ... “ 4,000,000
Straita of Mackinac., --| Mackinaw.___. - " 4,000,000
ke Huron. ... .-| Cheboygan __ . v 4,000,000
Btraits of Mackinac.__ .. Mackinaw.__ - " 8,000,600
Yake Michigan. ... .| Pentwater... i 3,000,000
Lake Buperior. .| Marquette.__ ¢ 8,000,000
Lake Buperior. .| Marquette___ " 8,000,000
o Haron____ .| PortHuron.. - " 4,000,000
Lake Michigan____________ ________.__ Grand Haven.____ . ... ...____ " 8,000,000
B 63,000,000
Whitefish Plants, 1890.
Name of Waters. ‘Where Planted, Date. Namber,
Detroit Bi BelleIsle __.._._. 2,000,000
Detroit_Ri Belle Yale Bhoais 2,000,000
Lake Michi rand Haven. 8,000,000
Lake Mic 8t. Joseph____. 5,000,000
Lake Michigan__......___......______. Grand Haver............... 3,000,000
Lake Michigan. Bt. Josaph.__ 3.000:0(](}
Lake Michigan. Bangatuck ___ 3,000,000
Lake Exde . .. ... ... 2,000,000
Lake Erio_._.
Lalke Michigan, g:%'%
Lake Michigan 3,000,000
Lake Michigan. 8,000,600
Tmke 8¢, Clair . ... . ____ 4,000,000
o Huron. 5,000,000
Baginaw Bay. 8,000,000
Detroit River 1,000,000
8,000,009
5:000,000
Take Michigan_. 3,000,000
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Whitefish Plants, 1890.—CoNTINUED. Brook Trout Plants, 1889 —ConNTINUED.
Where Planted. Name of Waters, Date. Number, Cotnty and Name of Waters. Town. Depositor. Date. Number.
Yake Michi i e ity
o ﬁl][:;g igan Ludl_ngton 4‘600’000 ’;ikcgun:i 'om creeks ... ._____ Lake (George._..... E.J.Roya.__.___.._.. March 4.__.... 10,000
Tokgan anistes _.__ .000°000 D - . [
e Mi 1 Muskegon._ 31000000 Bounth branch of Tobaceo, Lit- "
Saginaw Bay_____ 17T Bay City.- oo T 8700000 {',19 Tobacco and HBpring?| Clare ... ... Ebenezer Perry....... LR 15(000
eTTTmTEmEmTTT " roORs L _.o.
Lake Michigan.____. .. ____._..____.. .. f North branch of Tobaceo river.| Harrison _________.. W.W.Green .. .. . .. 20,000
Biraits of Mackinac. %[ﬂl:&aggf § o TTTTTTTe e “ 2,000,000 Branch of Sugar river.. . _..... Ci Wella, Stone &Co.____ 15,000
Lake H Sond Beach.. « $:900,000 Cat creale .. ool Sanford Keeler. ... 1,000
Port Huron_____2_" 7" " 00, y
Straits of Macki O RO oo 6,000,000 »()]'LeE(?gyga]gk Comlt%l.' N Boi
Btraits of Mac ) u o a ountlet on Bois
Rtraits of Macki PN oo p 3,000,000 sho Jake ontlet on Boie 5 L. Wobb............ March 20._..__. 2,000
Htrajts of Macki Mackinaw.___ ... Tt “ °500'000 Nigger and Busgh oreeka___ . H. H. Pike........... 20 ... 9,000
Straits of Mackinac | Macldngw. . _TIITITTTT “ 8,000,000 Little Bear and Cold Bpring W. H. Merritt D (R 9,000
Lake 8, Clair..._. . 7777717 Girosse Point o =" 6,000,000 creeke. oo . RRREEEE
‘G,E;u Jéozglec gﬁp%gst branch of } . ¢ 20,000
Total e e e Bl b ARG 04t Frederic............ E Flage . ... R I ,
----------- EEREEELETEEEE '1_-091700’000 . Mo ga%e_?fl_‘{f_7%::7:_1_:_‘“_ Pare Cheney____.... | H. Thayer___________. R 2 RN H000
. Chorievoiz County:
Brook Trout Plants, 1989. Nggﬁ;ﬂgngvg‘?uth branches of} Boyoe Falls...___._} Mich. Figh Com,_ _____ woone L. 25,000
- Cedgr or Deer creel.__________.[ Boyne Falla________ Mich. Fish Com...._..| * 28 ... 25,000
County and Name of Waters. Towa. Depositor, Date. Number, Eﬁgpﬁ%’rgﬁgék Kalamo C. M. Woodward April 2 12,000
) R e ——— . . mmmm—] SRS Fesmemmes 1
Allegan County : Emmet County:
Little Rapid river.__.__.______. in’ Newman and Munroe creeks_._ | Petoskey ___.______. L. D, Bartholomeaw.__ 20000
. Miller’s q.geak___f ________ Bu.tgg;x;la Cormars__: E'emgmeyer Febrﬂary gg === 1%% Horton'a ereek___________ Patouskey . _. JoSanford. __.____.__. 10,600
Mupun's and Uhlem creeks. _____| Otsego Conrad Bros “ - 18000 Minnehaba creslr. . Petoskey ... J. M. Metheany.__... 10,600
Big creek._______.. ____ -| Otsogo - J. D, K “ 6000 Page, Harding and Potoskey “ " 10,000
Brow’s $reek-.}i --| Plainwell _ Ed u 10,000 K:ing bmm’l}; Potosker w . T 8000
raway's creek. ..., _______ i 3 pgomie crosl. etoskey ... ___.__ .
o . Shelbyville. March 12 6,430 Wilton and founta Conway and Ogden ' w 9,000
Aleona County : Bix mile post cresk. Six Mile Post " “ 000
‘West Byers and Ricker's creeks.| Weot Harriaville...| S, B. Anges._..______. om0l 10000 Egﬁga:r creelc- lg-ggg
i ¥ craek. _ 3
A.flvitm'%n ﬁ?nty k %opl;chtgrant%h ﬁf Maﬁ;ust.ee ig,%
OOV, ereek. . _______ Mancelona ___...__.| Lewis Way.._.___.___ w0 10,000 riba aniates river. b
Ceada iate ) | arc . . TT T T TYEmmemmmmmmsp B . 30,000
ﬂvgr?f??{{.?ﬁ?.{:f?f? f‘ﬁtf? } Mancelona ... 0. W.Eibby__...___.. D F—— 20,000 (]}3'::1? o, %fverafl_'.l.‘lr?r"" Qarp Lake ... . Mich. Fish Com 30,000
Jordan river and branches.. "} Alba_.__._......._._| Dwight Lydell______ T 10,000 Nadolski's ereek ....... Patoskey ___......_. J. M. Metheany. ... 6,000
;Agena County ;! Genesee County .
sink's and King's oreeks..___ Al Thread ereele ... Grand Blane. . B, J. Jennings. ... Marck 4. .. ... 18,000
Avery's Creﬂk‘.-.g.__(feie.].{? ______ Aiggg: T %,%m?&?on'" :: i‘&% Lewis creek .. _........|Linden .._..__...... Wm. H. Johnson.____ b T 6,000
Branch Couniy ' ' Grand Traverse County :
Warsop and Underwood ereeks| Union City.._ Jossph Warsop Fabruary 30 10.000 Niekerson and Mayfield creeks.| Mayfield ... _____ C. E. Brewster.._....| “ %__._... 20,000
"""""""""" ¥ v Mayfield and East ercek, one Mayfeld J. M. Methean oo 18,000
Berrien County; ) mile enst of Mayfield__.__._ ¥ mrmmmmmsmwee | O e Youmeme| 7 B '
NO NBMG . oo Three Qaks._._.....| F, V. i "
Hemon, Ford, Peterborough, 8 ®. V. Martin....... 0. 5,000 Hitlsdale County: . . N
giaﬁn, Law and Bpring ;| Berrien Springs.___| Wm. Dester________._ O S Y ) Emery Spring broolk ... ... Hilledale ... ....._ A A Smith_________. April 2. ... 15,000
gﬁ’xfﬂgﬂﬁld?ndhiﬁiﬁgiﬂiﬁh Benton bor...... Fred Jordan. ... L 10’900 x Porgefgégﬁ :creek ________________ Whittemore ________ Frank A, Duplantz.. YW 12,000
Yollowerseks _.__...____._. ;‘ Benton Harbor... C. Colby........__.. 5,000 Tawag, Cold, Sims and 8iiver { | muwas Git: N. C. Hartineh T 20,000
”‘?3}’5@”& - Emeb%orﬁg ......... I. C. Baker. 6,000 creek-§ L A e Bty '
; 4 .
, . enton Harbor_ ... C.Colby.______ 00 April 18 8,000 Tsabella County .
BT TN o orosizs and | Headmatens of west branch}| gianchard........... H. P. Blanchard. ... C W) 20000
Gl Etroams no name.. .. i’ Haatings ... Philip T. Colgrove...| * 15,900 . e P ! ,
ass ereek .. _______ onia County ;
” J- M. Rodgers....._.| Muy 4| 25000 Prairis ereek... . ..., Tomin . .ooooeei. H. L. Bailey_..._..._. Japnary 28.....! 20,000
o, gt | R e R iR A
i 3 ! . [, arc 5
Emp%ieaenigffgegé;é&—ﬁag creek.. c%ﬁggﬂf T Febrﬁary 2. 10,000 Msit]?l creglf_r.l..__?}]__f -c_r-e—e_f“- S W ]":J[fngtley _______ " 6,000
e e e e m e | Glenwood | u 22‘3 ---- 10000 grow?‘s]greek...._a__e ......... i H. M. Brown._____ .. v 6,000
. ---- M opple, Dugway and Carpen- “
C%gkoun go%%%_. . A < tgl?cré%ka""}:,'i{""s' ______ Pewamo. ... Geo. A, Chatterton. .. S 12,000
oo i » ‘Spring, Spi trnm-
. Norih Bronen of Talmroey) wahelloo.... foBo 10000 "o, Heusines or Goose, Mar- § | Tyons ........_....| N. Hitohoock. ....... T 10,000
i e } Albon ... o %8| 10000 phy and Bast Liblow creeks i
Stony and Tabulan’s creeks..| Pewamo.._ ..... .| Jobn Bitta _ ____ . i 10,000
Prairie ereak_ . ____ .. ______. T 5. B. Webber._ " ,000
In pond on Btate farm__..___... E. C. Watkins * 000
Van ]iuren, Peck and Town} W. D. Crane " 10,000
CTeBKB. el e PR N
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County and Name of Waters. Town." Depositor. Date, Nomber.
" Tendw County—econt'd*
Clssxonlcr%ek__ﬁmhd Tonia ... .o.o..._..| ¥. Y. Bailey.....___.. March 11__..__. 9,008
Timberlan : :
Brooks ereeks___.______.._. Tonde oo | B Lo Bailey. el % 0 9,000
Jackaon County
Snyder's craek ................. é ackst}:la]i .......... February 28 . ... Ig.g?]g
TABB o y " -
_______ Jackson ...__._.... I, 15:000
Schooleraft .....__. 6,000
Hickory Corners. .. 10,060
Galesburg . 2,000
alesburg - 3,000
__________________ Kalamazoo 9,000-
Kalamazoo ._..__... 8,000
{alamazoo 6,006
{alamazoo 6,000
Porta,ge nva‘r {alamazoo 2,000
-Spring brook an ficksbuorg. . 8,000
Keni C‘mmt%
Wmegkas arker and Spence's E_ Lowell 9,600+
Creels . oY OO e !
Ei)éme cf%ak__ﬁ__ﬁ ...... MY Logan ............. 6,000+
en, wrel opD,
o Bnow sﬂ?ﬂCh& creﬁka - Logan .- coeeee 18,000
pring, e ar, Butter- .
Bnnt. undk(]nmmn creeks.. .. gedar S];(nngs """ a1,000
ear creek___ optwick_____ 12,000
Rode e Sy Do - 8000
’g and Smi monk. ... 8,
Coldwater creslt. Grand Rapids.. 25,080
Sesley creek 5 A 9,000
. Egonit creak, » 3,000
olay cres abarge __ - 6,000
Btow creel | (laledogx?m 9,000
Inlet to Hilton creclk. 3,000
Silver creek 9,000
* Bouth  Crocker, Muma, and}
Bell cresks.... _...__.__ . 9,000
Spring broek __ 110 0T 9,600
Kalkaska County
South branch of Boardman river 20,000+
Boacdman river . _____.________ ‘ e 20,000
Rapid nver______-“,“______.__ ' ' AR - I 20,000
LR R 6 ama :
Woodeed ook, 22 st 1| Brighton ... €. E. Cnshing. .__.... Febroary 35 ....| 10,000
Lenawse County ! :
-Little Raisin ereel.. __________ T, H. Temple. ....__. L S 10,000
Lapeer County :
Pinecreok ___ ___.._____ . ____. .l 8. N. Yincent._._..__. 10,000
Eeﬁ.}?m?]my and Elk creeks. J.D. Brown._.__ R 8,000
s, lespent Valley and | . S, Holdridgo. | 150
ke County: 4
J%}quette creale______..___.. . | Wingleton Wlng 6,000
ilver ereek., ... 1 I Nirvansa J ay Spra 9,000
anborn énd Kenney creeks....| Baldwin Sanford 15,0000
Mécosta, Cg:mt : a B
edar, Birong an avens
creeles,_____ ____ .. ¢|Morley _..________. 20,000
10,000
i 10,000
Big Rapi , 000
Rig Rapid 6,000
el b
« orley ____ O
Eohi Big Rapide__ 2,000
1 Big Rapids. _ 4,000
Hyan creek Big Rapids__ L. nir___ . 4,%‘
(21 _| Paria ___ Mlch Flsh Com,. 15,
Haadcgmrtem of Buckhnrn } Paris W
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County and Name of Waters. Town. Depositor, Date. Number.
i -
Hﬁ:osm Couﬂtywcoatt’g b
and branches . . .
gggeeﬂgered City and Mﬂ-} Paris ... Mich. Fish Com._.... April 28.._ ... 30,000
ton Junction ... . . r
Dalznell%?clﬁ?:ré *s creel _| Big Rapids.. __ ... James Dalzell........ May 5. .....cceoo 25,000
Midland Couwnty: ‘ i May 4 13,000
d Ced ks, ... Coleman............ Geo, Granger.........| Mayd ... X
ggdr;gvgfegk._“fl_‘f?? ,,,,,,,,, Coleman_____....... C.Craft.___ ... 4. 9,000
Muskegon County a. 20,000
Green Boat g Black crsaks.| Musksgon. ... Chyrlee Ougn_oy- | Febrgary I 12
Cleland and Silver craeks ... Whitehall -~ 7 070 E. M. Ruggles _...._. 1. 15,
Montealm Cownty:
TIndian, Tamarack and. Church } C. E. Murrny. ... 20,000
CTROKE.. __rirocammmnnaas 19,000
Black craek_.......- 10000
Fouatain and Cedar 107000
Tamarack cresk £1000
?{Bﬁ]dy cl:]‘gek.. 10,000
sh creal
Ljétle l"51!‘3‘.!9,81{811 10,000
stal cre - 8,000
B.mgycreek ....... . g_oward City 3:‘%33
Grant cree deraon ... ... 3000
Houth branch ‘of Fish ereek.___| Bheridan. . __.._
Clear creek and Wabasie's } Greenville ... 9,000
creek and lake ... ____.
Mason County
Lincoln creek and Little } Fountain.__........| Dodge Squire._..__.. 15,000
s Free Soil.....__....| Win. Freemon......_. 0,000
i1 9,000
i 2,000
12,000
North bram:h of Little B } 10,000
South branch oF Ligeols fiver. 12,600
ld Q,umce, Miccoand Bwan 30,000
Two b]:u.'ﬂéﬁé-a- of Swestwater ! | pranoh._ . Sanford Keeler____.__ " 15,000
creek. ______. .
In s small stream Sec. 20, )| mraneh . Sanford Keeler " 9,000
Webber township.__. _.._.. Bravch.. ... ax
Manistee Couni:
Pine and Clayl ank cresks_ . _. E % B}-&wn._.. R ‘1":%
Claybank creek 1k Vﬁ?te an Feis
" Lorenson creek. - 4. ite. ...
Tributary to Portags, One-/ A W.Parr . 9,000
kama township._.__..._.._,
Tributary to hPortage, One- Fred Culver.......... w4 3,000
cﬁ%?&ggﬁs_ _113 . P. Schneider ._..._.__ April 4. ... ... 6,000
Vi 0 Coat i
I\g;%%g and ’(];tlzfysta.l oreeks. ... Ashland ... _.__.____ Herman Marvin..___.| March 12 .. ____ 9,000
Cole, EF";;I e elte Umore || White Clowd ......... P. Rodell.....: Codal| 1m0
Bigelow creals. ... . 20.000
Spring crealk . ._______ | Lilley ... B. Heole \
Porter and Grary creeks . Erenlxlonct,.... Cbszlgs d}i‘:ﬂ%’;ﬁ - 12:%
Brooks creeks. . _..... eWaAFED .. --| phacles Bl | ApEtlg e 15000
Pennoyer creeks. . _..........._. Neowaygo ... ... ) [P
Ottawae County!
]gra.nch;fiush Creek ... ... %ﬁt&g&ggﬂa _______ - B E.Green ___...... E{%lz‘glﬁa;'): _2.0_::: g:%
Black croek.. - _.rii1 117 DG L& M, Grossig| B8, Wilson .0l % 12220707 aoe
e D i Fobroary 16 10,000
Reed and McQonnld creeks..._. Reed, City. E. L. Hayes .__ sbroary 15____
Big S?gne oraek (two branches)| Evart. Z.'W. Brigham Morch 4. ... 10, D00
Brooks, Finney, and Silver { | go.ce l3 T mei . w o4 20,000
cree]l:)a.ud ﬁnbfntéirmsk:.._-.& Riaihdihhis .
Wast ark’s an "
Bsear lig.ll:g bgancbes of the r | Ashton___.___._ ... J. M. Metheany ... B 10,000
Horeey Sraal 122 722 | Hersey. o Sanford Kesler....... April2 ... 8,000
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Connty and Nawme of Watera.

Town.

QOsceola Co,—comit'd !
Stream on Sec, 17, Hersey Tp..- -
Strenm on Becs. 6 &7, Hersey Tp
Twin creek -
Chippewa creek.. ... .

Tributaries to Tobaceo river.._| F:

Qakiand County:
North branch of Clinton river.
Stony cerealc_ . .oeo_oooooo___.
Buckhorn cresk .
“Watercress creek.

Qgemaw Coundy .
Chapman, dwards. wast}

branch of Edwarde and
middle branch of Tittaba-

Olsego C'ourﬁ:
Hay, Meadow and Bargehr
creeks.

Oceana X ntgc .
Branch of Stony ¢reek
‘Cunningham eréel..,
Walker, Gtales, Roby,

and Baldwin's creeks..
Quince and Nickerson creeks...

_Roscommon County

Robinson creek. . _________.

West _branch of Klecking

brook, ______..__ e

-8, Joseph County:

Mill greek.wf? .................
-St. Clair County!

Bilver crepk.

Fan Buren County:
Tributary to esst branch of
Paw Paw river..___ ...
Tributary to Paw Paw river....
Spring brook and tributary to

Heraoy_...._ooouua
Evar -

Ervart

Oxford..__.._...

Roohester _

o) 1 -

Birmingham

West Branch._.....

‘West Branch
‘West Branch.

‘West Branch.

Venderbilt .__..___.

Lawton __._....._.

Lawton ...

T l?.gwtfav: ri;er B Lawton ...
ributary to Paw Paw river_._.| Paw Paw.__
Cold Spring broak. o oerer o] A
1W£“zsﬁtenawmco&mt§;: a8
ellows, Mun o rin, i
Hoyt's and. Fales cree ._.g.' } Saline............
Honey creel. ... ---| Ann Arbor..
Boyer's creek.. --.| Ann_Arbor.__
Paint ereak.___ .~ | ¥pailanti. .10
“Wexrford Cmmtg H
Nca;lhh fork of waétlztl?mml]: n£
am river, west branch of 5
Clam, and north branch of (| Cadillac-.. . ..
Pinerivers.______..._____._
Cedar creak and four streams
out of Manitou tributary to } | Maniton
Manistee river ._.....__.__ :

B3GR Rt en

Chippewa station,
axwell.....__..____

_p

[

QBO:Q

3383 23888

J. J. Waggoner __.__.

E. D, Richmond.

Charles Rice .____....

Hugh 8tevenson

J.H. Battle ...
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County and Name of Waters,

Town.

Deypositor.

Alcona Coundy :
East, west; and soath branches
of Pineriver__ R

Backns creek.

Davil's river..
North and south branoches of}

Black river ... ...

Allegan Coundy:
Laraway’s creelc. o oo ooooo.
Button's creek.___ . N
Miller creek and tributaries.
Miller's croek. ____...._.
Little Rapid river..
Muonn's creek..__.._
hlemeresk, . .___
Cold stream brook..__... ... .

Aigena_(??unty H

:Norwégian creek .
Avery’s creek
Eing creelk.__
Bean, creek .

Antrim County:
Shanty ereek.. ... ...
Saloon creek _

Jordan river and branches_____

Baﬁ;-y County.:
Angusta creek...
(}lass creek...

Gustin & Mikado..

.| Harrigville and

Kearney and
Mancelona .

Spring brook.
Coldwatsr cree

Baraga County:

Bpring creck._.__
Pokagon branch

- Cathoun Counzy

Meseroll’s creek____
Woodworth creek
Forris creelk. _

Cags County:
Christian creek.. ......___ .. e

Glenwood sprin
Cransecreel ___________.

Bainbridge
"I Thres Onira
; Thres Ouls
Bertrand

Battle ‘(i}raek

Bedfor

Mapls Grove..
.| Newton
Leroy &

Cres]

Eckford...
Marshall & M
.t Concord
Clarence

Penn, Calvin and
Jafferaon

Ponn .
Viag

J. H. Killmaster.....

@, B. Eillmaster......
J. L. Sanborn._______.

. D, Harris. ...
Charles W. Bution...
E.C. Raid..._.._ -

Harvey D). Beara.
Honry Ebmeyer.

Conrad Bros.. .......
J.D. Kelley___.__.._.

Chriat, D. Hanner___.

Oscar W. Kibby______

E G Noble _........
J. M. Matheany _..._.

John Bhean ___
J. M. Rogers.
John C, Baker.
Oliver J. Wait.

W, L, Mason ._._...
Chas, M, Ferrer ......

D.J. Morrison ...
Francis V. Martin___.

C. D, Brownell.______

George M. Forris.__..

N. A. Osgood.........




174

NINTH REPORT—STATE FISHERIES.

Brook Trout Plants, 1890.—CoNTINVED.

Number 7

County and Name of Waters, Town. Depositor. Date.
Charlevoiz County: -
West branch Sturgeon river Hudson..................| Jamea A, Waggoner..| Mar. 19.._._ 9,000
%{:ulj;‘f&c:gg ‘%uu@h Avon... L. D, Bartholomew..|  25.___. 28,000
Horton's creel Isaac Btauffer ________ .| 2L000
North and south branch of } |
Boyne river . ___._ J. M. Motheaney.____.| April 2..._.| 380,000
Cedar or Deer creek, ________ -
'C’keboy a.n County,
asgtin ﬂ rum.{ey creek. . __.. Nunda_ ... . J.R.Bhook .________. Mar. 19.___ ! 12,000
C"tlglaa :::30‘1’.;3?{]’?::: ______ Mentor ..__._......_.__ W. H. Merritt_... .. L (- T 6,000
Clare County !
Dock or Tomereek_ ... ___. Lake Gaorge. voo1s 12,000
Bouth branch 6f Tobacco river

Craagford County:

Eatcm C’mmty :

F;mmet Coun;

Ggrmsaee County :

@adwin County

Hillsdale County:
Ealam o

. Btony creek._

Little Tobaccoriver.._.______

AuBable river..___________..__ }

Carrier's ereske.________. .. ___

Fish creek._..__.
Battle creek

illow creek....__...
Fountain creek.___ ...
Sonth br, of Conway creel
South br. of Kegomic creek__
Page creek. .. __.__
Wa uetonising craek
olskm ereek...

bread creek .. _...._..____.. f

ugar river an& branches.......

Pa:me g crealr. -
Knight creek..._,. [

Derby creelk,
Popple creek..

Froderick ......... .. ...

Paradise and Fife Lake..

Moscow and Bomerset.._.

E Geo. A. Chatterton__.

‘Waterman Lazoll. . . __

G. W, Bherwood_.____

F &P. M. B.R Co...

“ " u
“ “ "
] " "

EliJ. Jennings..____.
‘Wells, Btone & Co....

E. 8 Noble...........

L. M. Thomas.___....
C. E. Browater. ..____

T. M. Wilson_....____

Charles W, Harris____

W.D.Crane....._....

H. L. Bengchoter. ...

42,000

15,000
18,000

15,000

20,000

5,400

9,000
20,000

12,900

15,000

6,000

9,006
20,000

2l
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County and Name of Waters. Town. Depositor. Date. Number
Tonie County.—cont’d:
%ﬁ?’uﬁi. - Liyons oo aaans John Betts...._...... Mar, 24____. 12,000
uburtans creek_ ... ...
%iurphyl”a b?ok_.
Egggag brlt.J%ok.." Lyons .. .cceeiiiiii H. Hitcheock .__.__.| " 24.__.. 15,000
ﬁ}earney‘skbro
%‘?‘?Z"g%:‘“- | st Plins and Repmoldel B M. Brown.........[ ... 5000
o0 crael R : o T O Walker. .l 24 i
Hast Sibert brook. ... ____ Berlin .._......_. ¢ oer
Randall ereele ... Bostom - o oooeee e aeaaas Jumes W. Toles ... R S 6,000
Monk’s creek.. NN
Beenion creek ______.____ ... .
Tibbitt’s ereelc. ... ... ... H.T.Bailey..... .| ™ 7| 0,000
Prairie ereek. .. . . __..
‘-Elac]ilmy cli?‘ek ------ e 24 5,000
len croel .. - D. R T !
Churech’s oreek. ______________ 7_} Boston -.“-------—-------- Chas. D. Poase
Zosco County ; . .
o’i?:wegu cgaek Baldwin and Wilber
gi?:ll:g ‘::l;%.;if:. N.C. Hartnigh__.____| * 19..... 25,000
‘Bilver creek..
" Porterfield creel.. .. ... Frank Daplentz......| ** 18._._.. 9,000
Taabelton County ! "
ot D g B
FIVOr. oo wueeoceeaneooo-| Lincolnand Coa ... | A, W.Hoest.______| *° 8l...._ A
Headwatera of west branch of } Rolland .- oo . P.Blanchard____| * 8l..... 9,000
Pine miver .. o.cocoeeoweooon 5| R o eoenee
O o broo o Gross Laka.___.......... Samusl Campbell. .| Fob. 24 ___. 3,000
_ “One soures of the Kalﬂma.zuu} Palaski L. N. Kesler.__. 1w s eo00
R e S i C. B. Bush_. e
Outlet to Gillet’s lake . _ Leon T.J. Conely.... S
Kgﬁrg_azoobc‘ouity B
i?:rﬂkea: :bb:g?o: k- Kalamazoo and Cooper..| Wm. A. Glover._____. o2 6,000
pers brook._ . K )
i - Boss, . oooeeeeeeeeeo | EN B, Miller ... 9,000
o e apgy ook ngtls;}estam - _-| Charles P. Cory. 3, 000
Richlan 3,000
Charlestodl & Comakock } A. H. Hobberd.......
Hehoolora Goo. W, Chambarlum 6,000
Chester D, Boot. ... __ 6,000
ALA, Phl.lhps.... 8,000
Morris Gibbs, M. D._. 6,000
D. B. Merrill__.. 8,000
Henry 8. 8leeper - 3,000
Thomas Hewitt __._..[ “ 20..... 8,000
Spring ran__. w
Cold berearh Brook_ C.C.Adame___....._. 20..... 3,000
Davis creek. ...
Tis orek, Ed. J. Anderson.. _..| * 20.....) 15,000
gu.uc'an c?k]f' -
T a oI - “
W;s oreelt el E. 8. 8haffer......... 0. 8,000
Kent Coundy:
ilton lak VK. Hilton..._s .| Feb, 26..___[ 1,000
No name%.l?(_’?._..f_. A, 8. Ainsworth._.___ April28. __. 8,000
Krgﬁp creslc.
eroek . Chas. D. Pease ... Mar, 24.___. 20,000
el
SFYY O . W 6,000
Boen b epiogir | i
Tribntary to Charlie Putt. Teb. 2. 8,000 -
r.=1‘eetk,..11..‘.:L ...... i G. T. Young Mar. 5,000
Archie MeFarlin broo) ‘s 6,000
Srhith's broclk.. Joseph Bebka._______
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Conuty and Name of Waters. .Town. Depositor. Date, Number County and Neme of Waters, Town. Name of Depositor. | Date of Deposit. Numbér.
Keéztt(g’aount .wco]r;t’d: M]t;-r]ronk(?oun{g.—cm'd: )
utternnt creek . .. ._..... : ack crea
Hendricl exeek....... A W.Blain. ... e Cedar ereek Edward Btock_._.._.. 12,000
Smith’a Spring brook.._ Chas, A. Green. -Waeldon creels .. __._" " ""77 " Custer..__..________ C. H. Bates __ 6.000
Gounty Line creek_._____ ¥, V. Crandall__ North br. of Little Baubleriver! Victory. .. .~ Joseph N, Clark. 9,000
Beer creek_______ H.D, Davis ... Gensen or . Dodge Bquires_ . ._.. 3000
........... BaR rnesJmtas.. o.___ 15,000
J.Coonee . dar creek . } Wm. Freoman " 6,000
W, E. Ward Bauble Tiver . C. A Toby ___. 0o 6,050
L Ward.. ... ne - - . '
' ifsﬁu;'& Tokoroo: cronl Riverton .__..._.._.| D. C. Wickham, _____ . 25,000
Al
A A, Place. Marquette C: :
Cooley’s greek_.__. Henry N. C‘Eo P:s ekee rig::f{g{ .............. Michigamme . ______ John C. Fowle o9g T 15,000
Btow creek D.P.Hale._.. ______. %ﬂ::ﬁ' lcréek - Ishpeming ...___.)| T T Femmeeeees Y
Eqlkaskg County : Talke ity 1o Bl George H. Howett....| ™ 2. 1800
Soath br. of Boardman river. S | oenenn 0 EEE T [ R e s
Hoardman river -- 1 Bouth Boardman. ___.____ G.R. &L E.R.Co....| April 2.____ 80,000 Mecosta County
Rapid river______ Hydes crealc_ ... ______.________. 6.000
{opaland creelr. . E. 8. Noble . _______ | Mar, 36 2,600 Hyan creck .. 3,000
: ar creels . 6,000
Desmond creek W . to%o. 4,000 Davia creek | 5000
I;ake County E‘F poetl crgkek '
mity ony c
BP_if;uetta ll;:OOk g}leasmx‘i;r aII’llaina __________ gmaﬂ ciggkk
ilver creek. R erry [=), S, TH -
Banborn creg Cherry Valley & Webber Sgotteirgg?:e_ Doorfield...........
Kinney oreek. Webber. ___. } ! ill ereek .. - 35,000
Two br's. of Bwes 3 " S e 10,000 ) (ladar creck___
Small stream on seec. 20 : N Y S S 1000 gte?gs m.lr{eam_
Laﬁjeer C‘mmtg/ ! i . Quu?gle rbc;%oi{-: ............
orth br. of Clinton river._____ Almont. ..., . i Feb. 6.....] 00 g CUEEONEOReseeeooo o
Townseend's creelr. .. _. M a Read., R 8,000 Montmoreney County!
Hem::égﬁway ereek__ woop 9,000 &ay Meadow s:kreek__._..;..____ .
........ AT T Crees._ __. - "
o 6| o Borgots cooon™ - Wm. Lawrenee Tonch 19 15,000
___________________ Mar, 26._...| 2,00¢ Bustb.. ... B HGiman. _.....| “ 10, ___ 25,000
Weber creel.
Bolton ereak ._____.______.1
---------------- F¥ob, 10.___. 8,000 ' n :
w ontealm County : .
---------------- 101 8,000 glacl(clcreek -y Belvidere...._..._ | P. Flick woog 9,000
Livingston County : . < T;E]arggiek ol Winfleld .___ ¥ " 9,000
Lewia creok... . ........___ Ocecla and Deerfield. ._..| Wm., H. Johason. .__. 12,000 Pt cres Cato... . . R 12,000
Ore eresk ... .. 11070 Hartland, Brighton and - 6000 Cedar Emeklie_e_ Belvidere. ._.._.___. Albert B, Hunter...... u 12,000
i Hepaburg B.T. 0. Clark. Ao e g Black creek _.. .
Oreeresk .. __________ . . C. E. Cushing_ “ Town line cresk Winfleld & Maple ..| J. A. Barry ... AL . 8,000
West Woodrnff cresk. ... Brighton .._..._. s W I... 3 H - S & Cowstal 31 TTE e e !
- Hant, Woodrmff coesl - SO0 “ “ T 18,000 Little Pine cresk Ferria & Crystal._
?ﬁaton criek_____ e Geneva gﬂ&-ﬁéﬁ'ﬁ},}gvn - " :‘ g... gg;:gf{ln&:geek' gwﬂgﬂ'}. & Bloomer ¢ | X. B. Youndan.___. - L S 15,000
. - - I o oL T W . - P, rystal ... .
No name o777 Hambasg o] Wil Cady.... I LU S Y Y Bouh br. of Fish creck 727", Evergreen .. -| Ephraim Follett .| « 9,000
tacomb County ‘ ' Spring ereck 111111 | sidney ... C. F. Briant. .....__. 2 0,000
Btony orsele ... e Washington ... ___ Chas. E. Crissman. | Feb. 6..... 9,000 §pricg greols Doy 9 Frost & Co . 9,000
T. O Yy creel __ a & Semsesmssssoeo...l) HOme L n. R, Jone “ 6,000
North br. of Cligtolil river . % Brues . Boomev 15,008 {laar oreak - Maple Valley.. T.J. Phelps. " 6,000
. gglgsgec;ﬁek - llg,gzreka el T. J. Phaipa.__ " 6,000
Mgg%:nqu:ge :..v._...___. Manistee and Bt-):onach} T, A, B 8,000 f{‘%.ﬁg?agiei%;ré %E;Eg}lgs '-"?f]'(j‘ | 7 Hathawey ..... 00
LA, Brown.......... H - i L
E ngc::ggﬁi - Brownstown Peter Sohneider . 6,000 Church ereek. . 27171717 Winfeld. 110 C. B. Morray ........ 20,000
Claybank creek Manistes . fman_____.._.. 2,000
ﬂowlets cre]gk - i ea" é B;.ﬂ %‘ow%rn}r g’ggg Mi‘-.““'ke o Coum‘g i e
o M + A Jrockery creek.. ... ___ fa . ... i i
Bomvar oreok W Jony Whita /000 Sitver oreak ... 111 Ihttahatl & Blas | Co ot L Blocum ... 8,000
able eresk . _______ N e enae £ M., "
East br. of Bear creek_.___ . . oo LTI W.R. 8mith__ 15,000 gieve%:ng UI'GBE E. M. Ruggles......... 18,000
eveland creel "
Mason Coundy Little Cedar cree ?61;}'1:1%%9% Govell | 129‘%
* Bpring oreels Armbor oo ¥ B Penner........ " e Fn T EORSR e Tohn Dagenoo )
. Tributary anble river.. . __ . B, ith.. « g
Weldon creek_______._ 270077 E ielﬁ __________ 6,000 23
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Brook Trout Plants, 1890.—CONTINUED.

County and Name of Waters.

Name of Depositor.

Muskegan Counfy—cont’d !
Green’s creol
Benr creek
Black creel

Bayou or 8pring brook.........

Newaygo County
. Willipms ereel .. _..........

Gulley creelk. .
Brook’s cresk
Bigelow croelk __
Wileox cresk. .
Tour mile crask
Freeman creek .

Winnipedoges cri
Ko name..__,..-

Oceana County !
Baldwin ereek. .
Wards creelr_.
RObi broolk.

Gales creel______...
Branch of Btony creck
Cunningham creek .. .........

Oscode County !
Bilver creek .o

QOsceale County .

Clarks eresk.____.... U,
‘White's creek, ...
Arnold | creek ___

Bweeney’'s creek __
Enapp's creek.

Eagt br, of Pma river
Townsend creek. _._.
Catereele ______._.
Btream on sec. 20.__
Stream on sece. & & 7
Twin creek ...
Reed creek. ...
MceDunald ereels ..
Beaver creek. ...
Brooks Creek.___...
Tinny ereck ...
Sylvan creek. -
Norway creek . _....._.....
Two bra, of Big Stone ores
Big Stone.cresk __________
West br. of Clam river .__......

Ogemaw C’mm!y
Middle and west branches of
the Tittabawassee river ...
Chapman creel. ...
Wilkioe creek __
Rust creek. ..
Nestor creelr.
Stockade creek -
Dale creelc _____
Dunham creek__
Houghton creel.
Spring cresk. ..
Ammond creek. -
Spring ereek___ . oooooooooo.

Oalland County !
Buckhorn ereek.
Andrus creel. __
" Pleasant Valley
Beech creel. .

Muskegon &, Delton ...
Norton, Hruitport,
Exgleston & Moorland

ooks
Payton & 3herman

_| Charles Xritzer_

Brooks & Garfie
Everett (jg Wiligox

Albertus Andrua

E. D. Richmond

F.&P.M.R. R, Co...

F.&P. M. R. R. Co...
F.&P. M. R. R. Co...

E,L. Hays & Jas. M. Reed
Dell Roberts _..__._..

memmm e mmaam

APPENDIX.

Brook Trout Plants, 1890,—CONTINUED.
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County and Name of Watera.

Name of Depositor. | . Deposlt

Qtsego Count;

Blac!

Oitawa County:
Band oresk
Bprin,
Braune!

Roscommon County !
Robinson’ ereek

Tuscola County ;
White cresk
Bucker creek

Van Buren Couniy:
Tributary to Paw Paw river....
Bouth br. of Paw Paw river ____
8inlk brook
Hayden Bpring brooi _ ..
“Bpring cresk and t.rlbutarles. -
Bouth br, of Paw Paw river
Cold Spring brook ... ...
Hayden's brook

Cold ereek. ..
Bpring creak
Tributary to east

Paw Paw river... _
Kinneys creek
Byring brook

ot br, of Paw Paw river. ...

Washtenaw County .
Honey creek
Bayders creek . _.
Paint creek
Follows brook.
Bond brook._...
Mud brook _._.
Spring brook.

Tates creel. .
Halea creek. .
Basget creek
Lashier creck

Wexford Counly

Headquarters of Pina river
Pairchild’s creek ... . ....
North branch of Pma river...

b

Corthh [,
.| . A, Cooley..._.....

A A, Crane___..._.__.

g of Sturgeon river..
Btacey creel

Dover, Charlton, L‘l-

v R, L
Hver .l vingstone & Clorwith

Indmn Fiold & Wells ..

Hobart .o
Colfax & Cadillac

nm:th branch of Pine river.
Harrid’ lake and ereek

D. H. Fitzhugh

'l‘ H

(Gaorge Lancdon
Young....

Jns er Innea ..

Mar. 19,

Norman Harris ...
Pater Malone..__.___.
Benton E. Green ...
D.O. Watson_........

C. F. Dey._...‘_._.__.
¥. C. Thomas _._.___.

James McKeyea ...
Charles L, Balch

J. F. Lawrence._.....

. Martin ... ..

J.H.Bortle . _._______

E R, Aldrich _____.__

J. M. Metheanoy ...
D.T. Digging _______.
B. Cooley._..........
W.J. Cornwell_.___._
Hirnm Harris ...

Number
9,000
19, . 2,000
19.. . 18,000
- 9,000
€,000
6,011}
6,000
12,000
- 15,000
'y, 26 3,000
26 3,000
26.. 6,000
i 3,000
2% 9,000
6. 3,000
B, 6,000
17 6,000
26. . 3,000
2. 9,000
26.. 6,000
26.. 3,000
26.. 3,600
24 . 6,000
.. 6,000
- 9,000
10.. 25,000
10.. 9,000
April2 ... 8,000
Mar, 3L... 12,000
1. 9,000
26... 25,000
% 9,000

________________________________________________________________________________________ 2,578,000

W, Bentley _.__
C. N. Ashford . __
Jerry Ammond. .

.| Rose & bummmg B

A, B, Botsford. ..
H. 8. Holdridge "}

indian Garden lake and bro
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Plants of Wall-eyed Pike, 1889.

Name of Waters,

To Whom Dalivered.

Number,

Jackson.....____

Kalamazoo ____.n{

Kent..__..__...;.. {

1 No name given

Baginawbay ... aeia--

Paw Paw lakes
Paw Poaw lakes

‘| Rose, Matteson, Morrison,
{,“C{k'l&wata: and Patterson’s

Orelake.. ... .__.ooovimaoooe
Nonamegiven. .. _..........

Bawbeese, Banlkers, andSand,
akes. .. __..__...

| "Abel Coon

Michigan Fish Com...........

C.Colby. il
C. D. Whitcomb

James Dicke¥o. ooooooeooooe
F.H.Wherry. ..

A M Tinker .. .. ... ... ...
W.W.Green. ... ...

A A Smithe oo

Long lake _| Michigan Fish Com......_._..
Long lake and Grand river..| H. L. Bailey. ... ...ocomaaeo.
* Clark’s lake. ... J. L. De]monta...-..-....-._.
%-'rdrasa ]alxenli______Ei Vaids Wm. Mohr._____
. O mill pon ander,

(looks & Browns lakes...... }G' E. Becbe..
No npme given W. H. Bproat.. .
Giet'slake.. ..o oevia. . T.J. Conely. . oaean
Gulllake.. ...l MIChlgan ¥ish Com.
Gunn lake_ . T. 8. (¢
No name given
Hownrd and Rawson lakes_.
Bilver and Bostwick lakes &, T. Yonng
Hond lake__..._......... C. 8. Ford
8]8.1‘1%3 nnd Bﬁdw}gll ]ak‘%a ¥.T Hynes

re, Ryan's, Ronkin's, Ward! : K

and Maltly lakes. ... ... C. B, Coshing ....boeeooee
Bishop's take_ __.___...._._.. H. B. Bishop....
Baldwin, Woodbeck and

Burgess lakes. . .______....... }T‘ 7. Phelps..o

Brevoort lake
Brevoort Jake
Brevoort lake

Handy" s, Lae, and Ma.yﬁeld

Jalces.
Lnna.

Orchard lake.. ... :

Kaiser lake ..
Klinger lzke

M. ¥. Mulcome... ...
(a t. Rogers.__
. Warran__ .. .01

H. C. Cole

H. 8. Holdridge. ..c.cnnrvma-

Giles Roes. ...
¥. D, Taylor......_. s

J. ¥ Eaieer ...

Y. 8. Wilson

3,750,000

} 1,800,100

e

1,350,000

1,200,000

450,000

750,060
450,000

3,000,000
4,500,000
900,000

3,000,000
1,050,000

1,350,000
900,000
900,000

2,220,000

600,000

600,000
900,000
420,000
1,050,000
000,000

14,346,000

APPENDIX. 181
Plants of Wall-eyed Pike, 1890.
County Name of Waters. To Whom Delivered. Number,
Anbrd % Lac La Bslle and Five H.T. Cook oo 400,000
rim oo nkes. . ..
Cr.yaml lake . F. H, Thurston_____.....___. 200,000
Branech ... Gilead lake. .o cuoccceee oo BLC. 8. Green. ooooooooioos 400,000
BaITy e Sugar Bush lake. ... _._..._.. ‘Walter Burling ... 200,000
Cheboygan ........ Long lake .. .. ... B R £ 7 400,000
Diamond, lake.__ James M. 8hepard 400,000
Cass Ploasant lake Edwin ('ase. 220,000
N Pleasant lake. . B, F, Parsoc 220,000
Baldwin lake. 8. E. Dibble. 400,000
Keslar Inke. . ... F F. Hoaglin. __.__..__..___. 400,000
Calhonn oo { S Y W, . Leonard. .1 ... 400,000
Clinton.. . ... ... Ford Jake .. ... T. W. Cartis ... 200,000
Lobdell lake. ... ... _. Wm. Johunston, .............. 200,000
Byron Jake. ... .| Angon Shotwell___ 200,600
& Lobdell lnke_ ... .| G, G. Butherland. . 200,000
BNOAO0 . oo %pn}g lzlaklia_,“ Wallace Becker. 200,000
igle laka .
ele lake as }2.B. House...._._....o...._. 200,000
Hillsdale........_-| Farwell lake.._._........... G.T. Reenshaw._..__..__.._. . 4c0,000
Mud lake.. _| Mahlon A,-Bray 200,000
Ingham. ... Pine lake Jolin M. Potte 240,000
Pine lake._ E. W. Bparrow 240,000
Teabella .. .__._.. La Strange lake ... ...._.. AW Huarst. ... 200,000
[ Swain's lake, .....o....... W.H. Spratt__________._..__. 200,000
Jackson ... 4] -| ¢ Georze E. Becbe.......... 800,000
l _| (Reorge D. Burton. 200,000
Y¥ravk McKenzie. __.______._ 200,000
Kalkaska ___...... W.G. Grovenger._,.__...____ 200,000
{| Gourd Neck lake ____...___ A L, Loakey-. ... £00,000
Ealamazoo...... 1| Rawson and Howard lake...] Henry W. Moyer_.______._____ 480,000
Keont { Rleed lake. _.._.........._.. George P. 8tark. ... ______. 200,000
““““““ Finney lake. .| Lavwrence H. Goodall. 460,060
Forman lake. .| Jumes Armetrong. 200,000
Devil's lake. ___._ J.B.Allen. ... .... 200,606
Long Lake. .. ... __.___ J.W.Lawson ___. ... 400,000
Inland, Briggs', HRacnkin's,
%priuletu]n %‘ iihshog‘ h()lci.
sekerel, Fonda, Behoo
Huieweil Noble. Upper G E. Cushing.......co..o. 1,400,000
Ure, Round and Warden
alkes. ...
Mackinac..._...... Mackinaw Straits_____.___. | J. W. Powers._._..__._...____ 400,000
Mecosta .. __..___. Chippewalake . ...........| K. B. Hughes. __.___.._.__.._ 400,000
Big Blue lake__ ]
Muskegon .___.__ 1 %—;;;Llfﬂ“llgﬁé?k J'E M. Ruggles._.__.......... 400,000
Fox lake..._
Missaulren. . ... Muskrat lale. ... ... ____.. Cornwell Bros.______..._..._. 400,000
Big and Little Marl lakes _. HewWes. oo e 400,000
Newaygo ... { " " u 8. D Bonner.._.....______.. 400,000
f ern'ht Goose, 'B:gR ']
Orceola__....._.. 1 T, Saddle Kag. Rettn s J»;r. . Beik. oo 600,000
lakes .
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Plants of Wall-eyed Pike, 1390. . i - Distribution of Carp for 1889,
County. Neme of Watera. To Whoxp Delivered. Date. Number. Couanty. Name of Distributor. Location, Date. No.
Pinelake ... __.__________ Detroit Baak Clerks® Ass'n__ Ma.y 16 740,000 ’
Wing lake.... ___ E. C. Poppleton______ wogll X Lo Conrad Teighton ... ...._.. October36.. ... 10
Three Mile 1ake Tohn 8, CGray . P 40,000 5. Swaney .. Glen. oo 7| Angmat 20,1 a0
Oakland (asa lake ___..__ (. R. Freeman._. . " X All R. E. Keiley. . Moline..______.- | Beptember 8¢___.___.__.} | 30
=-======-7| Lakeville lake.__ Geo. A. Nettleton. . <t 200,000 e Henry Ebemeyer Burnip's Corners Qectaborl, . I 40
: l Cooley lnke.____ Bloan Cooley .. ___ “ 200,000 Joseph Marshall. Wayland _______ April lil ,,,,, a0
Orion lalke__..__ C. Henri Leonard, M. fow 1,000,600 TFred, A, Whitney.____... Bradley ... ... Y R 80
L| Btoay lake.... B R, Clark..___._______IT . '400,000 Caspor Alporn and Geo. .
81339 Dk]-BkB. . Efﬁedf‘somgt.ock ______________ " 200,000 Alpena ... { SD.M 1tz Dern and treo. Alpena . . ... October 51....____.__... 100
...... T a “
Oteego ... Eorcgpéneii h(};m_ }John (ﬂe;::g? " 3”8;8% g, iHTBrndly Nashville.__ August 23";3 28
rooke eGor ol, Traxe, o .
Leach lakes Allen Briley. ... ... " 500,000 Barry ... . Perking . W wooag 0
J.M. Hogers.__. _..______| Hastings. .........._._.| October Jﬂ 40
Oceana_. .. ____. Cryetal Lake, ... ____..__._. Frod J. Russel.._________.. .. - S £00,000 N. E. Rocto March 13 30
.B. Roctor.___._...... arch 13 ... .
M; , Biah d - i LY, Clarle oL .
.. §| M B 80 . sttt . angm Borgen........§ | 1 Bl o
iawassee River ___________ RollE. Kelsey___.__.____._._. C 1B,
Hosle Lok W.D.1a ¥ 200,000 Branch ... ______._ George G. DeMott.._____ Union City.. ... ....... Qctober 1. _____._.__... 100
e emmmmann . D. Lane : o 200,000 ’
oot Bﬂnkx;]ake"'ﬁ.' """"""" 3 F. W. Burdam R BN 400,000 G E. G‘r,i]bert s Dowflu.‘gin,c ______________ AuEust, % 60
Van Brzen...... s I i&cl F. Der L I 600,000 B oo Yoo Latwonn . B I &
. J. Blligat_._____._____..... o, S 200,000 )
. L T. H. Blliget I L T 200,000 Cheboygan ... . { E Jﬂ?“f’?& i Cheboygan . - g;i?lbazg 31 1%
Wexford .......... Big and Little Clam lakel___ T, G. Mosser.. . ___________ L - 1,000,000 ) . i N
. Claze . oooooceaae. W. W. Green Harrison ......_........| September 9____.______. i1}
Total .o : W. 8 Dills..._....._.. Dowitt _____" October 21_... ... 40
° e _22'300‘000 Clinton. . ... % A.E, Cobb _____.____.._ Bleie oo " b S 40
! ( Willard Freemire..._.___ Vermontvillo._.___._.._ April 10 ____________._.__ 25
J. B, Ellaworth____ " 1 25
Baton_ . . .. ... 1 C. B, Wells ___._. . v 40
- Q. W, Gridley ... .| Ealamo ... 40
U O.W.Mead. _____.______. e 5 . 40
' Grand Traverse ... W.E. Gruliek __________. NMorrisville . _._._._... August 28 __ . ... 30
Gratiot___.___.....tJoseph Ray___..______... Rlwed. . . ... October0_... . .....__ 30
' . F. B. Smith Waldron . April 15 ___ 50
Hillsdale ... { Charles E. Case._ Jonesville. A0, 50
Horon.... ... ____ William H. Weallace.____ Buyporb. . ... Qetoborb... . .. _____ 40
Isabela ... ___... H. P. Blanchard. _.___ -- Blonchard. _____._ ... .. Bep'wmber b L T 30
ToBCO oo Frank Duplantz. ___.__.. i R April 10 ... ... 30
E.P.Rowe .. .......___. Qctober15.._._.....___. 40
Ingham_ _______._ Mahion A. Bray . " 21 40
Mooye Hunt..__.____.__. " 40
s L. M1 ard ... " 0 . 30
Tonia ... § e T : O T 0
Jacob Lemon. . Vicksburg... 100
/ , Kﬂlmm“-------{ Otis & Baker __ Kalamazoo 0
George P. Btarlc. Cascade ... -t Beptermber 9. 30
N Kent ____.._____. i H. O, Bramen . Grand I Oetobar 15 40
AW, Blain.___. S T 40
M.E. Evarts...___.___. .| Burdeckville ... ______ April2 ___ ... 30
Leelenaw.....__. { W. B, Greillick.......__.| Norrisville ......... | Augast 28 ._._ .. . _____.. 30
! Lenaweo. .. .____. J.&F. Balter___________. Adrian ... Beptembar 5....:._... 30
Tivingston___._... J. 8. Montague ___._____. Howell ... .._...|.October®6____ . . ________ . 40
Mason.. ... .oc.o. Edwin Goodrich 40
Charles Krause.._.___... 30
Monroa ... ... 'E Seward Baker.. 30
: Wm. Kranach o
- Manstee ........ {| ¥, Matior 30
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Distribution of Carp for 1889.—CoONTINUED.,

County. Name of Distributor. Location. Date. No.
Mecosts - _........| Thomaa G. Horton.. ... Meocosts oo ooo_oo oooao. Beptember5____________
Montealm . ... i Iﬁi‘éggﬁiﬂ %ﬁgﬁieg?ff.'f?: %ro%gg.;iiu&ﬁ}""""_" Octo:r;er 1. %

Honry Henkel ___.__.... ' " R | 80
Muskegon. ... W.E.Qsmun._____.____.

James H, Peabudy ______ 40
Onlcland. ... { B ng, Conore ) | it

Will MeClang..oooeeeoo. 10
Oceana .. ... J.A. Weyand ... 40
e B Ty B

M. H. Chapin......__... 30
Oitawa _________..|B. M, Sage_ ... 80
Shiawasses__...- i Thgmgg Tﬂlﬁgﬁé gg

James F, B, Cortis...._ 50
Sanilac. ... William Walker. . ... 20
ft. Clair.. ... George G-ariick.___.__;__ 30
86, Joseph......_.. Wi, Parker...._........ : 40

C. H. Kemp MecDonald. 40’
vinon....{| S0 S e i

G, B. Whitcomb Hartford . 40
Woxford. ... Bernard‘ Kualnick_ _____.. ;2 e a0

P P B i
Washtonaw ... 1 | Wiltorarnia : b B

L Repamber @I &

L SO 3,490
s

0’

APPENDIX. 1856
Distribution of Carp for 1890.
County. Depositor. Location. Dats, Number.
D. D. Tourieiletie en’?.,,....___..____...__,_,,. April 24..__. 10
Allegan._.oemnne-n A. L. Buakirk.. .. Bhelbyville. .| August 21 .. 40
A J. Wohma. . ooooooo.--] Graafsehay. . ... eeoaeon October ... 50
Alpena ___oooo-- Chris I, Homman._ ... .---..) Alpens. . oo Angust 20___| 10
E. Willams_ . ........| Dowagiae ... cen 100
C. D, Brownell___ New Buffalo.. 40
: %alrtford - 433
: elalr.. .-

Berrion .. -...os Berrien Cen 30
Rodus.._. 100
New Buffal 50
’ .| Bt, Joseph. 50
Barry. e L. 8 Hilla.. ... Irving oo 40
Wm, Withington. ... .o--- Burlington.. ..o oeoooooo 160
(1 L. C. Phelps. o oeaceacecacans DOWOZINC . o oecoceccamennn 75
Charles Mann.. .| Dowagine.. - 95
¥. M.Bant___ . .-} Marcellus._.__ . 200
Edgar Wetherbee. A 160
(_,hnrles Wetherbea.. - 10
A. M. Bachelor__. - 165
J.C, Lindsley.. - 20
W. Welle__.___. - 50
D. C. Thickstun. . 70
George Dietrich. - 23
M. 5. Btoeray.... 23
Cass e James Phick.._ 26
Samuel Miller. 0
Eugene B. Gilb Dowagia 100
Ben, Graham_. Glenwood ... 20
B, 8. Btozey -. . Williamsville.. 35
George Dietrich. 1 35
John Biekle. . _. Jones.____. 100
A. B. Weatherbee | Jones_ 64
.M Finn__.._. L Jomes. . 50
Jehn Draper.. .. .| Jones. 25
A, M. Bachalor _ dones.. ... . 1450
\| Leslioc Wells. __......o.co.... La Grange. .- oomoeeoarer 300
Clare o e B W.Chapin.oooccoaceans Marion. ..o eaiiiaeaae August 21... 40
Thomas Cruomp. . _.--oo--. Topinabee_._ w28 40
Cheboygan .....- { George V. Brill.__.__ Buckhorn Bept. 9 ... 40
Robert Hubbard..._. Chester... Qctober 24__ 100
Thomas Sherratt. . LoveriDg e cer e e Bept. 22..... 40

Grand Traverse ...| J. M, Thomas..___._._._.....| Traverse City. . oomeeeees August 25
T, Miller. oo oo | Besliee s Avpril 28, __. 4
Ingham { JFonn J. Bont. oo -.. weonrs Holt. . TIIIIITIITIIIIN Sopt. 18.. .. &5
H. L. Bailey. . ooooocmimaaans Tonin e oo et Angust 15.._ 40
E, P. Clark. Powamo .. e 40
) Milo Rowla.nd. Powamo ... " 21‘ .- 40
Tonia o _eoeeeo H. L. Bailey.. i 150
John Floater. 40
H. L, Bailey.. 50
J. F. Monroe.. ... Portland .____ 60
Naote Spicer Kalamazoo . Apnl 19 .. 150
M. R. Squier Kalamazoo . 19.. 50
Kajamazoo _...-. Holomon Bhb Alamo ... Au{;ust 18, 40
Wm. Maile____ Hehooleraft. ' A% 40
F. R, Davenpo AlomaZo0 .o R T 4
Lapeer . .oceae Walter Randall __.___.____._ MY e e v 25 40
[ W, C.Bowman. ... _....| Galedonia . ..o oeoooooiao 28 L 40
Grand Hapids.. - - 40
Eent o _.oooman Byron Center... + 28. .. 80
{asnovia .. - v 2% . 40
Hayward.._.._______..____ Kont Cityoooooooeaoceooeno-nzy October 6. 50
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Distribution_ of Carp for 1890.—CoNTINUED.

County. Depositor, Location. Date. - | Namber.
Hermnan Loomis. April 2¢
Lenawes ,...._.. § G, H. Peclc_____ Nenst 3. s
W. T. Lawrence. _ . Aug‘u.st, 22.’}_-:.' ig
Livingston ....__.. A G, Weston. . _________ i Bept. 22, ... Fig
JH Poond. . . _______
Macomb, ... { Charles Waterman Auguat 25:: ig
Menistes .......__. C.C.Young. ... AL S 40
Mocosts . ... T D.Rioe.oeosooooeeee R 40
Montealm . “$ | BEd. Dean. ... __. Gowen ._______.________..___. B
onberim .. oo i 8% Giengenfoss 11111111 Greonville™ I Bept 0. o
October 6. 50
August 15__ . 40
Bent. 22.__.. 40
Qctober 6._. B0
Lewia Young...____.___..._ i
TS| ) g =B
"Bert Vineent.. ... ____. i Bept. 15 40
Osceola. . ________ C W, Chapin._._.__._... ____ . fon_.. 1 Angust 21 40
. T NI Parmeter, M. D_____, . Gaylord __..
Otsego ... {| ¥ N B 2 Dereee Gaylord 11207 I kaber .
G, W. Arnold, ' 50
B, Gregory 200
Van Buren_ John Thimg. 100
""" . J. Evans. 150
Ed. Arnold, . 80
. <harles McXNutt. 85
40
40
Flat Boele ________ i
Datroit,._ - 34
-| Redford... - 40
Detroit. . ... ____ .. 8
ot e O 5,768
Plants of Loch Levin Trout, 1890.
Name of Waters. | County. ’ Date, , Numb;ar.
Thowmb lake. . ... . _______._ ____ ‘ Charlevoix ________. . ._____._.__ f March 19...-.-| ‘ 30,000-
‘ Plants of Swiss Trout, 1890.
Name of Watera, ' County. I Date. Number.
Jolfax ake. ... ________...__ ‘__._.I Oeeana ... ... l March 7. _____ 17,380

-
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Plants of Schoodic Salmon, 1883,
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Name of Watara. l . County. Date. Number,

Log 1aKe .. o e e ’ Kalkask . oo oo ooeoeeeeeeeeee ) May 100 5,000
Planis of Schoodic Salmon, 1890.

Name of Waters. County. Date. Rumber,
Torch lake... 24,888
Elk lake.. .. 10,000
Rapid river.._ 10,000
TObAL oo o e e mmmmmemmnr e aAmammm e eem e s £4,888

Plante of Lake Trout (2 years old), 1889,

Name of Watera. | ‘Whara Planted. Data. Number.
Lake Michigamme._. .. .coooooooooo. l Miohigamme, .. .o caccicece e 2,520
K.lineger 1lgkle,g.... ........ Klinger Yala - 3,000
Gull lake... Yorkville, . 2,500
Coralake __...__.. Cora. . _.... 2,000
Lake Michigamme. N Michignmme. 1,987
Lake Michigamme. ... ...._......| Michigamme .______.......... S 1,000
L0 Y O U 18,607

Plants of Lake Trowt (2 years old), 1890.

Name of Waters, . ’ Where Planted. | Data, Number.

Cryatal Yake . ... _____.._____..____‘ Frankfort, Benzis County..__.. ,__,,! March B._._.__ 480
Brown Trout Plants, 1889.

Name of Waters. ] Where Planted. l Rame of Depositor. Date. Number.
Inlet to Deer Lake .. .___ l Boyne Falls... _. e I Micbigan Fish Com.._..| March?28 . 20,000
Brown Trout Plants, 1890.

Name of Waters, ‘ ‘Where Planted. | Nome of Depositor. Date. Number.
%’:fail;;g B Mareh 5. 5,000
MeGraw's creek “

Echo lake ontlet. - 25,000
0,000
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California Trout Plants, 1859 (yearlings). .

Name of Waters. ‘Where Planted. Name of Depositor, Date. Number.
-
" .Andrews’ lake......_...___| Highland Miohi . May11._. 3,000
Biroh leke___.__ 1 707" Jonesville . - Michigan Fish Com..... { J u?ﬁve 3. 1,00

California Trout Plants, 1890 (Fry) . -

Name of Waters, ‘Whera Planted. Name of Depositor. Date, Number,
Hersoy croek. . Reed City____________. t i N May 9. 8,000
Buckhorn creak Paria__.____._____ 77 } Michigan Fish Com__... { June 5__ 8,000

California Trout Plants, 1896 {adults).

- Name of Waters. ‘Where Planted, Name of Depositor. Date. Numbez.

Muslcegon river._...___.__ ' Parie ._____ ... ________ Michigan Fish Com..___ Sept. 28___ 475

Total Plants of Brook Trout in Twelve Years.

., The above is a statement of the plants of brook trout made from the Paris Station
from and including 1879, the year in which the trout work of the Commission was
" removed from Pokagon to Paris. .

Total Plants of Whitefish.

1,532,000 23,785,000
2,211,500 37,760,000
9,319, 0,000,

11,492,000
. 44,310,060
22,300,000

________________________________ 'A____ 86,378,256

i

5
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Total Plants of Lake Trout.

Total Plants of California Salmon.

45,900 73,008
419,930 215,246
323,000 575

227,000 e
1,304,66%
48,000
23,000
23,638
73,424
5,000
44,000
320,618

Total Planis of Fels.

265,000 | 1861, 480,000
105000 | 188 236,000
817,000 | 1885. 325,000
.............................................................. 1,935,000

Total Plants of Black Bass.
___________________________________ 3,500 | 1888 _____
1 7,000 l - 1856

Total Plants of California Trout (Fry).

12,000

6,000
25,000
20,000

Total Plants of Atlantic Salmon.
1873, ... et e e e e 20,350 | 1874 e 139,000




190 NINTH REPORT—STATE FISHERIES. APPENDTX. 191
' ' ' \ DETROIT STABION.—Continued.
TEMPERATURE. 1890 T 1880,
. JFan. 1 ) Aprilli'—llﬁ
DETROIT STATION, ' B
Temperature of water during whitefish hatching season from October 31, 1888, to Feb-
April 22, 1889, and seagson for hatching wali-eyed pike from April 13, to May 24, 1889; May 2
1885, 1889.
Qct. 31 _.......... gm Mar, 1-3._.. o B0

Nov. 1-3
4

April 10-11
j18
13

PARIS STATION,

Temperature of water during the trout hatching season at Paris from Heptember 22,
1888, to April 10, 1889:

1888, 1 1888;
- RSP -. i
Sept %2— 4 ¥4

i
Qet,

Temperature of water duting whitefish hatching semson from November 3, 1880 to
February 23, 1890, and season for hatching wall-eyed pike April 10, to May 22, 1890: '

1889 *

ORI | ) L

Nov.

BRyEsg

pRVEL

®

41 | Fob.

e

i
woe
81

-

'
oo
=]
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PARIS STATION.—Continued. PARIS BTATION.—Continued.

Temperature of water during the trout hatching season
May 16, 1890:

'

1889,




158 acree of land swith
Buperintendent’s house
Barn____..___ :

Hhop and ofi
0ld hatchery.
New hatchery.
Coar honse._________.__..

Apparatus, tools, and camp outfit.

INVENTORY.

PARIS BTATION,

overseer's dwelling and meander of Cheney creek. . e o $4,000 00

Pamplogs ... ...
Wincfm‘ , tanle, ‘fipe and conneobtions. ... .

Ponds, races, and other

Bn.il&ings, with frames, tanka, boiler and pump

Chaee automatic jars. .
sbheame. ... _

Toole, apparatne and farnitnre.
Fort aﬁe fishery and outfis, ..
nd fishery and outfit. ..

Btony Is

improvements to pends, .- I TTTTTTTTTTTTTTTY

DETROIT BTATION.

— 132138
$17,273 80

3,675 00

$20,948 80

$17,218 80
180922 81
250 00

8,875 00
505 00

.- RS4N 6

INSURANCE.

Rew hatohery. e e e $2.500 00
Old hatchery. .. _....... : - 300 00
Bupetintendent’s dwelling. B 600 00
Superintendent’s barn . 100 00
Wagons, harness, atc 50 00
Troughs, trays, atc 350 00
Camp ontfit, ote. ... 300 00
anks, boxzes, cans, sto 200 00
Office and shop... ... 200 00
Office farniture and fixéures_ 104 00
Overseer's dwelling. _. 400 00
Car homBe . o e e 125 00
DETROIT BTATION.

HOuBe . L $4,000 00
ARBOMALIC FAEB. o o oo o oo o e e e e e e 1,800 00
B

85,225 00

5,600 00

$10,825 00




REPORT OF LEGISLATIVE COMMITTEES.

REPORT OF THE SENATE COMMITTEE ON FISHERIES, SESSION OF 1885-89.

The committee on fisheries, to whom has been entrusted by the Senate
the duty of investigating the work of the board of fish commissioners
hereby respectfully reports: |

That the committee of the Senate, conjointly with the corumittee of the
House of Representatives, visited the hatchery at Paris on the first day of
February, end made a careful examination of the work there done in the
propagation of trout. There was every evidence that the interests of
the State are cared for, o the best advantage, The building, 824x40 feet,
is in every way fitted for the work. The inferior arrangements seem almost
perfect. Your committee saw trout during the various stages, and we say
that the trout hatchery at Pavis has brcome a valuable food supply. The
committee visited the breeding ponds, saw the fish feeding, found about
15,000 breeding trout in the ponds, and investigated the interests of the
State, both at the ponds and in the buildings as carefully as possible. Of
the work done some conception may be formed when it is here stated that
the orders for trout fry throughout the State since 1883 are as follows:

In 1888 oo e 14 orders

v ABBA . 38 «

' 1885 . .. 49 «
1886 .. 75 ¢
1887 o il 121 =
1888, . . 163 «

o '1‘111;9 figures show the value placed by our people on the propsgation of
out. :

‘When the committes was in Paris there were about 8,000,000 eggs, of
which 100,000 were hatched. There were also 8,000 Adirondack trout, con-
tributed by the New York Commission, and 20,000 German trout, supplied
by the U. 8. Fish Commission. This German trout closely resembles our
own brook trout.

The commission in distributing trout considers the nature of the water
for which they are asked. As a matter of economy to the State this is an
important feature of the work. Unless the stream is suitable, it is a.waste
of money to plant trout. . For this reason the Commission has investigated
the waters of a large portion of the State, and a demand for trout is sent
to the Superintendent, Mr. W. D. Marks; he has a fair knowledge as to
whether the fish will thrive in the stream. But, in addition, he sends to
the applicant a blank requesting information as to the temperaturs and
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other qualities of the water. If all is satisfactory the fish will be sent; if
not, the order is not filled. If trout are not suitable for a stream for
which they are asked black bass, wall-eyed pike, or some suitable fish will
be sent. ‘

At Paris the water supply has become one important consideration.
The purchase of 80 acres of land adjoining the State property seems to
your committee an absolute necessity if the work is to be continued. Ima
few years, even if the hatchery were discontinued, the land would be worth
much more than is now asked for it. The committes, therefors, recom-
mends that the lands should be bought.

Your committee visited the grayling pond, but it was frozen over. Every
evidence, however, goes to show that in certain streams the cultivation of
this fish is profitable.

On Febraary 4 the committee visited the Detroit hatchery. The propa-
gation of whitefish is of very great importance to the State. Our lakes
were almost depleted of this fish until the State took ap the work of
re-stocking them,

In Detroit your committee found the building admirably suited to its
purpose and well cared for, the work going on in a satisfactory manner
and the whole institution a credit to the State. The number of fish hatched
has been greatly increased. For reasons hereinafter mentioned the jars of
the Petoskey hatchery have been moved to Detroit, and your committee
respectfully states that the’reasons given by the Board of Figh Commis-

'sioners for doing this will meet with our full approval.

At the date of your committee’s visit to the Detroit hatchery there were
about 67,000,000 eggs on hand. Last year over 50,000,000 young fish were
planted. The Board of Fish Commissioners, knowing the necessity of
extending the work, desire to have the means of doing so, and your com-
mittes respectfully recommends that the appropriations asked for shall be
granted. We have evidence that the increase of whitefish in our lakes
within the past few years is entirely owing to the work of the State in this
direction. Practicel fishermen unanimously say so. For this reason, your
committes recommends the appropriation.

‘We visited the carp hatchery at Glenwood, Cass county. The carp is not
50 well known as it deserves to be. It is adapied to some waters where
some other fish will not thrive. At our visit to Glenwood we found
90,000 carp in the ponds, of which there are eight. Under the main build-
ing is a pond, fed by a spring, and this is the winter quarters of the fish.
The dimensions of the building are 18x20 feet. The State is fortunate in
acquiring the property, and in the management of Mr. Wells. The amount
asked per annum is $575. Your committee recommends that this be
granted. .

The committee approves the action of the Board of Fish Commissioners
in abandoning the station at Petoskey as a whitefish hatchery. The tem-
perature of the water is so high that the fish hatched before they could be
planted. In addition to this it contains & vegetable matter destructive to
the eggs. The building was erected on the understanding that the supply
of water should be from the lake. Unfortunately the expectalion was a
disappointment. When the well was sunk at the edge of the lake water
from the heights and banks percolated and filled it, and it has proved unfit
for fish hatching purposes. Weo therefore recommend that the State prop-
erty there be so%d for what it will bring, and that the Board of Fish Com-
missioners account to the State for the same.
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The board has asked an appropriation for a hatchery in the Northern '

Peningula. Your committee, after full consideration of the subject, deems
it best, for the present, to recommend that $500 be appropriateti for &
proper investigation as to the best location for such a hatchery, in case its
establishment should be considered advisable. ’

With this the committee submits to the senate the estimates made by
the Board of Fish Commissioners for the ensuing two years, from July 1
1889, to July 1, 1891. 'With the exception that we reject the propositior;
for a northern hatchery and insert the appropriation of $500 for investiga-

tion of this subject your committee indorses the report of the bosrd, and -

recommends the estimates therein made. In the estimates of %
the Senate will find the details of the expenses, and, after careful lé?ca}fi?nﬁ
tion of these details, your committee recommends the adoption of the
es‘%mates. ‘ '

our committee would further suggest that the question of the iner
or extinction of figsh in the waters ofg %he State is oge that effects thlc])lucsl:icei:
of our citizens. There are large interests involved in this business. Capital
and labor are both interested. The State has done much to encourage
both, but where the outlay is comparatively so small, your committee
hopes that the Senate will further encourage this beneficent work. On
every hand we have heard favorable reports of what has been done. From
practical fishermen, from sportsmen and from humble laborers and others
living near our lakes and streams we have learned, by diligent inquiry and
by petitions sent to us, that the labors of the commission and the expendi-
tares of the Btate have not only added to our wealth but have given a food
supply to our people which can scarcely be appreciated except by those
who have investigated this matter as your committee has done.

T, 8. GURNEY, Chairman.

REPORT OF HOUSE COMMITTEE ON FISHERIES SESSION, OF 188889,

The undersigned, committee on fisheries, beg leave to report that in a
ance with custom and during the vacation ogf the Legisplature duriﬁgog}fe
month of February, they visited the fish hatching stations of the State
located at Paris, Mecosta county, Glenwood, Cass county, Petoskey. Emmet.
county and Dqtroit, Wayne county. ’
~_ Your committee met at the-office of the commission in Detroit, and were
shown the books, accounts and manner of keeping the same; also the method
employed by the board in gathering statistics regarding the fishery interests.
of the State, and the data which has been gathered during the past three
years relating to the examination of the interior lakes of the State, bearing:
on the same, ete. ’

In order that your honorable body may better understand the magnitude
of this great indugtry your committee would state that the catch of white-
fish alone, for the years 1885, 1886, 1887 and 1888 was as follows:

Year, No. of Reports. " Lbs.

1880 i 432 . 7,443 459
2,652,325
2,766,419

2:373,304
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The average numbex of pounds for each report was as follows:

Your. . Lba.

1885 e e e e e mee - 10,285
1886 o e e i 14,735
1887 o e emmemc e mmmmmmeaammm e~ —aan 18,880
L8R o e e mm e ammmmmm e mm e mmme—— 23,7

. The difficulty in obtaining accurate aud reliable statistics is very great,
and they can only be obtained by sending an agent personally at the proper
season of the year to gather them. In 1885 a statistical agent was employed
and 432 reports were filed that year. No agent has been employed since, -
and the mumber of reports returned to the office of the Commission has
gradually declined every year until the year 1888, when but 100 were
received, This is probably not more than one-sixth or one-seventh of the
reports thatshould have been made. The value of these reports can readily
be seen and the small amount asked for by the commission for this purpose
is well expended and your committee recommend that it be allowed as one
of the most important parts of the work is to ascertain what have been the
results.

Your committes would state that the fishing grounds within the juris-
diction of the State embrace an area of 34,000 square miles, nearly three-
fifths of the land area of the whole State. The coast line extending along
the east and north shores of Liake Michigan, and the south shore of Lake
Superior and the shores of Lakes Erie and St. Clair is over 2,000 miles in
length. The coast line so designated does not include the inland waters of
the State, such as its lakes and rivers, and is referred to for the purpose of
calling the attention of the Legislature to the facts, and for the purpose of
enlisting their support in behalf of this great industry.

PARIS STATION.

‘This hatchery is situated on the Grand Rapids and Indiana R. RB. in
Mecosta county, and is principally used for the propagation of brook trout.
In addition to this work the (Yerman trout, Loch Leven, mountsin trout,
land locked salmon and the grayling are being bred upon a somewhat
smaller scale, and bid fair to become an important part of the work done
at this station. The station is also adapted to the hatching of the salmon or
lake trout. The hatchery is a large, well-constructed wooden building, but
recently completed, and is 40x80 feet. Its interior is a model of neatness
and perfection. The property connected with this station comprises 118
acres of land, which is of much greater value to the State than the prices
which were originally paid for it. In this connection we would say that
the Fish Commission wishes to purchase 80 acres of land adjoining the
premises, for the purpose of securing and keeping contrel and maintaining
the sources and supply of water in the Cheney creek, by which thesponds
and hatchery are fed and maintained. Your committee are of the opinion
that this land should be bought, and would recommend that the appropria-
tion agked for be allowed, to enable the commission to purchase: This is
for the purpose of keeping timber standing to protect the water.

When your commiltee visited the station there were nearly 3,000,000
brook trout eggs in process of hatching, and about 100,000 had already
been hatched out. The ponds upon the premises are filled with trout,
varying in size from the fry just hatched to fish weighing five or six pounds
and about 15,000 adult fish are kept in the ponds the year round for breed-
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ing purposes. There are also at present about 8,000 Adirondack trout

which have been donated by the New York Commission for the purpose of

improving the present stock, sbout 20,000 German trout and one pond
stocked with the grayling.

The demand for brook trout throughout the State is large and constantly
increasing. Your committes believe that in a very few years, under the
able management of Mr. Walter D. Marks, the superintendent of fisheries,
the trout streams of this State will be filled with these beautiful fish, as well
as many others which are not now stocked.

Your comnittee after visiting this hatchery, took pains to inquire of
people whom they met flom different parts of the State, who resided on or
near the streams where trout had been planted, whether they had noticed
any increase in the number of fish since the commencement of planting,
and invariably received answers in the affirmative, and in some cases the
increase noticed was remarkable. This was especially the case in Silver
creek, Kalamazoo county, which six or seven years ago contained no trout
whatever, but which today is abundantly supplied. Attention is called to
the fact that until trout were artificially propagated and planted by the
commission they were almost wholly unknown in the waters south of
Traverse bay. :

DETEOIT STATION,

When your committee visited this station they found a commodious
building, 40x80 feet in size, used as a hatchery and office, with a large
wing, heretofore used for a shop and for storage purposes. The main room
of the building is used for hatching whitefish during the fall, winter and
spring, and after the whitefish have been planted, and i the month of June,
it is devoted to the hatching of wall-eyed pike.

. The number of whitefish eggs on hand and in process of hatching, et the
time the committee visited this station, was about 67,000,000. Your com-
mittee, after throughly examining this hatchery, were greatly impressed
with the magnitude and importance of this work, and with the great benefif
which must result to the State in the re-stocking of its waters with white-
fish. From this station alone over 50,000,000 of whitefish fry were planted
‘last year along the shores of Lakes Michigan, Huron, Erie and St. Clair,
and in the Traverse and Saginaw bays, the Detroit river and Torch lake.
The benefit of whitefish planting in the great lakes has passed the period of
doubt as‘to its success; the largely increased catch of last season on Lake
Erie, the Detroit river and Lake St. Clair was so convineing that the
‘unanimous opinion of the fishermen is that it is the result of the planting
solely. The appointments of this hatchery are of the most complete char-
acter, it being the largest in the country, and your committee believe the
work ig intelligently and economically carried on.

The commission desire to double the capacity of this station by utilizing
the wing of the main building, now used as a shop and for storage purposes
for a hatchery addition. This change can be made ata comparatively small
expense, and will result in putting out annually 160,000,000 of fry while its
present eapacity is 80,000,000. Your cornmittee recommend that the appro-
priation asked for this purpose be granted. - :

GLENWOOD ATATION.

This station is-used for the propagation of carp. At the time your com-
mittee visited it, they found a small wooden building 18x20 feet in size and

S
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inside and beneath this building is a spring the full size of the building,
'$§i2§ iz used for winter quar%ers of the stock fish. At the time of our
‘vigit the house contained about 20,000 carp. These fish are very prolific,
and a few of them planted in a pond or lake adapted to their habits will in
two or three years furnish an abundance of food. The fish are fed through-
-out the winter upon wheat and other grains. As usually kept in ponds
‘they require no feeding in the winter. At this station there are eight
breeding ponds, and about 3,700 young carp were shipped last season to
«different parts of the State, with gratifying results. More of these fish
«could have been furnished if orders for them had been received. The
-demand for these fish has not been large, but is constantly increasing.
Few of the people of our State seem to know that they may be had for the
agking,

aswpegwould say to those who want this variety of fish, that they may be
‘had by applying to the secretary of the commission, at Detroit, or to Wor-
-den Wells, in charge of the station at Glenwood, Cass county. The commis-
:gion lease from Mr. Wells the ponds and buildings necessary to conduct
this work, and allow him a stated amount for the lease and for his services
‘in breeding and distributing the carp. The sum allowed for this purpose
s five hundred dollars per annum, with an additional amount of seventy-
five dollars per year for incidental expense. The State was fortunate in
‘being able to recure carp ponds already made, and it has necessitated a
very much smaller outlay than would have been demanded if they bad
been compelled to make a new plant entirely. The amount asked for the
‘maintenance of this station is $5675 per year and we recommend its allow-
4108,

PETOSKEY S8TATION.

This station was established by the board for the purpose of breeding
and. distributing whitefish in the northern waters of Lakes Huron and
Michigan, and in the waters of Lake Superior. It consists of a hatchery
building 25x75 feet in size, together with & small cottage for the overseer
in charge of the work. These buildings are upon leased ground but
belong to the State. ) .

Your committee fond that work at this station. had been suspended for
the present owing to the poor guality of water furnished for hatching pur-
poses. o

Your committee on investigating the reasons of the commission for the
-abandonment of this station, found that the reasons justified the action of
the board. 'When the hatchery was originally established at this point,
-one of the conditions guaranteed by the village as an inducement to locate
-at that point, was that all the water needed by the board for the purposes of
conducting the hatchery should be furnished free to the State, and that
the works which the village was then putting in for the purpose of supply-
ing the city with water would furnish water from the bay, which was the
water reguired for the purpose of hatching. After the works were completed
‘the well from which the supply was obtained, being sunk at the edge of
the lake was found to furnish spring water which leached in from the hills
surrounding the well. This was contrary to the expectation of the engin-
eer who supervised the construetion of the works and to the citizens of
‘the village. The temperature of this water is considerably higher than

26
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that of the lake or bay, and has resulted in bringing out a premaiure hatch
of fish, the hatch oceurring sq early that the waters in which they were
planted are still frozen, and thereby the very object for whieh the house
was constructed is defeated. It may be said in passing that the hatch of
the young fry at this station is from two to three weeks earlier than that at
- Detroit, about 300 miles further south. The fish so hatched were weak and
unhealthy fish. The period necessary to hatch whitefish fry is only about
80 days at this station when the usual period is sbout 130 days. Another
reason for the discontinuance was that o sediment from decayed vegetable
matter adhered to the eggs, and was quite destructive, decreasing the
percentage of the hatch. Under these discoursging econditions the com-
mission concluded to abandon the station. )

* Your committee, at the time of their visit to Petoskey, conferred with
several of the leading citizens of the village to ascertain if the village
would be willing to guarantee a supply of lake water or bay water suffici-
ent to conduct this station, in order to insure the confinuance of the
the hatchery at that point, but your committee were informed that the
expense would be more than they could afford, and after a full investigation
by the committee we are satisfied that the action of the commissioners in

discontinuing work at that point was justified by the circumstances. The.

jars formerly carried at this station were removed to the Detroit house,
which was fitted up to accommodate them, and they have been run during
the present season at the Detroit station, so that the output of whitefish fry
has not been diminished. .

IMPROVEMENTR.

Your committee recommends that the small appropriation asked for to
increase the capacity of the Detroit hatchery, be grantéd, as it will result
in doubling the present capacity, and it will be capable of carrying and
hatehing 160,000,000 of whitefish eggs. _

Your committee desire to say that they have taken especial pains to
inguire of practical fishermen from all parts of the State as to the result of
whitefish planting, and we have been agsured by them that the catch of
whitefish in certain parts of the State, especially in portions of Lakes
Huron, Brie and St Clair and the Detroit river, have heen very much
larger the past year than ever before, and it is attributable to artificial
propagation.

In conclusion we desive to say that the present Board of Fish Commis-
sioners are gentlemen of high character and enthusiasfic in their work,
and devote a large share of their valuable time without compensation to
this work. As a result of our investigations, we believe that every dollar
asked for by the commission should be granted, as anything less would
eripple them in their work. '

All of which is respectfully submitted.

T.J. WELLS, Chairman.

TREASURER’S REPORT.

rer, 1 3 d of State
STATEMENT of Wm. A. Butler, Jr, Treasurer, in Settlement with Boar
4 Auditors, for year’endzng September 30, 1889,

Current dccount.
1. $118 18
A OFEEATAWD ¢ o oo e mm e mn e E
Oet C::tl; from Btate Treasurer. N P $4,%;§ l}g
Cash from eale of fish. e
Vouchers paid...._.._. A o
Dot 3.l OFOPATAWIL L. oo oo oo oo cremammerommommmmcmcs e osmmmmmmmmesn oo e m s
$5.754 17 §0,754 17
Janiir....| Querdrewn
an. .. ... POTATAWI o oo oeemmcomamaamn oo mmmn —mr oan $4.178 53
h from State Trefsurer. .. v uocecmmmcacmoouan 3
(C}:h from U, B. Fish Commiesion. 126 32
Vonchers paidd .. oo e eccmmmmeaeocmeecesmemmmmannm e 095 55
Mar. 81| Overdrawn ... . e mmeneeinnomm e
$5,281 90 $5,281 90
Al
A !?819' Overdrawn
vordr
pe Ca;!h from Htate Treastrer. .. .o ceeeeroumama- $4,179 44
Vouchers paid
$4,179 44 $4.179 4
' 1889,
Jaly1......| Cash from Btate Treasurer ... .......ococoioemmemzmmmmenos "?péii‘:lﬁ-é“_f $5,638 12
Vouchers paid 14 501 55
© Hept. 80, .| Overdrawn
$5,129 67 $6,139 67
Special Account.
1884, .
Julv 1. .. Cash from State Treasurer. ... oo oo oememmeceesn oo R 38,015 40-
T T VO i R4
_ Sept.80_..| CGash on hand ..o e 4 ;
48,016 40 $8,016 40

OFFIOE OF BOARD OF S8TATE AUDITORS, !
ined the wiihtn Acopnnt t of the
ify that the Board of State Auditors this day examnined the within saccount curren
raﬁal%;rt,:bgn?ieggguisgme&s of Wm. A. Bﬂu]tler, f.]' iﬂ fgr gbs yeé\r englmfn%e gdsgi:lésﬁgi 31111& %I)lldh:\%ed B:{néll 3?
i fila in the office of the Auditor Gener: : 3
gﬁrtgetgtﬂlr:;%;g%cge&; ?I:lle beooka of the Anditor General, and .have; settled with the anid Wm. A. Butler,
Jr., ag treasurer of the Michigan Fish Commiseion, on that basis. . . OBMUN

Cheirmoan BHoard State Auditors.
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Mronicany IPrsa CoMMission,

Detrodt, .. .. 1B

Mich. State Board of Pish Commissioners.

g of waters for the benefit of the public only, and
Very respectfully,

it is against the policy of the State to stock any waters from which the public is

excluded.

in which you say your waters are private.

Your application of. .. ... i -._.__.__._for fish
The State is engaged in the stockin

d,

For the foregoing reason your application must be refused,

Dear Sir
has been recsive
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MIOHIG—AN FISH COMMISSION,
WALL—EYED Pixr,

Detroit, Mich oo oo 189

. . Our fish car will leave Detroit [+ W U -
With wall-eyed pike for your lakes, and will arrive at .. ... ...
! y onthe ______._._..__ -7 SN o'clock, __M,
; Answer st once if you can meet the car and attend to planting the fish intended for-
. ¥Ou.
If no answer is received the fish will not be sent.

W. D. MARKS,
Superintendent..

Car RerorT or Micurcay Fise CoMMIssioN.

‘Was the trip successful or otherwise

Number of 6ans. ... e e it o

T T In charge of car. -
Micyrean Frsa CoMMISSION,
Detroit, Mich., Dec. 1, 1889.

Druar Sim: *

- Enclosed you will find blanks for an Annuval Report of food fish caught. Tf you have
been engaged in fishing during the past year, it is your duty, under the law, to make
the report and return it at once to this office. Please make it as full and accurate as
possible, as these reports are of great value to this Board.

There are a great number of fishermsn whose names we do not know and several
extra blanks are enclosed, which we will thank you to hand to any fishermen you know,

. who have not received blanks direct from this office.

It is as mueh for your interest as for ours that every fisherman shall send ue a full
report, as the object of these reports is to inform ue whether or not, our efforts to increase
the number of fish have been successful.

FPlease render us all the assistance you can in obtaining full reports this year from
everybody who has been engaged in fishing.

. Very truly yours,
MicHran Frsm ComMMISSION.

A
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In the spring of 1880, when the three years had expired under the law for opening of
streams planted in 1887, the hoard fesling that the publie, who contributed to the means
which enstained the board, should be fully informed as to the localities of all streams
open to public fishing at that date, in order to give it as large circulation as possible
‘had the list published in geveral newspapers of the State.. It also had prepared a list

. of all streams which have been planted since 1885 and had the same published for gen-

eral distribution. The list prepared.for public distribution is as follows:

'A.Z'ist of streams which have been stocked with brook trout, by the Michigan Fish

Commassion, since 1885 and ure open for fishing, May I, 1890.

ALCONA COUNTY.

.Eaat, West and Middle ' Pine River. Milt Creek.
+ Branch of Killmaster
Creelt.
‘ ALLEGAN COUNTY.
. Silver Creek. Red Run. Rapid River.
 Mann’s Creek. Bear Creek. . Campbell’s Creek.
B ALPENA COUNTY.
.. Devil River.
_ ) ANTRIM COUNTY.
Spencer Creels, Jordan _River.
ARENAC COUNTY.
Gilbert Creek. Meadow Creek.
BERRIEN COUNTY.
Beaver COreek. Great Blue Creek. Spring Cresk.
Sykes Creek. Little Blue Creek. Bear Cresk,
BRANCH COURTY.
Riley’s Creek. Turtle Creek.
) - BARRY COUNTY.
Portage Lake. Cold River.
CALHOUN COUNTY.
-QOlivér’a Brook. Wandago Brook. Pool’s Spring Brook.
© ILocke Brook. Fendan Brook. Hicklin Brook.
- ‘Spring Brook. Tamerac Creek. Bullis Brock.
‘Harmon Brook. Bear Brook. Mead’s Brook.
" Hart’s Brook. " Goss Brook. ‘Way’s Brook.
Austin’s Brook. : Crocked Brook. Tekensha Creek.

CASS COUNTY.
Dowégiac River. Battle Creek. Red Run.
Spring Creek.
CHARLEVOIX COUNTY.

Newman Creek. Cedar River. ~ Inwood Creek.
Stone River. Antrim Creels. North. Boyne River.
Boyne River. Van Arman Creek.

* CHEBOYGAN COUNTY.

‘Niggar and Bush Cresks. 'Little.St.urgeon River. Indian River. )

Boar Creek. -Topinabee Creek. Keyes Creek. .

SturgeonRiver and Branches. P
27
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CLARE OOUNTY,

Wapiooo Biver nd Branches. Chippewa River and Bran- Min Brook.

ches,

CRAWFORD COUNTY,

Au Sable River and Branches

Stream eom tying - i
1 g - int;
Crooked ]gake -Tribu?
tary.

Sandstone Creek.

Ore Creel:,
Begole’s Oreelr.

Howland Cresk.
Bush Creel.

Dedd’s Creek.

Head Waters of Pine River.

Perry Creel.

Syeamore Creek.

Little Cedar Creek,
edar Crsel,
Big Cedar Creek,
ig Creeclr, .
Skidmore Cresl.

- Bilver Cresk.
Cedar Creek.

Arnold Creel.
Calvin Brook,

Tributary to Kalamazoo
River.

Portage Creek and Bry
Campbael? Creel,
almer Creels,

Big Portage Cresks.

Tributary to P
Hashe & ortage Creek.

EMMET COUNTY.

Horton’s Creelr, -

egomic Creel,
ear Creck.

EATON QOUNTY.

GENEBEE COUNDY.

Yellow Creol.

GLADWIN COUNTY.

Spring Creek.

GRAND TRAVERSE COUNTY.

Beitner's Creek.

HILLSDALE COUNTY,

INGHAM COUNTY,

ISABELLA, COUNTY.

Rattail Creel,
Stony Oresk.
ElI_ia Brook.
Chippewa Rijver.

10sCo COUNCL.‘Y.

Wilber Creels.
Sine Creek.

»

IONIA COUNTY.

Mill Brojk.
Clear Creek.

KALAMAZOO COUNTY.

Bear Creels,

Harria Creelk,

Comstock Creels,

Four Mile Creel,
unning Creek.

'I‘nl?utary to Kalamazoo
River, ™ -

Bilver Creelk,

GRATIOT QOUNTY.

Minnehaha Creck
Clear Creek, resk
Willard Cresl,

Cherry Cresk.

West, North and Main Bran-

ches of Sugar River.

l%al% Creek, :

- Branch Littie Salt ¢ .

8. Branch Little Salt C::gll;.
ne River and Headwaters.

Cold Creek.

v gpring Brook.

tony Brook,

Carle Creek.
Allerton Cresek.
Gul_] Creek,
Sprmg Creelz,
Pine Creek,
Augusta Creslk.
Spring Run,

Ra.pld River.

‘Bj}lﬁj_ké.r.dson Cresk.
“Dopp Creok.
Ball

Creels.
Butternut Creel.

Eilis Brool.

~Bull Creek.
: Duke Creek.

Atchinson’s Creel.
Cedar Creek,
Indian Creek.

'.-Kellogg Cresk.

. Pies Creek. .

Parneworth Creek,
-Howell Creck.
Little Manistee River.

8. Branch of Flint River.

Spring Brook.
Howell Creek.

Hatch’s Run.

Hateh’s Run.
Dun’s Creek.

N. S. and W. Branch of
Big Creek.

Dalzell Creek.

Beaver Dam Creck.

Brockway Creek.

Trib. to Chippewa River.

King Creek.

Buckhorn Creek.

Mitchell Creelk.

- Richie Creek.
Pierson Creek.

Duck Creelk.

Grsen Creeh. .

Crockery Creek and Tri-
bhutarie,

Coon Creek.

Moon Creek.

APPENDIX.

KALKASKA COUNTY.
Boardman River.
KENT COUNTY.

Sillway Creek.
Callender Creek.
Ball’s Creel.
Mill Creek.
Harold Creek.
Bear Creek.
Rathford Creek.
Cranston Creels.
Smith's Creek.
Balker Creek.
Clear Creok.
Crimion Cresk.
Duck Creek.
Cedar Springs.
Sand Creek,

LAKE COUNTY,
Ram Creek.

N. Branch Pere Marqustte.

Sanford Creek.
Sanborn Creek.

LAPEER OOUNTY.
Hunter's Creek.
LIVINGSTON COUNTY.
Dibble Cresk.

LENAWEE COUNTY,

MANISTEE COUNTY.
Chief Creek.
MASON COUNTY.

Swan Creek.
Clear Creek.

MECOSTA COUNTY,

Mack’s Cresk,
Parish Creek.

Cold Spring Creek.
Painer Creek.
Bingen Creek.
Cedar Creek. |
Foggy Creeok.
Brush Creek.

MONTCALM OCOUNTY.

Tamarae Creek.
Fish Creok.,

MUSKEGON COUNTY.

Bear Creek.

Buell Cresk.
Carlton Creek.
Bear Creek.

Clear Lake Greek.

211

Bear Creek.

Outlet to Sand Lake.

Big Cedar Creek.

Crockery Creek, South and
‘West Branches.

Simon’s Brook.

Rush Creek.

‘White Oresk.

Boys Creelk.

Spring Cresk.

Boyer Creek.

Rough River and Tributaries,

Walker Creok.

Kenyon Creek.

Turner Creel.

Sweetwater Creek.
King Creok.
Trib. to Little Manistee.

Kibble Creek.
Quinn Cresk.

Trib. to California Lalke.
Horner's Cresk.

Bull Cresl.

Muskegon River.

Quigley Creek, e
Headwaters of Pine River.
Chensy Creel,

Hudnut Creek.

Allen Spring Creek.
Hemmingway Creek,

Black Creek.
Filower Creek,
Green Creek,
Sanford Cresk.
Black Creek.
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Can ‘ WASHTENAW COUNTY.

MENOMINEE COUNTY.
- Mullets Creek.

¥ a ) : k'
Menominee River and Branches, Paint Croek. Bond Cree Tole’s Croelk,
M Maycon Creek. A
g ool Eh
' : : Spring Creek. ¢ '
Colbough Creelr, Robinson Creelr, Grass Mound Creek. ) ?&ﬂ%.BrfEOk' H‘c’,},tE Croek. Bull Creek.
Wilcox Creek, Four Mile Creek. Warner’s Creek, ul reg aok
Davis Creek. Irib. to White River, Brook'y Creek, Fellows Creok.

.West Branch of Pers Williams Creek.

Marquette River. Spring Creetk.
Burton Creelr. Cole Creals,
Bigelow Creel. 0dd Creek.
Martin Creok. Robbin’s Creels,
Wileox Creels. Bigelow Creslt,
Holmes Croek. Pennoyer Crepk.
Spring Creek.

OAKLAND COUNTY.

Stony Creek. Mill Creek, .
Paint Creek. Andrew’s Creek.

OCEANA COUNTY.

Wileox Creels.

Jermain Creels,
MeGill’s Cresls.
Farnum Queelr,

Flowsr Creek.
Crandali Creelt,
Russell’s Creek,
Judge Creek.,

OGEMAW COUNTY,

Prisner Creek. Kreb’s Creck.
arrington Creelk. Regan’s Creek,
Eddy Creek, Klocking Cioek.

OSCEOLA COUNTY,

Center Fork Middie Brich. Bull Kill Creek.
Codar Creel. Ranney Craek.

usey Creek. Cat Creelc.
Twin’s Creel. . W. Branch Clam River.

OTTAWA COUNTY.

Rio Grande Creek. Cedar Creek,
Crockery Creek, '

ROSCOMMON COUNTY.

North Branch Sugar River. West Branch Sugar River.

SAGINAW COUNTY.

" Alligon COreek, Works Creel.

BT. CLAIE COUNTY.

Tributary to Mill Creek,

. 8T, JOSEPH COUNTY,
Spring Creek.

SHIAWASSE COUNTY,

Three Mile Creek, - .
VAN BUREN commTy,
Head Waters Paw Payw River.
Loomiz Brook. Cold Brook.

West Branch Paw Paw River.
Butternut Creel,

Four Mile Creeslk,
Outlet to Bill's Creek.
Whitman Creek.
Cushman Croeek.
Dowling Creek,
Davis Creek,

Martin Creel.

Band Creek.

Minnie Creek.
Wright Cresk.
Pentwater River.

J c;hnson’s Creelr,
Kelley Crook.
Rouge Creek.

Crockery Creek.

Tole’s Creelk,

Turner's Creels,

N. Branch Chippowa River.

Kelley Creek,

Main Branch Sugar River.

Spring Brook., g
Boy's Spring Brook,
Bay's Croelk,

Sligo Creek.
Cole Creek.

WEXFORD COUNTY.

drew’s Cresk. )
%;lib. to Little Manisies

River.

Cedar Creel.
Urwick Croek.




LIST OF FISH COMMISSIONERS.

Tae Unreep StaTEs:

Col, Marshali MéDonald, Commissioner, Washington, D. C.
Capt. J. W. Collina, Assistant, in charge-,of Fishelgiea Division.
Richard Rathbun, Assistant in charge of Scientific Inquiry.
Col. John Gay, Inspector of Stations.
Alabama: ‘
Col. D. R. Hundley, Madison,
Hon. Chas. 8. G. Doster, Prattviile.
Arizona;
-J. J. Gosper, Prescott.
Richard ul’e, Tombstone.
J. I. Taggart; Business Manager, Yuma.
Arkansas:
H. H. Rottaken, President, Little Rock.
W. B, Worthen, Secretary, Little Rock.
J. ' W. Calloway, Little Rock.
(This State has never made an appropriation for fish culture.)
California: i :
Joseph Routier, Sacramento.
J.D. Harvey, Los Angelea.
(Commissioner T. J. Sherwood resigned March 15, 1888.)
Colorado: ' -
G. F. Whitehead, Denver.
Connecticut:
Dr. Wm. M. Hudson, Hartford.
Robert G. Pike, Middleton.
-(T %ﬁqes S‘% t3311]13,L},mm.
18 State has no official superintendent, most of i i
Henry J. Fenton, Poquonnoclljs.) . ' the hatehing being done by
Delaware: .
Charles Schubert, Odessa.
Cleorgia:
J. i Henderson, Atlanta.
(Superintendent, Dr, H. H. Cary, La,Grange.)
Illinois: Co
N. K. Fairbank, President, Chicago.
3. P. Bartlett, Quincy.
Geo. Breuning, Centralis.
]]é}udia%a:
noa B. Reed, Indianapolis.
. e

owa: :
E, D. Carlton, Spirit Lalke.
(Superintendent, Ole Bjorenson.)
Kansaa:
8. Fes, Wamego.
Kentucky:
- Wm. Griffith, President, Louisville.
. H. Darhy, Princeton.
John B. ‘Walkier, Madisonville.
Hon. C. J. Walton, Munfordville.
Hon. John A. Steele, Midway.
W. C. Price, Danville.
Hon. J. M. Chambers, Independence.
A. H. Goble, Catlettsburg.
J. H. Mallory, Bowling-Green.
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Maine:
. M. Stillwell, Bangor.
Honry O. Stanley, Dixfield. . )
B. W. Counce, Thomagton, Sea and Shore Fisheries.
Maryland: -
Dr. E. W. Humphries, Salisbury.
£3. W. Delawder, Qakland.
Massachusetis:
E. A, Brackett, Winchester. w
F. W. Putnam, Cambridge.
E. H. Lathrop, Springfield.
Michigan: -
Herschel Whitaker, Detroit.
Joel C. Parker, M. D., Grand Rapids,
Hoyt Post, Detroit. ]
Superintendent, Walter ). Marks, Paris.}

Secretary, Geo. D. Mussey, Detroit.}
{Treasurer, Wm. A. Butler, Jr,, Detroit.) .
Minnesota:

William Bird, Fairmount.
Niles Carpenter, Rushford.
Robt. Ormsby Sweeny, Duluth.
(Superintendent, 8. 8. Watkins, Willow Brook, St. Paul.)
Missouri:
H. M. Garlichs, Chairman, St. Joseph.
J. L. Smith, Jefferson City.
H. C. West, St. Louis. )
A. P. Campbell, Secretary, St. Joseph. .
(Superintendents: Philip Kopplin, Jr., St. Louis; Elias Cottrill, St. Joseph.)}
Nebraska:
William 1. May, Fremont.
R. R. Livingston, Plattsmouth.
B. E. B. Kennedy, Omaha.
(Superintendent, M. E. O'Brier, South Bend.)
Nevada:
W. M. Cary, Cargon City.
New Hampshire:
Geo. W. Riddle, Manchester.
Elliott B. Hodge, Plymouth.
»  John H. Kimball, Marlborough.
(Superintendent of Plymouth and Sunapee hatcheries, Com. B. B, Hodge.)
New Jorsoy: :
William Wright, Newark.
Frank M. Ward, Newton.
J. R. Elkinton, Pennsgroves,
New York:
. G. Blackford, President, New. York.
Gen. R. U, Sherman, New Hartford.
Wm. H, Bowman, Rochester.
A, 8, Joline, Tottenville.
Henry Burden, Troy, .
Secretary, I. P. Doyle, room 56, Fulton Bank Building, New York city.)
Superintendents: Frad Mather, Cold Spring Harbor; Monroe A. Green, Cale-
donia; James H. Marks, Bloomingdale; E. L. Marks, Fulton Chain; and E. F.
Boehm, Sacandage, Newton’s Corners, N. Y.)
(Shellfish Commisgion: E. G.-Blackford, Commissioner; J. W. Merserau, Oyster
" Protector, 80 Fulton Market, New York.) ! .
North Carolina:
Wm. J, Griffin, Chairman, Elizabeth City.
J. B. Watson, Engishard.
‘Wm., T. Caho. Bayboro.
Ohio:
C. V. Oshorn, President, Dayton.
A. C. Williams, Secretary, Chagrin Falls.
d. C. Hofer, Bellaire.
John H. Law, Cincinnati.
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Ohio—Continued.:
Hon. Emory D). Potter, Toledo.
‘(Superintendent, Henry Douglags, Sandusky.}
Chief Warden, L. K. Buntau, Dayton.} .
Oregon:
F. C. Reed, President, Clackamas.
E. P. Thompson, Portland.
R. E. Campbell, Renier.
Pennaylvania: T ‘
Henry C. Ford, President, 524 Walnu$ street Philadelphia.
James B. Long, Corresponding Secretary, 75 Fifth avenue, Pittsburgh.
H. C: Demuth, Secretary of Board, Lancagter. .
8. B. Stillwell, Scranton.
I8 A. 8. Dickson, Meadville.
I o Treasurer, W. L. Powell, Harrisburg.
1 . (SBuperintendents: John P. Creveling, Allentown; William Buller, Corry.)
Rhode Island: S .
John'H. Barden, President, Rockland.
Henry T. Root, Treasurer, Providence.
Wm. P, Morton, Secretary, Johnston.
South Carolina:
Hon. A. P, Butler, Columbia._
Tennessen:
W. W. McDowell, Memphis.
H. . Sneed, Chattanooga.
Edward I Hiclks, Nashville.
Utah:
A, Milton Musser, Salt Lake City,
Vermont:
Herbert Brainard, St. Albans.
F. H. Atherton, Waterbury.
Virginia: .
Dr. 3. T. Wilkins, Bridgetown,
West Virginia:
C. S. White, President, Remney.
F. J. Bazter, Treagurer, Sutton.
James H. Miller, Secretary, Hinton.
Wisconein:
* The Governor, ex-officio.
Philo Dunning, President, Madison.
C. I., Vallentine, Secretary and Treasurer, Janesville.
Mark Douglas, Melrose. - .
A. V. H. Qarpenter, Milwaukee.
Calvert Spensley, Mineral Point.
E. 8. Miner, Sturgeon Bay.
{(Superintendent, Jas. Novin, Madison.)
" Wyoming Territory:
Louis Miller, Laramie.
. DoMmiior oF Canapa:
Hon. John Tilton, Deputy Minister of Fisheries, Ottawa.
g:nspectors of Figheries for the Pominion of Canada, 1888: .A. C. Bertram, North
ydney, C. B., N. 8, W. H. Venning, $t. John, N. B.; Wm. Wakeman, Gaspe
Basin, P. Q.; J. H, Duvar, Alberton, P. E. T; Thomas Mowat, New Westminster,
"B. C.] Alex. McQueen, Winnipeg, Man,)”
(Officers in charge of the Fish Breeding Establishmenta: S. Wilmot, Superintend-
ent of Fishoulture, Newcastle, Ont.; Chas. Wilmot officer in charge, Newcastle
hatchery, Ont.; Wm., Parker, Sandwich, Ont.; L. N. Cattellier, (fadoussac, Q.;
Philip Vibert, Gaepe, Q.; A. H. Moore, Magog, Q.; Alex. Mowat, Ristigonche,
Matapedia, P. Q.; A. B, Wilmot, Bedford, N. 8.: C. A, Farquharson, Sydney, N.
3.; Isnac Sheasgreen, Miramichi, N. B.; Charles MoCluskey, St. John River, Grand
Falls, N. B.; Henry Clark, Dunk River, P. E. I; Thos. Mowat, B. C. hatchery,
New Westminster, B. C.

4 ' ‘ ;




