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ducts of Cuvier to the auriele, but the space, in a later stage, is seen to be
provided with definite walls and is known as the sinus venosus.

By the time stage F i$ reached some changes have taken place in the cir-
culation.. A diagram of the principal vessels at this stage is shown in Fig.
-62. Four aortic arches (2o to ac') are now present on each side of the
pharynz, ingtead of one. One of these lies in each of the gill arches and
they are separated from ome another by the gill slits. They lie at the
sides 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 .passes backward into the dorsal aorte, and so-

arcund throu%-h the caudal artery and vein into the posterior cardinal .

-veins and vitelline veins, as in the preceding stage.  Some of the hlood
passes forward through the carotid arteries {ort.) to the head and is
returned through the anterior cardinals (crd. a. r., crd a. 1L). 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. r and d. euv. 1.}
with & 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 be 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 appeer on the thirteenth day and have since become
more numerous. The advances in the cireulation between stage B and.
stage F consist then in the formation of the aditional sortic arches, of the
anterior and posterior cardinal veins, the hepatic vein, the sinus venogus.
-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. Each 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 & 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 tubes
through the yolk from below, it may be seen in favorable cases that at ita
anterior end each tube turns in toward the middle line of the body and is
there lost. High powers also show that at the anterior ends of the tubes
their cells are provided with' cilia which cause & stresm of fluid o flow
through the tubes. These anterior ciliated portions of the tubes form the
head kidney of the embryo fish, the pronephros. It is likely thai 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 eilia in the tubes, The finid is
thus carried back and expelled at the externsl opening of the segmental
duets. 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 fiuid in the body 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 85° F. the fish hatch rapidly. The rupture of the
membranes seems fo be brought about by the attempts of the embryo to
straighten the body and tai% In this way the tail is brought violently
agoinst the membranes and finally ruptures them 80 _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. Tt 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
hottom fora Jong 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 the water then caused them to swarm up ingtantly 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 bas been stated, the age

of the fish at the time of hatching 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. Tt is probable that the batching may be

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

The oldest embryo that the writer has observed 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 closely to
the adult condition with regard to most of its organs, and it may be taken
as the type of a stage whicE may be described as

STAGE G,

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,
8o 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
glohule 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 that 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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finfolds, 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 ifs 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 eye. .

. The nolochord appears in the figures only at its posterior end, where
itg 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 thie 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 15 shown at p. . in Fig. 63, and the
second is shown at & pet. in Figs. 63 and 64. The second is the rudiment
of the pectoral arch which supports the pectoral fin and gives attachment
to the muscles which move it. I}'i’usl.ch of the cartilages of the pectoral a.i%b
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 pectorel fin and others to the gill
arches, to the hyoid arches and to the lower jaw. These have been omit-
ted from thée figure in order not to reuder it too complicated. The embryo
now moves by darting rapidly here and there. Its earlier movements were
bendings of t%e entire body from ita head to the tip of its tail and resem-
bled the movements of a tadpole. This resemblance is so great that a
pergon unaccustomed to the embryo fish speaks of them &t once as tadpoles
and is only convinced of his error when he has seen them under the
microgeope. 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 use which
the embryo now makes of its pectoral fing, 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 hag disappeared. This, in the embryos
observed, was on the twenty-eigth day. On the same day there are seen
movements of the lower jaw, gasping movements, as though the embryo
were begininng to breathe by drawing water in through themouth, 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 inerease in the
size of the cerebrum. A comparison of Figs. 56, 63 and 64 cbr., shows this
increase. :

In the eye the intensely 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 are due to &
coat that has been since added to 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. Heare 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-cireular canalshave 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 a 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 fioor of the mouth have also
extended forward. In Fig 63, the lower jaw does not yet extend forward
«quite so far ag the upper, but in Fig. 64, the lower jaw has passed beyond
the upper and the appearance is that of the adult fish. In both jaws teeth
have appesred. The points appear first and lie embedded in the jaw as
shown in Fig 63. Xach causes the tissue above it to project as a conical
elavation, 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 (IFig. 64, th.) are much more
numerous and Ele front ones have grown much larger. They are conical
and curved so that the tip of each tooth points toward the throat. The
base 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 ite 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.).

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

" to be supported by its branchial cartilage. In IPig. 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. f., where they appear ag 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. Just back of the eye there iz seen projecting backward into the
pharyngeal cavity (at Fig. 63, h. gl. £.) a lobed body. In Fig. 64, this is seen
to ha.vegbecome much larger and each of its two prongs is provided with
lateral branches. These are the gills produced in connection 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 Dblood, 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 liver is much larger than in the preceding stage, and its division
into lobules is more evident. With & high power it is easy to observe the
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blood circulating through the liver. It passes by way of numerons small
vessels which everywhere divide and unite with another, so that the liver
looks as full of them as a sponge is full of holes. In TFig. 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. 68 st. where the inner surface is also seen to be thrown
up into folds (fid.). This enlarged portion of the canal is 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 giver 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 constriction (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 a8 before at a notch in the ventral fin fold. Across this, the anal
opening, is seen a band of muscle fibres, forming the sphineter muscle
by which the opening is kept closed (Fig. 64, mu.). The portion of the
alimentary 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
wsophagus, 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 ahead of them, toward the anus, 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 figsh ag & hollow outgrowth 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. %’Eﬂ 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 hatehed they do not take food, as the testh are
not then well developed, nor arethe 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
a8 if in search of food. As this had not yet been provided for them they
began eating one another. Tish do notchew theirfood, their teeth serving
only to catch and hold it while it is being swallowed. The food is thare-
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
only the head is 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 shalking 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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‘wheré 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 cyclops predominating, are thus
-obtained and these are eagerly eaten 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 little 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
himself 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 mot the
‘morsel is living and should be seized. Just what living animal is the food
-of the embryo of the wall-eyed pike is mnot known. That it could live
indefinitely, on small crustacea, as many other fish embryos do, there is no
doubt; but that it does so has not been shown. It seems likely to the
writér 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
.?ﬁnight fﬁ)ffer a tempting bait to the somewhat older pike, should they chance

0 meet.

The heart has heen 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, (vlv.) which serve to prevemt blood that has once
teached the ventricle from returming 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 a 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
-get through it by pushing, but once through, push as you may, you can
mnot get back again. You must then pull, as an examination of the label
-on the door will tell you. 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
atage difficult to observe, may now be seen to be continuous with the.
auricular end of the heart. It is a large sac with thinner walls than those
.of the suricle 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 hasnow

-changed. In the preceding stage the ventricle lay anterior to or in front-of

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 carried 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 lie, 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 brought about by the reduction in size and final
absorption of the yolk and oil globule. In the earlier stage the pres-
ence of theso large bodies crowds the heart to the left and upward. But
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 t0 the weight of the heart, which merely
falls into position when there is room for 1. 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 since 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 eardinal veins. But all the blood from the
caudal 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 ifs postéTior end on the twenty-seventh day, at a time whén
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
vein 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 to the
starting point. Hach of these capillary loops is connected at one of its
ends with the aortic arch coming from the heart. These arches do not now
communicate with the dorsal aorta but each sends all its blood into the
capillary loops. The blood having traversed the loops and reached their
opposite ends is taken up into another vessel which runs parallel to the.
gortic arch and is known as a branchial 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 arch and the blood passes from ome to the other of these vessels by
way of the loops tin the brenchial 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 veéssels both veins and arteries have now been.
formed, but these are all offshoots of the main trunks already described.
They are difficult to follow with certainty and, leaving them aside, the
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circulation has assumed so nearly the adult condition that it does not
require further deseription.

In the excrefory system it may be seen that the segmental ducts have
united to form & common tube which has 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 canal. This common tube

has & spindle shaped dilation {u. bld.) just back of the vertical portion
of the integtine. It 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 nob
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 stages 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 a ridge. The medullory groove is
. oblitefated.

Solid optic and auditory 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 tail forms

a 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 epiblast.

The otoliths are formed.

There are about forty-five mesoblastic somites.

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

Stage F': The yolk is reduced to one-half ita 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 aye is black and the choroid slit is closed.

The semi-circular canals are established.

The }:;'ggll slits and gill arches are established and the operculum is

gua. ]
The mouth and anus are formed.
%ﬁe ]Iiver is establighed.
o heart is divided into auricle, ventricle and truncus arte
Staggo(g : The adult form is assumed and there is pigment over fl:(]::)lfésui‘vrlilole
¥.

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 vigorouasly.

Teeth and tongue are formed and the embryo feads.

Stor_nach'and intestine are separated by a constriction.

Peristaltic 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.

o

PART IV.

Study of sections of stages A to F to show the kistory of the germ luyers.

In order to gain a knowledge of the fundamental :
ildi ‘ that result in
the building up of the body of the adult fish processes ths |
through some of the ea.rliell-r stages. e b study thm Boctions

STAGE A.

A section passing lengthwise through the smbryonic ares of thi i
shown'in Fig. 29, PL IV, and a Small%art of the g;;bryonic'areghlgrgggfﬁg
same section is shownmore highly magnified at 29°, The embryonic area lies
close against the yolk from whick it is separated by the parablast only, Ttis
made. up of two layers of cells, the external epiblast, (epb.) and the primary
gﬂ%ﬁnﬂl;ilt‘;?l ]:gpoﬁlafgl (hp). T]lle epiblast is made of an external layer of

cells, the covering layer, an
the Jower or sensorir layer of th% ep%blast. d & deepor 1§yer of regular cslls,

| STAGE C.

. A transverse section through the middle part of an embryo of thi
is shown in Flpg. 65, P1. X. %‘he section passes in the diregion of ];hsestl?gg
marked Fig. 65, in Fig. 34, P1. V. The epiblast is thicker than in the pre-
ceding stage and ia thickest in the middle, where it forms a keel-like ridee
%Jrecteq] 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. Itis evident that the increase in thickness is due to
an increase in the number of cells in the sensory layer. In the section the
nuclei of some of these cellsare seen intheactof dividing, and the division of
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the cells follows that of their nuclei. The parablast (prb.) lies beneath the
embryo, covering the yolk and shows three of its characteristic, enormous
nuclei. The cells of the primary hypoblast have arranged themselves so as to
form three distinet 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 distinguish it from the
primary hypoblast is known as the secondary hypoblast (h. se.} or simply
.ag the hypoblast. Between the secondary hypoblast and the keel-like
projection of the epiblagt 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 keel, 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 not 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. 76. Cell
structure 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 ashallow
groove into which the embryo fits. The yolk is further covered closely by
the parablast (prb.), 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 isrepresented here as a 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 a little way back of the
anterior end of the embryo and ite 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 hypoblast.  The epiblast has formed & keel-like thickening along
the middle line, while the primary hypoblast has divided into secondary
‘hypoblast, megoblast 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. It is made use of by histologists in classify-
ing the tissues of all animals and is a guiding principle 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 {rom
each of the. germ layers. : . :

18
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1. From the epiblast is derived:

@. The epidermis which is the external coveri
« | ering of the body. -
b. The entire central nervous system (comprisingg the brain gnd spinal
cord) and probably the entire peripheral nervous system {com
Tlli)nsmg all 1ihe nerves of the body). . )
€. Lhe essential parts of all the sense organs, that is of th
tory organ, organs of taste and organgs of the lateral lineet.aar. offec-

d. The cells lining the posterio i
aopcells lining th g'ill)l stor r end of the alimentary canal and the

2. From the hypoblast is derived.:

a. The cells which line the alimentar i i
] y canal, forming the epitheli
of its mucons layer (e t 1 i . nds
b Tﬁf e ints).y {except its posterior end and the outer enda
. Lhe essential parts of the appendages of the ali )
liver, the air bladder and thI; pylogric coecaf.3 whimentery canal the

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

The notochord is the center about which th
_ cent: e vertebral col
bone is formed, Investigations @0 not agree as to what clgegcrﬁlesorofbiﬁk
pa.fblast. .T]:‘lb',&s pcufnt will be referred to later. : : °
1 examinetion of sections of later stages shows i h
the germ layers give rise to the organs degived frdrsnl?t what way each of

STAGE D.

Fig. 66 represents a section throu 1 i
hrough the middle of th : i
?llilr sgﬁ;y% fof; hthGI" stage sllilo&v% in Fig. 41, Pl. V. T]:Lee s(t)algﬁgnvie:ni}}fst}gg
C e line marked Fig. 66, in Fig. 41, and is so h iqui
fﬁ?gﬁlggh tﬁ:-:ﬁg}flt theb nghtﬂc;ptic vesicle a little further baclllin?sflvmf tito 1;)];%:;;
r étt. Uver the upper surface in the section i
epiblast (epb.) with its two la i ower suttaco o
iwo layers of cells, Over the I i
:?:};o&r; Elfdg?r?blast vglhlch Thre]i)resented ag darker than tﬁ:;glliugsggv 111?
_ e line underneath the external epiblast is :
tion of cells (twb.) in the center of which {1 TR AL
the long axis of the oval. This struct::jlvr Tipn in the sostonbice oceupying
L . @ lips in the position oceupied in th
preceding stage by the epiblastic kesl. Secti fi p i fagos show
that it is In fact this keel, which has in 10?15'0 e ey e show
the external epiblast and "ac uired a mci‘eaflse g i el from
ig the rudiment of the centra nervouﬁlcgn fom aml tho sonim e thus formed
r t yatem and the sectio:
nggblr):ir];s gfem;giuc]:hwe ha::_e call;d 1the forebrain. At ?hlfa&?iﬁlsezhgf 11%191
! N the sections of the optic cups; but th i
these with the forebrain lies in front of 55 cction ot o
s ) the plane of secti di
shown. The great thickening of the laj.lte OI llpf )i shomm
] the cup (rtn.), is sh
and the thinness of the medial wall (1"!:11;8r D). The puaking i of e
; dial . p.}. Thé push
i?fii;l' Jgaél}:lleagl?gis];n ’ihe n_:eld.lq.l is 3.150 tggeﬂ and the positIi)on (])JfJ %h:sn slci)if;-l?.k}?g
‘ al vegicle ig indica 8 heavy line betw h
walls, Over the cup on the left side of thg fi t ol i
| ‘ re the ext i
seen to be thickened and depressed to form gt-ie ‘lenz e;ideirrl;g}ltt.apﬂ())l;a 1:thlg
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right the section passes a little behind the middle of the lens rudiment.
A%ove 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, and along the line marked Fig. 67, in that figure.

The external epiblast and the parablast appear as before, but ss the
section ig 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 is 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 nerves which are
growing out from the hindbrain to connect it with adjoining parts.

Underneath the neural tube is the gection 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 appear-
ance as though its edges had been folded under. It is seen to pass across the
middle line vuderneath the notochord aud neural 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 is 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 &
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 & 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
system 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 cavity of the adult fish. By this
cavity each of the lateral plates is divided into two layers of cells. One
liss 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 is ¢
‘the splanchnic layer of the mesoblast (sgf ), the two ﬂyerﬁ are alsg Sﬁﬂg}
‘times called somatopleure and splanchnopleure.
. On_the lower surface of both sections is seen the parablast, which
is a 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
yot been folded under to make the alimentary canal. But in Fig.
68, 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 a tube which when complete, is the alimen-
tary canal. Thus the folding of the hypoblast to form the alimentary
<anal 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 & tube.
Fig. 70, represents & section through the caudal plate of an embryo 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
idlﬁers 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 exhibifed 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 t}}e_sudes' of the nervous mass are the masses of mesoblast cells (mes.)
‘not divided into protovertebrae lateral plates and showing no trace of a
lbody ,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
-cavity thus enclosed (k. v. ) is bounded below by the parablast and is the pos-
‘terior end of the cavity of the alimentary canal. In some bony fishes this
-cavity presents certain peculiarities and is usually described under the
t,nainie c{:_'f If(ujl)l_ﬁ“ez’s- vesicle.
ost of the facts shown in Figs. 66 and 70 are shown again in the per-
fﬂpeC‘blVe diagram, Fig. 76, which like Fig. 75, shows a.bout-gone quartelge;f
the yolk with those parts of the embryo that lie npon 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 expose
“the underlying structures. 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 embzyo. Underneath this nervous tube is seen the cylindrical noto-
'E}}:gr}c} y(p cgl‘t;l)aa{? (1?1 the )preiqdlllng s}i;age. f[{alderneath the notochord ig seen
; gt (h. se.), which 18 being folded u i
-th% middle line };co form the alimentar% canaf p toward the motochord In
coupying the remaining space betwoen epiblast, nervou
hypoblast and Parablast on each side is the nﬁasoblast,’ vsrhicz',hEL istll gfﬁaﬁg
‘into mesoblastic somites (of which three are shown) and lateral plates.
The mesoblastic somites (ms.s0.) are seen to be tectangular blocks which
lie in a row at the side of the neural tube. They are gharply separated
from one another and from surrounding structures by well marked clefts.
Lying under the somites but extending further outward are the lateral

" APPENDIX. ' 141

. plates of mesoblast. Hach of them contains a part of the body cavity

(coel.), and each is therefore a ssc. The somatic wall of. the sac 13 in
contact with the epiblast and protovertebrae; its splanchnic wall i 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 are
continuous sacs with continuous walls, not being broken into parts as is.
the mesoblast that forms the mesoblastic somites.

STAGE L.

Fig. 71 represents a section through the optic vesicle of an embryo of
this stage (ften 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. Its cavity is
broadened and its toof 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-
lar. 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 stege 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 50 as to enclose a space. This is a part of the cavity of the
carotid artery of which the mesenchyme cells thus form the wall.
Beneath the wsophogus is seen & large space (pe.) with walls composed of
much fattened cells. It is the pericardial cavity whose cavities, two in
the preceding stage, have enlarged greatly and united with each other.

Fig. 72 represents a section through the reigon of the auditory vesicles.
Tt is taken from an embryo of the age shown in Fig. 46 and a little
younger than that shown in Fig. 47. It passes along the line marked Fig,
72, in Figs. 46 and 47. The epiblast is unchanged. The neural tube is herd
the medulla oblongata and is remarkable for the thinness of its geof. 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, vo'. 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 golid thickenings of the sensory layer of the epiblast. They have now
separated from the epiblast and acquired a central cavity. Their history
i thus similar to that of the neural tube. The notochord appears below
the medulls. ’ ‘
Below this is seen the hypoblest. A eomparison with Fig. 67 which
Passes through sbout the same region in stage I shows that this bhypo-
blastic pharyngeal tube, which in that stage was incomplete and open
below, is now closed, .80 _that there are two layers of hypoblast under the
notochord, in the middle line s well as at the sides. At its sides the
pharyngeal tube is seen to reach upward toward the external epiblast at
{g ss.1.}) These protrusions of the pharyngal wall are also shown, in Fig.
67 of the preceding stage. Sections a litﬁe in front of that shown in
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 thatthere
are several such protrusions instead of a single one and that each of them
18 in fact & pocket-like out-pushing of the hypoblast. These pockets are the
inner ends of the gill slits shown at the sides of the neck st a later stage,
+in Fig. 54. Opposite each of these hypoblastic pockets ia seen a pocket
like in-growth of the sensory layer of the epiblast (g. 5. epb.). The covering
layer does not follow the sensory layer in this invagination, but stretches
across the month -of the pocket and closes it. The epiblastic pocket is the
outer end of a gill slit. The botioms of the two pockets are in contact and
1t is only necessary that these/b/ottoms shou]d disappear in order to transform
each pair of pockets into a 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 slita are ulti-
mately formed. A few mesenchyme cells are seen in the gsection, filling in the
space between the structures’ mentioned, but the blood vessels have not
been represented. Underneath upon the yolk-iz the parablast {prh.)
Wl%h 1ts71§ugle1. '
- Fig. Shows -8 section a little further back than the preceding an.
along the line marked Fig. 73 in Fig. 47. The epiblast is mlzchange . IIC}
the middle dorsal line it is extended upward to form a wed e-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 11} and bent
inward so as to form a shallow pit, the mouth of which is closed by the cover-
ing layer of epiblast. Thia pit-like depression resembles closely t}};e olfactory
pit shown in some of the figures of the living embryo. It is one of a line of
aimilar 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 scales
that are peculiar in form and coloring. Each of the pits is the rudiment 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 it, are seen the mesoblastic somites, as in the preceding stage
and beneath it is the notochord. 'The notochord now contains numerous
fluid-filled spaces 50 that the cell material which appeared uninterrupted
in the previous stage is reduced tonere 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 geen in the living
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embryo. Beneath the notochord is the section of the dorsal aorta and
beneath this the section of the alimentary canal, at this point the intes-
tine (ing.). 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 infestine itself. These three tubes may be traced in
successive sections until they are found opening into the intestine. In
some sections they are more numercus than in this one and may be traced
into one another. 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 outgrowth 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
extending far outward are seen the body eavities. 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
a.r?];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. 74, in Fig. 47. The epiblast is 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, is 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 cau-
dal artery (ao. d.)} and beneath this the seetion of the caudal vein. At the
gides are the mesoblastic somites (ms. so.), extending further in a doreo-
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 occupy more nearly a vertical direction than in the preceding section.
Beneath the caudal 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 Wolflian or segmental ducts, as
in the preceding section. A few mesenchyme cells fill the spaces between
the other structurea.

Fig. 77, is apergpective diagram of an embryo of about this stage. Itis
from a region Just anterior to where the tail joins the yolk sac. The mass
of yolk (yk.) is therefore small. The epiblaat is represented as cut away
over a part of the side that is turned toward the observer. The neural tube
{sp.c.), here the spinal 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 concave.
Each shows the beginning of its separation into dorsal and ventral parts.
The notochord, (ch.) lies, as before, beneath the neural tube in the form of
a longitudinal rod. Beneath it is the intestine (ins.) which has, by the
folding of the hypoblast layer, now been formed into 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.

At the sides of the intestines are the two body cavities (coel.). HEach 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:
in Pig. 76, have been permitted to sink downward so that the largest.
diameter of the sacs is now vertical instead of horizonta] 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 epiblast and

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

splanchnic walls are in contact with the intestine and yolk.

Above the body cavities, at the sides of the notochord are two fubes.
which were not present in the preceding stage. These are the Segmental.
duets. The writer has not traced their origin in the wall-syed pike and it.
is not shown in the figures of actual sections. In the diagrams it is rep-

- resented as being formed in the manner described by investigators.
The beginning of the process is shown in Fig. 76, where, at the point where
the somatic layer of mesoblast passes into the splanchnic, there is seen to
be afold, (w. d.). This fold is such a one ag may be made in a sheet of paper
by placing a peneil along theé middle of it and then folding the two halves
og 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
ori%inal position before meetin, , there will be formed & cylindrical tube,
with a slit-like opening on ons side of it and with its walls continuous.

in Fig. 76, w. d. In Fig. 77, the edges of the slits have come togsther so as:
to close the tubes and the fbes have separated from the body cavity sacs.

At their front ends the}}!g; not separate from the walls of the  body
cavity but remain connected with ‘them, so that the cavities of the tuhes
are in communication with the body cavities, This communication of each
segmental duct with the body cavity at its anterior end becomes drawn out
into a tube of considerable length, which passes from the anferior end of:
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 funnel like ending i3 the first formed tube of the prousphros or
head kidney in the Waﬁ-eyed pike. For a long time it is the only
Ppronephric - tubule, but whother others are afterward added to it the
writer does not know. At their back ends the segmental ducls open to
the exterior but neither of the ends appears in the diagram,

The mesenchyme cells are now seen closely surrounding the neura) 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 a portion of the body of & much later
embryo; only the Important organs are represented. Most of the struet-
ures remain as in Fig 77 and do mnot 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 one another for a time by only a thin bartition and this
partition was double, being made up of a layer derived from each of ihe
two body cavities. It strotched in a vertics plane from the lower middie
line of the intestine to the opposite wall of the body cavity in the positiom
of the dotted line m. v. in the diagram. By the time the stage repre-
sented in the diagram, Fig. 78, is reac ed, this partition, which ig 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
A mﬁch? gocg;he;éva%crl‘ W?[‘Illlzla %ody caw?ities also approach one agot]ﬁg
slmply};:o int ting and are there separated from one another by a thiln dO(:lr ble
abov_?_t s ?lsar to the one below the intestine. This partition, the C rsal
b 1’? o E‘,lmersis‘(:s throughout the life of the animal and, as -sho‘wnl mla.ne
Euesgg eiri?r ’seﬁ'ves to suspend the intes_tine and passes in a %?gfihepven_
ﬁ%um its middle dorsal line to the opposite wall of ﬂge bog:ly;; Whon the ven-
tral mesentery has disappeared, the dorsal mesentery is sp

; i 1 ose it, emall
" mesentery. Between the two sheets of tissue which comp

i i i ke the
i 10 dorsal aorta to the intestine and the veins ta
_arteneslll)%? iﬁ%frﬁ?fngoblood from the infestine to the thtr. bove and
sarﬁe cghe game process of extension of the bodyf cav1h ybg.do erin
bel 5\; the intestine, the splanchnic layer (spl.} of each t]::‘lre avity
o to be wrapfaed about the intestine, and forms mh1 o
%oilueiheo gerous coat of the alimentary canal. This w_ot_f},-1 e g:
ofS the body cavity together with the little mesenchyme tissue P
it is no ritoneum. o
pozta ith{las ?:smlling? Eulhizeﬂ::%a?le es we have the two prlgina}illyfsﬁpar?nte
bod; cavity sacs united, and %eir walls converted into the following

Strimilrs?r:natié or parieta]l layer of peritoheal cells, which lines the body

i i t the body wall. '
ca‘élt{kOéi)fal?lfcﬁzgzldc?rn\%xscerai laygr of peritoneal cells which covers the

ingestinreugggiig& which suspends the alihmentary canal and connects the
i i 1 sheets with cne another.
p&%ﬁiajl—.uf;gn‘;f;i: cells {msch. } are now more densely packed aggr;dtg:
ural tube and notochord. Some of ther.n have 'beel? re%r_(iient 68
ffle ing a rod (rb.) which rums out at the side and is the ru (11 ont of &
?gm Tghis mesenchyme tissue becomes ultimately transfo%le fo bone
glci forms the vertebrz or joints of the baqk~bc)1ne. fhzsé A gryo e
metamorphosis of the three Originalljé separate c%i;[: i{?ge;:éential o o
] 1 dult condition, so ar 85 con ‘
:ti%i%ﬁ:e.mtgttiluz; be described é.S é:onglstmg 1lE)f la hclllc));sa&l ;Gul?oeé ;hcea vlils;riai
in & bony canal and of a ventra s } \
?I?iec‘heinscégiﬁgség a thirdy tube, the Elimtilllz:mry czis.ntal.}é i&lisizggf;gng ]J;c;(li, ;:1113
between the neura © &N '
Eggc;chcc:;ch;}m SSugh‘sz description is equally true for every backboned

animal.

PART V.
The development of the organs.

ike has been
es the development of the wall-eyed pike

foﬁgwgahaf)yp?c:eg%s and in the principal stages t_a;th szlz'a%:m?nléﬁiet;e?)%
described, as it appears in the living embryo and 15 i 1[}3) jseen, In serles of
ections. This method of dealing with the subjec enah_ e reader fo
, ake use of the account in studying the embryo for u;uste s e
E:llethod takes up the developngénj: off efcﬁls(;;%ig gg%ggatc ;§5§5:red o, part
gf&é?in?;eézg?:’? E.nc:)fthi}:‘? Tr]i]éningthod takes 10 account of the changes

19




‘146 NINTH REPORT—STATE FISHERIES.

‘that take place between the stages described. In order to make the
account of the development of each orgen 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
epiblasgt 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 epiblaat.

When the gastrulation is completed and the blastopore 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 phe surface continues to form the external covering
of the animal in adult life. It becomes gradually thicker by the multipli-
cation of its cells; glands are developed in it and it forms the opidermal
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 & broad
linear opacity running lengthwise of the embryonic area and sections (Fig.
656) 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 gra nally
NLTTOWB _behind. Soou its outlines become rounded and it begins to
separate itself from the rest of the epiblast. It thus becomes converted
mto a solid rod of cells flattened slightly from side toside. The separation
of the rod from the external epiblast begins at the anterior end and travels
gradually backward, but it is only at a comparatively late stage that the
rudimentary nervous system is entirely separated from the epiblast
posteriorly. By the end of the fifth "day the separation is complete in
front and there has a%pea.red 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 asa vertical slit, the whole rod
thusbecomes eventually 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 spinal 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 a narrow slit through them all. We
may follow separately the transformations of each of these parts of the
brain,

Before the keel-like thickening of the sensory layer is separated
from the remaining epiblagt, 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 ofa T. Soon after, by the increasein length
of the embryoc and the consequent pushing forward of the end of the -
neural tube, these extensions of the forebrain become pressed back against
its sides (Hig. 34 2) 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. 38, (5
days). These solid musses 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 becomes 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. 683,
and 64, pn., it is seen lying in the notch which separates the cerebrum and
‘tweenbrain. If 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 embryc 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 front it narrows to join the 'tween-
brain and overlies the infundibulum, which in views from above is seen
through it. It does not undergo any further considerabie changes up to
the forty-fifth day. -The hindbrain also broadens at its anterior end, bein
on the severth day much broader than the midbrain, and on the nint
still a little broader. Itgradually narrows and passes into the cord behind.
Its roof becomes very thin, as 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 cersbellum.
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 cerebellum and medulla oblongata. .
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~ The originally uniform cavity of the neural tube has been divided by thesé
chinges into the spaces thai{ have been already described, as the lateral
ventricle, the third ventricle, the agueduct 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 a subject about
which but little is to be made out in the living specimen and its 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 already made to Fig. 67. :

The Eye—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 passageway 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 sixth day and becomes
depressed to form the Iens. It thus, according to the usual view,
presses upon the lateral wall of the vesicle and causes it to
become concave. In other words the optic vesicle has now become
the optic cup. The lateral or retinal wall of the vesicle is on
the inside 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 of the lens,
as well as the growth of the inner wall of the cup, causes the cup to become
continually deeper, until, on the ninth day, it is a flattened sphere with &
large cavity almost filled by the lens (Figs. 44, 44*, 46, 46*). The walls of
the cup are not continuous, being interrupted on the lower side by a trian-
gular noteh 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 is depos-
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 light line here. As soon as sufficient pigment
appears outside the optic cup, this line must be covered and obliterated; so
that 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 dasy 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 retina is now doubtless formed

‘the choroid coat, or, if the argentea be reckoned a part of the choreid, 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 2 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,
.88 in other animals, from the mesoblast about the optic cup. The mesoblast
cells here form between themselves numerous 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 transparent, 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 retina, the optic nerve (formed from the
optic stalk) and the lens. These are the essential 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, which envelop and protect

the parts of epiblastic origin. The inner one is vascular and contains the
metallic colors. Tt 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 aze no

seyelids and no glands. -

The ear:—In man the ear consista of three parts known as 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 as 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 there 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 recogmized as sounds,

In the transparent embryo fish the development of this internal ear is
readily studied, until it has reached nearly its adult condition. Like the
-0btic vesicle and neural tube, it beging as a thickening of the sensory layer of
the epiblast, beneath which it lies as a solid bean-shaped mass of cells. This
mags soon 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 deseription of the folds is difficult to understand without a
model. In the lateral surface of the vegicle 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
gtart 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 are directed toward the nedial wall. They are not trangverse
‘but one is directed slightly forward and the other glightly backward. We
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may call them the anterior extension of the lateral wall (Figs. 55° and 55,
a. 1) and the posterior extension of the lateral wall (p. I). The third
extension arising from the depression of the lateral wall, is 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
so 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 ag 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 canals of the adult ear. Ss. c. ig the anterior vertical
canal, ss. ¢* the posterior vertieal canal and ss. ¢® the horizontal canal in "Fig,
56, The three canals tl{:; lie in three planes .at right angles to one
another and in the three directions of space, and are usually stated to be
the organs of equilibrium. 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 if, is known as the membranous labyrinth in the adalt 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
. then incresse of size. It is formed, as are the other special sense organs,
. trom the gensory 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 hes not studied them carefully. In the -

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

Organs dertved 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 few 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. At
the end of the fifth day, when there are ten or a dozen pairs of somites
present, each is seen to be marked 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 muscles which
méve the pectoral fin are probably formed as outgrowths from the meso-
blastic somites, and those which move the jaws and gill arches are believed
to be formed from the mesoblast in those regions. The writer has not
made observations on this point. ) K

b. The Periloneuwm:—After the separation of the mesoblastic somites,
the remainder of the mesoblast forms the lateral plates. These split, by
the formation in them of the body cavity, into somatic and splanchnic
layers. Their metamorphosis into the various parts of the peritoneal epi-
thelium has been already traced. Lo

¢. The Excrefory System:—In the embryo the excretory system is the
pronephros or head 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 figshes 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 at its anterior end
but remains there conmnected with it by a fuunel-shaped opening. The
portion connecting the funnel to the remainder of the duct becomes
enlarged, and forms a tube lying at right angles to the segmentel duct.
The fluid in the body cavity is thus able to pass in at this
funnel and so out at the posterior end of the segmental duct.
Opposite the funnel, is to be found a 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, contamm% the

lomerulus and communicating with the segmental duct by way of the

nnel. The fluid in this capsule has thus no choice but fo pass down
the segmental duct. Theembryonic excretory system is, according to this ac-
count, formed entirelyfrom the mesoblast. In embryosof 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 fing. 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 testes 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 mescblagt. 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




152 NINTH REPORT--STATE FISHERIES.

part at least, from the mesoblast and may be considered as a part of the
mesoblast. .

on the subject, is not derived from the parablast, but is formed, in largé

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 its 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-bons has been
formed in the mesenchyme about the notochord. The notochord is much
constricted where it is surrounded by the body of each vertebra, and is
expanded between the vertebra. It thus comes to have the appearance of
& string of beads, in which the parts corresponding to the beads are glob-
ular enlargements, and serve ag packing between the vertebrs. - Fach ver-
tebra is hollowed at its ends to fit againgt these enlargements of the noto-
chord, and the consequent peculiar hour-glass shape of the vertebrae is
familiar to everyons.

J. The heart, blood vessels and blood are all formed from the mesen-
chyme. Tn the region where the heart is to be formed, mesenchymse cells
are shown, in Fig. 38 angin Fig. 41, ht. The first cells that are to form
the heart flatten themsblves, and arrange themselves 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-
cardium 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 affer the. endothelial portion of the heart is

formed and before the ventral mesocardium has disappeared cells pass .

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 splanchnic layer of mesoblast remains
cutside the muscular wall of the heart, as the pericardium, which corres-
ponds to the peritoneum of the intestine. The pericardium passes upward,
serves to atfach the heart to the body wall above it, and also forms a

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

three sacs one within the other, the innermost or endothelial, 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 af the anterior end of the notochord and its larger end turned
toward the left side. Itisbeating regularly about sixty times per minute at a
temperature of seventy degrees, drawing in fluid at its larger end and driv-
ing it along toward the smaller. The heart subsequently changes form by
becoming divided into auricls, ventricle, sinus venosus and truncus
arteriosus, and valves are formad in it. These procegses are readily observed
and have been sufficiently described in the preceding pages.

[
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d vessels, like the heart, are, according to the best observers,
foﬂ:dblgfomwfhe ;nesenchyme. Along the line where a bloofd v%ss_e&
appears, the cells separate from one another by the formation of a ]'11:11]'1
between them, until there is formed in this way a fluid-filled spa.ge,fm wl ;161
the colls float. The cells about this space then flatten a.nf thorrl[)ll de
.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.
hypoblast is formed by differentiation from the primitive hypob
It '{‘Bh:t f{]gt a sheet of cells lying over the parablast, underne%)th E}hle
embryo. This sheet almost immediately rolls itself iuto a tu de? )
process being different in front, where a broad flat tube is formef ror&
what it is behind, where the tube is cylindrical. The tube is fully %rrge
by the eighth day, and is at fizgt closed at both ends. On the elghfff i.ljlr
pocket-like outgrowths of the anterior end of the tube mee vfn
gimilar ingrowths from the sensory layer of the epiblast. Theht‘wot Ese
later, and the gill .slits are formed. The region where t E, takes
place is thus marked off as the pharynx. Farther back, at about the ;ame
‘time, the liver i3 formed as one or more hollow branching 01_1fsgrovsrt‘]1?:L 1iqm
the tube. The liver marks the limit between the intestine, vgrh}zllcl_ ies
behind its point of origin, and the stomach and cesoplagus, wh1¥ 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 Mllo %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 toabout the eighteenth day there is no mouth opening seen a.ltl et ron
end of the alimentary tube. It appears at about this time as a sha o:r‘r Tlal'[)].-
gular depression leading into the pharynx. Whether the hyqulasd ic t‘l;] o
reaches forward to the epiblast and breaks through to the outside 111;90 ]Z’
or whether it comes in contact with a depression of the epiblast and brea cf
through into thesbottom of this depression, the writer has not degerm%lle L
The weight of authority is in favor of the first view. The secon mef t%
is the one followed in forming the gill slits and posterior end c1> e
intestine. About the seventeenth day the alimentary canal becomeﬁ azc-[gﬁr
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 intestine, as th e
yolk and oil globule disappear, and the formation of folds in_their wa ?i
‘have been described. Although the mouth appears on the 17th %ay ant
there is thus a complete passage through the alimentary canal, foo listn:c)o
taken until much later. This is owing, not to the lack of a mouth, lfl o
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 stru_c:,o ures}af
have developed, and the stomach and intestine have acquired a ca.v.;1h yt Qt
considerable size, is food taken. There is, of course, no necessity that i
ghould be taken until the yolk and oil globule have been used. hict
The atr bladder is shown in the figures for the first time on th%a 1ti ir ﬁ—
second day (Fig. 63.). Its early development has not been fo Qw)fh._
According to the usual account it appears as a hollow outgrowth g‘om e
intestine on its dorsal side, nearly opposite the liver. It afterward _e(};orgﬁs
greatly enlarged and, in the wall-eyed pike, looses its conmection wit @

alimentary canal

20
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The parablast may be considered ag a specially modified portion of the
hypoblast. TIts fate is the subject of as much diference of opinion as its
origin. - According to some writers (Hoffmgn ), many of its nuclei pass

_ into 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 purpose, its nuclei degenerate (Ziegler). According to sanother
account tW parablast bresks up into little masses which pass into the
body of the embryo and ‘are there used as nutriment, but do not them-
selves forn any permanent part of the body. The writer's observations do

‘not 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 spermatozosn then is formed the fertilized ovum,
the germinal dise of which then segments te produce the blastoderm. The
cells of the blastoderm are at first alike. But as it spreads over the yolk
in the process of gastrulation and finally en'closes the yolk, its cells become
divided into two layers, the epiblast and the primary hypoblast. The
primary hypoblast then divides into hypoblast, notochord 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 the

mesoblast also comes the mesenchyme, which gives rige to the skeletal and
vascular systemg,

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. Praliminary notice
* Proceedings of the American Academy otp Arts and Eciences.mgol j.8.4
£). 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 Museam of Com-
fammvg Zoblogy at Harvard Colle, , Cambridge. Vol. XIV. *
Baifour, F. M.—A Treatise on Comparative Embryology:
ol. 1I.—London—Macmillan & Co.—is3L.
Deneden, . Fan.—A Gontribution to the History of the Embryonic Davelopment of the Telsosteans,
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,
, Absgtract in Journal of Royal Microscopioal Bociety, 1888, part 2, p. 180-194,
Cunningham, T, J.—On the Relations of the Volk to the Gastrule in Teleoateans and in other Vertebrate

types,
, %z}carterﬂr Journal of Microscopical Beience, Vel, XXVI., 1885,
Binery, O~ udes sur o davelo&)pex.nent et 1a morphologie du rein des poissens ossenz. Avec 1 planche,
Archives Italiennes de Biologie, Tom 1, Fasc. 2, pp,-186-145. .
[Btudies on the development and the moaphology of the kindney of bony fishes. With one

. Plate,
Ltalinn_Archives of Biology, Vol. L., Part 2, pp, 135-145, . .
Henneguy, I.. F.--Recherches sur le evaloggement den poissons osseux; Embryogenie de la Truite,
Journal de PAnatomia et de la yailologie—1888—avac quatre pianches.
EResearchea on the deve!opmen@ 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.—Ueber den Uréprung und die Bedeutung der sogenanmten freien kerne in dem Nahrun
iy ., dotter bei den Knoinen—ﬁechen mis 1 Tafel, - e
Zeitechrift fur wissenschaftliche Zoologie. Band 46, Hets. 4, pp. 517-548, .
n the origin ar d meaning of the #g-called free nnclel in the nutritive yolk in bony finhes.
. With one plate. J ournal of Belentific Zotlogy, Vol 46, Part 4, pp, bI7-548.]
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 Teiaoclatéi. ’ .
plates, emaoirs of the Boston Bociety of Nat to . .8, pp. .
Ryder, J. A—(1). & Contributy o Fiahos oth Baraminl Noeo:p. 186-210

on {o the Embryology of Osseona I ith Bpeci '
Deyelopment srsi dhe yology Beo shes, with Bpecial Heference to ther

Beport of the United States Commissioner of Figh and Fisheries, 188%,
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gg On the Development of Osseons Fishes, including Marine and Fresh-water Forms.
D

U, 8. Commissioner of Fish and Fisheries.
Wenckebaoh, K?_%E.ifBeitr_;'ige zur Entwickelengs-geachichteder Kn

Anatomie B'd XXVIXI, 1886.

ochenfische, Archiv for mikroskopische

ibuti to the Development of the Bony Fishes.
o Miorogsopie Auafomy. Vol. XXVIIL, 1350
dea glu b1

—Di hun, tos bei h
Ziegler, B: A?;gi];?ggsftlft Miﬁroskopische Anatomis.

ochenﬁach-ﬁm‘bryonen.

XX. 1887,

igin of tbe Blood in Bony-fish Embryoa.
EE&?S%? ﬁicrc?scopic Anatomy. Vol. XXX, 1887.]

A complete list would eontain about two hundred titles.

EXPLANATION OF THE FIGURES.

The fnllowing nbbreviations have the same menning in all the plates:

a, non embryonic part of the blastoderm.

. 2. bl, air bladder,

a. brn, bmnﬁl]:‘;ilal a:ﬁ,ary.
arch, i
:: Rrar?“;mﬁgr oxtension of laternl wall of ruditory
vesicle. tary cannl
i ¢ . . A
:{né,ﬁutﬁor gxbension of medial wall of auditory
vasicle. | .
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.

an. v, } anditary vesicle.
s

bl, blastopore,
bld, nm’mfry bladder.
bls, blastoderm.

T, brain. i . )
Er: slt, branchial slit or gill slit.
cav, ag, sagmentation cavity.
obl, cerebellum.
cbr, ¢erebram. .

c. br, branchial cartilages.

e, d, .

ch, notothord.

ok, slt, choroid alt.

¢ by, hgogd cartilage.

¢, ), call limit. .

c. Mck, Meckuls cartilage.

c. nnlbcaél nucl_etua.

Sont, Sonstrisior in_and midbraig

1, constriction botwesn forebrain an ain.

:ggﬂ: cé:matrietion between midbrain and hind
brain. 3 i

¢. op, cavity of optic vesicle.

c. p, cell protoplasm.

o, p}. candal plate.

¢z, metal cross.

exk, cork.

crn, coTDes. | )

crt. 1, left carotid artéry,

crt. 1, right carotid artery.

e W, ce]fwa]l. L

d. cav. duct of (Javier, |

d. env. r, right duct of cuvier.

d. cuv. 1, left duet of cuvier.

- e. &, embryonic area.

. m, external egg membrane.
gndﬁ end%the]ium of heart.
emb, embryo,
epb, epiblast.
b, forebrain.
. ed, caudal fin.
£, f. d, doraal fin fold.
£, f. v, ventral fin fold. b
fid, folda of intestines and etomach,
£. pct, pectoral fin.
frl, first segmentation furrow.
12, gecond segmentation furrow.
18, third segmentation furrow.
f. r, fin rays.
g d, ge_mﬂgnal diac.

gls, glassl vasx‘:{elﬁ
nbe,
gl&gti%o%: %Between rim of blagtoderm and parablast.
& 8. eph, epiblastic portion of gill slit.
&. 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': (E:%;:‘\'ﬁion 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 (i%wer layer or sensory layer of epiblast.
.1, lateral line organ.
Ins, lens, .
m. b, midhrain,
med, medula oblongata.
maes, or ms, mesoblast,
mas. 80, mesoblastic somite.
wmi, microlziy_le.
mnd, mandible.
masch, meg&ﬁnchyme.
mth, mouth.
hincter muscle of anus,
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 vil glohale.
olf, olfuctory Dit.
op. ¢, aptic cup.
oper, operculum.
op. v, optic vesicle.
otl, otolith. .
D. C, peplcard;ﬂl cﬁthy.
£ny cell, .
ggf:l' %tsgtler;:ior extension of loteral wall of auditory
ves) 'dezil \and
n, pincal gland. .
S . ;};a.lato-quadrate cartilage.
prb, parablast,
prb. ng, nuglel. of parablost.
pre, proctodasam. . .
hros or head kidney.
g;tn.' E;O?ig between dorsal and ventral lateral
ri:msclfea.
prlorus.
t?.ybi, rim of blastoderm.
rhr, rubblagx}'] band.
. D, cubber pipe. .
g?;. z?etli-.na. or rgt?nnl layer of ogtlc cup.
rén. p, retinal gigmm;t layer of optic cup.
slp. and slpl. glass slipa.
sotn, somatic layer of mesohlast.
8D, 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,
P, o, d, #pace occupied by ofl-drop. . v.erd. 8., ré%l;zt anterior cardingl voin,
=8. ol, anterior, vertical semi-corenlar canal, . v. crd, p. 1, laft posterior cardinal vein,
‘a8, ¢4, horizontal serni-circular ganal, v.oxd, D, 1y right posterior cardinal vein,
-8a. od, posterior vertical eemi-circular canal. v, hp, hepatic vein, -
ot, stomach. vhv, valve of heart,
8. ¥, sinna venosus. | ¥nd, third ventwicle,
“8Z. 8p, eubzonal space, -¥ud, fourth ventriele.
t, tail or posterior end. ¥. v, vitelline vein,
“th, tooth. ¥k, yolk, .
tn, tonguse. . 7k. 1, yolk investment.
“Ir, truneus arteriosus, ¥E. m, yolk mass,
*twh, *tweenbrain. ¥ic. se, yoik sre,
v, ventricle, ¥k, ep, epongy yolk,
‘vag, vaouole, N &. r, zona radiata,
v. hr, branchial vein, . T, Wire for holding lead cune froe from glass,
w. ed, candal vain, ' .

PLATE I

Fig. 7,—Fresh laid oggs, before filling, as seen from above, i. e., with microscope tube vartical.
Gundlech 21n, obj, Oberh#nser camers,
Fig. I a,—0ne of the eggs shown in Fig. 1., partly flled.
undlach 2in, obj. Obarhiuser camers, . .
" F¥g. 15.—0pe of the same egga partly “filled,” showing nmoeboid movemants in the garminn! disc,
andlach 2 in. by, Oberhfaser camera. i . .
Jig. 2.—Bgg after “filling,” saen from the aide, i. 6., with microscape tube horizontal,
Gundlach 2 in, obj. Obechéuser camera,
Fig. 8.—-Eg%}afber "filling,"” seen from above.
. undlach 2 in.'obj, Oberhbuser camera,
Fig. 4—Fgg membranes. a. ehowe the pore canals of the Z0D4, a8 saen in a fold: ‘b, shows surface of
the membranes,
Gundiach 1-5 obj. Oberhiuser camera.
Fig. 5.—~Optical section, of egg membranes. .
. Hartnack Nr. § obj, Oberhiuser COATArA.
-Fig. 6, ~Burface of the external egg mermbrany by reflectdd light. .
K Draswn with Oberhaus camers. Hoale not detarmined.
-Fig. 7.—8keteh, of micropyle and urrounding portion of membranes, ’ -
Tig. 8-—0ch&1 crosg gection of ortion of the agsrin region of the micropyle, The eab-zonsl space is
partly fitled. The yolk and germinal diso are
i andlach % obj, berhduger cemera, . :
. F¥g, 8,—A portion of the germinal 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 eoain,
. undlach 1-5 obj. Oberhauser camers.
_Irig. 11.—Egg four hours after fortilization, -
. undiach 2 in. obj.  Oberh#nser camera,
Fig, 12.—The egglshowr_t in Fig. 11 fonr and one-half hours after fertilization.
Gundlach 2 in. obj. Oberhauser camara,

awn only in outline.

PLATE IL

Irig. 13.--Is on Plate I, ) .
Fig, 14—The egﬁ[ahowq in Fig. 11 four hours and fifty minntes after 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.—Bketoh from nbove of blastoderm of egg shown in Fig. 15,
- 16.—Egg twenty-seven hours after fertilization.
undlach 2 in. obj. Oberhsuger camers,
Fig, 17.—Eg(§ thirty hours after fertilization.,
) wndlach 2 in. obj, Oberhkuger camera,
Fig, 18.—1s on Plate ITL, i
Fig. 10.—8ection of egg after first segmentation furrow is formed, The aecti
the furrow. =
. Leitz oc, 1 obj. 8. Abbae eamera.
T, 20.—8ection of an ez of botween twenty and twenty-seven honrs,
itz, oc. [ obj, 8, Abbe camera, "

%
on pagsss at right angles to

PLATE IIL

Fig. 13.—qa. Dingram of egg gf wall-eyed-pile, &, Diagram of typical cell.
Fig. 18.—Bg, thirty-seven hours after fert?lization. P
. undlach 2 in, obj. Oberhauser cemera.
Fig. 21.~Bection throy h the blastoderm of an egg of Fwenty-seven hones,
) 9188 0C, 4 0bj. A. Abbe camera.
Fig. 22.—Boct on of blastoderm of egg at, end of segmentation,
Leitz oc. 8. obyj, §. Abbe camera.

ig. 28.—q. Outline of baper which is shown at b folded 5088 t0 represent the rim of the 'blaatoderm

. and the embryonie area, -
g, x4 —Tge, fiftygix hours after fertilization.
i undlach 2 in. obj., Oberhinser exmera,
Fig. He.—Hoetion of an ©gg, about fifty-six hours after fortilization, .
Leitz oc. 1, obj: 4, Abbe camera.
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PLATE IV.

g, 25.— honzs, sser*ohliquely from she side.
F;g: 2 E%gugfllagls%tfn. obj. ,()barl_mu.sar camera. | )
Fig. 28.—% of. seventy—twg h%ﬂg‘a‘ haaean frgm thr:. gide. . )
. obj. OberbAuser camera. . . )

Fig, 27 —Out?ﬂndélgghtﬁ;%gg sjhcg;)n Jl?ﬁ Fig. 25, Tt;e embryonic area is seen from the surfuce

T in, obj. OberhAuser camera. 3 .
Fig. 28, MD?ammmmaécglzugr&%g the manner in which the egg turns doring gastrulation.

' ) i < t' r ']
¥ig. 29 -—Sch(t)ciro?lxg% B‘e‘;tloofnglfgtlg ﬂg%%;e lfou:_ts. Tha section passes lengthwise of the embryonic area.

S and erpendicolar to its surface, '
itz oc. 1, obj. 8. Abbe camera. o Fio. 26
Fig. 29a.—A portion of the_faxxgnl;yogic area, shown in Fig. 29,
1 N camera. . . .

g, 29!).—.@%l ;ﬁft?gﬁ%fogﬂe non—'e:lbryonic part of the blastoderm, shown in Fig. 29. i
ﬁ't‘g 80, mEgléeg?;e%ehtg?gi;ﬁ&?o?r? n:'?lr:%'emhryo is in & position at right angles to that which it wsually

" " occnpies. ] )

i i . s L
. 81 —Ongl?lgelchhnallg'gg?f 9::531??—2?.;:? Il::nt!)atl;rs, in which the embryo is in nearly the normal position,
S O ach 3 (o s, Oberhiauser comera.
£ — i tal & atus for hatehing eggs. .

ﬂg g&%—&fe&ﬁn&eﬁpp&rggggfor observing the egge under the microscops,

PLATE V. N

Fig. 84.—Egg of about onse huﬁthéd honxrs, “(The embryo is at right angles Lo the usnal position and ie:
- tépresanted 28 8eoN hhlga_u l{]th]?aycélekr. ) amers
n 21 i bl . .
Fig Rdm.—éiaﬁl gin:hgzotfnél?uéc aanilt-a age, showing anterior end of embryo ae seen from above,
B, ;?5 .Zf‘z'gG’sue;1 gfz%cﬁ‘?g%fa.l;t c?ig:vrrgi?: Ei‘ilg:t?ggi‘:{g the relation of the embryo and of the embryonic aren.
. g to the.yolk and to the rim of the blastoderm, hd
Fig. 38.—Anterior end of an embryo at the end of the fifth day.
) Gundlach %4 obj, OberhRuser camera.
iy, 39.—Posterior and of the same embzyo,
. Gundlach % obj, Oberh#user camera, .
Fipg. #0.—Egg of siz days and four hours, seen from the side,
T undlach 2 in. obj, Oberb#user camera.
Fig. 41.—Anterior end of embryo of six days and four hours,
Gundlach & J.‘l:% C]‘:Pj' Obarh&%sm: camera.
Fig. 42.—Posterior end of the same embryo.
. obj. Obsrhauser camera.
Fig. 48, —01%%13':353 slgctiogl of trank region of an embryo at the end of the fifth day.
" TGundlach % obj. Oberh#user camera,

PART VI

‘ g from above.
£ — i d of an emhbryo at the end of the seventh day, seen
Hig. 4. Anteng;a?:% %Oobi. Oberh&user camera,
Fig, 440.—Bide view of a.ntario};- a%ﬁ of same e:nanbryo.
i ATLBRr CATHELE, L.
Fig. 45, —Sk%ﬁdi%c&x? h(a):it(gf ?-i embryo at the end of the sighth duy, seen from below.
E‘ig. 46 —Anterigr end of an embryo of nine deys and four hours, s
’ Gundlach obi. 3, Oberhiuser camera, b hd
Fig. 46a.—-Outline of the eye of an embryo at the end of the ten ay.
’ Gundlach obj. 3. Oberh&user camera, 1o right sid.
Fig. 47.~~Hmbryo at the end of the tenth day, as seen from the right side,
-.E':g,‘ it e gbj'f t.i? b?rhgtlsgr cmé?::\'ara outline
i a o tenth day. , i
: Ergt?aﬁov?:st&gf J:ilat,((:rmined, but Fr;maau.t‘ementa may be made on Fig. 47,
£ — shown in Fig. 45.
ﬁg’ g.m%%%ho?g;hggﬁgrggf ten days and twelve hours, seen from below,
*7 T Camera drawing, Hcale not determined.

PLATE VIL
1

Fig. 51.—Embryo at the end of the thirteenth days, from the rig];t side. The pigment cells ars omitted and
" "“the yolk sac and oil %lnhnlg n:;adruwn onl¥ am ontline.
i j inser camera. 3 . 3
Fig, 52 AEgg?ydéﬁhtieuéh?i cJ:-t' tga gifxtaumfgh day, seen from below. The pigment is omitted from the yoll.

Bac, . . )
in. obj. Oberhbuser camern .

Fig. &8 —Ast:;liglx?'gnhdz égag gmb (3 Eg: the end of the sighteenth day, from the left side.

T in, obj. Oberb&user camera,
Fig. 54 ~A§?ﬁ%l: ggdz cvuf:l ag.be]m 0 nt the end of the twenty-second day, from below.

T in. obj. Oberhiuser comera. i . . L
Fig. 55.*40&?;;1%]3%%\?&&0?)? ireaiclaa. lgu]—fmm the pide; (b)—from above; ant.—anterior; pst.—posterior;

’ lat,—lateral; med.—medial borders,




PLATE VIII

'; g, hﬂ—-—]il}lxgé;ryo at the end of t.wenty—four and one-half dszs, seen. tmm the left slde, . 'I‘he embrye had
. undlach 2 in, obj, Oberhinger oamerd, - a x : T

’ '.W.—Dmg‘m‘ m of the héart.of an embryo of sight days.. o
B gBadio s o e,

Y8,
Fig, 51.—Dipgram of the cirenlstion of ‘an.ethbryo of thirt.ean dnys.

. ﬁg 62.—Diagram of the circulation In an embiryo of twenty-one dags,
7.

63 a.—D:éagram of the cirenlation in the branohial arch and &ill’ ﬁ.hamgmta of an embryo of forty-five
yH. }

— g PLATE IX. . . .
.F':g 6‘8 -—Ihnbryo at the end of. thu-ty-one and one-haif. da:rs. from the leﬂ- alde \
nech 2 in. obj, OberhAuser cainers, )
’ .F‘:'g. a‘.—-Embrya of forty-ﬁve dapa, from the laft slde
Gundlach g in, obj. Jﬂ hinger camem
PLATRE %. -

E;q. ss.-Transvarse seotmn t.hron% t.ha middle of an ambryo-of e:ghty hou.rs
- Zeids oc. 1; ob; a camera,

" Fig. 66, Transverse sectlontb ug the optm vesiolo of anembryo at the end of the sixth day,
. - the line marked

along
g, G‘T.-—Transme aeclgon throug the phamyngeal region of- an embryo at the and of the fith day, along

. 67in Figa, 38 and 40,
. g, 6'5‘.—Transvarse seotmn throagh an embryo at the end of the fifth day, along the lme marked Iig. 69
.F‘tg es.—-'l‘ransverse Beotion through the domal region of an embryo at the and of the gixth da.y, along the
line marked Fg, g9 in .
Fzg. 'm.—Trl?nsvsrsa ssctmn.thmu%“ tha tall.mg;on of an embryo at tha end" of the ﬁ.ff.h d.ay, alung the .
ne marke, " : ’
3 71.—-'I‘x‘anevemse saction ngh the optm oups of an amb 0 at the and of G
ked!f"iu.r.! in-Icig., 47 T
n hrongh +ho i qditom vemo.l
rhed hhg 3 An :
T regm
L Fay, 78 i Fig. 47,
F&g 7!.-—Tm.u.sveme sectnon just.in, front, of the anus th.rough an ambryo ot the end of the ténuth day, alon.g ’
i 76— Pameane] mgxrkagramed i o g 3T £ gbout eighty b '
.—-ﬂrso of o n, of an egg of about eighty honrs,
. JYD 76.—Pers£§ut| ve diaera.m of one-guartei of an egg of the slxthgc'lay. ahowmg the poaterior one-t.hud of
.F‘tg W.—Parspacttﬂe d.mgrﬂm of part of an embryo of bhe tenth day, taken from: the pomt whare the tail
volk
" Fig. 78. —sPera tive d.xag-ram of an embiryo in which t.he yolk sac haa dmappea.red from thé tronk remon.
.F"iga. 66 Lo 74, f:glumve. are drawn, with tﬁyntz oc. 8.obj. 8, Abbe cam,

Figs. 65,'78 and 74 are from an embryo that suffeved aonsidamble ahrmkage in pre a.mtnon.
3. 76:78 are not taken from reconstructions; they are d.tagmma b

Al tha drawings, except. of contse .thd.disgrams: nnd the dzawmgs‘ of :sectzqn's; and, that of. s'perniu.- .
f-ozoa. are made from the' living apsolmens, . . s o
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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. Atthe regular meeting of the board, held February 23,1889,
being the first meeting held after, 516 appointment of Mr. Bissell's success-
‘or, the following was adopted by the board, ordered entered upon. its -
finutes and & certified copy delivered to-Mr. Bissell: ‘ b
“The torm of Mr. John H. Bisgell, as one of the Board of Michigan Fish... -

Commissioners expired on the fitst 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. ,
Mzr. Bissell upon his appointment brought to the performance of his.
_duties as Commissioner & natural love and zeal for his work. He possessed
all the enthusiasm. of a true sportsman, and to this was added business.
‘sagacity end judgment and & keen appreciation of the possibilities 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 ss 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; yot 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
* 4hat' it, has been raised during his term of office, and largely by his aid, -
from an ingignificant and small condition to such a degree of efficiency and "
thoroughriess that it now ranks with the work done by the best boards in
the United States. : . . : B
" In 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
faithful commissioner, and the board a friend and efficient co-worker.”




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

BY DR. J. . PARKER.

The power of man to change natural conditions finds a most striking-
example in the distribution of the inhebitents of the waters, and in their
artificial fecundation and preservation to. a point in figh life when it may

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

The past experi nce  and constantly accumulating information of this
most interesting of subjects, leads thoge interested in these matters to-
feel that we are as ‘Yot enly 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 powers of production
wbth a minimum of disburseément; and this ratio can undoubtedly be-

#icreased 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 informea-
tion that is being disseminated snd 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 ineressing, showing an detive interest
and en earnest desire to aid in this tmportant work, and if there could be
put into the hands of the commissioners the means and power, from time
fo time, to print for distribution among the inhabitants of the State such
Ppractical informationas the commissionars 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 inclinetion. The cultivation and conserva.
tion of fish ig a compsratively 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 s0 use it as to
fully secure the best result through intelligent culture and care.

The following from an article in the Popular Science Monthly, by a
native of Chins 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 ﬁshinﬁ 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 dwelior puts it under pro-
toction wherever a suitable supply of water is to be found. The fallow rice *
fields dammed and flooded in winter 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 a considerable variety
of fish to fill our bill of fare, a part of which is consumed fresh, while the
rest, salted or dried, is dispatched into all parts of the empire and sold at
& moderate, but always remunerative price.” .

The sbove 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—
pity for the use of every available water for the production of fish food.

21




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 UNIVEEBITY. OF MICHIGAN, AND READ 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 causes as developed by his investigations on Sagi-
naw bay, Michigan, of the large percentage of loss in the impregnation of
the wall-eyed pike eggs. A detailed report of a 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-oyed pike, after having been for some time in water,
megggure, 2.2 millimeters (about 1-12inch) in diameter. The egg has an
eniveloping membrane {or zona radiata) of the usual form. Outside this is
a second thinner membrane which wrinkles, and stains more deeply in
hsematoxylin than does the inner zona radiata. The eggs are very
adhesive and it is to this outer membrane that the adhesivenegs is due.

There is probably also & third membranse within the zona, but this has not’

been determined with certainty. Within thése membranes is the yolk,
having & diameter of 1.4 mm (about 1-18inch). The yolk is gpherical and
in one side of it 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
is 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 wide 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, 8o that the space which separates the yolk from
the zona 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. It is not, however, uniformly thin, but in one place hag a disc-
shaped thickening. This thick disc of protoplasm (germinal disc) is
concave towards the yolk and convex on its opposite side and is fitted like
& gaucer against one side of the yolk. The position is suck 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. So long as the yolk is within this enveloping layer of
protoplasm. it is 3ntirely 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 opaque 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 eggis placed in water, the water passes rapidly through the egg mem.-
branes and accumulates between them and the volk. 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 absorption of .
water and feels like a shot. This “filling” of the egg tekes 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 cent of the eggs
failed to be impregnated, my intention weag first directed to determining
the first difference between impregnated and unimpregnated eggs.

In order to determine the question with certainty for this particular
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 infto 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 Toom)
and found segmentation going on. The germinal disc is divided into either
two or four cells.

Lot 2 examined 8 A. M., April 17, 34 hours after impregnating lot 1.

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

Showing normasl germinal disc without trave of segmenta-

tion. 82= 82¢
Showing abnormal germinal disc with possible traces ot firat
or second segmentation, C 4= 4g

Injured by rupture of protoplasmic investment of yolk 50
that yolk had esceped and egg had turned white, 14— 14%

- This experiment was after repeated without, however, counting the eggs
and elways 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 eggs taken at random from a tub, after stirring

" the eggs in the tub, were examined with the following results:

Segmented normally (i. e. impregnated) _________________. 141= 565
TUnesegmented normally (not impregnated) ... ________... 26— 1ig
Injured by escape of yolk {(white egge). uvanmecen B6= 33g

Tobal oo oo e e . 252=100¢

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

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

It shows that about 339 of the eggs are injured mechanically by the
rupturs of the protoplasmic investment of the yolk, while only about 11%
perish from lack of impregnation. FEven superficial ezamination 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 against
the egg membranes. These membranes, therefore, support this half of the
volk, surrovinding it as if it were resting at the bottom of a cup.

The upper hal% 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 to
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
makes its appearance at the oil globule, usually at its equator.
 Owing to the fact that the oggs are adhesive, it is the practice of the men
in taking them to stir 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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volk is either absent or it is so small that it forms rather an aid than e
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 veasel 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. .

Ag to the firet point, the men handling the eggs have found they do not

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

rapigh ingide, 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 difficulty will be overcome.

It is likely that a metal gurface 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 trne 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 until the dishes had been filled with water and until the
egga had “filled.” In neither dish did the eggs adhere to one anether or
to the dishes. Eggstaken from either dish and transferred to another dish
containing a larger quantity of water adhered at once.

In order to test the effect 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 one
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. e 16=107
Not impregnated . - 0= 0g
Impregnated and afterwards segmented __________._______ 139=90%
Total. . il 154=1002
A second trial resulted as follows :
Injured . e 12= 7g
Not impregnated ____ .. .. __ ... __.. [, T 2= 1%
Impregnated - ___ e 165=92%
Total . o e 1791004

An attempt was made to determine the result of using a wooden pail and
tsking account of all of the eggs, whether they had adhered to the pail or
not. About a quart of eggs was nsed and they 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 (). Unfortunately the eggs were afterwards mized 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 injured 1is large, the per-
centage of those unimpregnated is also grester. The same méthod 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 remaing 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 lotof eggealso invites theattacks
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 epgs becoms clogged among the dead ones and
are probably sither smothered or poisoned. ,

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

5y

FISH PLANTS, 1888-1889.

Whiltefish Plants, 1889.

Name of Waters.

‘Where Planted,

Number.

8t. Foseph_ ... ._.

2

4 000
Lake Michigen_ Bouth Haven.. .. 4,600,000
Lake Michigan. Ludington, 4,000,000
Datroit Biver.__ Grassy and Memmy Judy Islan; 4,000,000
Lake Michigan_ Manistee ......__._.._......_... 4,000,000
Baginaw Bay.._ Bay City..... R " 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 __ . " 4,004,000
Btraits of Mackinac.__ .. Mackinaw.__ - " 8,000,000
Yake Michigan. ... _-| Pentwater... b 8,000,000
Lake Buperior. ---| Marquette. .. o 3,000,000
Lake Buperior. .| Marquette___ " 8,000,000
e Horon. .._ -| Peort Huron.. - " 4,000,000
Lake Michigan__________._ ___________ Grand Haven.. ... oo " 8,000,000
B 83,000,000
Whilefish Plants, 1890.
Name of Waters. ‘Where Planted, Dato, Number.
Detxoit River.. BelleIsle __.._._. 2,004,000
Detroit River.. Belle Iale Bhoals 2: :0(1)
Lake \vl]r' igan rand Haven 8,000,000
Lake Mic Bt. Joseph___.. 1,000,000
Lake Michigan__.......__......______. Grand Haver............... 3,000,000
Lake Michigan. Bt. Josaph.__ 3.000:000
Lake Michigan. Bangatuck ___ 3,000,000
Lake Exde . .. o .o ... £,000,000
Lake Erie_.__
Lake Michigan, g‘%'%
Take Michigan 3,000,000
Lake Michigan. . $,000,000
Tmke 8¢, Clair ... .. 4,000,000
re Huron. _ 3,004,000
Baginaw Bay. 8,000,000
Detroit River 1,000,000
$,000,000
He
e Michigan__ Hooth Have 3:000:000
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Whitefish Plants, 1890.—CONTINUED.
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Where Planted. Name of Waters, Date Rumber,
Taks Michisan Mot 000,00
ichi anistes _.__
Lalko Mi d Muskegon. g'%'%
Baginaw Bay_________ [T 7T Bay City.. ...l 3:700:000
Lake Michigan___.__..____.__.___.....| Muskegon. .. "
Sizaits of Mackfiae. Chobosiar P — “ L0000
Yake and Beach_._. « ¥
Port Huron_________ - __"TTTTTT v g:%:&%
Btraite EE %Ii:glkgggc ................... ﬁheliqygau .......................... o 3,000,000
Btraite inac. - 1000,
Htraits of Mackinac_. Mackinaw. .. 1 /I u 51000000
Btropits of Mackinac Maclkinaw, T ‘ X
Lake 86, Clair . =" 77TTTTTT Groese Point. . “ g:%:ggg
B 109,700,000
Brook Trout Plants, 1889.
County and Namo of Waters. Towa. Depositor, Date. Number
Allegan County
%ﬂ[ﬂﬂleer ’l:.agégknver .............. Burnip's Corners. .. Ee%ﬁlgmeyer Febroary 25 ... 10,000
» Miller's greelc.. ., _____. | agan _| B. G, Rei o
gigmc;::]fd Uhlem creeks. _____ 8:3930 gonra]d:. 1Bros - %g 1&%
_________________ . SOE0 __ . i Y
Brow’s creek___ --| Plainwell - Ed H gg o 13'888
TAWaY's oreek. ... ._______ Shelbyville .. B March 12... .. G‘,G{)ﬂ
Alooue County:
‘West Byers and Ricler's cresks.| West Harriaville...| S, B, Anges__..._____. B0 ... 10,000
Antritn County
Rootville crgek _________________ Mancelona ___...__.| Lewis Way_._._______ ] 10,000
(ledaﬂvr creek and Intermediate Mancolona 0. W. Kibby w g m‘ooo
O oo F]| Mahcelona ... W Ribby .0 Y B !
Jordan river and branches. .| Alba.__________. ... Trwight Lydel_ ______ "B 40,000
;A%Jena Cowundy !
sink’s and King’s creeks.. . Alpena .. ____..____. H Bolt: - "
Avery's ereek..  _____ 7" Alpena ... _._.____._ E%I..‘"‘Avegyon" " i‘gz%
Branch Counly ‘ ‘
Warsop end Underwood ereeks| Onion City.._. ... Joseph Warsop.____. Fobruary 20 ____ 10,000
Berrien County ! ’
. .H:":;'nmnarn&n B‘E‘-&Eaﬂ?—e‘t.éfﬁéfaﬁ-éﬁm Three Oaks..._.....| F, V. Martin__.._____ “ooB0___. 5,000
cnialéﬁln’ aw and Spring‘ Berrien Springs.._.[ Wm. Dester._____..._ oW, . 30,000
Ox, Button and Hastman creska; Benton Harbor.____ Fred Jordan._____ L) 10,000
Do o itaeords and ) pongon Harbor. | C. Golby...._........ 5000
a5y Bpri .| Ereeport ... ____. J, C. Baker.
p it Benton Harbor. 12| C. Golby oo 722000 April 18 a0
" PR O Weat orse
an eat ¢ d " 1
thros stroams 20 ﬁ’:m%j‘i } Hastings .. Philip T Colgrove...| * 15,000
Glass creekr .___________ 1777 i J. M. Bodgers________| May 4__________ 25,000
Case County '
Christian creek..._.__._._._____| Cassopolis ...._.__.| J, P. Smith Februery 20 10,000
Empties into Dewagino creek.. Giswagiau. W, LR B 10,000
.................................. enwood w. R B B 1)
Cathoun County :
Bear and Wilder ereoks. _______ -1 10,000
. North Brench of Kalamazoo } T
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County and Name of Waters. Town. Depositor. Datea. Rumber.
Clare Cowaity :
D’;ili?& ?Jmfc{‘e?:ksduﬂ%-" Lake George....... E.J. Roya.__..__.. .. Morch 4....... 10,000
Sounth branch of Tobacco, Li
{319 Tobaceo and Bpring | Clare . ........._.. Ebenezer Perry....... v [ S 15]000
rooka ... ...
%Iorth]}:rafmgh of Tebaceo viver.| Harrison _________.. 3\; BV g{{,’ﬁ‘; EELT %{5]‘%
S SRR ella, i Co.... ;
ci?;n&e&_..lfffvf ........... Sanford Keeler. __..._. 10:000
Cheboygon County : .
Echo Jeke gutlst on Bois B.P. Wobb...........| Moreh 20, 9,000
ang island____.__________. " .
Nigger and Bugh oreeka . H. {1 Pike._.._...... SR s IO 9,000
Little Bear and Cold Spring W. H. Merritt T 9,000
creeke. ... el
Crawford County
Ajiﬂ%blgland enst branch ﬂf} Frederic....._.. E Flage . _._.. R+ I 20,000
n fablacreeks. . . ___§[ T NS S coend A BAUEE oo
s Momame. ..o .o . Pore Cheney.____.... H. Thayer..._....._.. 20, __.... 3,000
Chorlevoiz County !
N%rgh :nr?vgguth branches of g, Boyoe Falle....__..! Mich. Figh Com,..__.. L 25,000
Cedar or Deer oréek.....27-._.| Boyne Falls.____.__ Mich. Fish Com...._..} * 28 _..... 25,000
Eaton Coundy: R
Herring eroak. ............| Kalamo ._.._.._...| . M. Woodward._.__| April #...__._ 12,00
Envmet Cowunty !
Eew&a’rt an eJ@lk{l.mrue ereeks. . gebtgsléey ___________ .]%SD ?artholomew.. 123.%
Horton'a eresk. . ______.__ atoulkey Banford. ... \
%inneﬁahgi craekd Petoskey .. ..._.... J. M. Metheany. . 10,000
Page, Harding an “ "
h Brooksy v . . T ‘o000
omie creek. ... . .| Petoskey.... __. _
Wilton and founta Conway and Ogden. ' " 9,000
Bix mile post creek. Bix Mile Post 000
(onway creelc_ 8,080
LeRoy creek.._ 15,000
Seuth branch of Manistee 15,000
Tribatary to Maniates river. ) 15,000
gead of Bear river.. . Potock: . I gg%
ATD FIVET.__..... arp - I
Nadolski’'s ereek_ ... ___ Patoskey ._._..____. J. M. Metheany__.___ 6:000
Ge County: .
D’T‘lﬁﬁg:d %:ee S Grand Blane. .. B. J. Jennings. ... Marck 4 _.._.. 18,000
Lewris creels ... . ......| Linden .._...._...... Wm. H. Johnson.____ " e 5,000
Frand Traverse County :
iiok;rf;n m&ldEMﬂtyﬁeld kcreeks. Mayfield_____...___. C. E. Brewster....... s B 20,000
ayfield and East ereek, one "
e et of Matond (@} Mayfield...._..._._.| J. M. Metheany.__.__ T 18,000
[ftledale County ! N
HEmery Bpring brook. ... ... Hilledale .........._ AcA. Smith_______._. April 2. .. 15,000
Toseo County :
_Porterﬁelﬁ creel ______...____. Whittemnore ____.___ Frank A. Duplantz._. L 12,000
Tawas, Gold, Sims and Silver || mowas Gity...._._.__| . C. Hortingh....... R R 30,000
Isﬁbal{lia C’«tj)mm.tz,r.;E . b W
endwatere of west branc u
o Pima - st brench | Blanchard.......... H. P. Blanchard. ... Boeeiwn.| 20,000
Jonia County ; )
Prairie crgek .................... Tonin . ... H. L. Bailey_..._..._. Japnary 25.___. 20,000
Belloways creek......... ... .. . L, Bailey___.___._.{ February 15 20,000
Randall's and Monk’s creeks. .. W.Toles.._____..__| March 7 8,000
Mill eresk .. ____...__........ S W. Huntley..._... " 7 8,000
Brown's ereek_________.___.__.. M. Brown.______.. " 7 6,000
Fopple. Dugway and Cerpet- {| powamo._........... Geo. A, Ckatterton...| " T....... 12,000
'Srﬁ:in%. Spice, Lake, Strum- ) ,
la, Seasings or (Goose, Mur-y | Liyons . __._.__._....| N, Hitchcock. ... ¢ T 10,000
phy and East Liblow creeks . w
Stony and Tabulan’s creeks | Pewamo.__ ... .. John Bitts __..__.._. . 13,8‘33
E{mmadereek ___________________ Tonia .. S. B. Webber._ . g
pond on Btate farm._ _...___.. Tonia ... E. ¢, Watkins X
Van Buren, Peck and Town} Portland W.D. Crane. ......... " 10,000

ereeks_ ..o ...,
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Connty and Name of Watere. Town,” Depositor D !
v . Number. County and Name of Waters. Town. Depositor, Duote. Number.
" Topin County—cont'd* . -
ogismswglugrgelé?? ¢ Ionia H. L. Bail ' ' ’
Timberland, _Hailiday ar Tomi revsmmemesoenf B DALOY. oo Mareh 11__.___. 9,000 H%cgggy%ﬂzgﬁ«&oaﬂ g!mchea
Brooks creeks. ... O roomr e cLoBadley b0 9,000 botwaen Keod Gity aud Mﬂ-} Paris ... Mioh. Fish Com...... April 26, .| 30000
i n Junction......
Jaécécggagrc;méﬁg& Dalzell or King’a cres| .| Big Rapids.. __ ... James Dalzell. ... May 5, . ... 25,000
----------------- e February 2 ....; 10,000 Midiend Coun ‘
- - I Zdian sl
------- Jackson ._._._._._.| C.B, Bush__ i1 2. .- 15’5“0]8 Darrow and (t:yedar creeks.......| Coleman............| Goo, Grapger.........] May4.....__..__. 18,000
' Cedar creel. . ooooonenoo Coleman............ C. Croft .. .o 00 M4 9,000
Schooloraft . ____ Muskegon County
Hickory Corners. 18'(?9% Gree%, Bear ﬂ.nd Black cresks_.| Muskegon___..... .| Charles Gunn.__._....| February 13 . .. 20,000
Galesburg - 000 Cleland creek .. ._........-.... Whitehall ........| A.J, & O, E. Covell..j March 18 __ 12,000
k.. Kﬁgﬁgggg 2,000 Cleland and Bilver creeks ...... Whitehall Z~ 227 000 E M. Ruggles_....... LS T: DR 15,000
""""""""""" 9,000
Kalw y Montealm County!
" mazoo ... 8,000 TIndian, Tamarack and Church % C. E. Murru 20,000
ialamazoo 6.000 CTEREE. - - oroor o eemem e s L Y e amaan h
Fom erek elemozoo 00 R~ to0
-8pring brook ant e g:% ng?a?kagra &],{e ar 000
Kent Conni; Brandy creek.. ¥ 8,000
Winegas, Parkerand Apence’s E“Bh eregle. .. C' F. Brient..._. 10,000
Bcreeka. S o oq 5,000 %%%tff?féekau J.E. Yondon________. 10,000
Onne cree) : Y
""""""""" Y " e Rice creek‘_‘..“ .{ Howard City J N. Hathaway_ 6,000
Algﬁg{q ;ﬁﬁuce]? Copp, kM]ll w ! 6,000 (3rant cree Pierson ._.. ... ...} N. A. Poter_.. 3,000
Spring, Litte Gedar Batier Teoere 18,000 Houth branch “of “Hish vreeit-| Sheridsn... 1.1 1| B Follett . 8,000
BDDt nndk(]nmmn oresks...._ ¢ | Cedar Springe 21,000 Clgfgekcra?clflai’;d Wabasie's % Greenville. .._..___.[| F. J. Phalpa_-_._-_.-. 9,000
ear creel. .. Bostwick. ... | H.D. Davte 1w e | e & CreeREsntiERfcceecooeoo
Bear cresk___ Canonsburg .. 12,000
Ardi’s and Smiy B €-- 9,000 Mason County
Coldwatar ereol: e e P 00 Lincoin  oreck and Litélo }{ Pountain___._...__.| Dodgo Squire........ 15,000
¥ ? cre GEOTL oo 2’000 Free Soil...._. Win. Freemon........ 0,000
- {xog cresk Grend Rapids 2000 Free Soil,.____ . b 9,000
Stow creck. Lubargo._- 8,000 Waldon € 0,000
Inlet to Hilton creak. o A 2,000 7| Custer._.._.. 12,000
_ Bilvercresk g;% North branch of Little B } Scottsville 10,000
R e R e : Sonte braneh o Liasoli fiver .| Scottsville 12,000
Spring brook.-.11.71177. | sparta oo Raid, Qinoe. Miccoand Bwan 3 | gogt Riverton 30,000
Katkaske County ' Ttgroegru.nchea of Sweetwater {| prapoh .. ... Senford Keeler____.__ 15,000
South branch of Boardman river 1 el wtreamm Sac. g0
anrgman Tiver . _.__.__.._... %%% b tov?n?higl ec. 20, U\ Branch.. ... Senford Keeler 5,000
apid river.. .. . W “ 000 & Webberlownamp.... ...
: 20,000 ‘
L Monistee Count:
mﬁ”%“;’;f&r“‘ﬁ ff and East . . Pine and Clayl Ti»mk eTeeks, .. 3 E A, Brown._.... ... 15,000
Woodruff orecks. ... §| Brisbton ........ C. B. Cushing. ... February 25 ....| 10,000 - flarbank g:gglg - | J fpuiman. o
Tributary to Portage, One-| .
uﬂ%ﬁ’gﬁﬁgﬁlﬁ%ﬁe!{ Rid, : kama tOWﬂSh]. ,ﬁ,f‘, ,,,,,,, A w Farr TEmmmsmeE— g‘m
""""""" Mdgewsy ..........| T. H. Temple.....___ L S 10,000 Tributary to Portage, One- Fred Culver 3.000
Lapeer County; Lrama township. T !
Fine crealr_ - . Chief creelc. .. - P. Bchneider ... ... 0,000
Eelél}l;nngway and Hlk creeks. . i ? E E}’Sﬁ;‘;‘t """"" lg‘% Newaygo County
]_':llagacs' E}ggﬁ:‘_{t_ VB-UByfmd ; H, 8. Holdrigé;:,,, 15'000 pnn%‘and Cryatal oreeks...... Ashland ... Herman Marvin..__..| March 12 ... ____ 8,000
%?:e County: o . ’ e P e, pitimore | White Clowd ...... P. Rodell..... woaa| 1000
e . ERREEER ] [P “
qusttecreak._..._.._.... . | Winoglet . Sprmg creelk | Lilley ... 8. Secle: 12 ... 30,000
e Nirvema o Yoy Bprving 6,000 Porter and Crary ereska | Premont. 2 8. Addiaos - I B 5,000
Sanborn and Kenney creeks.._.| Baldwin Sanford lg'% .'lE:l‘rooks creeke]i._._.__ ﬁewuygo e - %b%:leghlintmr._ April2 . .. _.. {g.%
. Mecostu Couniy : 4 enncyer croeks [OWAYBO - oeme e O Bhavw. o .| Y 2Ll \
Cedar Strong aud Btevens Ottawe County !
20,000 Braneh of Bush oreek . ......._. Hudeonville___.____ February 20 ____ 5,000
? Springereek__.___. ..| Talmadee _. . Mareh 7 ... 6,000
: 10,000 Black creek. ..o oo DGUHL.& M, Crose'g] L8, Wilson .0 11. [ |- SR 9,000
10,000 Osceola County !
E’g Rapi 30000 Reed and McDonnld creeks,.__. Reed, City. E. L. Hoyes .__ February 16 10,000
S;Ena“[’%ﬁi 8,000 Big Stope oreek (two branches)| Evart. 7. W. Brigham March 4. .- 10,000
Morloy .- 8,000 Brooits, Fioney, and Silvert| poace ... ..ooo| 3.7 Reik oo S 20,000
glg E—ﬂplgs__ 3,000 Wast branch of Clark's and
Bilg Rggid:" i "hil 5,000 ]ﬁeﬂr lake branches of the {| Ashton__ _ . . ... J. M. Metheany ... - 10,000
r.__ . : OTBEF e nemeeeecemm e e -
-| Fario__ Mlch Fioh Com,- 1‘;:% Hersey ereelc .. .. 1L Hersey...ooocoooe-- Sanford Keeler..._... April2 ... 6,000
Paris ... oo 15,000
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County end Name of Watera. Town. Depositor, Date. Number,
Osceola Cogomt'd : +
Stream on Sec, 17, Hersey Tp... Hereey-.,‘.._n...“. 8,000
Strenm on Secs. 6 &1 ,Hereey Tp, 8,000
Twin creek. s Ev t 8,000
Chippewa creek.. ... .| Chippewa station. . 15,000
Tributaries to Tobaceo river...| Farwell ... _..____ 12,000
Qakland County:
North branoh of Clinton river. Oxfurd...__..-_.__-_ M.EB. Martin________. 10,000
Stony creek. . __.oooo.______. Roohester _ JC B 6,000
Buekhorn ereek . Holly........ -] B 10,000
“Watercress creek. Birmingham _____. T. C. Trowbridge __.. 6,000
Qgemaw Counly .
hapman, dwurds.  west
branch of Edwnrde and || u,... Branch. ...... B. V. Thomas____.._. w20 . 20,000
West Branch...____ Jerry Ammond " 10,000
‘West Branch._.__.. ‘Wm. Bentley_. - 10,000
‘West Branch, ... .. A.B8.Rose___......___ o 20,000
Vanderbilt ________ J.J. Waggoner .____. W 153,000
Gayford ... ....._.. W.L,Leach. .....____ R B 10,000
Branch of 8 i} creek CBhivts __________ o 12,000
Cnnmngléz:ﬁa ch s Harr;s Lat.tm " 9,000
aller s, Roby, .

and Baldwin's creeks.. E. D, Richmond. ' 20,000

Quince and Nickerson creeks... D. C. Wickham u“ 20,000
_Roscommon County:

Robineon creek. ... ... R H. X, Woodrnff._____ - 10,000

West orench o Wicitiy | R — O J— 1000
-8t Joseph C'wnty

Ml éreek.... ... Three Rivers___.... Charles Rice .__......| February 20 ____ 8,000
-8t Clatr County!

Bilver ereek . .. ... __._._..__. Jeddo .____..._._._. Hugh Stevenson.._.. Maroh4 _____.. 10,000
Fan, Buren County !

T%‘;;“Ea;‘;jgg?_ branch of H Lowson ... C. L. Baleh........._. Fobroary 23 ....| 6,000

%‘nbubary to Paw Paw river....| Lawton ... J, W.Clark ._ -- " 28 ____ 3,000

Pping brook end iribuesy 66 10y |7 orper. | el aow
Tributary to Paw Paw river....| Paw Paw__ 8. Hawkins ... - o 29 . 10,000 °
Cold Spring brook. _________._. Paw Paw._ ... F. C. Thomaa. ... " 25 ___. 6,000

.Wi‘xsﬁtenaw County : ) ' -
Horis o balort Spring: 1| Saline___...........| 7. H. Battle _______ “ ol 20000
Honey oreek__________. Ann Arbor._ .| J. F. Lewrence. " 28 10,000
Bogyer's cresk. Ann_Arbor.. .| Jasper Innes.__ o« 28 10,000
Paint ereek. ____._..____ . " | ¥peilanti._______ 0] A H, Martin._._..___ R S 10,000
exford Cmmtg

Nca;lhh fork o waétlztl?mml]: n£
ug;ﬂ{:;gr»ng:gb breneh of Ff Codilloe ... ____| W, T, Cornwell....__. March 25.... .| . 20,000
Pinerivers. _____.________._

Cedar creek and four streame

out of Manitou tributary to E Maniton_ __.________ Mich. Fish Com.._.._ L 30,000

Manistee Tiver.........__.__ .

B 2,468,000
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County and Name of Waters. Town. Deposito_r. Date. Number
Alcona County
East, west and sonth branches . .
Bofkli‘lmenv}s:r__ Gustin & Mikado.| 3 o Killmaster... .. Mar. 19, .. 20,000
a0 6 CIEo) .
Davil's river. - Harrisville and G. B. Killmaster.... . “ o 18,000
North and sonth brenches of woyel . 20,000
Rlack rivar. oo } J. L. Sapborn.__.__.. 18
Allegan Cmmty.
i ) S D. D, Harris. ... 8.000
Bﬁﬁi grg;?:e_ _________ Charles W Button. - g.ggg-
ﬁﬂ}m creek ]:mi tributaries. __. Hagvear Bhigogmeem- 5000,
er'screek._________. - B
Little Rapid river_. . Henry Ebmeyer_ 6,000
Mg.lnn’s cre]a(k """" } Conrad Bros.......... 8,000-
emcoreak. _______
Cold stream brook..__...... e J.D. Kelley...._.._. 3,000
AJ Coundy:
orwagian gi{;aeh___ . Christ, D. Haaner. ... 8,000
A s cre :
vEn;gs\’creel!:__ % Henry Bolton........ 20,000
Bean, creek .
g Sy
anty ereek. ..o .
Balpon creelk . Coster ... O.W. Holly ........ b2 12,000
Holly’s criek.
Cress. .- -.- Kearney and
Intermediate creak. ... Mencelona .......| Oscor W. Kibby_ ... R M 18,000 ,
4tehinson creck } E C.Noble __.._.... L SR 7,000
Jordan river and branches J. M. Metheany _..... April 2.__..._.. 25,000
Ba.&f:gugt? g:gek John Bhean ___ 8,000
Gilass creek..... J. M. Roj ors. 10,000
8pring brook. Irving John C. " 5,000
Coldwater crea] Qdessa_..._. Oliver J. er.. - I 8,000
Baraga County:
} Wm.L.Mason ... | " 6. 25,000
Chas, M, Ferrar ...... AU SO, 15,000
erTien County ;
Bloe ereel ________............. Bambnd D.J. Morrison .______ Feb. 17 ... 9,000
South branch Galiero river...... aﬁa Francis V, Martin_ __. 1 6,000
s;'.lmr;ﬁmk } Tiu'ea Ouks C. D. Brownell.__.__. " 9,000
Pokagon branch Bertrand ... _.._.. B. M. Copp.. .cacaeeee “ §,000
- Cathoun Counzy "
%esgéo]l’sﬂf[eek_]i__ .| L. L, Haxsh ......__.. 6,£
godworth creel i s | " 9,000,
Forris creek. . } .| George M. Forris
Martin brook. Battle Craek
Himons brotl)!k R 1}3{3& lorG _______
atoris brodk 1111 | Newton - ooniis H M. A. Osgood......... “ 4 21,000
Crystal spring brook...._...... Léaroykand Batitle
Kelsey brook .. ... ﬁarorif1 i
B‘Bl' CTE arana ,F. o, Wher’ry _________ I lslm
Wilder creolc.. Eckford.. : .
Zg.me Z%ak,lz‘ J(!)ia.rahulld. Marengo| Thos. Li. Crenin, ' 3,000+
- .} Concord .
Giliot's crack. Glarence F. C. Courter......... Wl 9,000
Rice cresk o 11 S
[ C :
%Jgﬁ.rmg:nwcmek ,,,,,,,,,,,,,, _..| Penn, Calvin and
Jafferaon - 6,000«
Christian créek. Penn . " 3.%
Glsenwood sprin o 3’000
Cransecreel ___________. '
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Numbar 7

County and Name of Watars, Town. Depositor. Date.
Charlevoiz County: -
West branch Sturgeon river Hudson..._...............| James A, Waggoner..| Mar. 19, 9,000
Jonron croele. ‘Qonth Avon.. L. D. Bartholomew..| © 25.____ 26,000
Horton’s creel Isnac Btauffer ________ ... 21,000
North and south branch of } |
Boyne river . ___._ F. M. Metheaney._____| April 2..._.| 80,000
Cedar or Desr creek, ________ -
Cheboy an Coundy
nustin 'g Crum.ie:r cresk. ... Nunde-... ... ____ J. R, Bhook _________. Mar. 19.___ 1 12,000
C°!d 8 :::gc;;:f:]f::: ______ Mentor ..__._......_.__ W. H. Merritt_..._.__ L (- T 6,000
Clare County !
Dock or Tomereek_ ... ___. Lake George. voo1s 12,000
Bouth branch 6f Tobacco river
Little Tobaccoriver..________}| Grant._._....._.____._._._| Ebenezer Porry...___| *“ 13....

Crowgford County
AuBlable river..______.____..__ }

Eatcm C’mmty :
Carrier's ereske.________. .. ___

Fish creek._..__.
Battle creek

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

Gladwin County
Bugar river eand branches.......

Payne's creak.
Knight ereek. .. ... 0 - }

Hilladaie County

. Btony creek._
Derby creek,
Popple creek..

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

Paradige and Fife Lake..

Moscow and Bomerset.._.

d..
Lebanon & N'rth Flains E
Crystal and Ferria___._.

Geo. A. Chatterton__.

Watermnan Lazoll. . .__

G. W, Bherwood._ ...

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

“ " u
“ “ "
] " "

El J. Jennings._____.
‘Wells, Btone & Co....

E.B, Noble...........

L. M. Thomas__._....
C. E. Browater. ..___.

T. M. Wilson_...._.__

Charles W, Harria____

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

H. L. Bengchoter. ...

42,000

15,000
18,000

15,000

5,400

9,000
20,000

12,000

15,000

9,000

2l
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County and Name of Waters. Town. Depositor. Data. Numbsr
Tonie County.—cont’d:
%mﬁyuggi. R Liyons oo John Betts...._...... Mar, 24, 12,000
uburtans creek_ ... ...
%iurphyl”a b?ok_.
Egggag brlt.J%ok.." Lyon8 .. accciceeeane - H. Hitcheoek . __._..| " 2. _.. 15,000
ﬁ}earney‘skbro
: fgzwggzc; | et Plins and Repmoldel B M. Brown.........[ ... gg
o0 crael R : o TG Walker. .o 24 i
Bast Bibert braok__ 111111 Berlin ... L. & Wolker
Randsll creele ... James W, Toles ..____ "o . 6,000
Monk’s creek.. NN
Beenion creek ______.____ ... .
Tibbitt's creelc. . ... ._..__._ H. L. Buailey...... ..l " 7..._| se000
Prairie ereek. .. . . __..
B Sl o] s
len croel .. - D. R T !
Church's oreaks. - .o........ } Boston seenasannsene Cbas, D. Pease
Zosco County ; . .
a%:wﬂt;u cgaek Baldwin and Wilber
gi.ial:tds ‘::l;%gkk. N.C. Hartnigh_______.| * 18..... 25,000
‘Bilver creek . 11b
" Porterfield creek.. .. ... Burlelgh _________________ Frank Duplentz......[ * 1. 9,000
Teabelta County : "
ot Do B
rver. ... wweeeceeeeeeo-| Lincolnand Coe____...._| A W. Houest_..__..__.| " 81..___ X
Headwaters of weet branch of } Rolland ._o_ooeeeeoees H.P.Blanchard.....| “ Sl..... 9,000
Pine miver . . oc.cccceeoeeona- b
Jaﬁ"%ﬁagwcgggo N Bamuel Campbell._ .| Feb. 24 ___. 8,000
_ “One soures of the Kalﬂma.zuu} L. N. Keeler.__. 1 ow s e000
o . w
‘Bnydera creek ... .. C. B.Bush__. o - 12,000
B e ot ko T T Conely. . 30027 6000
Kgﬁrg_azoobc‘ouity B
i?:rﬂkea: :bb:g?o: k- Kelamazoo and Cooper. .| Wm. A. Glover.______ o2 6,000
pers brook_ . . : 000
i - Boss, . oooeeoeeeeooo | Ei B Miller.. ... 9,
o e apgy ook ngtls;}estam - _-| Charles P. Cory. 3, 000
Richlan 3,000
Charlestodl & Comakock } A. H. Hobberd.......
Hehoolora Goeo. 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..... 6,000
Spring ran__. w
Cgld strear brook_ C.C.Adams___....__. 20..... 3,000
Davis creek. ...
s % Ed. J. Anderson..._..[ * 20.....) 15,000
gu.uc'an creeklf:.. -
i1lios oreete 11T E. 8. Shaffor......__.| - 20.._... 2,000
Kent sznﬁ/l: i
ilton lalki K. Hilton_.._.+ .| Feb, 26..___ 1,000
No name_..._?._..f_. A. 8. Ainsworth....__ April28.___.| 6,000
A Mar. 24 20,000
creek | ar, 2. y
gﬁmy cmﬁ]:]; Chas. D. Pease .......

SFYY O . W 6,000
Boen b g | %
Tributery to Charlis Putt. Feb. 2. 8,000 -

ko S eacdin, brook G. 1. Yonng Mar. 81| B0
Archie MeFarlin broo) ‘s !

Srhith's broclk.. Joscph Babka._______
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County and Name of Waters. Town, Depositor, Date, Number County and Name_ of Waters, Town. Rame of Depositor. | Date of Deposit. Numbér.
Kent County,—cont'd Magon County.—cont'd )
Butbarnug ereek_ . _......... Black creelil:"
Hendrick eresk. - . A, W.Blain.._..._. Cedar oreek Edward Btock_._.._..] Mar. 14.________ 18,000
Smith'a 8pring brook. .. Chas, A, Green. . Weldon cresl . C. H. Bates . L 6,000
County Line creek.. ... ¥, ¥. Crandall_ North br. of Little anbls river Joseph N, Clark’.""[7| #,000
Bear creek_______ H.D. Davis ..._.__._. gfggglicc!::elk- - Dodge Bquires... ___. " 3,000
7. Coon Little Seublo f Hhﬂrmﬂn ........... BaR rnesdmtas._ o...| “ 14._,_.__-_ 15,000
B Rl dar creek _ "
B Wand Bauble n‘i?r gzz g::?g?j‘f: o g:%
i .'Bag;‘.: """""" ﬂﬂaﬁﬁﬁﬁl oreek Riverton . ___.____| D.C, Wickham. __.___ u 25,000
ke Baird
Bibver ¢ k ﬁ A, P&atgv .Mtzr ueﬁta Caunty b
coley’s cresk_____ enry N. Co eke river ~__._________._ ___ Michigamme.._____ 3 i o
Stow oreek D- P. Halo, o .2 Isqd:fﬁ oreek . ﬁh‘i;éﬁ'i?én ° John G. Fowle -....... e 15,000
o 8. - Bly . __., George H. Howett.__.| *“ 25 __._.. 18,000
Ralkagkq Count Lake f8ally . -7 0170 i N w '
Jouth br. of B%ﬂ:rdman river. . ° ¥ T).rdan -----------
%oargman river. - ¢| Bouth Boardman. ____.__. G.R. &L R.R. Co....| April 2.____ 0,000 M}eica&fa Co'uri:ty
Rapidriver______ ylescreak___.________ ______ 6,000
Porsland croelr.- Wilson . E.B. Noblo____..___| Mar. %..... 2,800 Can creek 3000
Desmond creek “ e YW 4,000 Davia cresk - g'%
Lak Coun ?é%;:ssel] crekek '
e {oun ;
Blauctte hrook ST 2,000 Brush oreck
e N AP Heott e Doerfield....—.....
cree.
Kinney ereek Apriild____.| 10,000 , creslr _ James Boyd __.._____. B 35,000
Two br's. of Bwes WM. .| 10,000 Cedar creek. _
Small stream on see. 20 Yole 5,000 gtevegs at, lr{eam
and brook . ...
Lapeer Count i - lebrook . _____TTT1TC
Ifort.h br. g’ Clinton river.._._.| Almont.._.______________. . i Feb. 6.....] 9,000 Quigle brao
Townsend's creslc _____ | Matamora .27 777 a Read. R 4,000 Monimorency County:
Hemmmg‘way eroek. .. 1| Marathon ... ... . oo 2,000 ay Meadow creek. ... ... ___ ,
oreelt. .| ACARDOD oot tanager creel. - Wm. Lawrence Teach| " 19 _______ 15,000
S azgnis crenk :
] @ outiet: .
Eollm- DOD]E outlet__
Mar, 25..... 2,000 Cotd crags. Bugt. ... | B H Gilman ... “oa0 25,000
‘Weber cree
Bolton ereek ______"T0 1T
Fob, 10.___. 9,000 ' Monteal
@ ontealm County :
10..... 9,000 Black cresk __?f_ ________________ Belvidore........__ | P. Flick tou 9,000
. Brand creslr _ . ‘Winfield .___ I MW, “ 4.000
Twie crook. Oceola and Deerfield. . .| Wm, H. Johoson. ... 12,000 Tomarclk ored Gato... ... : e B 12,000
Ore eresl.... ... .00 Ha;g%nuig Brighton and 7. 0. Clask - 6.000 }(;eda]; ErBe}l: Belvidere.....__.___ Albert E. Hunter. ... u 12,000
' . . y - - [T e r B(_'. cresk _ .
%}'gﬂ fﬁe%l.{;.jﬁﬁi B Brighto €. E. Cushing. " '77 Town line cresl. Winfiald & Maple .| J. A. Barry....__ L 6,600
o  orole righten ..___._. “ w - woog 18,000 Little Pine cresk Ferria & Crystal._
VJ) leton creek._._.._'j: Gepevn aﬁ&‘ﬁéﬁﬁh}g “ " o9l Buttefﬂiln&:reek gwaga{&BloomerE LB Youndan._.._._.| 7. ___ 15,000
b a gl -~ ryatal ..
on:;;’f{‘ﬁ_m________________ Hambazg ..... .21 Will Cady..._ 1100 w9l eom %.j‘glflér‘égkﬂf Fish arcele 277 Evergresn . -| Ephraim Follett ....[ « 2,000
Mcwamb Cwn ty ' Spring creek ... 07T } Sidney ..._. C.F. Briant.___..._._ " 9,000
____________________ Washington .___- _| Chas. E. Crissman Feb. 6..._.| 9,000 Hpriog ereek Day___.. 3. Frost & Co i 9,000
P e - on- Jones creek. Home ...~ w ’
T. of Sbon'y creel _ a g 15,008 ¢l e Wm. R. Jone 6,000
North br. of Clinton river ... % Broce ... ... R.B.Owen...______.. v B ' W:%gggfé‘ek %Iapl@ Volley.. i+ T. J, Phelps. " 6,000
“
Mgristee Coun %;gfﬂ‘giggeﬁ-- ﬁluerxgo[; & Reynoids| J. g E?L%ﬂ?wuy ...... " 3_‘838
Claybank creel Manietoe and Btronach T eynoids.._____
LA B 8,000 Tamarack cresk —-i Reynols ¢
E E&"ﬁigﬁ,‘“ e Brownstown } Town 6:000 Church ereek. . . .07 wﬁ’ﬁ%ﬁf; ________ G. B Murroy ... ‘ 20,000
Claybank creek Menistes __ . - 3,000
ﬂowlets cre]gk - v G.R. Fows:‘\ralr g:gg Mi‘-."‘;ﬁe on. C‘crun.tg k Can
ason creelc . v e J White CEery creek.. . ___ a8novin . ..._.._.__ Eliot T. R i
Beavor oronk R T K iaming 5,000 Bilver ereely ... TTI1IIIITT Whitohall & Biuj ot T. Blocum ...._. 9,000
able cresk . _______ R —nam ake . __. . __. M, . "
East br. of Bear oreek. ... ... oo ITTTmTTTTm W. R Smith 15,000 Cloveland creek Biue Lake E E. M. Ruggles...... 15,000
Cleveland creels AT &C.ECovell.| “ 10 9,000
_M’rmm Count Little Cedar cree Fohn Dagen LT S 12,000
Tpr'l)ng EN%B i - VB Penner........ “ i S (N B R )
ntary auble river... .. - B th. .
Weldon ereek.__________ 1707 WE, ielﬁ __________ Y 8,000 23
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NINTH REPORT--STATE FISHERIES.

Brook Trout Plants, 1890.—CONTINUED.

County and Name of Waters. Town. Namse of Depositor. |Date of Depoelt) Number
Muskegan Counfy—cont’d ! .

graen 8 cli;eek ...... - ﬁak«ﬁ:on...g AT

QAr CTed - usgegon alton. .. 1,
Rlnck cteek Norton, Fraitport, Chas, L1, Gunn .......| Feb'y 14__.| 35000
Texgleston & Moorland .

Rayou or Spring brook.. ... Norton ... .....cocoo....| O/P. Barcos ... ok 6,000
Newayge County : .

. Williams ereek . _.......... Shﬁ:;dan' Bhermen & } Andrew Gerber_...... Mar, 10.____| 15,000
No name John Cole - " 5,000
Chidester ereak W. 8. Bartron___.__.. " 9,000
Gulley creels.... Asbland . . M. V., Bartron._...... " 9,000
Brook’s cresk . Hrooks & Ga) - Charles Xritzer....--- " 1
Bigelow croelk _ Everett & Wilcox ) .

Wilcox creek._ .. " “ i Phil Rodad ... ... 1. 32,000
Tour mile crask -
%?&%;‘t“’;&:”esé‘m Albertng Andrus ..__. LI VO 12,000
Ko name. e ol David Hatch ......... “ o1 4,000
Oceana County: :
%ﬂldc{?n criek ................
[:hy Lt 15 ] I
Roby brook.___ Colfax.______.__......... E. D, Richmond._._... S (N 85,000
‘Walker creek. . .
Gales creak_ ... i
Branch of Btony creek -| Bhelby & Benona B J.8hirts_, ... A [ 12,000
Cunningbam creek ... -t Newfield.._.___ Horace Lattin_ ... LI 1 9,000
Oscode County ! B .
Bilver ereek .o Coming . oooe oo ..l €M, Comine___.._... Yoo 12,000
QOsceale County .
Clarks ereek. . oiusvaoaceaan
White's creel. .. . ... N
Bweeney's creek (oo ooooooo- Ashton ... ... ___. J. M. Metheany ... April 2. 12,000
Arnold, ereek .. ... -
Enapp'screek. ...
Rose lake outlet....,_..,,.,,,.
East br. of Pma river . ....p| Tastin . ...._...._..... J. M. Metheany ..._.. A T 9,000
g:ogvnserf(d creek
‘At ereelt . _. m
b SRS ¢ F.&P.M.R R Co... 9,000
Stream onsece. 6 &7 ... F.&P.M.R.R.Co...| * 5,000
Twin creek .. oo F.&P.M.R. K. Co...| * 10,000
MoDonnia sradi. ¢ L. tlays & Jas. M. Reed - 800
Beaver creek. . oooooooooioo Dell Roberts ......._..| * 2B.....[ 9,000
%rooka Crel?k ,,,,,,,, -
inny ereck .- - 1
8ylvan creek._. - 8. 25,000
Norway creek . ..ooooooooooo. i
Two bra. of Big Stone creek . b ¢ T 15,000
Big Stone.creek .. ....il... vod | 9,000
West br. of Clam river .._._.._. L) S 9,000
Ogemaw C’mm!y
Middle and west branches of .
the Tittabawasses river ... p| Bdwards . ... _....... Charles Woods ...___. R [ T 15,000
Chapman cresk - {
Wilkins creek _ .| Cumming & Klacking. ...
Rust creek. .
Nestor creek. . Tose A.B.Rose .oeeovun S L S, 15,000
Stockadecreek ... ..} o oTTTTmTmmommomsemenes .
Dalecreek _____ .
Dunhao creek_ West Branch ____.___...__ f2. V. Thomas......... I 8,000
Houghton cresl. Rose & Cumeming Wm, Bentley L o I 9,000
Spring creek. ... Horton__.......... e C. N. Ashford . LA - T 9,000
Ammond oreek.. Jerry Ammond. .. A 9,000
Spring ereek ..o George L. Lamb. ____| ‘' 19.___. 6,000
Oalland County !
Buckhorn creek. 050 A, B Botsford........} ' 12..__..[ 9000
Andrus creel. ___.. .
" Pleasant Valley creek.. ilfoi H. B. Holdridga™"""""j ** 12..... 15,000
Beech creelt ... .ol aoooooo. i :
Indian Garden lake and brook.! Milford .. ... ...l E. J.Bissell ... A b 8,000

!
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Connty and Nawme of Watera. Teown, Name of Depositor. | .. g;;;%all: Number
Qtsego Count! g
& branch of 8turgeon river.. Corthh reeevcmmeime_—o} D. H, Fitzhugh ... Mur. 19 9,000
%E;gglcreek - emmen I. A. Cooley. ... 19, . £,000
river..
vt Dover, Charlton, Li-
Bturgeon Hier. -+ {| “yinghtona & Corwith } A-A,Craneo_. .o MO0 18,000
Oitawa County:
Sand oreek. .. Chester & Wright Norman Harris " " 9,000
Bpring ereak Talmadge - Peter Malooa. Feb'y. 17.. 6,000
Branch of Bu Georgetow: Benton E. Gres GIT. . 6,000
Peer creek. __ Polkton ... ...._....] D.O, Watson___ s |- I 6,000
Roscomman County .
Robinson creek _____.__.__..._.. Higgine ... ... H. H. Woodruff .____. Mar. 12___ 12,000
e Coaemt Bl
hite creek ___ V124 ) o S, s
Bucker ereek . ... Ind_m% FEI..BId & Wells .. % F.8. Wheat ... b 15,000
Van Buren Couniy:
Tributary to Paw Paw river....] Antwerp ..o oo J amea W Clark._____ Fob'y. 26_. 3,000
Bouth br. of Paw Paw river ____ s T H Slliget. .. N 3,000
8inlk brook ... Almena._ B FOZL6 _ Y86 6.000
lsiayden Bprlli,ug gx'gokb _i A vl \’? Free ........ R 3,000
“Bpring cresk and tribo aries...| Antwer 3 y
Bouth br, of Paw Paw river._. .| Porter _?, C' F.Dey.oooeiimeees Yo 5,000
Cold Spring brook __. Almena .| ¥. C. Thomas _ 2. $,000
Hayden's brook .. O, .| Gteorge Langdon N 6,000
Pine creek..__ Hartford & Keeler - Young..... N 1000
Cold creek. . Lawton ... ___.___. .. James McKeyea ... 26, . 3,000
Bpring creak ___ '
Tributary to ‘eant branch of e Charles L. Baleh .____ “oun 9,000
Paw Pawriver... . o !
Kinneys creek__ o 26.. 6,000
Byring brook. . ... o260 5,000
ot br, of Paw Paw river. ... BB 3:000
Washtenaw County .
Honeycreek_ .. .. _..___. Ann Athor ._......._.....| J.F. Lawrence.__.__.. R 6,000
%:{;1&31(‘:5 crﬁak ,,,,,,,,,,,,,,,,,, ;\[ eb_fber . Josper Innea .. ______1 " 2. 6,000
reek. . ... k] t: i "
%‘ellgvgs ook T gdli 'rixll . Martin ... .. 24 9,000
ond brook_ ... Baline
Mud brook _._.. J— 1
Bring o I tork . T.H.Bortle _______ wodel| 25,000
oyt’sbreek . _____________ Baline _ . '
Tates creelc ... _______. Pittafield .
‘_lé[ales.u“'crael{l‘E .............. Lodi.._.
asged creek . ____ v . R, Aldrich.____..__ "
Tashier creek —__ . _____.__.__. Pittsfield 77000 % E. B. Aldrich .. 8,000
Wexford Counly
Headguarters of Pina river____. Hobart . ....oocccemeeeeo.-| T M, Metheancey .....| April2_ ... 9,000
Pairchild’s creek ... . .... - .. !
Jorth bran]gh of Pine river.. {| Colfax & Cadillac_._..__. D.T. Diggine ._._.... Mar, 3L... 12,000
£ cereek o ... . ___ Harrietta. ... .o...o.... . "
North fork of west branch of e B. Cooley..o.o...ooc 8L 5,000
north branch of Pine river. } Cherry Grove._.___...____. W.J. Cornwell_.___._ 26, 25,000
Harrig’ lake and creek _________ Colfox ..o . ..... Hirom Harri ... - 9,000
B U 2,578,000
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Plants of Wall-eyed Pike, 1889.

Nome of Watets,

To Whom Daliverad.

A

Jackson.....____

Ealamazoo ____.n{

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

Brgvoort lake

No name given

Boginaw bay._______._..eaos

Paw Paw lakes .. __.__......
Paw Powr lokes ...

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

Orelake.. ... .__.ooovoaoe
Noname given. .. _.....o....

Bawbeese, Banlkers, andSand,

akes. .. __..__...
Long lake

Long lake and Grand river..

 Clark’s lake . oo o_o.......
Girase lake, ..
M, ¢. miil pond; Vander

(looks & Browns lakes......
No name given
Gilet'slake.. ... ... ... _.

Gulllake.. ....oooooooo.l.
Gunn lake. ...

No name given
Hownrd and Rawson lakes_.

Hilver and Bostwick lakes
Band lake

(lark’s and Bidweil lakes. .
Ors, Byan's, Ronkin's, Ward
and Maltly lakes

Bishop's take___.___.__._.__.

Baldwin, Woodbeck and
Burgess lakes

Brevoort lake
Brevoort lake

Handy" s, Lae, and Ma.yﬁeld
dnlces. .. ..
Luna.

Orchard Talkee, 2110 Z

Kaiser lake _ ...
Klinger lake

| “Abel Coon

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

C.Colby ol
C. D. Whitcomb

Jomas Dicke¥a. oo oo

A.M. Tinker_ . . _.._.... ...
W.W.Green._.. ...

A A Bt e
Michigen Fish Com.,......._..
H.L.Bailey, .. ..o
J. L. De]mont.a-_....-..-..._.
Wm. Mohr._____
}G. E. Besbe...
W. H. Bpront.. .
T.J.Conely. . oo oo

Mnéhlgan Fish Com.

L. A. Lopawell_..
Thomas Hewith. .

@, T. Ynnng
C.B. Ford..
F.T Hynes oo

C.EB. Cushing .._.o.........
H. B, Bishop....

}T. T Phelps oo

M. F. Mulcome... ...
(u t. Bogers.__
. Warran__ .. .01

H. C. Cole

M. 8. Holdridge. ..c.vnnrvoma-

J. ¥, Eaiger
Y. 8

APPENDIX.
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Name of Waters.

To Whom Delivered.

Connty
Antrim _.__._____ %
Branch ... _____
Bsr){y ..............
Cheboygan . __.____
Cass._....o_-. {
Calbonn oo ;
Clinton.. ._... ...
Geneses .. ..o....
Hillgdale...__...___
Iogham oo - g
Teabella .. ...
Jackson ___._.__. '{ll
Halkaska . __..
Kalamazoo..... - %
Eent .. ... _..... {

Mackinac. ... .....
Mocosta . ... .___.
Muskegon .___.__ 1
Missaulren. . ...
Newaygo _.__.... {

[
Oseeoln______.__. -l[

Lac Ln Belle and Five

Diamond lake.__
Pleasant, lake

Pleasant lake.
Baldwin lake._

Keslor_lake

Long laka.__.
Bigle lake. ____.

Farwell Inke
Mud lake..

Pine lake
Pine lak

La Strange lake

Swain's lake. ...

Gourd Neck lake

Rleod lake
Finney lake.

Forman lake.
Devil's lake. __.._

Long Lake

Inland, Briges', HRackin's,
Appletuu r. i3ighop, Ure,
Piclkerel, Fonda, Behool,
Huieweil Noble. Upper
Ure, Round and Warden
laken

Mackinaw Straits_ ____._.___

Chippewalake .. ._........

Big Blue lake__
Litvtie Klua lai
{Orystal lako_
Foz lake..._

Muskrat lake

ern'ht (-:oose. 'B:gR
Tlff Sadd lo Bag, attml
lukee Hicks and Loag
lakes

E. C. 8. Green
‘Walter Burling
E. T. Roos
James M. 8hepard
Edwin (‘ase.
B. F, Parson
3. E. Dibbla.

F. F. Hoenglin

Duck lake . ..
T. W. Curtis

Wm. Johnston
.| Angon Shotwell___
.| G. G.8Butherland..
Wallace Becker.

McCormick lake . . ___ . }Z' B. House

G. T. Reonshaw.

_| Mahlon A,-Bray
Jelin M. Potte
E. W. Bparrow

A. W, Hurat
W. H. Spratt

George IE. Beebe

_| eorge . Burton.
Y¥rank McKenzie

W. G. Grovenger

A. L, Lakey
Henry W. Moyer

Gearge P. Btark
.| Lsvwrence H. Gooedall.

Rawsgon and Howard lake. ..

.| Jumes Armetrong.
J. B. Allen

]

J. W. Powers

J'E- M. Ruggles

Corowell Bros

Big m'lx.d Litt]fsl Marl 1‘51kes___

}J. J. Reikooo oo

Wm, H, Leonard

K. B. Hughes_. . ._........._

S. D Bonner

200,000
200,000

_ 400,000

200,000
240,60¢
240,000
200,000

200,000
800,000

200,000
200,000

200,000
£00,000
450,000
200,000
460,060
200,000
200,000
400,000

1,440,000

400,000
400,000

404,000

400,000

400,000
400,000

600,000
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NINTH REPORT—S’I‘ATE FISHERIES.

Plants of Wall-eyed Pike, 1990.

County. Name of Watera. To Whom Delivered. Date, Number.

Pinelake ... __.__________ Detroit Baak Clerks’ Ass'n 70,000

Wing lake.... _ . G let: 000

Three Mile lake 80,000

00,

A. Nettleton. 200,000

l Sloan (‘oolay .......... 200,000

». Henri Leonard, M. D! 1,000,000

L I R, Clatk 400,000

200,000

Oteego ... Eorclﬁp&n%ilaém ; mg:g%

[Egnc% ak ge O_fuiufk.siﬂ?.% }.A.llen Briley 500,000

Oceana ..., _____. Crystal Lake, ... ________._. Fred J. Ruseel..____________. R TR 400,000
M "

Shinwanmos . i ot faghop and Me- ) g Martents............. “s0.... 400,000

Bhiawassee River...______.__ | RollE. Kelsey___.__..___.___. S T SO 300,000

Eagle lake . oAl 200,000

. Hecar g?lk;s ................... s S 400,000

Van Buren ... Gcm'ill]?}“ ________________ - P 600,000

ravel lake_ _____ .| BE.J. Elligat_ “oal .. 8

| Bankson's lake T, H. Eugget___ N B T 200’000

Wexford —........ Big and Little Clam lakes.._|T. G. Moesor.. _______.____ “oas. 1,000,000

'.["()\‘.{nl.l___________.__.________A.“__________.________________&,__l _________________________________ 22,800,000
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Couanty. Nome of Distributor, Locntion, Date. No,
Lo Conrad. .. October36.._______..... 40
S. Bwaney . Angust 20 ___ 40
Alls RH. E. Keiley.. } Baptember 30__ an
B o oo Houry Ebemeyer Burnip's Corners . Qectoborl. . 40
Joseph Marshall. Wayland ... Apn] lil a0
Fred, A, Whitney_____... Bradlay 30
Alpena 100
Nasl‘\[ville_._._,__._____. Aum\st - zg
30
40
March13__ ... .30
.......... Aunpgust 20 _ 30
H 20, - 30
Branch ._._______._ George G._DeMott ,,,,,,, Union City.. ... ....... Qctober 1. _____._.__... 100
B, Gilbert ...............| Dowaglae ..., August 30 a0
Camg ______._____ Lea Tatwan _ e - vl a0
J.A Roob ... " e B0 60
L 7 Roos ...poeenn Cheboygan . ooeevooe. October31 ... 100
Cheboygn ........ B Bicard e April 29I 30
Claze . oooooceaae. W.W.Green ... .__._. Harrison ......_._......| September 9____.__ ___. an
) W. 8. Dills 10
Clinton . ... f A.E. Cobb 10
( Willard Freemire 25
J. B. Ellsworth o5
Eaton...._....... 1 C. E. Wells 40
Q. W, Gridley 40
L] O. W. Mea, 40
Grand Traverse ... W.E. Gruliek __________. Morrisville . _._._.... August 28 __ . .......... 30
Gratiot___.___.... .t Joseph Ray___..______... FlweHd. .. ..._..| Octobor0_... ... 30
0 P.B. Smith _____________ Waldron ......._...... April !.; 50
Hillsdale ... { Charles E. Case.__. .| Jonesville. .. ___._.____. 50
William H. Wallac Bayport._ __ .. _._...__ Qectober1! 40
H. P. Blanchard. Blonchard. _ Bop’tombur 1 30
Frank Duplantz. ‘Whittemore .. April 10 __ 30
E.P.Rowae_...... Mason._.._... October 15. 40
Mahion A. Bray . | Okemos .. .. " 40
Mooys Hunt.___________. Dansgville. ... " 40
: L. M1 ard ... Palo .ol " 0 30
lonia e { D.&Strachan.___..__... Muwir._.._ ... " 15 40
Jacob Lemon.__._._____. Vieksbarg_ .. ... . ... L - 100
Kalamazoo..... ... { Otis & Baker ____________ Kalamnozoo ... ... August 200 ... ..__ £0
George P. Stark. . __.___. September B 30
Hent ____.._____. H. O.Braman .. . October 15 _ 10
AW, Blain._..___.._..__| D I T 10
M. E. Evarts... April2. ... 30
Leelenaw..... .. { W. B, Greillick. August 28 ____ ... _____. 30
Lenawee...._.____. J.&F. Balter__.._.____.. September 5._._c ... 30
Tivingston___._... J. 8. Montague ___.____.. Howell ... ... .._...|.October®6____. . ________ 40
Mason. .. ...... Edwin_ Goodrich __...__. Branch' .. ___. U Angust38.. ... ... 40
Charles Kravse___.______ Ida. .. April 10 . ______ 30
Monroe ... ... 'E Seward Baker.. ... .._. Monroe. .. ooeoaeeooan R || 30
: Wm. Krenach ______.____ Manistee .._...........§ ‘' 0 ... 30
Mmstﬂe..,,.-.-{ . Muller G e I 1 20
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Distribution of Carp for 1889.—CONTINUED,

County, Name of Distributor. Location. Date. No.
Mecosta _._...-cn~.| Thomaa G. Horton...... Meoosbs oo oooon oo Beptember ...
Llewelirn G. Zeigenfuss.| Greenville. ... A FETORR
Montealm .. ... i Frederick Papke __..__.. Hovm‘d City Octoboer 1., oo %
Honry Henkel ___.__.... ' " R | 80
Mnskegon. .__.___. W. E.OQgmon______.____. 40
James H. Peabudy ______ 40
Oaldand......._.. %h?.;mI“iB D, Donovan.... ig
Will Mot u'ﬂéI::'.:: 10
OceBna oo J.A. Weyant ..o, 40
. M. L. Rice..
Oceola . ... A
M. 5, Chapit..ooooeeou. 30
Oitawa _________..|B. M, Sage_ ... 80
T. J. Caruthers. ..
Bhiawasses—..-.- i Thomas A Lawrie gg
Jumes F. B, Cortis...._ 50
Banilac, ... William Walker. ... 30
8t. Clair. ... George Garlick ... 30
86, Joseph......... W, Parker...._........ Bborgis ... eanes LI .- 10
G5 Ko Heboad: %
A Cook. . on
Van Buren......... E. R. Haydon Lawton iw 23
C. B. Whitcomb Hartford . 40
Wextord.. ... Bernard Kulniclk______.. Hobart .. oomoeeeeee a0
Teubel Bros... ... ... 1
(],)oxir‘xw(gll t%: Bro . %%
D. ...
Washtenaw ... Eﬂﬁm&r J ﬂé?ls - . 0. ig
. D Watkine. Beptamber 30_ 40
Louis P, Hall._......._.. Oclz'.ober 2l 40
OB e oo am e mmm i mmmmnn mmmmemmm mnm et mn et e e ae nmn e 3,490
, .

0’

APPENDIX. 1856
Distribution of Carp for 1890.
County. Depositor. Location. Date, Number.
D. D. Tourieiletie en{?.,.‘..._________..___,_,,. April 24..__. 40
Allegan e mmem A. L. Buakirk.. .. Bhelbyville. .| August 21 .. 40
A.J. Wohma. . ooooo.--] Graafsehay.. ... _eeaeen October §.... 0
Alpena ___oooo-- Chris D, Hamman.. .. .---..] Alpenp. .. ccemoeeooe Angust 20___| 40
H.E. Wiliams___._.....__.| Dowagiac _.............__ cen 1006
C. D. Brownell___ New Buffalo.. 40
. %alrtford - 433
. elair....__

Berrion .. -...os Berrien Cen 0
Rodus.._. 100
New Buffal 50
’ .| Bt, Joseph. 50
Barry. oo L.8 Hilla....._. Irving oo e 40
Wm, Withington._ ... .o--- Burlington.. ..o oeoooooo 100
(1 L. C. Phelps. o oeaceacecacans DOWOZINC . o oecoceccamennn 75
Charles Mann.. .| Dowagine.. - 95
¥. M.Bant___ . .-} Marcellus._.__ . 200
Edgar Wetherbee. A 100
(_,hnrles Wetherbea.. - 70
A. M. Bachelor__. - 165
J.C, Lindsley.. - 20
W. Wells.______. - 59
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.. ool . 10
\| Leslioc Wells. __......o.co.... La Grange. .- oomoeeoarer 300
Clare o e E.W.Chapin.oooccoaceans Marion. . oo eeiiamaaeaan Auvgust 21... 40
Thomas Crump. . _.--oooo. Topinabee_._ R S 49
Chebaygan ... { George V. Brill. _____ Buckhorn Sopt, 9 ... 40
Robert Hubbard..._. Chester... October 24__ 100
Thomas Bherrett. . LoveriDg e cer e e Bept. 22..... 40

Grend Traverse ...| J. M, Thomas..___._._._.....| Traverse City. . ooroeeaes Angust 25
T, Miller. oo oo | Besliee e Avpril 28, __. 49
Tngham .o oo | Sannd Hantl 1T Holt.. ol Hopt. 18,2 85
H.L.Bailey...ooooocnmimmaann Tonit.e e et Angust 15... 40
E. P. Clark. Powamo .. 21 .. 40
Milo Rowla.nd. Powamo ... R 40
Topia . oieeeaees H. L. Bailey.. i 150
John Floater. 40
H. L. Bailey.. 50
J. F. Monroe.. ... Portland .____ 60
Nate Spicer Kalamazoo . Apnl 19 .. 150
M. R. Squier Kalamazoo . 19.. 50
Kalamazoo _..... Holomon Bhb Alamo ... Au{;ust 18, 40
Wm. Maile____ Hehooleraft. ' A% 4
F. R, Davenpo AlomaZo0 .o R T 40
Lapeer.. ..o Walter Bandall ... ... MAY. e " 25 40
[ W, C.Bowman. ... _....| Galedonia . ..o oeoooooiao - . 40
Grand Hapids.. - - 40
Kent o .coooan Byron Center... + 28. .. 80
{asnovia .. - v 2% . 40
Hayward.._.._______..____ Kont City. oo oooeaoceooeno--:i October 6. 50
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Distribution_ of Carp for 1890.—CoNTINUED.

Depositor.

County, Location. Date. - | Number.

H . .

Lenawes ........ § GO Backomis- AR E i

W. T. Lawrence. . L 2%, tg

________________________ Sept. 22. ... 40

__________________ August 25___ 40

i - 40

L 40

- T 40

Greeavills 77T Bept 0.0 @

Mngkegon. ... ... Qctober 6.. 50,

Augast 15.. 40

Bent. 22.__.. 40

Qctober 6._. 1]

L

Ontlond..._..._.. { e A ——— Augmot 18 o
"Bert Vineent.. ... ____. Bept. 15 ig
Osdeols. _____.____ C. W, Chapin. ... ____ ' 1 August 21 ©

Oteogo ... . L. Parmeter, M. D..___. . Geylord ...
{5 Homater M- D-oe- - (s b 5 .
50
200
______ 100
150
80
85
40
40
Flat Boele ________ 40
Datroit,._ - 34
-| Redford... - 40
Detroit. . ... ____ .. 8

Total.____... '
_____________________________________________________________ O 5,798
FPlants of Lock Lewvin Trout, 1890.
Name of Waters. | County. ’ Date, , Nu.mb;ar.
Thomb lake. .. .. _______._.___._ ‘ Charlevoix._ . ... . __._________ f March 19___-_.| ‘ 30,000-
Plants of Swiss Trowt, 1890.
Name of Watera, ' County. I Date Number.

Jolfax Jake. . ... .. __ ‘..._.I Oceans ... l Mareh 7..___. 17,360

-
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Plants of Schoodic Salmon, 1683.
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Name of Watera. l County. Date, Number.

Lng 18K6 .. .o e ’ Kalkasho . oo oo eaen May 10._...... 5,000
Plants of Schoodic Salmon, 1830

Name of Waters. County. Date. Number,
Torch lake,.. 24,888
Tk lako.... 10,000
Rapid river.. . 10,000
ObAL oo o e e mmmmmemmnr e e mmm e em e s 44,383

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

Name of Waters. | Whera Planted. Date. Number.
Lake Michigamme._. .. .coooooooooo. l Miohigamme. .. .o eameicece e 2,520
Klinger lake. ... .coooioaiao Klinger Lake 3,000
Gull lake... Yor o.. 2,500
Cora lake___ Cora.._.... 2,000
Lalke Mwhlgw.mme. N Michigomme. 1,987
Lake Michigamme. ... ...._......| Michigamme. . __........... S 1,000
L Y O S 18,607

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

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

Crystal lake_.....__. _____..______.____‘ Frankfort, Benzia 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 Michignp Fish Com.....| Monrch28.. 20,000
Brown Trout Plants, 1890.

Name of Waters. ‘ ‘Where Planted. | Nome of Depositor. Date. Number.
Londlum eresk ...
%{ané]ingo nreekE 35,000
c(Graw's creel
Echo lnke ontlet 25,000
60,000
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Californin Trout Plants, 1859 (yeartings). .
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Name of Waters.

‘Whera Planted. Name of Depositor, Date, Number.
.
" .Andrews’ lake......_...___| Bighland  Miahi . May I1._. 2,000
Biroh lake_____ 77777777 Fonesville ___: Michigan Fish Com..... { J uege : I 1,000
California Trout Plants, 1690 (fry). . -

Neme of Waters, ‘Where Planted. Name of Dapositor. Date. Number,
Hersey croek. . Reed City____________. t i N May 19.. 8,000
Buck‘forﬁ creak Paris__‘_f _____________ } Michigan Fish Com__... { J l:i‘ge 5. 8,000

California Trout Plants, 1896 {adults).

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

Muskogon river_..._.__... Pacie ... .____._.. Michigan Fish Com..__.| Bept. 28___ 475

Total Plants of Brook Trout in Twelve Years.

The above is a statement of the

. v plants of brook trout m
from and including 1879, the year in which the trout w
" removed from Pokagon to Paris.

Total Plants of Whitefish.

1,532,000
2,211,500
9,310,

1,083
2,088
3,422
2,843

ade from the Paris Station
ork of the Commission was

23,785,000
37,760,000
0,000

11,492,000
£4,310,000

22,300,000

86,378,256

3,678
3,490
5,708

22,512

H

il

5
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Total Plants of Lake Trout.

Total Plants of California Salmon.

15,500 73,008
419,930 215,246
323,000 575
227,000 N
________________________________________________________________________________ 1,304,861
Total Planis of Schoodic Salmon.
20,300 48,000
,000 23,000
4,867 23,634
000 73,424
13,517 | 5,000
27,874 44,000
.................................................... 329,618
Tolal Planits of Eels.
265,000 | 1881, 480,000
405,000 | 1883. 000
317,000 | 1885. 325,000
______________________________________________________________ 1,938,060

Total Plants of Black Bass.

3,500 , 1888 .
7,000 | - 1890

Total Plants of California Trout {Fry).

12,000

4,000
25,000
20,000

Total Plants of Atlantic Salmon.
21,850 | 1874

e 139,000
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TEMPERATURE.

.

DETROIT S3TATION,

Temperature of water during whitefish hatching season from October 31, 1888, to
April 22, 1889, and season for hatching wall-eyed pike from April 13, to May 24,188%;

1885,
Qct. 31 ... - ... BO®
Nov. 1—3 5

Temperaturs of water during whitefish.
February 23, 1890, and season for hatching

1889,
Mer, 18.... e B
&

batgching sesson from November 3, 1889, to
wall-eyed pike April 10, to May 22,.1890:

1889, *
Dec. 15-18. oo 4O
17-24
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DETROIT BTA‘I&ON.—Continued.

it
Jan.

Feb.

T 1800,
April 14-15
1 16-21

23 .
23-27

PARIS STATION,

Temperature of water during the trout batching seascn at Paris from September 22,
1888, to April 10, 1889:

1888.

Fob.
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PARIS STATION.--Coﬁh'nued. PARIS BTATION.—Continued.

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

1889,




INVENTORY.

PARIS STATION,

158 acres of land with overseer’s dwelling and meander of Cheney ereel.___. ... ... _____ 34,000 00
Buperintendent’s howse. .. Ll 31,400 GO
Barn____.___. : 315 00
Tce housa. __ ' 28 00
Bhop and offi 100 00
01d hatchery. 600 00
Now hatchery. 4,000 00
Car housa,___.___._.___._ 200
Apparatas, tools, and camyp outfit 2,001 80
Pom, (&{9 e frrr g 260 00
Win ,t'ank,&);%e and eonneotions. ... ... ... .. T - 400 00 ’
Ponds, races, an her improvements to ponds.. .. ... 8,959 00
, ———— 15,278 80
$17,273 80

3,675 00
$20,048 80

DETROIT BTATION.

Buildings, with frames, tanka, boiler and pump $9,772 81
Chaee automatie jars. _____.__..__._.__________ 2,000 00
Fish cana______ R, 875 00
Toole, apparatis and farniture. 700 00
Fort aﬁe fishery and outfit, . . 276 00
Btony Island fishery and outfif. . 300 00

$17,278 80

Paris station.___
18828 81
00

oo S4B 6

INSURANCE.

Rew hatohery. ... $2.500 00
0ld hatchery________.__. : - 300 00
Buperintendent’s dwelling. . 800 00
Buperintendent’s barn . 100 00
Wagons, harness, atc 50 00
Troughs, trays, stc 350 00
Camp ontfit, ete. . ..__ 300 00

anks, boxes, cans, etc 200 00
Office and shop....... 200 00
Office farniture and fixvures_ 100 00
Overeeer's dwelling.___ 400 00
L T T T 125 00

DETROIT S8TATION.

HouBe . e 1,000 00
ATBOMNALIC FAEB. o o o oo oot e e e e e e 1,800 0O

e Y

$5,225 00

5,600 00

$10,82% 00




REPORT OF LEGISLATIVE COMMITTEES.

REPORT OF THE SENATE COMMITTEE ON FISHERIES, SESSION OF 1888-89.

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 committes of the
House of Representatives, vigited the hatchery at Paris on the first day of
February, and made a careful examination of the work there done in the
propagation of trout. There was every evidence that the inferests of
the State are cared for, to the best advantage. The building, 82§x40 feet,
is in every way fitted for the work. The interior arrangements seem almost
perfect. Your committee saw trout during the various stages, and we say
that the trout hatchery at Paris has become a valuable food supply. The
committee visited the breeding ponds, saw the fish feeding, found about
15,000 breedinghtrout in the ponds, and investigated the interests of the
Btate, 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:

T 1883 o e 14 orders

v ABBA . 38 «

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

. T]%e figures show the value placed by our people on the propagation of
out. :

When the committee was in Paris there were about 3,000,000 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 elosely resembles onr
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 guitable, it is a.waste
of money to plant trout. For this resson the Commission has investigated
the waters of a large portion of the State, and & demand for trout is sent
to the SBuperintendent, Mr. W. D. Marks; he has & fair knowledge as to
whether the fish will thrive in the streem. But, in addition, he sends to
the applicant a blank requesting information as to the temperature 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 ome 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. In a
Tew years, even if the hatchery were discontinued, the land would be worth
much more than is now asked for it. The committee, therefore, 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 Februaary 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 up 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 hatehed
has been greatly increased. For reasons hereinafter mentioned the jars of
the Petoskey haichery have been moved to Detroit, and your committes
respectfully states that the’reasons given by the Board of Fish 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 éggs 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-
mittee 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. Practical 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
go well known as it deserves to be. It is adapted to some waters where
gome 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 & 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 anpnum 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 1t contains s 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 expectation 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. We therefore recommend that the State prop-
erty there be sold for what it will bring, and that the Board of Fish Com-
migsioners account to the State for the same.
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The board has asked an appropriation” for a hatchery in the Northern '

Peninsula. Your committee, after full consideration of the subject, deems
;;best,_for ’5;};3 Eresent% tohregomrlnend that $500 be appropriated for a
Toper investigation as to the best location fo hah i i
establishment should be considered advisabl; such  hatehery, in case s

With this the committee submits to the senate the estimates made by |

the Board of Pish Commissioners for the ensuin,

i g two years, from July 1
1889, to July 1, 1891. With the exception that we reje%t the propolsligon’
for a northern hatchery and insert the appropriation of $500 for investiga-

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

recommends the estimates therein made. In the estimates of &
the Senate will find the details of the expenses, and, after careful iia%ﬁ&
tion of these details, your committee recommends the adoption of the
estirma.tes. ‘ '

our committee would further suggest that the question of the iner
or extinction of fish in the waters ofg tghe State is oge that effects thcﬁl(::zgz
of our citizens. There are large interests involved in this business. Capital
and labor are both interested. The State has done much to enconrage
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-
tures of the State 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, S. GURNEY, Chairman.

REPORT OF HOUSE COMMITTEE ON FISHERIES SESSION, OF 1888—89.

The undersigned, committee on fisheries, beg leave to report that in ac
ance with custom and during the vacation ogf the Legispla.ture duringcotrl(lie
month of February, they visited the fish hatching stations of the State
located at Paris, Mecosta county, Glenwood, Cass county, Petoskey Emmet.
county and Detroit, 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 Btate, 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.
%ggg_..._.__________---_““-‘-A 432 . 7,443,459
- 2,652,325

1887
_____ CLUUIIIIITIITT omsea1e
1888 . T Y £ T
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The average number of pounds for each report was as follows:

Yeour. . Lba.
1885 e e e e o me - 10,285
8B o e e e [ 14,735
BB o o o o e o e e e e mmm s 18,880
BB o e e e 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. In1885 a statistical agent was employed
and 432 reports were filed that year. No agent has been employed since,
and the number 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 that should have been made. The value of these reports can readily
be seen and the small amount asked for by the commissicn 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 committee 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 ares of the whole State. The coast line extending along
the east and north shores of Lake 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. R. in
Mecosta county, and is principally used for the propagation of brook trout.
In addition to this work the German trout, Loch Leven, mountain 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-construeted 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 control 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 asked for be allowed, to enable the commission to purchase: This is
for the purpose of keeping timber standing to protect the water.

When your committee 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 ab present about 8,000 Adirondack trout

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

improving the present stock, about 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 committee 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 committee after visiting this hatchery, took pains to inguire 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 mumber of fish since the commencement of planting,
and invariably received answersin the affirmative, and in some cases the
increase noticed was remarkable. This was especially the case in Silver
creek, Kalamazoo county, which six or geven 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. :

DETROIT 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 in the month of June,
it is devoted to the hatching of wall-eyed pike.

. The number of whitefish eggs on hand and in Pprocess of hatching, at 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 benefit
which must result to the State in the re-stocking of its waters with white-
fish. From this station alons 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 Toreh 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. (lair 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 is 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 at s comparatively small
expense, and will result in putting out annually 160,000,000 of fry while its
Present capacity is 80,000,000. our committee recommend that the appro-
priation :asked for this purpose be granted. - :

GLENWOOD STATION.

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

S
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ingid d beneath this building is a spring the full size of the building,
'?ﬁicﬁ ?élused for winter quarters of the stock fish. At the time of our

‘vigit the house contained about 20,000 carp. These fish are very prolifie,

:and a few of them planted in a pond or lake adapted to their habits will in
zv];o gr E}ﬂee Years fll.)lr]lish an abundance of food. The figh 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
:differen% I?arts of the State, with gratifying resulte. 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.
TFew of the people of our State seem to know that they may be had for the
asking,

8‘BT’P%:‘:gwould 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 cﬁarge of the station at Glenwood, Cass county. The commis-
ision 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
is five hundred dollars peranoum, with an additional amount of seventy-
five dollars per year for incidental expense. The State was fortunate in
‘being able to secure carp ponds already made, and it has necessitated a
very much emaller outlay than would have been demanded if they had
been compelled to make a new plant entirely. The amount asked for the
‘maintenance of this station is $575 per year and we recommend its allow-
.ance.

PETOBKEY BS8TATION.

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 a 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 quality of water furnished for hatching pur-
poses. o

Your committee on investigating the reasons of the commission for the
-abandonment of this station, foung that the reasons justified the action of
the board. 'When the hatchery was originally established at this point,
-one of the conditions gnaranteed 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 required for the purpose of hatching. After the works were completed
‘the well from whichk the supply was obfained, being sunk at the odge 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-
©er who supervised the construction 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 premature hatch
of fish, the hatch occurring so early that the waters in which they were
planted are still frozen, and ‘thereby the very object for which the house
wes 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 g0 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 about 130 days. Another
reason for the discontinuance was that a sediment from decayed vegetable
matter adhered to the eggs, and was quite destructive, decreasing the:
percentage of the hatch. Under these discouraging conditions 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 guarentee a supply of lake water or bay water suffici-
ent to conduct this station, in order to insure the continuance 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 setisfied that the action of the commissioners in

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

jars formerly carried at thia 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
inerease 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
hatching 160,000,000 of whitefish eggs. .

Your committee desire to say that they have taken especial pains to
inquire of practical fishermen from all parts of the State as to the result of
whitefish planting, and we have been assured by them that the catch of
whitefish in certain parts of the State, especially in portions -of Lakes
Huron, Erie snd 8t. Clair and the Detroit river, have been very much
larger the past year than ever before, and it is attributable to artificial
propagation.

In conclusion we desire to say that the present Board of Fish Commis-
sioners are gentlemen of high character and enthusiastic 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 grantsd, as anything less would
eripple them in their work. '

All of which is respectfully submitted. B ‘
T.J. WELLS, Chairman.

TREASURER’S REPORT.

ENT of Wm. A. Butler, Jr., Treasurer, in Settlement with Board of State
STATEM d Audttors, for year’endz‘ng Se;latember 30, 1889,

Cutrent Account.
1. $118 18
A OFEEALBWD ¢ - oo em e mm s rasmnoaoes E
Ost C::tl; from State Treasurer. N P $-i,%;§ gg
Cash from sale of fish. e
Vouchers paid...._.... A —
Doc. Mool OFBPATAWR L. ool oo oo aeomromammmermmommmmcmcseosmommmmmmesnoo s e oo m s
$5.754 17 §0,754 17
L
A S ASh Lromn Hinte TEQaaMIeT - nr omee woon oo oo nn on 4,178 58
b from State Tretsurer . . < voceemmcamrroen y
8:11 from U, B. Fish Commiesion. 126 82
Vonchers paid . oo e mimiaeocmeecermemmmmoannm oo & 095 55
Mar. 81| Overdrawn ... mmmne e mm o
$5,281 90
Al
A !?819' Ovardrawn
vardr
pe Cesh from State TreBsurer. . .. .qwooccueame- $4,179 44
Vounchers paid
$4,179 44 $4.179 44
Julg}sls.?'__“ Cash from State Treasurer ... .occooceeemecasmmamamammeenos "?péii‘jlﬁ-é“_i- 5,638 12
Vouchers paid 14 501 55
© Bept. 80.._.| Overdrawn
$6,129 67 §6,189 67
Special Account.
1884, .
July 1. .. Cnsh from Btate TrOBUIET . ... oo . oooooememmescensman oo ne R 38,015 40-
T DO i W4
_Bopt. 80...| CGosh on hanmd ..o e 4 ;
48,016 40 $8,016 40

OFFICR OF BOARD OF BTATE AUDITORS, 1
ined the wiihts ncepnnt & of the
ifv that the Board of Btate Auditors this day exmuined the within accoant carren
raﬁa]%;rt,gbgnode%;fgugegmer&s of Wm. A. Bélltlar,f.]' il:: f;r gbs y%l;rlr enﬁnfn%ﬂggdﬁghé%& [Tl?c(:le %zllldh';l;ed B:ﬁ?: 3?
i file in the offica of the Anditor Gener t ;
Eﬁrtgetg:?r:g:nglclicaeiﬁ ?:Ee baooka of the Anditor General, and .have; settled with the snid Wm. A. Butler,
Jr., g treasurer of the Michigan Fish Commiseion, on that basis. G R. OBMUN

Chairman Board State Auditors.
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MIOHIGA.N FISH COMMISSION,
WALL—EYED Pixs

Detroit, Mich. .. ... 8%

Our fish car will leave Detroit OTh sttt mmr et ettt e e -
With wall-eyed pike for your lakes, and will arrive at . e
vi onthe ______._._..__ Y N o'clock, __M.
/ Answer at once if you can meet the car and attend to planting the fish intended for
. you.
If no answer is received the fish will not be gent.

W. D. MARKS,
Superintendent..

Car RerorT oF Micurean FisE CoMMISSION.

‘Was the trip successful or otherwise
Number of ans. . ... e et e

In charge of car.

Micyresan Frasx COMMISSION,
Detroit, Mich., Dec. 1, 1889.

Drar Sir:

- Eneclosed you will find blanks for an Annual Report of food fish caught. If 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 blanke are enclosed, wbich we will thank you to hand to any fishermen you know,

. who have not received blanks direct from this office.

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

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

. Very truly yours,
Micarcan Fisa ComMMIssion.

N

" Hart’s Brook.
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In the spring of 1820, when the three years had expired under the law for o ening of
straams planted in 1887, the board feeling that the publie, who contributed to the means
which enstained the hoard, should be fully informed as to the loecalities of all streams
open to public fisbing at thab date, in order to give it as large circulation as possible
'had the list published in several newspapers of the State.. It also had prepared a list

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

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

" A list of streams which have been stocked with brook trout, by the Mickigan Fish

Commission, since 1885 and are open for fishing, May 1, 1890.

East, West and Middle

Branch of Killmaster
Creels.

- Silver Creek.
 Mann’s Creek.

I:Devii River.

Spencer Creek.

Gilbert Creek.

Beaver Creck.
Sykes Creek.

Riley’s Creelk.

Portage Lake.

-QOlivér's Brook.

Looke Brook.

- ‘Spring Brook.

‘Harmon Broolk.

Austin’s Brook.

Dowagiac River.
Spring Creek.

Newman Cresk.
Stone River.
Boyne River.

‘Niggar and Bush Creeks.
Baar Creek. -
SturgeonRiver and Branchea.

27

ALCONA COUNTY.

Pine River.

ALLEGAN COUNTY.

Red Run.
Bear Creek. .

ALPENA COUNTY.

ANTRIM COUNTY.
Jordan River.
ARENAC COUNTY.
Meadow Cresk.
BERRIEN COUNTY.

Grseat Blue Creek.
Little Blue Creek.

BRANCH COURTY.
Turtle Creek.
BARRY COUNTY.
Cold River.
GCALHOUN COUNTY.

Wandago Brook.
Fendan Brook.
Tamerac Creek.
Bear Brook.

" Goss Brook.

Crooked Brook.
. CASS COUNTY.
Battle Creek.

CHARLEVOQIX COUNTY.

Cedar River.
Antrim Creel.
Van Arman Creek.

* CHEBOYGAN COUNTY.

‘Little Sturgeon River.

Topinabes Creek.

Mill Creek.

Rapid River.
Campbell’'s Creek.

Spring Creek.
Bear Creek,

Pool’s Spring Brook.
Hicklin Brook.
Bullis Brook.
Mead’s Brook.
‘Way’s Brook.
Tekonsha Creek.

Red Run.

Inwood Creek.
North Boyne River.

Indian River. )
Keyes Creek. .




LAY

‘Tobaceo River and Branches. Chippe

Walker Creek.

NINTH REPORT—STATE FISHERIES.

ches.

CRAWFORD COUNTY.

Au Sable River and Branches

Stream emﬁtying- intg

Crooked

ake Tribu-
tary.

Sandstone Creel.

Ore Creelr,
Begole’s Creok.

Howland ¢ 2
Busgh _Creelieek

Dodd’s Cresk.

Head Waters of Pine River.

Porry Creelr.

Sycamare Creslt.

Little Cedar Creek,
edar Craek,

Big Cedar Creek,

Big Creek, .

Skidmore Creek.

- Bilver Cresk.
Cedar Creak.

Arnold Creelr.
Calvin Brook.

Tributary to Kalamazoo
River.

Portage Creek and B
Campbell Creel, B
almer Croek,

Big Portage*Creck.

Tributary to
Fput llg.m. Portage Creol.

EMMET COUNTY.
Horton’s Creek, -
egomic Creek,
Bear Creek.

EATON OOUNTY.

GENEBEE COUNTY.

Yellow 'Creiek.

GLADWIN COUNTY.

Spring Creek.

GRAND TRAVERSE couwry,

Beitner's Creel,

GRATIOT OOUNTY,

HILLSDALE COUNTY.
INGHAM COUNTY.

ISABELLa COUNTY.

Rattail Cfeek,
Stony Creek.
ElI_is Brooic.

Chippewa River.

10SCo COUNI.‘Y.

Wilber Creek,

CLARE COUNTY,

Wwa River and Bran- My Brook,

Minnehaha G
Clear Creels, reok.
Willard Creel,

Cherry Creel,

West, North and Main Bran-

ches of Sugar River.

%al};a Creel, :

- Branch Little Salt ¢

8. Branch Little Salt Greor
Pine River ang Headwaters.

Cold Creek.

1ng Creek,
. IONIA CouNTY.
Mill Brojlk. ing
Clear Creek. - Sg;;g&;c;c}){k.

HALAMAZOO COUNTY.

Bear Creek,
Harris Creek,
Cometock Creels,
Four Mile Creslc.
unhing Creek.

Tributary to Kalamazoo
River, ™ -

Silver Creek,

Carle Creelk,
Allerton Craek.
Gul] Creel,
Spring Craek.
Pine Creek,
Augusta Creek,
Spring Run,

Ra.pld River.

‘%ﬁﬁ};&éﬂmﬁ Creek.
“Dopp Creels.
Ball ¢

Creel.
Butternut Creek.

Eilis Brool.

'Hawu Creek.
“Bull Creel.
: Dulte Creelk.

Atchinson’s Creek.
‘Cedar Creek,
Indian Creelk,

-Rellogg Creek.

. Pies Creek. .

Farmsworth Creek.
-Howell Creel.
Little Manistee River.

8. Branch of Flint River.

Spring Brook.
Howell Creek.

Hatch’s Run.

Hatch’s Run.
Dun's Creel.

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

Dalzell Creek.

Beaver Dam Creelk.

Brockway Creek.

Trib. to Chippewa River.

King Cresk.

Buckhorn Creek.

Mitchell Creek.

- Richie Creek.
Pierson Creek.

Duck Creek.

Green’ Creek. .

Crockery Creek and Tri-
butarie,

Coon Creak.

Moon Creelk.

APPENDIX.

KATLKASKA COUNTY.
Boardman River.
KENT COUNTY.

Sillway Creek.
Callender Creek.
Ball’s Creek.
Mill Creel.
Harold Creel.
Bear Creek.
Rathford Creek.
Cranston Creek.
Smith’s Creek.
Balker Creek.
Clear Creelk.
Crimion Creek.
Ducle Creek.
Cedar Springs.
Sand Creek.

LAKE COUNTY,
Ram Creek.

N. Branch Pere Marquette.

Sanford Creek.
Sanborn Creek.

LAPEER OCOUNTY.
Hunter's Cresk.
LIVINGSTON COUNTY.
Dihhle Cresk.

LENAWEE COUNTY.

MANISTEE COUNTY.
Chief Creek.
MASON COUNTY.

Swan Creek.
Clear Creek.

MECOSTA COUNTY,

Mack’s Creek.
Parigh Creek.

Cold Spring Creek.
Painer Creek.
Bingen Creek.
%edar ((3_)1'6581;é .

oggy Creolk.

Brﬁsh Creek.

MONTCALM COUNTY.

Tamarac Creek.
Fish Creek.

MUSBKEGON COURTY.

Bear Creek.

Buell Creek.
Carlton Creek.
Bear Creelk.

Clear Lake Creek.

211

Bear Cresk.

QOutlet to Sand Lake.

Big Cedar Creelk.

Crockery Creek, South and
‘West Branches.

Simon’s Brook.

Rush Creek.

‘White Creek.

Boys Creek.

Spring Creek.

Boyer Creek.

Rough Hiver and Tributaries.

Waealker Creok.

Kenyon Creek.

Turner Creels.

Sweetwater Creek.
Hing Creek.
Trib. to Little Manistee.

Kibble Creek.
Quinn Creek.

Trib. to California Lake.
Horner's Creek.

Bull Creelt.

Muskegon River.

RQuigley Creek, e
Headwaters of Pine River.
Chenoy Creel,

Hudnut Creek.

Allen Spring Creek.
Hemmingway Creek.

Black Creek.
Fiower Creek.
Green Creek,
Sanford Creek.
Black Cresk.
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Ca : WASHTENAW QOUNTY.
MENOMINEE COUNTY. i
- Mullets Creek.

Menominee River and Branches. . Pa‘%ﬁ} Cre]il{. ﬁ%?gogreoi‘ék_ %011?:5 8;22{?
NEWAGO COUNTY, . : g.logg Croek I—Iarneyc(‘lretﬁ{- Paint, Grook.
i X Spring Creelk. N '
Qolbough Creek, Robinson Creel, Grass Mound Creel. Spring _Bri){ok. H%yt’g Creek. Bull Creek.
Wilcox Creek, Four Mile Creek. Warner’s Creelk, ud Creé salc
Davis Creek. Trib. to White River, Brook’s Creek, Fellows Creolc. WEXFORD COUNTY.
‘Wf,ft Branc]ﬁ of Pers éﬂvﬂliamé; Orie(ek. go'ulr MileBC‘lxieel(:j . . ’ N
arquette River. pring Creel, utlet to Bill's Oresk. , edar Creel.
Burton Creel. Cole Crealr, Whitman Creek. Sligo Creek. Aqdre\tav 8 gl-ﬁﬁl;' Manisies r(_jrrwick Croek.
Bigelow Creplk, 0dd Creek. Cushman Creek. Cole Creok. Trib. to Li
Martin Cresk. Robbin’s Creek. Dowling Creek, River.
Wileox Creels. Bigelow Creels, Davis Creek,

Holmes Croek.

Pennoyer Crepk.
Spring Creek.

OAKLAND COUNTY.

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

OCEANA COUNTY.

Wileox Creelk.
ermain Creek,

MeGHlls Oreek,

Farnum Cueelr,

Flower Creel.
Crandali Creel.
Russell’s Creek,
Judge Creok.,

OGEMAW COUNTY,

Prisner Creek. Kreb’s Creek.
arrington Creels. Regan’s Creek.
Fddy Creek. Klocking Croek.

OSCEOLA COUNTY,

Center Fork Middie Brich. Bull Kill Creelk.

Cedar Creek. Rannsy Creel.

Husey Croel. Cat Creelt,

Twin’s Creek. . W. Branch Clam River.

OTTAWA COUNTY.
Rio Grande Creek. Codar Creel,
Crockery Creek, ‘
ROSCOMMON COUNTY.

North Branch Sugar River., Weat Branch Sugar River.

SAGINAW COUNTY.

" Alligon Creek, Works Creelt.

ST. CLAIRE couNTY.

Tributary to Mill Creelk,

. 8T, JOSEPH COUNTY,
Spring Creek.

SHIAWASSE COUNTY,

Three Mile Creelt. - .
VAN BUREF coUnTY,
Head Watars Paw Paw River.
Loomiz Brook. Cold Brook.

West Branch Paw Paw River.
Butternut Cresk.

Martin Creel.

Band Creelt.

Minnie Creek,
Wright Creek.
‘Pontwater River.

- J c;hnson’s Creelk,

Kelley Croel.
Rouge Creek.

Crockery Creek.

Tole’s Creak,

Turner's Creel,

N. Branch Chippowa River,

Kelloy Creelk,

Mzin Branch Bugar River,

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




LIST OF FISH COMMISSIONERS.

Tae 18:11:0%1& STaTES: | '
ol. Marshall MeDonald, Commissioner, Washington, D. C.
Capt. J. W. Collins, Assistant, in charge-,of Fishergiea 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. Gosper, Prescott,

Richard ufe, Torhetone.

J. I Taggart; Business Manager, Yuma.
Arkansas:

H. H. Rottaken, President, Little Rock.

W. B, Worthen, Secretary, Little Roek.

‘T . W. Calloway, Little Rock.

(This State has never made an appropriation for fish culture.)
California: i :

Joseph Routier, Sacramento.

J.D. Harvey, Los Angeles.

(Commissioner T. J. Sherwood resigned March 15, 1888,)
Colorado: ' -

G. F. Whitehead, Denver.
Connecticut:

Dr. Wm. M. Hudson, Hartford.

Robhert Q. Pike, Middleton.

.(T Talrlqess.%. t;‘IBil]ll,Lyme.

18 State has no official superintendent, most of th i i
Henry J. Fenton, Poquonnoclljc.) ' ¢ hatehing being done by
Delaware: .
Charles Schubert, Odessa.
Georgia:
J. L Henderson, Atlanta.
(Superintendent, Dr, H. H. Cary, La,Grange.)
Iltinois: Co
N. K. Fairbank, President, Chicago.
3. P. Bartlett, Quincy.
Geo. Breuning, Centraliz.
%ﬂudia.rﬁa:
nod B, Reed, Indianapolis.
Towa: ’ P : /
E, D. Carlton, Spirit Lake.
(Superintendent, Ole Bjorenson.)
Hensaa:
S, Fee, Wamego.
Kentucky:
- Wm. Griffith, President, Louisville.
P. H. Darby, Princeton.
John B. ‘Walkier, Madisonville.
Hon. C. J. Walton, Munfordville.
Hon. John A. Steels, Midway.
W. C. Price, Danville.
Hon. J. M. Chambers, Independencs.
A. H, Goble, Catlettsburg.
J. H. Mallory, Bowling-Green.

" Maryland: .
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Maine:
E. M. Stillwell, Bangor.
Honry O. Stanlsy, Dixfield.
B. W. Counce, Thomaston, Sea and Shore Fisheries.
Dr. E. W. Humphries, Salisbury.
A3, W. Delawder, Oakland.
Massachusetts:
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 ID. 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. J osegh. .
(Superintendents: Philip Kopplin, Jr., St. Louis; Elias Cottrill, St. Joseph.}
Nebragka:
William L. May, Fremont.
R. R. Livingston, Plattsmouth.
B. E. B. Kennedy, Omaha.
(Superintendent, M. E. O'Brien, South Bend.)
Nevada:
W. M. Cary, Carson 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 Jersoy: ’
William Wright, Newark.
Frank M. Ward, Newton.
J. R. Elkinton, Pennsgrove,
New York:
E. 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.)
Superinfendents: Frad Mather, Cold Spring Harbor; Monroe A. Green, Cale-
donia; James H. Marks, Bloomingdale; E. L. Marks, Fulton Chain; and E. F.
Boebm, Sacandaga, Newton’s Corners, N. Y.)
(Sbellfish Commisgion: E. G.-Blackiord, Commissioner; J. W. Merserau, Oyster
" Protector, 80 Fulton Market, New York.) ! .
North Carolina:
‘Wm. J, Griffin, Chairman, Elizabeth City.
J. B. Watson, Englehard.
‘Wm. T. Caho. Baybero.
Ohio:
C. V. Oshorn, President, Dayton.
A, C. Williams, Secretary, Chagrin Falls.
J. C. Hofer, Bellaire.
John H. Law, Cincinnati.
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CEREIRRTS

Ohio—Continued:
Hon. Emory D. Potter, Toledo.
‘(Superintendent, Henry Douglags, Sandusky.}
Chief Warden, L. K. Buntain, Dayton.} .
Oregon:
F. C. Reed, President, Clackamas.
. P. Thompeon, Portland.
R. E. Campbell, Renier.
Pennaylvania: T ‘
Henry C. Ford, President, 524 Walnut street Philadelphia.
James B. Long, Corresponding Secretary, 75 Fifth avenue, Pittsburgh.
H. C: Demuth, Secretary of Board, Lancaster. .
3.B. Stillwell, Scranton.
I A. B. Diokson, Meadville.
I o Treasurer, W. L. Powsll, Harrisburg.
1 . (Superintendents: John P. Creveling, Allentown; William Buller, Corry.)
Rhode Island: S .
JohntH. Barden, President, Rockland.
Henry T. Root, Treasurer, Providence.
‘W, P, Morton, Secretary, Johnston.
South Carolina:
Hon. A. P, Butler, Columbia._
Tenneases:
W, W, McDowell, Memphis.
H. IL Speed, Chattancoga.
HEdward D. Hicks, Nashville.
Utah:
A, Milton Musser, Salt Lake City,
Vermmont:
Herbert Brainard, St. Albans.
F. H. Atherton, Waterbury.
Virginia: -
Dr. J. T. Wilkins, Bridgetown.
West Virginia:
C. 8. White, President, Romney.
F. J. Baxzter, Treasurer, Sutton.
James H, Miller, Secretary, Hinton.
‘Wisconein:
* The Govetnor, ex-officio.
Philo Dunning, President, Madison.
C. L. Vallentine, Secretary and Treasurer, Janesville.
Mark Douglas, Melrose. - .
A. V. H. Garpenter, Milwaukee.
Calvert Spensley, Mineral Point.
E. 8. Miner, Sturgeon Bay.
{(Superintendent, Jas. Nevin, Madison.)
" Wyoming Territory:
Louis Miller, Laramie.
. DoMmiior oF CaNaDA:
Hon. John Tilton, Deputy Minister of Fisheries, Ottawa.
g:nspectors of Figheries for the Dominion 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. I.; Thomas Mowat, New Westminater
"B. 0.7 Alex. McQueen, Winnipeg, Man
(Officers in charge of the Fish Breeding Establishments: 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, Gaspe, 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. hatechery,
New Westminster, B. C.)
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