TENTH BIENNIAL REPORT o

STATE BOARD

or

FISH COMMISSIONERS

4

FROM OCT 1, 1890, TO DEC. 1, 1892.

=
E rison

P ey
2Pkl g?‘“
f\’\ },\\ 1h ‘.L,.‘_. X ,HA \fgz\ J‘{%
YN LN
1AV 4

.“..

BY AUTHORITY

1

LANBING
ROBERT SMITH & (0., STATE PRINTERS AND BINDEES
1803




ol - | ‘
1820 6T '
. C . :‘\' I

STATE BOARD OF FISH COMMISSIONERS.

189%9.
i
COMMISIIONERS.
Dr. JOEL C. PARKER, PRESIDENT, - - Grand Rapids.
HOYT POST, - - - - - - McGraw Block, Detroit.
HERSCHEL WHITAKER, - - . . Moffat Block, Detroit.
QFFICERS.
WALTER D, MARKS, SUPERINTENDENT, - . Detroit.
GREORGE D. MUSSHEY, SRCRETARY, - - No. 78 Moffat Block, Detroit.

Wu. A. BUTLER, J&., TREASURER, - - * Mechanics’ Bank, Detroit.

OFFICE OF THE BOARD,

NO. 78 MOFFAT BLOCE, DETROIT, MICH.




y

' ‘CONTENTS.

Report _
Meeting
Saualt St,e Marie st
Detroit station
Paris station..
SpawyN (GATHERIN

Whitefish_._.

Wall-ayod piks
International Fish Conference.

Carp .o
Whlte basa _.
American Fisheries Socioty.
Ezamination of waters .__._
Report of statistical agent.
Seientific work ...
Legislation _....
Exhibits
HISTORIOAL:
QTN BB OMETE . oot o e oo oo cem cmee e caimmmme e ememamm= Cm oA mae smmere e e era s smmsmsaos oo
Superintendent _
Secretary........--
Railroad courtesies .
Summanza(i reporte o‘E inland [akes ..o

APPENDIX.

DEVELOPMENT OF WALL-EYED PIRE:
T T OO O T - s oo o e s @ mdmrma s mmmm mmm A S A= e o fem %o ddemmesmmsamesoomssdssens
Part 1, The anima] cell -
Part 2, The egg cell .___
Part 8, The spermatazoa. . -
Part 4, The fertilization of the egg..
List of papers referred to____ ...
Explanation of plates ..__..
Fertilization of adbesive eggs.

Early history of the fisheries_____

State control of Bt.ate fisheries.

Yry ve. fingerlings. ...

F1sH PLANTS, 1891—1892.
‘Whitefish
Brook tront
Brown trout

Sommuary of total plants .__._._.. .
TEMPERATURE OF WATER:

Detroit station .. ... ...

Sagalt Ste. Marie station..

Parie station_
Inearance
Inventory.
Troasurer’
Ligt of fish comm:

188-188
180-190

213
214-215
215-216

216
217-218

21

228-228




v

RHEPORT.

To His Excellency, John 1" Rich, Governor of the Slate of Michigan:

In compliance with the requirements of law, the State Board of Fish
Commissioners herewith submits its tenth biennial report of operations.
The period covered by this report is from October 1, 1890, to December

1, 1892.

When it is remembered that the first successful experiments in the
artificial propagation of fish on this continent were made at a time within
the tecollection of persons now living, the progress that has been made

_ and the resulfs achieved in fish culture seem almost marvelous.

The first experiments were made by naturalists and were upon a very
limited scale; but the work was continued and grew from an output of
hundreds to thousands and then to millions and hundreds of millions.
The original efforts were made from curiosity and the interests of scientifie

- .~ research, but the work has long since advanced beyond the stage of exper-

iment, and has come to be for several years past a matter of state and

" national interest, receiving the recognition and support of the federal

government as well as that of many of the states.

"~ Of ell the states of the uvnion none has taken a greater interest in this
work, or done more than the State of Michigan towards the successful
propagation and distribution of food and game fish, and it is mete that
this should be so, for no state is more advantageously located .,to reap the
fullest benefits of such work, with her extended fresh water coast line and

ber numerous inland lakes and streams.

‘While much has been done in the State in the way of stocking the
streams with game fish from which most satisfactory results have been

attained, the work in which the State has outstripped all competitors is in

propagating and distributing commercial food fish and especially the white-
fish and wall-eyed pike. It is in this class of work particularly that great
output with relatively small outlay has been made possible. The inven-

:tion by one of the former employés of this Board, who sacrificed his life

in his devotion to the work, of the Chase hatching jar, has been the
means of greatly reducing the cost and lahor attending the care and
hatching of the eges of these classes of fish, so that where before thou-

-gands could be hatched, now with the same labor and little additional
- expense the hatch product reaches up into hundreds of millions. Almost
‘the only limitation to the output that is attainable within reasonable

bounds of expenditure, is caused by the difficulty in obtaining the eggs.
This will be better appreciated when it is stated that it requires nearly a
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hundred and thirty bushels of whitefish eggs to fill the present Detroit
hatchery, i. e., 1,029 jars of four quarts each. When once the eggs are
obtained and fertilized in takes little more labor for the pucceeding four
months to attend to a thousand jars than it does with only haif the
number. ' .

The total plants of whitefish made by the State since 1874 reaches the
large number of nearly 750,000,000, of which more than one-half have
been made within the past five years. -

The number planted in 1874 was little above & million and a half,.and
the twenty million point was not reached until 1883, and the fifty million
point until 1886, and the hundred million point until 1890. The present
capacity of the Detroit hatchery and the small hatchery at Sault Ste.
Marie will nearly reach two hundred million.

Considering that it takes from four to six years for the fry planted in
any one year to reach an age of maturity to make any considerable show
in the catch, it will-be seen that we should naturally expect to be only
just beginning to reap the benefit of the great plants that have been made
Since 1886. Still it is a fact that for more than five years past the fisher-
men, who at first were inclined to make light of artificial fish culture,

. have been almost unanimons in the conviction that the work done by this
Board in that line has resulted in great benefit to the fishing interests.

It is the subject of congratulation for ourselves and the State that we
have.nt last succeeded in faking and fertilizing sufficient whitefish ova fo
fi11 all the jars in both the Detroit and the Sault Ste. Marie aatcheries.
Three years ago the Detroit hatchery was doubled in capaeity, but owing
to storms and other drawbacks, we were unable to obtain sufiicient eggs
to fill the house either last year or the year before. Last year our capac-
ity for hatching whitefish was increased by the opening of the small
station at Sault Ste. Marie, but although every effort and precaution was
taken, it was found impossible to obtain eggs enough to fill both houses
owing to the prevalence of violent storms in the height of the egg-taking
geason. This difficulty is one that obtained generally, and we suffered no
more relatively than others engaged in the same work. . .
~ The white fish hatchery at Detroit is undoubtedly the largest, Dest
arranged, best equipped, most economical and most efficient in the world.
No other hasbegun to compete with it in output, and it is a source of
much gratification to us that this season we have succeeddd in filling every
jar in it with fertilized eggs.

It i a beautiful and inspiring sight to look upon its tiers of jars, more '

than & thousand in number, all filled and in active operation.

We cordially invite the public generally and all interested in the subject
1o call and inspect it. 1t is something that nowhere else can be or ever
has been seen, so large a quantity of eggs undergoing the hatching pro-
.cess with so little outlay or trouble. ~With the labor of but four attend-
ants this work now goes on almost automatically for upwards of four
months before the hatching takes place.

The most interesting time to visit the hatchery, however, is in the

" month of March when the embryo fish is leaving the shell, and when the
hateh is at its height the talk of milliohs and hundreds of millions is besi
appreciated, for fheir numbers seem like the leaves of the forest or the
sands of the seashore. . o :

Tf it were possible for all the other states bordering on the great lakes
to do relatively what Michigan has been and is doing in this line, and they

L4
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were willing to do it, the question of restocking these waters w i
proper legal protection, be solved; but there arge many things tgullo% ‘:;Ei
sidered. The most difficnlt part of the problem is to obtain and store the
fish in s sufficiently sheltered location to permit of retaining them until
they are ready to give up their eggs. The Detroit river is an ideal loca-
tion for that purpose, when the fish are sufficiently plentiful. But some
years the run is light and short and comes in the midst of storms that
prevent a sufficiently large catch; while in less sheltered localities storms
carry away the nets and render it impossible {0 hold the fish in the crates -
after they are caught. In many localities it is impracticable to do any-
thiug more than to sirip such fish as are ripe when caught, while in the
enclosed water of the Detroit river all the fish caught can c,)rdinarily be
safely kept alive in crates until the eggs are ready to come. Still even
there many difficulties and disappointments beset the work, through ice
and storms and changes of temperature, and nothing short of long experi-
ence and acquired skill and constant vigilance will insure anything
like uniform success even under most advantageous ciccumstances. When
any one exhibits as the result of a season’s work upwards of twelve hun-
dred jars of well impregnated whitefish eggs, you may be sure it repre-
sents much careful forethought and oversight, constant watclifulness and
care, as well as considerable skill and hard and continuous work. It
means the capturing and preserving alive and healthful and handling over
and over again about twelve thousand fish and so manipulating them as
E{; hget ;%1 Uc:gt c;f theriln thgre és in them, without injuring or destroying the
. ans much patient, persistent : isag

on'tk,' a8 _wgll a,&il muchliaructiéa{)skill. and hard, cold and disugresable

is within the tange of possibilities to make every acre of ;

productive of suitable and healthful food for the ’tbljuma% c;acj;%?;;n :ﬁ;
acre of fertile dry land. Think for a moment what this means to 8 State
situated' as Michigan is] We hope the time will come when it will be
thought extravagant and wasteful, and be made uniawful, to kill any val-
Ea.ble commercial food fish during the spawning season; until after it shall

ave given up iis eggs to be fertilized and hatched io take its placs in
replenishing the waters from which it was caught. If all the eggs of all
thisl fish taken during the spawning season were improegnated and hatched
gn restored to the waters, and at the same time the culpable and wanton

estrug:}fmn ;)t half grown and immature fish were stopped, within a few
g?g:lua?) fgaﬁ:f would teem as of old with abundant supplies of all kinds

and in hand with the restocking of waters must go the preventi

wasteful capture of immature ﬁsh,gor the work is aﬁnost £§ E’tj)adnzlsoilh(;?;?s
away. The State cannot afford to hateh and plant fish fry to have them
seized by greedy fishermen before they have half aftained their growth
and when they are almost worthless for food. The only way to rzap the
full benefit of the work of fish culture is to prevent the taking or market-
ing of the fish until they have reached a reasonable maturity.

No valuable food fish ought to be allowed to be taken, killed, or sold on
the market until after it has reached an age to have cast its first crop of
eg%:‘ghll'ch m%ar_ls % growth of from three to five years.

: elieve it is becoming to be the opinion of a vast majori
commercial fishermen that adequate and I;uitﬂble laws shoulglobéyegﬁcggg
and enforced for the protection and maintenance of the whitefishing indus-
iry; that thege laws should be such as to disturb as little as possible and
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interfere in the smallest degree with the nets and fishing outfits of the
smaller fishermen whose entire capital is very likely to be invested in the
single net and outfit that he owns.

The fishermen generally seem to be of the opinion that this would best
be sccomplished by a law fixing the size of the whitefish that might be
lawfully taken from the waters and gold in our markets, and providing for
the confiscation of all whitefish of smaller than the lawful size wherever
found; whether in the possession of the fisherman or of the dealer. .This
matter may be worthy of careful consideration for there is no doubt that
any protective measure that has the cordial support of the fishermen
will be more easy of enforcement than thoge that meet their hearty
digapproval. . :

The question of a close season for whitefish has been much c¢onsidered
and is a very difficult one owing to the difference of dates of the spawning
season in different localities. There can be no question that a thirty or
even a twenty days’ close season, at the proper time, would be of great

benefit, and -would add largely to the success of the work done by this

Bosard, and the Board leave the question with the hope that all legislation-
looking to the protection of whitefish shall be intelligent and conservative,
but of a character that will produce the result desired with as little annoy-

ance, inconvenience and loss to those engaged in the business as is con-

' sistgxﬂ; gith the thorough and effective protection of this most valuable
food fish.

The work of the Board for the two years embraced in this report has
been eminently satisfactory when all things are considered. The output
of all fish except whitefish has been larger than in any previous two years,
and the output of whitefish was about the same as for the two years next
preceding, and greater than for any two years previous to that; and the

. relative falling oft was less than in any ofher state in which whitefish are
extensively propagated.

The evidenceés of the success of all fish propagating efforts are more
marked and more generally satisfactory than ever before. A large num-
ber of gratifying reports of the success of the brook trout work have been

received, and the enthusiasm expressed by those from whom letters have

been received has never been equalled.
The State has been transformed from a land barren from this beautiful

- figh to onse in which good trowt fishing is abundant, and a reputstion for

she State in this regard has been firmly and widely established.

_ Besides bringing the State into the front rank as & field for trout fishing

for sport, which attracts thouwsands of tourists every season within its

borders, the results of trout work have been to add many dollars worth

of the finest food to the supplies of the farmens and others living in the

vicinity of the trout streams. ‘

Indeed the firmest friends the Board and its work has foday are mum.
bered among the farmers and others whose homes are near the brooks and
streams where the trout flourish best, and they are the ones most benefited
by this work, and they appreciate the fact.

There are hundreds of such streams in the State which may be said to
almost teem with brook trout, as a direct result of the systematic, persis-
tent and intelligent work of this Board.

The results of brook trout planting in streams are so open to inspeetion
and so easily observed and appreciated that it is not difficult to convince
any caviller of its benefits by actual demonstration and proofs that cannot
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‘Egdgaégggi‘i, gl;ti‘];:‘ W:itt]:E thetcommercial fish that inhabit only the wider
8, 15.18 not so easy, in the nature of thi i

absolute proofs, yet it stands to reas n that if th S o g

t if the relativel ller o
of brook trout can have d ° " sati ol the il
) k produced such satisfactory results, the milli

upon millions of whitefish and wall- i e e

1m§retszion on thé commercial ﬁsherié:yed pikie must have mado & marked
ut the commercial fishes have never had half a chan i

7 oe co, Th

ggreacga;:;,h;él%a ]ile;snedﬁslﬁ hlalvfh lieen so improved, and the ﬁ;hifg;in;i:

; 1 sell & at comes to their nets, that b

fry planted are allowed to reach i i St o o the

_ ) thing like maturit Th

two thousand miles of nets ﬁshec‘i1 r11r31( Mi gi; %h od nearly all

o oinousand miles of nots fshed in ichigan waters alone, and nearly all

of z the market. Yet i i

this, and the disposition of fisher o . s
s & ] men formerly to poke fun at scienti

-experiment, the increase of fish from artifici ly e ion b Dot

manifest, and has so impressed them thrtl'tcsa D tion o

& Bohon aC s 8¢ impressed ther, at 1t is the rare exception now that

! y the great work. The evide i
-every year, and the witnesses are volunteering their testvil:noﬂgr?sv;lgi(izefl?g

Opposition th : .
d?e% out.n 8t once was so vigorous and perélstent has almost entirely

MEETINGS OF THE BOARD.

Meetings of the Board are held m '
2 ; ] onthly, generally at the offi
:)18122;‘%1 IgI; ;ll?:tﬁgﬂ;l, alzut{il orlzgza@ongl? ‘a8 t(lile’ demandsyof the ivgrkciegiii'}g
. : ) o Paris station and elsewher i i
for the consideration of the matters i e, At ench mootin
ers in hand at the time. At each i
reports of the work done and pro d iffer ations daring
o & Como a1 progress made &} the different stations during
D guirements for the future a bmi
considered. Thess meetings are nearly al b Tho Tult Bomes,
the secretary and superintendent ilons e e 1 e ful! Board
{ > unless unavoidably kept I
;‘ecorigls are kept in substantial books of all the transac{ionspofafgzgé Fuilzl
n%s for future reference and inspection. mess
‘accoﬁi tr;xem:fegguof the Board act as an auditory committee to approve all
Sonsieted of M. Whitekerasd M Post A1 bile wes o et o yoars
b o i r. Post. ills are in duplicate and must
( ¥€ in charge of the work. The Board has since i
Teport inaugurated the plan of making all : ek 1n vk oty
of the claimant, which are si B o e, t0 b0 oo
he ) gned by the secretary and tl
auditing committee who passes on the bill Rt e e o he
3 t . Receipted vouch
required of all disbursements exceedin o 1d 11 g actor where
such vouchers are reasonably obtai o et o yaracter Where
y obtainable. Requisition i
b e q & are required of all
inﬁ:arge o they “(’:gillffaquence, to be approved by the member of the Board
e supervision of the different branches of the work i 3
2y 4 > i allotted
Exﬁg);ﬂgﬁf:lgl}fgf ggi'oghetﬁmrposebof dls’}‘ributing the rersponosi]c;ailiizzi:;rl gﬂﬁ'
; g the members. This is usually d t th
meeting, but at the last June meeti h bt o
Fon the oot o et ne t1n_g no changs of distribution was made.
g tion at Paris has b i
Parker, the whitefish stations gt sDa i St Mamie e ot o
7 troit and Saunlt Ste. Marie i
Mr. Whitaker except that durin thi %t han e Too
. € a g this last fall Mr. Post has ai i
work of the Detroit station, and the carp station at Glenwogz Trcllcfixlar:ntilrls '

ation of i 151 i
ation of waters and propagation of new species have been in charge of M,
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. Meetings were held on the dates and at the places specified below, viz:
In 189L. At Detroit, January 80, February 97, March 27; Paris, May, 25
Detroit, June 26, July 31, August 28, September 95, October 30, November-
97 and at Grand Rapids, December 30.

In 1892. At Detroit January 28, February 96, March 18, 26, 30; Grand
Rapids, April 1; Detroit, April 29; Paris, May 16; Detroit, June 3 and 11;
Grand Rapids, July 26; Detroit August 26, October 7, November 4 and 25.

SAULT STE. MARIE STATION.

The last Legislature having voted & small appropriation to maintain &
whitefish hatchery on the Upper Poninsula, at Sault Ste. Marie, the Board
visited that place in the summer of 1891~ and prevailed upon the city to-
grant us the free use of water from 'the ity water supply and to domate
the use of a small store building for the period of two years ending
August 1, 1893, It became necessary for us to ask this, since no appro-
priation was made ‘beyond the amount_required to equip and run the
hatchery on the most economical basis. It was regarded and intended as
an experiment only, to conclusively determine what the Board had long
believed in, the advantages of a hatchery on the Upper Peninsula for
hatching whitefish for planting in Take Superior and vicinity. ~ The
experiment has corroborated the views of the Board as to the utility and
necessity of such a hatchery. The effort to plant fry in Lake Superior
which +were hatched in the Detroit house had proved disappointing and:
fruitless because owing to the higher temperature of the water at Detroit,.
the hateh came on and was over before the ice in Lake Superior was out
of the harbors and tugs could not be had to go out with the fry to the
spawning beds where the plants are required to be made. The difference
in temperature of the water used at the Sault was such as to retard the
hatch about three weeks, which enabled us to plant the fry where they
belonged.

A small hatchery containing about 200 Chase jars for hatching white-
fish and such troughs for the hatehing of galmon trout and brook trout as.
the space in the building afforded was set up and equipped in the build-
“ing donated by the city, ready for use in the fall and winter of 1891, As
was fearad, much difficulty was experiencerl in obtaining sufficient white-
fish ova to fill the jars. Ivery reasonable effort was made, In addition
to making such provisions as opportunity afforded in the immediate vicinity,
nets werdipurchased and set in Torch Lake and in that neighborhood, and
the fisheries on Traverse bay were visited, but the season was not propi-
tious, and the violent autumn storms prevented the taking of eggs enough
to fill the jars, nor did we gucceed in obtaining eggs enough that season at

 Detroit to fill the jars in the Detroit house. However the eggs which were
taken and placed in the jars at the Sault station were hardy and in good.
condition and hatched out stroug and vigorous fry. The temperature and
condition of water there is all that can be desired for hatching either the
whitefish or brook trout.

1t is deemed desirable to continue the experiment for two years longer,

but to do go it will probably be necessary for the State to pay the rental

of the store at least, if not for the use of the water. The State cannof -
reasonably ask of this communpity, whose means are small, that it shall-

bear o large a share of what ought to be & common burden. ' During the
eoming two years the Board expect to make further investigations so as

3
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-to be prepared, if everything remains favorable two years hence, to

tecommend a location and an appropriation for a perm
) : : anent hatch
.fgmewhere on the Upper Peninsula, which shall be cuf a scale suitaf)leeg
an?l ?roorl]ftr:qgued,dan% m%lulc(lf an %quipment for hatching both whitefish
. nd ponds for holding t 3 i
no,}l}l)replal’redﬁaﬁpresent Lo g the necessary §tocL fish. This we are
. e whitefish eggs which were put into this hatchery last
_%)}?rtly from Tahquamenaw bay, partly from Torch lakeyand pgfg; (f"igln?
& ]fenngih shoxée oi Lake Michigan and in the neighborhood of Detour.
Do sn mon trout eggs were mostly taken from the neighborhood of
There were brought to this station in 1891 o
' c ne hundred and fifty thou-
H;E]L;lx?fe%rOOk trout eggs from Paris, of which 135,000 were hatc]:)[ed ;Tlld
An in-teresting experiment was made at this stati i '
' ] sting ' ion with sslmon trout
?gﬁg v;:: a jar, the report of which by W. D. SBargeant, overseer, is as
“In regard to the experiment of runnin in a j
< g salmon trout
November 24, after being on trays twenty-five days, I pla(ezggsiilnaa gz‘;’ﬁ?&;
fquar:::)s of salmon trout eggs. I also on the same date placed the same
‘Ibll}tlntl gr of salmon trout eggs on trays. After placing eggs in jar I found
'aht e ordinary fall of twenty-two inches from faucet to bottom of jar
wit falucet wide open was not of sufficient force to keep the eggs movin
p;céper v, 80 I connected the tube with the upper feed tank, gefting a fal%
of five feet from faucet to bottom of jar. The jar in this position rcéquired
.sets;ve:rt:t quarts per minute fo run it, while it takes but four quarts per min-
lle cl)l.run a jar of whitefish, and twenty quarts per minute fo run a
rough containing 200,000 salmon trout eggs. I had no trouble with the
A‘-eggsldm jar in any way, and the “ringers” as they would break
:vou‘ have no effect whatever on the other eggs, and I would have
cE siphon the bad eggs off but about once in two weeks. On March 15
-ﬁ tgr the eggs had been run in jar 112 days, I took them ouf, as they:
ba conlxmer}ced to hatch, and placed them on trays, and found there had
Vineex; ?1m?:)ss mfthe jar of 23 ounces, or 14§ per cent, while the correspond-
sa%n R date.e’f of eggs on trays had lost 32 ounces or 20 per cent up ‘to the
The number of salmon trout e i i
) O gegs put in this hatchery last
222,:2&;:’50 w%10§1b230é%00 wdvell'le ]iatched and planted. T{xe ﬁrsg eta;iiewﬁi
g n October 20 and the t on :
ru,arxg e o e b ast on October 28. The first hatch Feb-
e mumber of whitefish eggs put in this hatchery in 1891 wa
80% 1?2 Evhtcgl 3,72?,000 were I}&;tched or a loss of 19 %elx}'n cent. wes 12,004
first take of eggs was November 5, th
haﬁ%cl? 1tn April and the last May 15. ’ © last December 2 The first
e temperature of the water began November 15 at 42 and f
-mﬁnth ensuing varied from 42 to 38, and about January 1 ranar?ownoiotgz
X ere it remained without variation to exceed one degree either way until
.April 20, and from then t1l May 15 it did not go above 40.

DETROIT STATION.

Since the enlargement of this station in th
] C ] e summer and fall of 1889
very littile in the way of outlay for .permanent alteration or considerable
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repairs has been necessary. The changes then made were so satisfactory
and complete and the work so well done that much in the way of additions
has not been required. The necessary repairs to keep the property in first
rate condition have been made as needed. Something of this nature is.
_ required every year. The present season some reépairs have been neces-

gary on the troughs. Some of which have been in use for some time and.

had become somewhat decayed.

The ground lease of the premises on which the Detroit station is located
expires July 1, 1893. As it was necessary before the lease expired to-
ascertain what would be done about an extemsion of the lease or to cast
about for a new location, the board interviewed the lessor, Mr. John
Pridgeon, Jr., on the subject. The present lease was for ten years and’
was atb a rental of two hundred dollars a year. On July 14, 1892, a new
lease was made for.a term of ten years from July 1, 1893, at an annual
tental of five hundred -dollars, payable quarterly, with the right to sur--

render the premises July 1, 1895, 1897, 1899 or 1901, on giving the lessor -

two months notice in advance. This increase im rent i_s not more than
was warranted by -the inerease in value of the land during the ten years

since the present lease was made, and was considered by the board as a. '

very fair rental, and much more profitable than to attempt now to move to-
a new location, even though a better one, as this involved a considerable
additional expense in building and equipping a new honse or moving the old
one. By the time this new lease expires the building will be about twenty-
years old and a removal will not be at so much of a sacrifice in value in
that respect. o

1t is manifest to the Board now that it would have been good economy
in the first instance to have made a little larger outlay and purchased a.
location, instead of renting. The present location and the present build-.
ing and equipments, with the expenditure of emough to keep it in good.
repair, will probably answer all requirements for the coming ten years,

There were put into this station in the fall of 1890, 111,564,750 whitefish
eggs, of which over 92 per cent, or 104,000,000, were hatched and planted.
The first eggs were taken November 6 and the last December 11.. The-
date of the first plant was March 30, 1891, and of the last April 30. The
table of plants in the appendix shows the location and date of the several
plants with the amounts planted in each locality. '

To addition to this in the spring of 1891 there were hatched in this. -

station 27,045,000 wall-eyed pike. These were all planted between May 12
and 25. The table of plants in the appendix shows date, amount and.
. place of each plant and to whom delivered.

In the fall of 1891 the number of whitefish eggs taken and planted in.
this hatchery was 73,858,800, of which 65,500,000 were hatched and.
planted. The first hatch being on March. 2, 1892, and the last on April 20.
The first plant was on March 19 and the last on April 23. The table of’
plants in the appendix shows date, amount and place of each plant.

In the spring of 1892 thers was hatched from this station 57,300,000
wall-eyed pike which were planted between May 25 and June 12. The
table of plants shows the date, amount and place of each plant.

PARIS STATION.

The repairs to this station during the past two years have not-been
great, owing to the satisfactory condition in which everything has remained.
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since our last report. No additions or considerable repairs have been
required on the hatchery. The building was so well designed to meet
not only the then present néeds but also the demands of the immediate
future, that no increase or alterations of any considerable amount have
been needed and only ordinary repairs have been expended upon it. Itis
as commodious and convenient a building for the purposes for which it was
designed as exists anywhere.

In the latter parf of March, 1891, a flood occurred on Cheney creek,
which washed down about thirty rods of the stone wall of the waste ditch,
and also washed out alarge liole at the foot of the waste ditch and the bot-
tom of the large race thaf runs under the rdilroad. During the summer
these injuries were Tepaired and the race under the railroad was rebuilt
and extended to the dam below the railroad and a large new pond was built

. gouth of the race, and the ground and banks about this pond and extending

up the bluff was graded snd sodded. In repairing the waste ditch the
walls were lowered and the banks rounded down to the top of the walls
snd sodded, which much improved its appearance. Ponds numbered 8,

10, 11, 12 and 14 were rebuilt and improved by removing the bulk heads

between each spawning and gravel pond and making provision for dividing
them by a long screen during the spawning season so arranged that it
could be moved at other times. The plank walls were removed and sloping
walle of small cobble stone substituted, and the banks were lowered and
rounded down to the water's edge and sodded. The same repairs were also
made on the wild pond by the wagon road, and the corners were also
vounded, These improvements add to the tasteful appearance of the
ponds and the stone walls are found to be both bettor and more permanent.

There was no adequate provision made in the new hatchery for office
room, the office having before been Lept in the wing of the old hatchery.
This necessitated a good deal of going back and forth, and a consequent
waste of time, and to obviate this an office and sleeping room were corn-
bined and the space under the stairway utilized. This makes a very con-
venient office and affords a sleeping place for the person in charge, which
at times saves the expense of a watchman,

A large mew refrigerator for the mest house and a new floor were also
built. * Other improvements and repairs consisted of painting the wind-
mill and water tank, and building a register on the water tank. The car
hotige was also battened and painted, and a boom was placed across the
inlet to the ponds to carry off by the waste ditch the floating scum and
dirt that was brought down by the current. s

An opportunity came to the Board to exchange some of its cleared land
adjoining the station, and which did not border on the streams, for a forty
acre lot through which Buckhorn ereek runs, and which it was desirable
for the commission to own for the purpose of controlling and protecting
the waters of the creek. The forty acres belonged to John H. Westerman,
and is described as the southwest quarter of the northeast quarter of see-
tion nine (9) in town sixteen (16) north of range ten (10) west.

The parcel given in exchange for it is described as commencing at a
point on the section line between sections nine (£) and ten (10) in said
township, forty-six rods north of the guarter post, and running thence

‘south, seventy-five (75) degrees east, thirty.five (35) rods and ten (10)

links to the railroad right of way; thence northerly along the west side of
said right of way to the section line; thence west on the section line to
the corner of sections three (3), four (4), nine (9), and ten (10), and
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thence south on the section line to the place-of beginning. The exchange
was made July 29, 1892, and besides the land Mr. Westerman was paid
two hundred dollars. The exchange was regatded. by the Board as an
" advantageous one for its purpose, and at the same time was a fair one to
Mr. Westerman. Before making the deal the members of the Board went
over the ground and procured the aid of the county surveyor to fix the
lines and give the description of the parcel conveyed to Mr. Westerman.

December 15, 1891, there were shipped to the Sault hatchery 200 new
egg trays made at the Paris station, and on January -28, 1892, 56 more.

December 25, 1891, there were shipped to the Sault hatchery 150,000
brook trout eggs in good condition.

January 12, 1892, the stand pipe under the water tank froze. and it
became necessary to put a stove in there and to keep up a fire on all very
cold days. During the season of 1892 & wild race was put into the Buck-
horn and another in Cheney creek and also two pockets near the mouth of
the latter.

The first brook trout eggs for the season of 1890-1 were taken Septem-
“ber 29, 1890, being seven days earlier than in 1888, and six days earlier
than in 1889, The last were taken December 12, being seventeen days
ecarlier than the close of the season of 1888, and twelve days earlier than
in 1889. The total number of brook trout eggs taken this season was
-9,836,000, and in taking and fertilizing the same 4,283 females were
pandled and 2,685 males, being an average of 663 eggs per femule. The
first were hatched December 8, 1890, and the last March 18, 1891; the
hatching period covering a total of ninety-one days.

Of the eggs taken 2,500,000 were hatched and distributed, showing s losa
in batching of a trifle over twelve per cent. The brook trout fry hatched
were distributed and planted in 404 streams in fifty-eight different
counties.

Brook trout have now been planted in all the counties of the lower
peninsula except six, viz.: Bay, Benzie, Huron, Missaukes, Sanilac and
"‘Wayne, and have been planted in three counties of the upper peninsula.

In the season of 1890-1 there were taken 169,500 brown trout eggs, of
which 156,000 were hatehed and planted, showing a loss in hatching of
13,500 or 8.14 per cent. The brown trout fry were distributed in hirteen
streams in nine counties. ) .

During the fall of 1890 there were caught with a seine in the Buckhormn
and Cheney creeks 2,186 spawners, 2,171 yearlings and 743 babies, all
brook trout, and 743 brown trout, making a total of 5,826 fish. The num-
‘ber of stock fish was 7,276 brook trout and 1,800 brown trout.

In the season of 1891-2 the first brook trout eggs were taken Saptember
96, 1891 and the last January 5, 1892, and the first brown trout eggs were
taken October 14 and the last December 10, 1891. The whole number of
brook trout eggs taken was 2,702,000. The first hatch was December 17,
1891, and the last April 15, 1892, Total hatched 2,500,000, total planted
2.413,000. The first plant was February 8 and the last April 28, 1892,

The whole number of brown trout egge taken was 287,000, of which
275,000 were hatched and 271,500 planted. The first hateh was January
95 and the last March 24, 1892. The first plent was made March 4 and
the last April 15, 1892, '

In the fall of 1892 there were caught from the creeks 1,800 wild brook
trout. The number of stock fish was 7,800 brook trout and 1,800 brown
trout.
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SPAWN GATHERING.
WHITEFISH.

The ova of the whitefish for the Detroit station has been taken
principally from the fisheries on the American side of the Detroit
river. For the last two years we have handled all the fish taken on this
side of the river, and in order to obtain what we required have been obliged
to look after the fisheries pretty sharp at times. We have finally arranged
to contro] all these fisheries ourselves, and the past season have hired the
fishermen out and out and managed the fishing directly, owning and selling
the fish caught.

The cateh of 1890 in the river was somewhat smaller than in former
yeats, a portion of the fisheries were not run at all, including Craig’s and
East point and several others, viz: Belle Isle, Red Shanty, Mama Juda
and the Stock Farm were not well fished. Mama Juda, Stock Farm and Red
Shanty were abandoned early in the season because the fish did not show
up well, though it is likely if they had been continued some whitefish
might have been caught. It has always been a difficult thing to coatrol
the fishermen who conducted the fisheries. At Fort Wayne great trouble
was experienced in the early part of the season from sunken logs and
obstructions on the fishing grounds on which the nets caught and were
torn, letting the fish escape. After the grounds were well cleared a reason-
able number of fish were caught. A much larger proportion than usual of
small males were taken, some very large males were also caught and the
females were about the usual size taken in former years. The fine condi-.
fion of the fish taken was noticeable, and the eggs secured were very fine.
The whitefish came on very late and the run continued later than usual.
This leads to the opinion that if the fisheries which were abandoned early
had been continued better success would have resulted.

No herring of any consequence have been taken on the river for the past
three years, which seems very remarkable considering the large quantities
that have formerly been caught here even at a quite recent date.

The emall tug or stéam yacht “May H” was chartesed for the season of

-whitefish taking, at the rate of seven dollars a day, the owner furnishing

his own crew and fuel. The arrangement proved very satisfactory and the
yacht was found a great aid in the work; she was again employed at the
same rate in the fall of 1891, and in the season of 1892 another boat of like
character was engaged in her place. The work has become so extensive
and-the fisheries are so far apart that it has become a matter of absolute
necessity, as well as economy to have the use of such a steamer during the
spawn taking season. ’

The first whitefish eggs were taken in the season of 1390 on November
6 and they were taken on that date at every fishery on the river. The last
eggs were taken December 11 The-cold weather coming on suddenly
about 950 fish wers frozen in at Grassy Island, remaining there till Janu-
ary T, 1891, and we were unable to get our crates out of the water.

Two quarts of whitefish eggs were shipped to Prof. Jacob Reighard at
the university at Ann Arbor for scientific investigation and experiment.

On October 20, 1890, the superintendent went from Paris to Sault Ste.
Marie o take whitefish eggs, and spent all his time until November 16
in the search, going to every available point from the Seult. On account

3
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of the scarcity of the whitefish it was impossible to secure a large number

of eggs, He succeeded, however, in getting 6,794,000 first-class eggs,
which were shipped to Detroit, and placed in the jars in fine condition.

The number of whitefish eggs put into the hatchery was 190,288,750,
and on January 16 a measurement was taken to determine the loss in
working off bad eggs and it was found there were left 111,564,750, or a loss:
of a little over seven per cent; indicating that the eggs were of the finest
«uality and had been well handled.

The fisheries from which the fish were handled in the fall of 1890 were
the following: Belle Isle, Craig’s, Fort Wayne, Grassy Island, Mama
Juda, Stock I'arm and Red Shanty. The whole number of females crated
was 3,131, of which. 2,119 were stripped. The whole number of males
crated was 5,577, of which 4,589 were stripped. The reason of the discrep-

“ency between those taken and those stripped is that of about 2,000 fish

bought from Labadie and Reaume none were stripped because the females.

were spent before they were received.

For the season of 1891-2 preparations for whitefish spawn gathering
¢ommenced about October 15. The first whitefish were caught at Grassy
Island October 20. At Fort Wayne fishery the fishing was commenced
October 29 and the first catch October 30. At Stony Island the first

catch was November 5, and at Belle Isle on October 81. The fishery-

on East point at Belle Isle, near the lighthouse, was fished this season for
the first time in several years. The fish caught here were crated at the
Willis fishery on Belle Isle. On account of the low water, only 138 fish
were caught at the Stony Island fishery, and work there was abandoned.
November 18. On November 18 Mr. Dwight Lydell was sent to Point
Mouille for eggs, but found that the whitefish had about quit running and
_that the fishermen were taking up their nets; he- got only five quarts of
eggs there. ‘

All fishing on the river ceased this year on November 27. No fishing
was done at Red Bhanty, Stock Farm or Craig’s this season, and the East
Point fishery was abandoned in the height of fishiug on account of heavy
winds and eold weather, the men refusing to go out. The heavy wind and
roily water also prevented the wsusl catch at the Fort Wayne fishery.
Herring fishing was almost a failure this seagon, tHb total eatch not exceed-
ing 20,000. : ; '

The total catch of whitefish at the different fisheries was as follows:
Belle Isle 1,008 females, 2,275 males; Fort Wayne 347 females, 1,241 males;
Grassy Island 644 females, 1,223 males; Mama Jude 543 females, 943
males; Stony Island 80 females, 58 males; total 2,607 females and 5,740
males, of which there were stripped 2,208 females and 4,021 males. The
egg taking continued until December 10, and the eggs taken were in fine
condition. The whole number of crates used was 50, of which 12 belonged
to the U. 8. fish commission. The whole number of eggs taken was
73,858,800.

The fisheries at Mama Juda and Grassy Island were operated by Messts.

Schufert and Cehalan under a lease from the United States, and the white-

fish were handled by this commission by virtue of a condition in their
lease reserving to us the right to handle all fish taken. This arrangement
did not work satisfactorily to.either. They were paying too high rent for
the fishing privilege to be able to make any profit. The outcome of it all
was that our board bought them out, both their lease and their fishing
outfits, and then arranged with the government to remit the rent.
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It has not been usual to include the work of the current seagon in spawn
gathéring in the reports, but as the preparation of this report has from
unavoidable. causes been delayed until the work has been completed for
the season, and as there has been a change of plan in the matter of dealing
with the fisheries on the river, it is thought desirable to relate it. The
board has been from year to.year acquiring more complete control over
the fisheries of the river, as it became more and more necegsary in order to
obtain the requisite guantity of white fish ova, and has had more or less
embarrassment growing out of the inefficiency and lack of push of those
who engaged in the business of conducting these fisheries; it was there--
fore this season decided to hire men to do the fishing under the manage-~
ment and control of the board. _

This insured complete ownership by the board of the fish, the sale of
which it was expected would go a good way toward recompensing them
for the increased expenditures. This necessitated an outlay for seines,

‘boats and outfit, and put upon the board the risk of the financial success.
.of the venture.- A portion of the equipment and outfit had been accumn-

lated before, as had become necessary in order to have the grounds fished.
It greatly increased the labor and responsibility of the superintendent and
the risks of the work, but it insured the right to control and direct when,
where and how the fishing should be done. It required the hiring and
subsistence for from forty to sixty days of about fifty men and ten horses
and the use of a small steamer. The board controls eight fisheries, but
only five were worked, viz.: East Point and Willis fisheries on Belle Isle,
and the Fort Wayne, (Grassy Island and Mamsa Juda fisheries below the:
city.

_ %he work of repairing the outfit, boats, nets, docks, platforms and
grounds began as eatly as October 3. One new seine wes bought and six
old ones'repaired. At the fisheries on Belle Isle the platforms, spiles and
everything are required fo be removed at the end of each fishing season
and replaced before the fishing commences. The steam tdig or yacht
“Bertie I"* was chartered at seven dollars per day, commencing October 11..
The crates had been stored at or near the Fort grounds and at Grassy
Island and had to be repaired and removed and put in place at the different.
fisheries. .

The fishing commenced at the Belle Isle fisheries on October 20, at Fort

‘Wayne on October 24, and at Grassy Island and Mama Juda October 25.

The early fishing at Fast Point was much interferred with by obstructions.
on which the nets caught and were torn and the same thing occurred some-
what at the other grounds. The fish taken at East Point were crated at
the Willis fishery, and those taken at Mama Juda were handled at Grassy
Island. At Mama Juda no fish were caught till October 27 and the fishing
continued there eighteen days till November 13, the catch being 854 or
315 females and 539 males. On November 15 this crew was taken to the
‘Wililis fishery to fish as second crew. The number of fish caught at Fort
Wayne was 2,001, or 815 females and 1,186 males. Of these, by the terms
of our lease, 500 were given as rent to the post at the Fort. The fishing
was carried on here 36 days and two nights, and 294 hauls of the seine
were made, the catch averaging about seven fish to the haul.

At Buast Point the fishing continued 21 days and two nights, the largest
cateh in one day being 387. The heavy wind interfered with the fishing

* here at the height of the run, as the ground is more exposed than at other
fisheries. The night catch hers did not amount to anything. Altogether
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1,486 fish were caught here. At the Willis grounds the fishing lasted 35

days and ten nights, two crews fishing 24 hours a day during tho®e ten
.days and nights.. The best run on these grounds wag between midnight
and morning. The number of fish caught here was 5,636, making a total
caught at the two Belle Isle fisheries of 7,822. The number of males strip-
ped here was 3,011 and females 4,001.  After the fishing ceased on Novem-

ber 24, a night watch was established and continued till the egg taking:

ceased and the fish were sold. .
At Grassy Island the fishing lasted 36 days and two nights, none were

caught of eny consequence at night. The largest day’s catch wss 235 on

November 14, The good fishing lasted only about one week. The catch
" here was 3,152, or 1,618 females and 1,534 males. There were stripped 1,618
females and 1,489 males. The eggs from here were shipped to the hatchery
.at Detroit in whitefish cans, in water, about 20 quarts to a can. They
carried well. .

The total number of fish canght at all the five river fisheries was 13,074,
The total eggs taken from these fish was 4,744 quaris or 142 bushels, mak-
ing 173,680,400 eggs. Of these 625 quarts were packed in boxzes ‘and for-
warded to the hatchery at Sanit Ste. Marie. There were also taken at the
fisheries on Lake Superior eggs enough to fill 43 jars, equals 172 quarts,
which were also placed in the Sault hatchery.

This is a laxger catch of fish than has been taken at these fisheries on
Detroit river in years, and it was accomplished by persistent and intelligent
-work, still it is certain that the proceeds of the sales of the fish will nof
reimburse the Board for the money expended, and. if the fishing had been
done by those who were in it only for the money they could get for the
fish they would have quit as soon as the heavy run ceased, and we should
not have obtained th® quantity of eggs we did. QOn the whole we are very
woll gatisfied with the policy of doing our own fishing. .

WALL-EYED PIKE.

In the season of 1891 Mr. Our D. Marks, overseer of the Paris

- gtation,. went on April 8 to Bay City to gather wall-eyed pike eggs
at the mouths of the Kawkawlin snd Saginaw rivers. He arranged

40 take the hard and unripe fish and crate them in the rivers. The fish

were taken from nets about two miles out in Saginaw bay and transported

in wash tubs to the crates, which were located in sheltered places near the

mouth of the rivers. There were crated in this way in Kawkawlin river . ..

290 fernales and 9§ males, and in Saginaw river 281 females and 99 males,
Arrangements wére also made with fishermen who were fishing off the
beach to hold their fish till ripe in nets, but the storms chafed holes’in the
_nets and all the fish in them were lost, The eggs of the fish that were ripe
when caught were taken at the nets. | - )

The first eggs were taken April 11 and the last on April 24. There
were taken in all 64,581,400, and hatched and planted 27,045,000. They
were in the jars 26 days before hatching. There were handled the fish
caught from eight strings of nets (30 pound nets) and eight men were
employed in the work for the Board. '

In the season of 1892; Mr. Orr D. Marks went about April 12 to Bay
City to look after the wall-eyed pike work. He had considerable difficulty

in making satisfactory arrangements with the fishermen, who at first’

refused even to let a man go in the boat with them to take the eggs from
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the fish as they came from the nets, and were unwilling to allow the fish
to be crated except at exorbitant rates. He finally succeeded in gelting:
some.privileges from some of the fishermen. He handled fish from eight
strings of nets (32 pound nets) and gathered about 98,164,000 eggs. The
catch was very. light and the fishermen began taking out their nets about
April 30. The winds were heavy and the waters roily and the fish kept
off the shore. -

On May 3 he went to Robert’s Landing on St. Clair river, where the
fish were caoght in seines and crated. There was an extra good ran of fish
and they took 194,020,000 eggs.

The number of eggs taken was greater than in any other season, but the-

loss in hatching and after hatching was also unprecedented. For some
reason, perhaps roily water and high temperature, the eggs fungused badly
and many were destroyed, and the fry when hatched were many of them
weak and soon died, and besides we had the misfortune to lose 4,000,000
on the car in transportation; so that while we took 222,184,000 eggs, we
hatched only 81,780,000 and planted only 57,300,000. '
. The Saginaw bay eggs were put in the jars April 18 to 29 and were-
hatched May 13 to 19; the eggs taken on St. Clair river were put in
the jars May 4 to 23, and hatched May 24to June 7. The first
plant was May 25 and the last June 12.

INTERNATIONAL FISH CONFERENCE.

. Growing out of a suggestion made by A. D. Stewart, secretary of the-
Ontario -Board of Game and Fish Commissioners a meeting was held
October 12, 1891 at the Fifth Avenue Hotel in New York City of the fish
commissioners of Ontario, New York and Pennsylvania, with a represent-
ative of the United States Fish Commission and some others especially
interested in fish and game culture and protection. The object of the

‘meeting as stated by its chairman, Hon. Robert B. Roosevelt of New York,

was: “Protection, preservation and propagation of food fish in the great
lakes.” Nome of the members of our board were able to attend this meet-
ing, but a committee was appointed at this meeting to meet at Rochester,
N. Y., on November 10, 1891, to consider and formulate a report to be
made to a later meeting to be called by the chairman, with power to add
to their number; and an invitation to attend having been extended to the

" members of our board, Mz, Post attended the meeting at Rochester. This

committee meeting was presided over by (3eneral Richard T, Sherman, of’
New Hartford, New York. There were present commissioners from
Ontario, New York, Pennsylvania and Michigan, and representatives of’

‘the United States commission and others, prominent among whom were-
" Judge George F. Danforth, State Senator Donald McNanghton and Frank

J. Amsden of the Cheap Food Fish Association of New York, and repre-
sentatives of the Anglers’ Association of St. Lawrence River.

The matters considered by this committee related to the restocking of
Lake Ontario with whitefish and the enactment of uniform laws and regu-

‘lations by all the states bordering on the great Jakes, and Canada, for the

protection of fish and game. Incidentally there also came up for dis-
eussion & resolution upon the advisability of turning over the main work of
the state commissioners to the United States commission. On this latter
subject a very strong resolution was adopted expressing decided disap-
proval of any movement looking towards turning over to the United States.
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government the work of the state commissions in propagating and planting .

.commercial fish in the great lakes; that the jurisdiction over the fisheries
within the boundaries of the state belongs naturally to the state, whose
interest in their success is paramount to that of the United States as a
whole; and that there is abundant field for the concurrent action of the
bordering states and of the general government, and that anything which
would detract from the state’s interest in this matter will be detrimental to
the end aimed at, of restocking the waters of the greatlakes. A resolution
was also carried recommending the adoption of laws forbidding the taking
-or having in possession of salmon trout and whitefish of less weight than
two pounds each, or bass of less than one pound, or blue pike of less than
three-guarters of a pound; also recommending to congress the importance
.of authorizing and directing a full and careful biological survey of the
great lakes under the supervision of the United States fish commission;
.also recommendiny that each member of the committee take the text of the
game and fish code prepared by the New York commissioners and indi-
.cate thereon what p-ovisions would be acceptable to.them and what
.changes they would advise, and report the same at the final meeting of the
.conference. - o
On December 8, 1891 & further meeting of said conference was held aé
Hamilton, Ontario, at which Mr., Whitaker was present. Of this meeting
Senator McNaughton was made chairman. The report of the committes
‘which met at Rochester stated that they had not deemed it practical to
fix on such provisions in detail as would be requisite to form & uniform
code applicable to both countries; that special needs depending upon
.geographical conditions, on clmate, on different prevailing modes of leg-
islation and of administering laws, forbid such wuniformity, but that
.approximation in general features and leading measures may be made to
go far towards the attainment of the practical ends desired; they recom-
mend, as the two leading measures necessary, protection and multiplica-
tion, and to make these efféctive, concert and harmony of action between
all the government authorities interested; they also recommend the
‘prohibition of net fishing within a mile of the shore line and the reguire.
ment that all pound and gill nets set outside this limit be not less than 3%
inches stretch, and that the sale or possession of any fish of less than speci-
fied weights be made illegal, viz.: Salmon trout and whitefish two pounds,
bass one pound, blue pike three-fourths of a pound, and that artificial
propagation to the largest evailable extent be established and prosecuted.
They recommended the system of protection in vogue in New York, which,
in brief, is a distinet protection department, acting by itself and within
1tself, its members holding office only by good conduct, and having a head to
-direct and a working force at all times propared for duty, properly com-
pensated by the state for services and expenses, and with the constant

duty of watching for and preventing violations and conducting -

“prosecutions. : . .

The resolutions adopted at the Rochester meeting were also adopted by
the conference, except one to which the following addition was made, on
‘motion of Mr. Whitaker, and then adopted as amended, viz.:

«Resolved, That the United States commissioner be requested to urge upon congreas

‘the necessity of granting an appropriation to permit the ‘detail of a force of competent

and skilled persons to ascertain and mark in detail upon suitable charts for public use
and distribution, the location of the spawning beds of the whitefish, salmon trout and
other commercial fish in the great lakes, whereon the fry of these fish artificially prop-
.agated may be placed where the fish naturally cast their ova.”

- \
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This meeting adjourned to mest in Detroit on the first Tuesday of
Qctober, 1892, but when the time came, a postponement until after election
was deemed desirable. .

The final mecting was held at the Cadillac hotel in Detroit, Michigan,
on December 20 and 21. There were present at this meeting, among
others, Semuel Wilmot, of Ottawa, Canada, Superintendent of Fish
Culture of the Department of Marine and Fisheries of the Dominion of
Qanada, Edwgrd Harris of Toronto, Ontario, Thomas Marks of Port
Arthur, Ontario, W. B. Wells of Chatham, Ontario, of the Ontario Game
and Fish Commission, L. D. Huntington, William H. Bowman and Edward
P. Doyle of the New York Fish Commission, C. V. Osborne, of the Ohio
Fish Commission, W. P. Andrus and Robert O. Sweeney of ‘the Minnesota
Fish Commission, E. W. Gould of Searsport, Maine, Commissioner of Sea
and Shore Fisheries, Frank N. Clark of Northville, Michigan, of the U. 8.
Fish Commission, Frank J. Amsden, of Rochester, N. Y., of the Cheaper
Food Fish Association, and Herschel Whitaker, Joel C. Parker and Hoyt
Post, of the Michigan Fish Cemmission, Charles 8, Hampton, Michigan
Game and ¥ish Warden, C. M. Keyes of Sandusky Salt Fish Co., A. G.
McDonald of Buffalo Fish Co., James Oraig, William Craig, A. Soloman,
John J. Speed, William Dupont, L. C. Hough, W. W. Griffin, John
Zimmerman, Otto H. Rusch, C. H. Moore, George C. Green and S. R
Kingsley. Mr. Whitaker was made chairman of the meeting, and Mr.
Ameden secretary. '

The following resolution moved by Mr. Post was carried wonanimously,
viz.: ‘:
“Resolved, That it is the sense of this conference that the necessity exists for an effi-

.cient and uniform syatem of protective laws, by a paid Fish and Game Department, on
‘the genersl basis of the New York lawa,”

On motion of Mr. Gould the following were unanimously carried, viz.:

“Waereas, The different State Fish and Game Commissioners are more in touch
wéith the laws and their defects throughout the entire State where they may held
-office.

“ANp WarREss, By virtue of their knowledge of the general requirements in a given
instance being greater than that of the laity at large.

“AND WHEREAS, By reason of their office and intimate knowledge of the needs they
are called upon to make suggestions during legislative sessions.

“ Regolved, Thatin the opinion of the International Conference it is plainly the duty of
the State Commissions to make such recommendations to their respective Btate legisla-
‘tures as their experience in the practical workings of their laws regulatingthe taking of
flali may dictate.

“Resolved, That the States are fully competent to make wholesome laws for the pro-
‘tection of their fish and game.

“Resolved further, That where in any case from lack of intimnte knowledge of the
habits and tone place in the ecomony of nature of any given species of fish, the commis-
sioners shall advocate such restrictive legislation as will leave no doubt as fo its effi-
ciency, until such investigation has been made ag will enable thern to give intelligent
recommendations on the subject.” !

Dr. Sweeny presented the following resolution which was adopted, viz.:

# Resolver, That in the judgment of the conference, there should be a clese season for
‘bass, and that such season should be between the first of April and the 15th of June,
and all kinds of fishing, including spearing, should be prohibited in the close season.”

On the question of a close season for the commercial fish of the great

Jakes, after considerable discussion developing some differences of opinion,
a committee of conference was appointed to formulate & report embodying
- the views of the committes, to be presented to the meeting for its action.
- This committee comsisted of Messrs. William H. Bowman, W. P. An-
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drus, J. C. Parker, B. W, Gould, C. M. Keyes, R. O. Sweeney, A. G.

MeDonald, Herschel Wh1taker, "with Samuel Wilmot as consulting .

member:

The commitiee reported as follows, and their report was accepted and

adopted, viz.:

“1. That all emall fish and others unfit for food, of all kinds, when taken
in nets should be replaced in the waters when taken alive, that fishermen
should not be allowed to take such fish on shore nor expose them for sale.

“2. That no strings of pound nets used in the lakes shall extend more
than four miles from shore. :

“3. That one-half part of all channels between islands or elsewhers,
where fish migrate to spawn, shall be kept free from nets of all kinds at
all seagons,

“4, That all whitefish taken of less than sixteen inches in length, and
all salmon trout less than two pounds in weight, shall be immediately
returned to the waters where taken and shall not be exposed for sale.

“5, That the month of November in each veasr be made & close season

for whitefish, herring and sslmon or lake trout.

“G. That all penalties fixed for violation of any laws that shall be
enacted shall be made not only to apply to those who take fish, but also to
all persons who buy, sell transport or have the same in possession.”

The following resolution was also passed, viz.:

“ Resolved, That the law should authorize the seizure and destruction of nets used i in

violation of law.”

The members of the conference went, on. the 1nv1tat10n of the Mmlngun;
Fish Commissioners, to visit the Detroit hatchery, and on the invilation of
Mr. Wilmot, visited the hatchery at Sandwich, Ontario. An invitation
was also extended to them by Mr. Clark to visit the U. S. hatchery at
Northville, but' as this necessitated remaining over another day, his court-
esy had fo be declined.

On the evening of December 21 a banquet, Whlch had been tendered to-
the conference by the citizens of Deatroit, was served at the Cadillac hotel.
A beautiful spread was laid and upwards of thirty guests partook of the
bountiful and elegant repast.

EELS.

In the summer of 1891 Mr. Orr D. Marks, overseer of the Paris station,
with the car *“ Attikumaig” and four assistants, went to the Hudson river,
near Troy, New York, to get silver eels for planting in Michigan waters.
The car made two tnps bringing about 125,000 on the first trip and about.
175,000 on the second trip.  Mr, Marks left Paris June 9 and found the
ear and his assistants awaiting him at Detroit. They arrived at Troy June
11 and found the old grounds where they had taken eels befors, all right, and
shifted the car to Green Island so as to be near enough to the work to be
able to live in the car. The bushes were put in the same day and the next
morning they lifted 20,000 ecls. On June 15 they.-had 150,000, but the
next day lost half of them by their worrying themselves out in the floating

bozes in which they were deposited. After that they put a bunch of .

willows, the snme as the eels were caught in, into each box, and lost no-.
more, June 20 the first load was taken to Mmhw&n, as it was found the
sels wonld not live if kept too long in the ﬂoatlno' boxes. Two men were
left to continue the catch. The frst load was pla.nted and the car left

/
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Detroit on June 30 for the second trip, arriving at Troy July 1and leaving
the same day, arrived in Detroit on the return, July 2. The whole number
planted was 273,000 and they were planted between June 24 and July 3.
The detail of the plants is given in the appendix. -

CARD.

No extended improvements or repairs have been required to be made to
the ponds or buildings at the carp station, and the expenses for the last
two years have not exceeded the estimates.

The demand for this fish has been fully as great as in former years. All
applicants have been supplied except a few from whom no replies were
received when notified that shipments would be made upon a certain date.
It is not unlikely that we will be able to fill next year’s orders with year-
ling carp. We will certainly be able to do so if the stock now on hand

~ winters well.

In some localities much mteresb is bemg taken in the raising of these

- figh; in others no particular attention ig paid fo them. It seems quite pos-

sible that in the near future carp will become a staple vpon the fish mar-
kets of the country. The following, taken from the December, 1892,
number of the American Fish Culfure, published at Alliance, Ohm.
indicates that this fish has already appeared upon the markets of that state,
and that it brings a fair price:

“LAKE ERIE CARP, THEIR PRICE, THE DEMAND FOR THEM.”

‘ By the overflow and breaking away of ponds, the stocking of streams by ftish com-
missioners with surplus carp from the hatcheries, the carp have worked their way into
Lake Brie, have multiplied and thriven until, during the fishing season just closed,
quantities of them were taken in the puunds as well as in the gill nets of the numerous
individuals and companies who make a business of fishing in this great lake, which, by

the way, is the great fishing ground in the chain of lakes, and is peculiariy thie
whitefish lake. What do these fishermen do with the earp when they have caught
them? Thisisa pertinent question and its answer is of great interest to all those per-
song who have been raising carp. All fish taken are assorted and each kind, when there
is enough of them, are put into boxes which hold two hundred pounds, and these bozes
are then taken to the fish warehouses of merchants who make a spacialty of shipping
them to retailers, etc. Wall, the carp are assorted in this same way and sent to these
same merchants, who are not only glad to get them, but cannot get encugh of them,
and they very gladly pay the same price for them as they pay for the famous whitefish,
which has always been considered the bost fisb in the lake. For instance, when the

“ warehouseman paid six cents a pound by the box for whitefish, they then paid six cents

a pound by the box for carp. In this connection I wish to say that many of the finest
restaurants and hotels in this State today have German carp on their bills of fare as
often as they can get the bill of fare to warrant it. I want to take an exception to their
calling them German carp, they are no more German carp, than a child born of German
parents, in this country is a German. They are American carp. Among the many
restaurants in Ohio that have the earp regularly on their * bill of fare’ is the Stranna-
han restaurant in the Arcade buiiding in Cleveland. This is obe of the best conducted
and most successful eating houses in that great city. Every day they feed thousands
of people, including many of the epicures of the city who take their mid-day lunch
there, and every other day carp 18 the fish on their bill of fare. Facts like these knock
over the silly twaddle of writers who are seeking a cheap notoriety in condemning not
only the carp. but the commissioners for bringing them to this country, and who know
nothing of the merits of the fish, and have not attempled to learn. A few years more
when the earp can be supplied regularly and in sufficient quantities to hotels and res-
taurants to answer their purpose and it will be one of the staple fish of this country,
and the enterprise that furnishes them alive to the market will be well rewarded’

4
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. ’ WHITE EASS.

On May 21, 1891, Mr. Walter D, Marks, the superintendent, left Detroit
for Winneconne, Wisconsin, where he had been the year before, for the
purpose of continuing the experiment of hatehing white bass. On arriv-
ing at Milwaukee he %earned from the superintendent of the Wisconsin
fish commission that the fishermen had taken their nets out of Wolf river
at the instance of the game warden. They went together to Madison to
see the game warden, who declined to allow any nets to be set in Wolf
river at Winneconne, as he had some difficulty with getting the fishermen
to withdraw their nets, and it would not do to let any nets go back there.
My, Marks then arranged with the Wisconsin superintendent to operate
jointly with him at Lake Mendota, near Madison, where the fish were very
plentiful. The white bass were present also in large quantities at Winne-
conne, and Mr. Marks could have done his work there in a shert time sad
with better success than at Madison, because he knew the grounds and the
fish there were ripe. He spent one day at Winneconne and caught 270
white bass with hook and line. May 27 he moved to Madison, there he

set nets off a bluff across the lake and found the fish in shoal water, from .

one to ten feet, and very numerous., He set twenty rods of nets close to
the shore and caught thirty bass, all males and ripe. He then got a small
seine and hauled it by hand and caught 70, all males. He then tele-
graphed to Winneconne and got more nets, and on May 28 set them in
“deeper water and there got females which were very large and ripe. He
caught them for four days. On June 2 the first hateh was made. In
water at 60° they hatched in 46 hours, He managed $o set up a Chase jar
and took two quarts of eggs off the boxes and put them into the jar and
found they worked very well in the jar. He lost 600,000 that hatched in a
box, owing to the sereen being too coarse. The eggs and fry are so small
it is difficult to retain them in eny screen. He also lost about 200,000 by
the bursting of a fine sereen in a tank where he had them stored. He
succeded in hatching 5,000,000 one half of which were turned over to the
‘Wisconsin commission. The rest he placed in 25 cans of 100,000 each, and
brought to Michigan and planted: They were put info the cans on June
6 at 10 a. m., not two hours old, and they were carried in these cans in
good condition for 72 hours before planting. They were planted on June
9 in Goguac and Gourd Neck lakes, in Calhoun county; in Clear lake,
Livingston county; in Gravel lake, Van Buren county, and in Orchard
and Black Walnut lakes, Qakland county.
For details of plants see appendix.

THE AMERICAN FISHERIES' SOCIETY.
This society has been in existence upwards of twenty-one years but not

all the time under its present title. It meets annually at different cities.
Its membership is composed of persons engaged or interested in fish cnlt.

ure. Its annual meetings usually last two days. Papers prepared with.

much care are read at these meefings and discussions are had upon all

sorts of points and questions involved in fish culture. The papers cover

a wide range and treat of almost every subject of practical experience and
much of scientific research connected with fish culture. The- record of
its transactions contains a history of almost all that i known or has been
done in the progress of the art. Its meetings have been entertained by
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“papers and discusgions from the most learned specialists, and from those
-of the broadest practical experience and knowledge. It has for several
years numbered among its members the fish commissioners of the several

gtates that have taken the greatest interest in the subject, to whom it has
been an_invaluable aid in disseminating the experience and kaowledge
acquired by each among them all. At the last meeting of this society
held at the Holland House, New York city, the several fish commissioners

-of the United States were declared members of the society by virtue of

their office. The United States Fish Commission and all its efficient

corps of scientific and practical assistants have for several years been

connected with the society and make it a point to attend when they can,
and freqpently prepare papers to be read af its meetings when they are
unable to be present. The members of our board attend such of its meet-
ings as they can. 'We regard this society as an important factor in the

_progress and success of fish culture.

Among the subjects discussed at the last meeting was that of planting

“fingerling trout instead of fry, and elicited much interest. On this sub-
_ject papers were read by Mr. Frank N. Clark of the United States hatch.-
-ery at Northville, Mr. Fred Mather of the New York commission, Mr.
.James Nevin of the Wisconsin commission, and Mr. Herschel Whitaker

of our Board. The discussion was very general. Mr. Whitaker’s paper
appears in the appendix. The conclusion reached by the representatives.
of the states which have done most in the work, notably Wisconsin, New
York, Pennsylvania and Michigan, was that in view of the unqualified
suceess which had heen heretofore attained through fry planting alone,

-and the greatly added expense of rearing any considerable number of trout
-to be yearlings before planting, it was unadvisable and impracticable, when
‘the work was carried on upon anything like a large scale, to supplant fry

planting with that of yearlings, however well it might answer as an inter-

-gsting experiment on a small scale.

Another subject that arcused much interest at the meeting was

" Nationalism in State Fisheries” on which a paper was read by Mr. C. A. -
-Chamberlayne of the Boston bar, or “State Control of State Fisheries” .

the subject of a paper read by Mr. Hoyt Post 6f our Board. The latter
paper appears in the appendiz. What gave rise to these papers, and aroused
the interest that was felt in the subject, was the fact that the menhaden
fishermen who had been made to suffer the gtate penalty for unlawful
fishing with purse seines in Maine and Massachusetts waters for menhaden
which they ground up into fertilizers, had undertaken under the guise of a
brief and harmless looking act known as the Lapham bill, to have Con-

- gress extend the jurisdiction of the federal government and puat under
‘the control of the United States Fisk Commission all fisheries in navigable

waters, This bill was defeated through the energetic opposition of the

‘Fish Commissioners of Maine, Massachusetts, New York and Michigan,
-and the zeal and untiring industry and efficient labors of the aforesaid Mr.-

C. A. Chamberlayne; but was again presefited in a slightly modified form

-and again defeated. The outcome of the discussion elicited by the reading

of these papers was the unanimous aduption of the following resolutions,
viz.:
“Résalved, That this society regards with disfavor any movement looking towards

-the turning over to the United States government the work of the said commissions in

propagating and planting fish, aud in the regulation and protection of the fisherims in

“the several states. That the jurisdiction over fisheries within the territorial boundaries
-of each State belongs naturally to that State. That there is an abundant field for the




28 .  TENTH REPORT--STATE FISHERIES. = -

codperative action of the State and of the genersl government in the propagation and
distribution of food and game fish, and anything which would detrast from the State’s:
interest in this respect will be detrimental to the end aimed at of restocking the waters:
of this country; and we recommend & course which will encourage and stimulate
greater inferest and larger expenditures in this great work by the several States, and at-
the same time increased mmterest in the matter by the United States. And be it further-

* Resolved, That the purposes and aime of this society are in direct antagonism with.
apy business which leads to the depopulation of the waters to errich the land, and we-
therefore condemn purse seining of Menhaden or any fish food, or food fish, for the-

purpose of grinding the same into guano or oil, within three miles of the shore, at low °

water mark.”

Dr. J. C. Parker of our Board was vice president last year and as ‘such:
presided over the last meeting.
T The next meeting will be held at or near Chicago during the World’s:

air.

Mr. Herschel Whitaker of our board was elected president of the society
for the ensuing year.

EXAMINATION OF WATERS,

The work of systematic and thorough examination of the inland lakes
and larger streams of the State, which was inangurated in 1883, has been
continued during the past two years. There were examined during the-
snmmer of 1591 in all 84 lakes and in 1892, 73 lakes, and our collection

now aggregates upwards of 400 lakes which have been exzamined and of’

which we have the reports in bound volumes.

_The reports of these examinations are the same as are fully described in:
our last report. They are of uniform size and are bound. in volumes and
indezed. The information furnished by them are in hrief, the location,
length, width, shape, depth and surroundings of the lake, character of
shores and bottom, inlets and outlets and surrotundings, kind of water and
temperature at top and bottom, date of examination and condition of the
weather at the time, number and kinds of fish caught and their condition
and what they are feeding upon, the kinds and guantity of fish recommended
to be planted, if any, and any other special information deemed of value.
A blank space is left on the back of the reports on which a drawing &
made showing the shape of the lake and the soundings iaken, the location
where the nets were set and the character of the shores and bottor. ‘

The crews are provided with a canvas boat and tents and camping outfit,
e gang of gill nets of different sizes of mesh, various kinds of fishing
apparatus. a deep-gea self-registering thermometer, a dredge, & towing net.
of fine mesh and a lead and line for soundings.

The work in 1891 commenced May 28 and ended September 5. A
double crew in charge of 'W. D. Sargeant and six sssistants accompanied
by Prof. Jacob Reighard, and his assistant, Mr. Hill, and a botanist, W. H.
Kush, operated together in the central part of the State, in continuation
of the regular examination, The force included, besides the overseer, four
men, H. H. Marks, F. 8. Sargeant, M. W. Gibbons and T. 8. Dixon, to do
the sounding and fishing, two working together in a boat—a second hoat:
usnally being hired at the lake—a cook, Charles Miller, and a teamster,.
John MeKerlie. Fhe outfit consisted of four tents, a team and wagon, an
oil stove and cooking utensils, besides bedding and sleeping conveniences,.
and_the necessary changes of clothing. :

Prof. Reighard and his assistant, Mr. Hill, and the botanist, Mr. Rush,.
from the University of Michigan, accompanied the erew with books and.
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microscopes and s small laboratory of chemicals and appliances and
utensils for scientific work and conveniences for preserving specimens,

Their especial work consisted of examination’and investigation of the

aquatic vegetation and minute animalcunles and the food and habits of the
fish and the fish food and the fish parasites and the contents and character-
isties of the waters generally.

This party usually selected a good camping ground near some large Jake
where they would remain a week or more until they had examined all the
lakes within convenient distance, going each day with the team to the
adjacent lakes and then with the team moving the camp to another similar
camping place. In long moves it became necessary to hire an additional
-team. ,

Another crew of four men and a cook were employed from July 14 to
‘to August 17, 1891, in some special work at Torch lake and adjacent
“waters. :

In 1892 the examination of waters began June 27 and continued till
September 93, The work was in charge of W. D. Bargeant and his
-assistants were J. P. Marks, Dwight Lydell, J. W. Powers, H. J. Sargeant,
-C. Miller, the cock. and John McKerlie, the teamster. The were accom-
panied by H. 8. Jennings, assistant of Prof. Reighard of the University of
‘Michigan, who devoted himself principally to the examination and pres-
-ervation of the stomachs of the fish that were caught for later careful and
minute microsecopical investigation. ‘ .

The Board are thoroughly convinced of the value and importance of this
‘branch of their work and have already experienced great advantages from
itin the information thereby obtained with reference to the suitableness

* of the waters for the planting of fish that are applied for in the lakes of

-

which examinations have been made. Thisis the result of the mere routine,
practical work; what the outcome of the more scientific work will be, it is
too early yet to prophesy, Certain it is that it ia impossible to know or to
learn too much of the food, habity, enemies, organism and characteristics
of fish, in the effort to make the. greatest success of fish culture. The
greatest lack has been in the greatest desideratum of accurate and
scientific research and knowledge on these subjects. We are as yet only
at-the threshold of the inquiry. We have had only a bare glimpse here
and there into the realms of knowledge that the future will open up to our
nearer view. .
A synopsis of the examination reports is given below:

REPORT OF STATISTICAL AGENT.

Mr. Charles H. Moore was appointed statistical agent of the commission
to gather and compile the statistica of the fisheries of the State for the
seeson of 1891. Statistica are of value when made each season for a series
of years, serving to show the decay or renewal of the fisheries. To be of
permanent value they should be carefully gathered and compiled for many
years in succession. While the statistics of two or three suecessive seasons
may show & decided incresse or decrease when compared one with the
other, they are of no special value when we take into consideration the
varying eonditions of seagson, One season may be peculiarly favorable for
the setting or raising of nets, while the next may be characterized by the
severity of its storms which preclude the lifting of the nets or which blow
them out altogether, and thus no just comperison can be made. It is
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peculiarly the duty of the department of fisheries, therefore, to see that

proper data is gathered from year to year from which at th i
; t 1 e end of ’
term it may be fairly predicted whether its work has been Eﬁlccoesifﬁqivi?

not.

If, upon such information, the work is found not '
) n By : to have been su
mfgrmatmn is often gained from which to determine the causes ofcfc:i’?gigl
anTlme_anS_ can be tak_e]} to correct the influences which prevent suecess. - "
@ Sle individual testimony of candid fishermen in different localities in
) ; t{nte indicates that the plants thus far made have been meagurably sue-
cessful, and where they have not been the report of the agent furnishes
‘ln%)g?atlon as to the causes which have contributed to failure
convenience in instituting comparisons in the future as to i
gr decrea.sq in the value‘of thé fisheries of the Stdte, it has’ beetrcl) };1}11(2)1;1(%;}81?;
est to divide the coast into districts which are fixed as follows:

DISTRICT NHO. 1.

= g%xl'lie?t Detroit river to State line betwesn Michigan and Ohio on,

DISTRICT NO. 2.

East shore of Lake Michigan from south line of Michi ;
] igar ichigan to H ’
bay on Lake Huron, including the south side of the Strfits of ﬁ?cnﬁ?rgivs.‘

DISTRICT NO. 8.

From the State line between Michigan and Wisconsin on Green bay, east

~ around the north shore of th i i to De i i
ground the north & e of the Straits of Mackinaw to Detour, including

DISTRICT NO. 4,

West ’ .
Detrisi;t 115‘%1‘%1: of Lake Huron, from Hammond’s bay south to the mouth of .

DISTRICT NO. 5.

South shore of Lake Superior from Montreal river east to Detour. )

The narrative and detailed Teport of the statistical agent follows: °
To the Stale Board of Fish Commissioners: '

GENTLEMEN—Having been appointed'by your H bl i
N Board Statis-

tical Agent, I proceeded under inatasctions to mal 1
carévass of the1 eII:tire lake coast of {ﬁgrstﬁi"umctmns fo make & complefo

y personal interviews with the fishermen I sou ht to learn e i

tpexitammg to the fishing business in the different lc%calities.' I egggfrglrgg
tﬁ earn as to the kinds of fish caught, the number of nets, boats, and alk
e outfits used in carrying on the enterprise, so that when compl’eted my
yegort would ' give as nearly as possible a full showing of.the fishing
i)n ustx}-ly of the State. This has never been done thoroughly since the
dos.r 188 been in existence. It is a matter of very great importance in
¢ 1? ermining what should be done to protect the planting of fish to restore
e great lakes to their former wealth of fish food. In many respects the
y;milli of gathering this information has been pleasant and interesting, and
1S shows that the commercial fisheries are a most valuable industry fo the
tate. The amount of fish food taken each year from the great lakes
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wpon which Michigan borders is very large, and these waters may be truly
called nature’s store house for a cheap and wholesome food supply for the
eople. ’

P AI; T was compelled to follow the shores of theso lakes to a grest extent,
the work was somewhat tedious, and it took considerable time to cover the
whole coast, which is something over two thousand miles in length. My
aim was to be thorough and exact so that the report should show the facts
as near as I was able to get them. Whether this has been done well the
individual reports now on file in your office must bear testimony.

These reports contain the catch of fish of each fisherman for the year of
1891, together with a detailed statement of everything used by him in
carrying on his business and their value, also the number of men employed
and wages peid. The aggregate of these reports will show the number of:
men engaged in fishing, boats of all kinds, both steam and sail, docks, fish
houses, freezers or cold storage warehouses, and nets of all kinds, all o
which will appesr in the tabulated statements connected herewith. :

T began this work December 1, 1891, going first to Monroe, following:
along down the coast of Lake Lirie to the Ohio line, then back to Monroe
and o the mouth of the Detroit river, thus completing the canvass of Linke
Erie. ‘

The principal part of the fishing in this district is done with pound net,
abaut 200 being in use in 1891, also a few seines. There are no gill nets.
fished on this shore except by J. N. Dewey & Co., of Monroe. The cateh:
consisted largely of herring, sturgeon, whitefish and pike. Next im
importance come catfish, sucker and red horse, which, by the way, are now

_used to a considerable extent and are on sale in all the fish markets.

Fishermen of this section say the catch was not as good as it should
have been because of the hot weather during the months of Beptember and
October. It was better however, than in 1840. .

There is no longer any doubt as to the ood results obtained from the
planting of whitefish here. Near Mount leasant creek there was a good
whitefish ground some years ago, but later on it was abandoned, the white-
fish having disappeared almost entirely. This season the catch on this.
ground Wwas fair again and it is the opinion of all the fishermen in this
Tocality that. their reappearance is due to the work of planting by the fish
commissions, ' .

The east shore of Lake Michigan or District No. 2 was the next ground
of investigation and I began work in this district at New Buffalo. On my
arrival T immediately began inguiries for fishermen and to my surprise
found none actively exgaged in the business here, neither had there been
for the past three years.

‘Mr. V. N. Schwiem, who has lived there for many years made the fol-
lowing interesting statement:

‘A bout fitteen years ago whitefish along this shore from Michigan City
to St. Joe were sbundsnt, We used to take them with seines by the
wagon load during the months of May and June, when running in large:
schools in shallow water which is a peculiar habit of the whitefish. Pound
nets, seines and gill nets were used here at one time. Gradually but surely
the whitefish began to fall off until three years ago, when I sold all my
fishing outfit. Since which time not a single net has been fished at this
place.” In fact no fishing of any importance has been done on this shore
from Michigan City to St. Joe during the past three years, ouly a few
sceattering whitefish and sturgeon and mome rough fish, such as suekers,
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bull heads, etc., are'now to be found in this locality which was once so
‘bountifully supplied with the best commercial fish of the. great lakes, the
whitefish. “Without doubt,” this gentleman says, “the eause of the decay
‘was brought about by the gradual diminishing of the size of the meshes of
the nets from year to year, until finally the destruction was made complete.
This system of abuse is carried on by many of the fishermen on the shores
of these great lakes and I shall discuss this more fully later on. .

At 8t. Joseph the fishing is largely done with gill nets. A few pound
nets are used here for a'short time in the spring and fall of each year,
mainly for the catch of sturgeon which were very plenty in and at the
mouth of this river which empties into Lake Michigan at this place. This
river affords them a favorite ground for spawning.

The sturgeon is a much more valusble fish since the curing of their meat
by smoking has been introduced. This has brought their flesh into gen-
-eral uge, it being preferred by many to smoked halibut. Caviare is also
prepared from their ova and is quite valuable, being worth this-season
twenty to twenty-five cents per pound, There were about seven thousand
pouxds of caviare put up at this place in 1891 21l of which was exported to
Hamburg, Germany. There are five steam tugs fishing out of St. Joe with

gill nets.  They ruu out into the lake several miles setting nets in from -

forty to seventy fathoms of water. The principal catch on these grounds
is the deep water trout, or “buckskin trout” and “long jaws,” which are
#aid to be a species of the herring, being somewhat larger and commanding
a better price on the market than the herring, They are essentially a deep-
water fish and they are taken in the same nets with the deep water trout.
Here ig also found a most loathsome looking fish called by the fishermen
“lawyers” or eel pouts. They have but little commercial value. A few
tind sale, however, in the interior of the 'State, being shipped as bullheads
end are skinned and prepared for market in the same manner as bullheads.
In appearance and form they resemble it, but are much larger, rezching a
weight from four to ten pounds each. It is the universal opinion of the
fishermen that they are destructive to the trout and they are found in

great numbers during the spawning season of the trout; they frequent

Jspawning beds and feed upon the eggs of the trout there deposited. - Many
«of the lifts of these tugs which I saw while at-St. J oseph consisted of one-
-qquarter to one-third of these fish. The same story of the whitefish,is told
here as at New Buffalo. Only a few years ago tons were shipped from this
_place each year, now not one pound. ~ Agnin the use of small mesh nets is
‘witheut doubt the cause. - :

South Huven is located at the mouth of .Black river and'is the next
#tation north of 8t. Joe on this shore. : o

Only pound net fishing is done here and by one man. The principal
-cafch is sburgeon. The meat is shipped to Chicago, and the ova is made
info caviare for the German market, -

Mr. Charles P. Paxton, who carries on the business at this place began
‘his career years ago as a fisherman in the waters of lake Erie, then went
‘to lake Huron and finally located here where he has been for some years
‘past. Being a practical fisherman his experience has given him an oppor-
‘tunity to become familiar with the different kinds of fish inhabiting these
lakes and their habits. He says of the whitefish: “I am sure the plants
made in this locality for the last four or five years by the Michigan hatch-
-ery matured into the very whitefish I caught here during my spring

fishing this season. There are some marked differences between the Lake
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Erie whitefish and those of Lake Michigan which enabled me fo be guite
certain upon this point. This fact is conclusive proof to me of the great
benefit derived from artificial planting. The whiefish had almost entirely
- disappeared from this locality and have only returned since the work of .

planting began.” ]

Pl%auggtuc]i which lies at the mouth of the Kalamazoo river, and was at
one time a good fishing station, is now of very little importance. White-
fish and sturgeon were the principal varieties caught here. Now about all
that are left here of the fish kind are perch, which are very plentiful in
snd about the mouth of the river. In a southwesterly direction some
foyr to six miles distant is & large whitefish spawning ground which is
known by all the fishermen along this shore. The bottom is gravel and
porous rock formation and is covered by two to four fathoms of water.

Located at the mouth of Grand river is the enterprising city of Grand
Haven. * The varieties of fish caunght here and the manmner of fishing is
much the same as at St. Joe. Many more persons are engaged in the
business here, however, and much larger shipments are made. Chicago is
the market for all the fish caught here. Six tugs and eight sailboats,
-each equipped with a full complement of gill nets and men, constitute the
outfits, There are also eight pound nets which are used for the catch of
sturgeon., A light catch of sturgeon was made this season and the caviare
obtained amounted to about 1,500 pounds. Deep water trout, * long jaws,
“hlack fins,” and perch are the principal kinds taken. Only 1,000 pounds
of whitefish are reported to have been canght here this season.

Uapt. Thomas W. Kirby, for many years a resident of this place, and
well known to the vessel men all over these lakes, having been engaged in
ship building for a long time, has recently turned his attention to the fish-
ing business. For this purpose he has this season put in commission two
steam tugs, hag enlarged his cold storage house toa capacity of 250 tons

-and has put up an ice house which he estimates will hold 2,500 tons. ]‘E‘[ere,
also, are found the most hated of all the fish kind on this shore, the “law-
rs,”’ in considerable numbers.
yefﬁhem is some fishing at Lake Harbor, between Grand Haven and Mus-
- kegon, the fishing being carried on by a resident of the latter place, which
I visited next, obtaining the following information.

The vast amount of sawdust and edgings from the large number of saw
mills located on the Muskegon river and at its mouth is carried by the cur-
rent far out into the lake. It is claimed this is the principal cause of the
the destruction of these once fairly good fishing grounds. The fishermen
here claim that it was this alone that drove the whitefish' away. Ounly two
or three saw mills are now operated here and these consume all their dust,
edgings and slabs for making steam. Gill, pound and fyke nets are in use
here, also seines. “Long jaws” and perch compose the greater part of,
their catch. A few whitefish and siurgeon are taken and some rough
kinds. Altogether the business here is of no great importance and those
engaged in it are not able to gain a living by it alone. ) o

Holland, located at the outlet of Black lake which empties here into
Lake Michigan, is of littleimportance as a fishing station. A few nets are
in use here, both gill and pound, with a light catch this season of lake
trout, sturgeon, whitefish and herring. ) '

Whitehall, or White Lake Harbor, as it is called by the people-there, is
located north of Holland on Lake Michigan. The character of the fishing
here is much the same, only there are more persons here engaged in the

-

B]
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business, with much larger catches. “Long jaws, sturgeon, trout and
whitefish are taken, ranking in importance in the order named.

Fishing at Pentwater is much the same as at Whitehall but the catch is
eongiderably lighter,

The next slation north is Ludington, at the mouth of the Pere Mar-

guette river, well known for its large lumbering interests. The fishermen
here are of one accord in saying it is the refuse from the saw. mills that
hag destroyed and driven away the whitefish in this locality; they uged to
be very abundant. For the past few years, the catch of fish at this place
has been insignificant and no whitefish at all are taken just at'this point.
‘The only fish tug owned here goes to the north shore during the fishing
season, for the reason that it does not pay here. * Loug jaws,” “ black
ﬁns 7 and deep water trout in limited quantities are the kinds taken
ere.

At Manistee, at the mouth of the Manistee river, the fishing is of more
importence. I found here that there had been a light catch of whitefish.
The principal catch was lake trout, with some long jaws,” “black fins”
and a'few sturgeon, ' '

- A% Onekama, situated on Portage Lake, which has an outlet into Lake
Michigan, three miles distant, fishing is of the same character as at Manis.
tee, but with fewer engaged in the business and much lighter catches.

The next place north is Frankfort, on Aux-becs-scies or Lake * Betsy,”
the outlet of “Betsy” river, which is a good harbor just inside from Lake
Michigan. Two steam tugs and six sailboats, with their equipments, carry
on the business of fishing at this place and as far north as Otter creek, 22

miles distant on this shore. Their shipments this year amounted to about-

400,000 potinds, composed of lake trout, whitefish and “ long jaws,” in the
order given, with a very few sturgeon. Here whitefishing has fallen off,
which is true of all the important stations along this shore. This point
seems to hold out the best. The tugs here made all of two-thirds of the
catch, fishing out 48 miles, near the south Fox island.

From Traverse City, teking in both arms of Big Traverse bay, then
south from Cat Head Point to Leeland, Good Harbor, the Fozes, and the
Manitdus and Glen Haven, the fishing is carried on largely by Swedes and.
Norwegians. Pound nets and seines are prineipally used in the bay and
along the shore between the islands above referred to and along the main
land, Even at the north Fox snd sounth Maniton, a few are in use.
Largely, however, gill nets are used about these islands, and here is where
the best catches are made in this locality. Here, again, I found the pound
nets with their small meshes carrying on the work of destruction to the
young whitefish., Here, also, the “long jaws” and “black fins” compose a
very inconsiderable part of the catch, and the Mackinaw trout becomes an
important factor, while the whitefish is in excess of any onekind, trout rank-

,ing next on the list. The two latter kinds make up almost the entire

catch of this locality. The character of the fishing is much the samé from

Traverse City to Charlevoix, but with lighter catches.

Charlevoix is'one of the most important fishing places on this shore.
The shipments of fish from this place consist mainly of trout, deep water
trout in the spring or early scason, and Mackinaw trout in the fall.  As an
example of the magnitude of the business done here, it may be stated that
on the 20th of November, 1891, one tug with nearly five miles of gill nets
took at one lift 12,780, which were Mackinaw trout except two whitefish of

from 7 to 9 pounds each in weight. The trout were also large, averaging.
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i i ing large
-sbout the same weight. At this season of the yegr, the catch being large,
;r?c?es drop off andga large proportion of them are frozen and put into cold
storage for the winter trade. The freezers on this shore are owned and.

. operated mainly by A. Connable & Sons of Petoskey. Their Petoskey

cold storage houses have a capacity of 500 tons, those at Chicago 150 tons.
and at Cheboygan 100 tons. But a few pound nets ave fished here. o

Petoskey, located at the extreme end of Little Traverse bay, is quite
prominent as a point from which large shipments of fish are distributed.
The bay is fished with pound nets, while the tugs go outside with gill nets.
Here the catch is much the same as at Charlevoix, trout being the promi-

_mertfeaturs of the catch. ‘ _

Following the shore up through the Straits of Mackinaw and down lake

Huron to Hammond’s bay the fishing is mainly dome with pound nets

' except at Indian village and Cheboygan. At the former place, Indians

i ilboats and gill nets do some fishing, but of no great importance.
Wlahrsil%?llage, on%e one of the best whitefish stations on this shore is.
now of little account, pound nets having fished it to death. The best.
catch of whitefish for soms five years past was made this season at Wango-
shance point and Hammond's bay. The kinds faken here are Wh1teﬁs]€1,
trout, sturgeon and suckers, in the order named as to importance. There
are quite.a few “Menominees” caught in the straits, also out of Cheboygan.
These so called mongrel whitefish, first made their appearance some years
ago on the north shore of Lake Michigan, little if anything being known
of them elsewhere in the great lakes, A most complete cold storage is.
located at Mackinaw City, its capacity being 150 tons. o

The north shore of Lake Michigan, embracing the Beaver islands, the
Cheneaux islands, and on to Dlsfour being the 3d district was the next

ivisi ken up. I began at Menomines,
dl‘ff[l‘ilg Iclzlf:racterpof the ﬁgshing at Menominee differs somewhat from that of
the east shore. Pound nets are used more extensively along the shore

“than in any of the lakes upon which Michigan borders, except Saginaw
bay. The wasteful manner in which they have been used in the deéstruc-
tion of small whitefish on this shore, and wall-eyed pike in Saginaw bay,
is much to be deplored, giving a serious set back to these two mqsﬁ val%._
uable kinds of fish. The catch of the pound nets consists malpuy Ot
whitefish, herring, wall-eyed pike, sturgeon and suckers. The gi ! n];a
catch which is considerable, is principally done out of Max}}sthue and the
Beavers, and consists of trout, whitefish, and “Menominees.” The 181g-est
catch of herring this season on this coast was made in Green bay. of\irar-.
ing a distance of 45 miles from Menominee north tov;v_ards Escanaba, it ¥
pound nets were set, the aggregate of the catch being 1,500,000 pounds. 12
a gquestion in my mind however whether or not some of these were no
small whitefish. I could not see for myself, being there early in May,
after the season had closed and the fish shipped away. =~ bt
The next herring fisheries of importance in this division are Ie ween
Point Aux Chene along the shore to Gros Cap and to Pointe St gng.ce‘
The catch here this season was considerably less than at 'Greend ]g_y.
Wall-eyed pike in this division are caught principally in Little and Big
Bays De Noquette, in considerable numbers and fair size; sturg?pn_grg
also caught here and at other points along this shore, but to a very limite
extent. o .
istique, located at the mouth of the Manistique river, was once
noﬂgnffslgts éreat abundance of sturgeon, in fact it was a station of great.
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importanee for all kinds of fish natural to these waters. It is still the
headquarters for the largest shipments of fish on this shore. Most of the
catch, however, is made some distance away. The water power hers drives

three large saw mills. The sawdust from these milis*is carried out into

the lake and covers the bottom for miles away, reaching well over toward
the Beavers. To show the extent of the large deposits of sawdust and
edgings from the mills hers, it may be stated that it requires the constant
work of s dredge during the season of navigation to dredge out the saw-
dust to enable steamers to get to the docks, The result of this has been
to drive-away and destroy all kinds of fish, except “suckers,” which are of
little account, and the fouling of the water is in direct violation of the State
law. Fromall thatI can learn of the pastand present-history of the whitefish,
I am inclined to believe the most extensive and prolifie grounds of all the
great lakes were located on this shore. The almost fabulous catches
related by the fishermen of St. Marting island, in Green bay, Manistique,
Seul Choix, Mille Coquin bay, Naubinway, Epoufette, Gros Cap and St.
Ignace have led me to this conclusion. The comparatively insignificant
catches of the whitefish at the present time is traceable mainly to the
causes heretofore mentioned. ‘
The Big Beaver and the surrounding islands of the Beaver group, once
- famous for splendid catches of whitefish, have also fallen off, although
shipments for 1891 from St. J ames were of no small importance. Pound
and gill nets are fished here, and the character of the fishing is the same
as along the north shore and among the Cheneaux islands to Detour.
. Returning to COheboygan and thence to Rogers City I began work in
district No. 4, embracing the west shore of Linke Huron south from Ham-

monds bay taking in Saginaw bay, Saginaw river, St. Clair river and on to

Detroit. From Hammonds bay to Alpena the fishing along the shore is
comparatively light. Gill nets are mostly used and the catch is largely
trout. The first appearance of wall-eyed pike on this shore is in the
-catches of the fishermen at Alpena located ab the head of Thunder bay and
continue to be an important factor in the business throughout this division
-extending from here on to Detroit,. The prineipal points of distribution
of the catch in this district are Alpena, Au Sable, Bay City, Port Huron
and Detroit. The character of the fishing is much the same from Thunder
bay to Saginaw bay. Tugs fish with gill nets out of Alpeba, Au Sable and
Sand Beach and report good catches for the season of 1891, A large pro-
portion of the fish taken were trout. Thers was & fair amount of whitefish
of good size and quality, N ;

At Alpena the extensive use of the pound net begins following the shore
of Lake Huron to Sand Point, on the west side of Saginaw bay. The
pound net cateh consists of whitefish, wall-eyed pike, suckers and sturgeon,
. of value to fishermen in the order named.

Visiting these fisheries in June, 1892, I have- s personal knowledge of
_ what they are deing in this locality. ‘Tons of immature whitefish were
taken in the pound nets here, many of them so small they could not be
salted, neither could they be put upon the market and sold fresh, and as a
last resort they were smoked. Could the millions of whitefish plants made
by the hatcheries each year escape this most shameful manner of fishing,
not only here, but in many other localities, until they attain a spawuning
age and a commereial size, the fruits of artificial propagation *would be
realized. Substantial protection should in some way be brought about in
the interest of fishing as well as planting, thereby fostering one of the
. most important industries of the State. .
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i i 1li j isties in fishing which
i bay and river preseht peculiar characteristics in ; wi

ares il%ltn i‘?t)vlvmdE )élsewhel:e in the waters ofI tEe}se”gre(sit %aketie sTegseoEré?ci%?;)llr
catch here is of what are termed * rough fish,” ard for {1891

i i The kinds taken are wall-eye
exceeded in guantity 6,000,000 pounds. Is tak e wall-eyod

i ike, herring, suckers, bullheads, catfish and perch. B
I(J.‘,l}?:l"i%izasssa ]i‘)éwe,whitéﬁs% are caught, the most 1m1?011‘t3111t kll?ed' go;?)g&sﬁ%
i i i : in

the catch here is the wali-eyed pike, its commercial value being 1 the

i h find & market in New Yor

same as that of whitefish. Tons of this fis ( o Lo
i ing long shipment distances better than any
eity, and the south, standing long Jlistances befter, than an;
i f fresh water fish. Tound pets, fyke nets, dn , goblers,
g:a];l;t;ii;ltg (;mnigering something over 500, are fished in the bay and river.
The twine used is two to two and one-half inch mesh. 1 fehing has
So much has been said concerning ({,he_ mar%ner in :h;gst 1'51‘1 nflgrmer‘

"conducted in Saginaw bay and river for year 1

E:;grtg?&&lécite seems hagrdly necessary to go over the ground again, but

“being an eye witness to the large catches here of wall-eyed pike so small

i ] I feel that it iz & mat-
they are not sold by weight, but by the dozen, )
:23 E)f fg’o much importance to be passed bydv:i;thougue:hwgfrc};he]g}zli;ﬁ Sf;hez
fall and winter season the Saginaw river and the m the Shiawasses
i letely lined with small pound nets, fykes and goblers. 1 A
3:1\1’5_‘11‘:]?;1(;(:{1})&3 thg fishermen call them, %eekilngtsheltei'\ in theorfwttilrei;lrgeg
this season of rough weather are caught by the fons. . any of them are
the ice, being too small for any kind of use. ere ag
}fefct:egrslity eolchr)me v\gell considered law efficiently enforced for the plroteic_':{;
tion of this valuable fish which is neaﬁy, ltfh Illot; quite, SE;qual in value
itefish, and which are propagated with less expense. . ,
th%‘ltlirlltel’;rt’ Kltllstin to Forestville gill nets are principally fished. From
there on to $t. Clair river pound nets. Their catches being trout, herring,.
‘ hitefish, pickerel and perch. . . -
St]g“gglini’grtlﬁuro’npto' Marine City about ﬁnel?un%lk*lqd ?ik;gs;; tgggti?lzli ﬁ{;
3 it . th ks " S
‘each beat, are engaged in “ bobbing” for pickerel. is os the
f to July. One dealer at Por
last of May and extends through June in i e 85 Lort
thing over seventy thousand pounds caug ! his
gal.lyrci)g tgzusi}:igoiloalfeltﬂlf SNome of these skiffs realize for a day’s fishing

- as bigh as $10. With the exception of this style of fishing for profit in

the 8%, Clair river seines only are uged. Pickerel and suckers comprising:
thiclsiux;:;hétretched across the north cha.m];el lé)ilﬁ)wl ,<5L1gonac(',il Wtilzlé g?ﬁgfi I?Cli'
foot spart with a large hook at the lower end, her
%f;fa;matcégghed t0 tlljle line above referred to,}]_lesi on It'}:;e bor_t[f:}?g O:rghga];gig
i i liar to this locahty. ¢
is-a way for catching sturgeon pecu this ity. They are said fo
roll along over these hooks and when the fish are T skin s 80
ey do not often break awany. Something over 20,000 pot
gggfcigﬁegndOSDOOO'pounds of caviare were’ Ehmyt)ed f'Ij.['O}?l'théz t%%l](l:z ;glég'ilg
a y i i air
timore bay is fished with small pound nets. _ ing
oflgzicllzn g:!d sujfl:kers almost entirely. Near the mouth of Clinton river
uite 2 good haul of white bass were made in 1591 with seme{s.JG fehing s
4 Following the shore of Lake St. Clair to Windmill point fis ‘u;g s
carried on mainly with pound nets. {he Sa,iclch being largely pickerel an
ith light catches of whitefish and herring.
SUCTIEE: S,ﬁ:];erie:ag at Belle Isle, ]}F]‘orl\t{_\’i;e:\yne,FMﬁrrémy mJi :s(,ii%’n ?rizoznﬂge %Eﬁ
islands are operated by the Michigan Fish Com I :
gﬁii?ffr the purpoge of artificial propagation only, as the whitefish are
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" making their way up the Detroit ri
| ¢ river to spawn. Th
%ggﬁfé&b:;: ]%I;etl‘gft g;;gtalmportﬁmce in stockill)lg the ha%c%fﬁ? e\?vﬁirghnci’:
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_ prises the Sault. Ste. ie ri
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‘which are found, however, in sho,

‘: , er, aler water. The siskowet :
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o . ‘ of Lake Huron is b {
shipment. Both gill and pound nets are used, and tﬁgu%ilttcﬁo £;g?:t;tg£

trout, whitefish, pickerel and snckers, in numbers and importance in the

-order named. The muskalon i
‘ord ! 8 ge, once so plentiful on this ri
Ie;?;cllléeg gltsa.})peared. The best ecatches I():'f Whiﬁe?i];h iLs If;i;riesr’l hassl.%lmost
T Bt oseph and Drummond islands. ooty awe
very eIal g:rclooofoggn;eof:ﬁl:d:t f1:he 1ﬁlau]t Rapids with dip nets and skift was
ca_fI:i:hes o T o or the year 1891, and exceeded somewhat the
- Liocated at Whitefish point are th |
| . 6 most productiv i
?]?ylvggiret lf;g]];)efgou?hd 0;1 Lake Superior. A %)etter catcehv‘:v};giggﬂrtgerc? Illngg
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:si:?Estaiﬁboats fon oo ; mhitefish, erring and siskowst. Three tugs and
_Bight pound nets and two seines are fish
. ) 0 gei) od out of ich i
;Enp%’ﬁl;x;g?i a}sls a I[)is_l'ung station on the coast of Lal?e Sl\i[g)z?-?oe: tel,‘a:}vgwh 1111:.
roduct s ihese of;g}i;.e r'SlSko'%V]ft’ trout, whitefish and herl,-ing &2enflfe
Ckoviad 1es. e amount of thg catch being in the order
‘negrgzlg g;&.nise, at the head of Keweenaw bay to Kenwééna;v point, ‘ d -’
Jiots ar ﬁshnt’ ¥ used, except at Portage Entry, where a settlement ¢ fp 0171‘1'11
oot fs neg;ezltggfo%lsaﬂbgaﬁs equipped with gill nets. Some oc% thélr;
Aish g . he i ity i
‘he&'lgn%; a?d e i last!y?atriutm this locality is largely of whitefish,
e best catches of whifefish in thi i ,
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Reweenaw bay and the shore lyin : i
; 3 ying on the t ]
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istance from Keweenn.w point, and is said to be alcr?&zlfral?lugpiv:ili%g
; t are reported in ¢ - for
.(1;::32?1, fIr supggg;ie, that the sailboats go not ;o 1flz:r c:ﬁg];gsil h;ﬁa , f(I)1 the
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: » C g noted at one ti i ions of
considerable importance)} and then on to the ﬁ&irzglﬁ?‘]iﬁf ::ﬁzlroeni}?cf
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Michigan coast terminates, The catches for 1891 were very light.
Nowhere on this lake did I find the depletion of the waters of the white-

fish more marked. No tugs or large outfits are now fished from any of
‘these stations, for the simple reason that it does not pay. Pouund and gill

nets are both used. The catches consist of whitefish, irout and herring, a
large proportion being whitefish. '

All the coast fisheries have been visited except those of Isle Royal,
which are accessible only by boat from Duluth. I was thought best not
to go there, on account of the long distance and the expense it would
involve. I learned, Lowever, that the fishing was carried on there by
partissdiving at Duluth, and the information songht after could be had
from them late in the fall when they came back from the island. I hope
to get this information as to catch as nearly correct as possible without a
persondl interview. I am informed that the catch. there consists chiefly
‘of trout, and that three pound nets are fished in Washington Harbor;

. “with this exception gill nets are used exclusively. The fisheries of this

island were noted at one-time for their large shipments of salt fish, but

" their catches now are much lighter, and for the past three or four season,

or more they have been sent away fresh by boats making regular trips
to the island twice a week during the season of navigation.

The magnitude of the fishing industry of the State may be better under-
stood and more fully appreciated by an examination of the tabulated state-
ment herewith submitfed which shows as near as possible the exact catch
the amount of capital invested in lands, buildings and fishing outfits for
the_year 1891, together with the product of all these fisheries in pounds,
the value of same, the number of men employed.

The quantity, quality, and kind of food fish taken from these great
lakes has no equal in any of the fresh water lakes of the world. Michigan
may well feel proud of her extensive coast bordering upon these lakes, and
of her most important fisheries giving employment to so many men. While
séven-eighths of the fishermen reported better fishing in 1391 than for three
or four years prior, especially in several localities, where the whitefish are
“taken, yet it was generally conceded by them all that a gradual deplstion
of fish in the lakes was going on from year to year. And here we come to
the causes of the constant decrease.

The filling of the waters with sawdust, and the taking of small and
immature fish which have never spawned I am convinced are the two
prime causes. Both of these causes I have before referred to in this

" report, giving the locality where I found these causes standing out most
prominent. ' :

If the wasting away of this one of the most important industries of this
State is to be arrested it should be done at once. While. the hatcheries
are doing all their preseni capacity will admit of in replenishing these
waters, “chiefly with the plants of whitefish and wall-eyed pike,” their
work is to a great extent neutralized by the persistent catches of Linmature

fish by the fishermen'.
CHARLES H. MOORE,

Statistical agent.
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DETAILED BEPOR’.I.‘- OF DISTRICT NO. 1.
Fish caught, Pounds. Valne.
Whitefish .___.______ 6 |
T fish ... e e 144,356 | $8,398 36
Plek;ir?gn}rch ___________________________________________________ 82,900 |7 5380 00
Herring'...... 335,400 3354 00
e 22.33‘8 1,018 50
: S 55 20
Porch o010 7T T T e | Do) oo
e o e
Caviare .77 TT T T e e 1w | e
All other kinds.____ [ I TTTT TTTTTmm oo S Y VTN A 84 00
v mmmemm—— e ¥
Lot o e 752,236 | $17,422 06
$40,550
11805
5,025
DO e $58,280
Nets Vin nse. Number. Fathoms.
Gillmets ___.._____.________
Pound nets.__.__. ______TTTTTTTTTmmmme
Seines. . ___ T IITIITTTImImem s
Total . oo 190 26,125
Stdamers.__________ Boats. i use.
8ail boata o e e e s e :
Pound bO&tB A o L T %
Skiffs 1T I e e T :
Total T I 55
" Number of men employed. ... _____.__ . ______..__ . . - : 106:
DEXAILED REPORT OF DISTRICT NO. 3.
Fieh canght. - Pound;;. Valne.
&kﬁée&iﬁ{_--m_--_, e T 1098402 | 853450 31
Eake brout..... L I T 2,962,060 | 129,506 %0
Fike poroh.._...._. L. I 10,492 735 18
Blerrtog. ... LI 1,846.400 | 44875 50
Sturgeon . I 170,110 8,766 90°
L 6,610 318 40
Porch....._.. U £8.950 1,482 00-
T — : 262 | sain a
Allother kinda - IIIIIII | e s
thal _____________________________________ S, | 8423476 | 8250,006 64.
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Amount invested.

Value of mets. . L $138,830 50
Value of boate _________.__ ... ... __ e e 98,699 00
Value of lands and buildings. .. . 58,263 00
b $295,792 50
Nets in ose. Number. Fathoms.
Gill mets o iiun 18,665 1,005,681
Pound nebs___ e e 501 48,271
 BOIHBE 4o e e 39 1,676
Total 1,065,628
Bteamers ... . .. 40
Sail boats . . 157
Pound boata .__ ._ 67
Bkiffs ... 69
Total 333
Number of men smployed 384
DETAILED REPORT OF DISTRICT NO. 8.
Fish canght. Pounds. Valne.
-

Whiteflsh - e 1,669,790 | 064,431 85
Take tr0mbo .. oo e e e e 1,020,410 35,727 15
Pike perch il 121,200 4,835 00
HOrring o e e e 1,828,600 28,849 25
BT OO0 - o o e e e e 89,586 3,159 58

B T S 800 42 50
Saugers . oo e
Porch o o s 500 7 850
Suckers . e 74,400 846 75
Catfish e
Caviare ____________________ ) FOSES] ISR
All other kinda_... T e em e e e 330,700 9,708 25

Total - e e i el 5,135,086 | $147,607 83
Amount invested.

Valueof nets.____.__.___________ e e e e e e e $96,061
Value of boate____ .. ______ e e e e e e e e L 26,289
Value of lands and buildings - e o 52,818

Lot e o e e e e e e ————————— $175,166
Neta in uee. Number. Fathoms.

Gill nets e e e 5,887 332,524

Pound nets ___ .. e 415 74,396

BeInes e e .2 _ 167

Potal o e e 6,304 407,087
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Boats in use.

DETAILED REPORT OF DISTRICT NO.'4,

Fish canght, Pounds. Value,

Whitefish. . L 377,040 | B1TAT3 65
Lake trouwb. .. ... ____ . ______. .. ____ Tt 1,378,800 63,398 50
Pilkeperch ________ . LT 2,414,353 76,233 57
Herring ..o ..o 3,459,500 36,208 50
Sturgeon. ... ___ ____ ___.____._______ T . 454,650 |+ 17,883 50
Baes T 86,458 4,025 80~
Saugers_ .. . T 50,150 924 50
Perch.____ T 1,943,350 19,552 25
Buekers_____.._____._______ e e e 1,125,000 14,742 50
Catfieh ___ ________ ___________ . TTTTTommmmmmmtt 143,200 3,327 56
Caviare___ e dmeeoe e e e e el 31,326 8,180 60
Allother kinds ... ___________. ___.____ _____TTTTTmmTmeeT 567,300 6,353 60

Total oo oo . e 12/032,127 | $268,209 62

Amou'm." invested.

Valueot nets ________ .. ____________ e e e e e e T
Valueol boate..______________ T T TTmmmmmmmmemmm s $lﬁ,8f318 gg '
Value of lands and buildings ___________ _____ T 145,732 00

£ $354,331 00

Meamber. Fathoms,

- 3,106 | © 842,631
704 127,440
40 5,579
3,850 475,650

- Boats in use.
B ¢ S [ 6
Sail boats_ .. ____ . ______.... T e e -. 88
Pound boate... . T T T 1K
Bleiffs .ol 384
4 582
Number of men employed 1.464
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DETAILED REPORT OF DISTRICT NO. 5,
Fish camght. ‘ Pounds. Value,
Whitefieh _..__.._.. S 4,819,900 | $207,603 50
Taake trout. o o o e e 3,772,500 146,569 50
Pike parch .. . e e e 153,243 7,429 76
Herring - oo e e 353,000 4,087 50
Sturgeon_ .. . o ool 95,000 3,360 00
Bass . e 500 30 00
BaUgerE L e e e oo oo e e e e
Parehasm. o e e e e 4,500 150 00
Suckers . e 34,500 390 GO
CatfiBh . e e e e e e e e e e e
Caviare - e oo e e e
Al other kinds____ . . il 137,900 5,222 00
Total - .. i 9,371,043 | $374,692 26
Amount tnvested.
Value of nets . . e e e $102,871
Value of boats . e 79,590
Value of lands and Buildings ___ . . . 58,930
Total L e e $241.302
Nets in use, Number. Fathome.

Gill mets o bl 6,828 682,473
Pound mete. . .. o e 218 28,199
Belnes e 9 753
Potal L e e e e e 7,055 711,425

_ Boats in use.

Sfeamers . ... e e 17
T 7 156
Pound boate ____ o i el 56
< I 58
Potal . e e e 287
Number of men employed ____ e 1,673
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SUMMARIZED REPORT OF ALL DISTRICTS.

Fish canght. ' Pounds, l Value.
‘Whitefigh. ... _______. 8,110,387 | 351,196 67
e e e —e| 8110, 96 67
%a%fe IS — I 9132770 | 37520205
err?'iperc e - 2,791,188 92,623 51
= 7.892.000 | 117319 75
Ba.ssg Lo W . 831,606 34,188 48
e 95.318 4472 00
T — LTI 70,150 1,124 50
B 2017300 | 21191 76
Suckers._ T T I 1392150 | 17.132 50
Gatfish. .. oo T 159,290 3,699 65
T 58.999 |  13.383 50
t 1 T - Sy 1,232,810 26,49¢ 15
Total ... . e e e e e e e | 88,714,868 81,058,028 41
Amount invested, i :
Value of mete___.___________..___ :
Value of hoats . 1o LI 055 00
Value of latids and buildings. .. ... oo oo e T 3010886 00
' ===
e $1,104,960 50
‘Nets in use. ‘ Number. Fathoma.
Gill neta___: ‘
e e e e e e e e e . 34,486 2,969,300
ggﬁgg nete____ ... LTI { 2,028 298,431
L SO 90 8175
T I ‘ 36,604 2,675,915

Boats in use.
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The interest in the fisheries is prineipally s public interest in a cheap
and wholesome food supply. ‘

Naturs has stocked these inland seas for the use of man. They do not
require cultivation at his hands for the bounteous supply they yield.
Nature has here provided in its own way for a_continuing and exhaustless
store of food for our use, but the constant fishing without restraint upon
modes has made a heavy drain upon the indigenous fish. To overcome
this the State has, in the interest of its citizens, undertaken by a sufficient
expenditure of money to restock these waters by artificial propagation.
This restocking has been persistently carried on for some years, and if
propgr-and intelligent laws are enforced against the taking of the small
fish before they arrive at the age where they can reproduce their kind,
there can be no question about the ultimate renewal of the fisheries of the
great lakes: .

Artificial propagation can never, under circumstances which permit
the taking of the planted fish before they have spawned, and the taking of
fish naturally spawned before they have come to the age of reproduction,
effectually bring about a renewal of the fisheries of our lakes.

These small fish are of little or no market value, but if they were left in
the waters for another year or so their increase in size and weight would
make them merchantable. They would have then, too, performed the func-
tion of reproduction, which, with the aid of artificial means, would ere
long make the fishing industry profitable everywhere. ‘

Many of the fishermen have already come to this view and are ready to
sanction just laws for the protection of the young fish, and it is believed
that right action taken by the legislature in this regard will meet their
approval.

The commissioners of fisheries in this State are in no wise interested in
this matter beyond what they believe is the public concern. They have
no desire to plant fish in the waters which may not be taken by the fisher-
men, but they do insist that their labors shall be met.in a fair spirit by
the fishermen, particularly as they are most-interested pecuniarily, next to
the people themselves, in the maintenance of the fisheries and they should
consent to take nothing from the waters but fish of adult age.

- The cupidity of the selfish fisherman should give away to his judgment,
if he reflects and understands that a few years more of present modes
of -fishing must leave the waters of the great lakes nothing bub mere
waterways for the passage of our lake commerce, their valuable fisheries

“having passed into that stage of decay which now distinguishes Lake

Ontario. .

It is only within the last five or six years that the states and prov-
inces bordering these waters have done anything like adequate work in
restocking, and yet it is unquestionably the fact that had it not been for
their efforts the fisheries would have reached a much lower ebb than that
to which they have fallen.

Tf the State is willing to devote its money to the restocking of its.

-waters, it should also take steps by the passage of just laws to protect this

work, and fishermen who are not actuated by selfish motives should be
willing to be governed by just and fair laws for the protection and preser-
vation of the fisheries.

Let the fishermep understand that the publie proprietorship in these
fisheries is paramount to any right he may exercise or enjoy in them, and
that it is against public policy that he should pursue methods of fishing

which will in his lifetime ruin the industry he follows.
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SCIENTIFIC WORK.

It has been well said by a recent writer in the ;
b has y C entury Magazine that
“ scientific study has so richly increased the content of humangknowledge,
it ltsh sg praotmal‘ in its results and so fascinating in its practice that 1te
::li?:ivic;;y?” and spirit are rapidly pervading every field of intellectual
Tt does not require any abstruse reasoning to reach the conclusion that

in order to successfully perform artificially any function of nature the first

step is to learn just what nature does and how it does it; and with bodies
#o0 small as fish eggs and the spermatazoa it requires the use of a micro-
scope and one skilled in its use, and also familiar with the subject, to ascer-
- tain the relations of the parts and the functions of each, and how ‘and when
they perform their part in the work. :
_Appreciating the practical value of scientific investigation in the artifi-
cial propagation of fish, this Board employed Prof. Jacob Reighard, of the
University of Michigan, to make microscopical examinations of the process
of impregnation of fish eggs and of the growth and development of the
embryo. In the course of his investigations he has accompanied -our men
to the fisheries during the taking of eggs both of the wall-eyed pike and
of: the whitefish. This enabled him to see just how the men handled the
eggs and to determine the effect of each step in the work., His experi-
ments have been of great aid fo the practical workers by increasing their
iiﬁlg:éedge of the requirements and process of-successful fertilization of
gs. '

One of the most important of his studies has been to determine what
the difficulties are that beset the successful impregnation of the viscid eggs
of the wall-eyed pike, and why it is that so large a percentage relatively of
these eggs fail to hatch, and to devise & remedy. He has also conducted
experiments to determine the period of vitality of the milf, both of the
whitefish and of the wall-eyed pike, in water, after it is extruded from the
fish; alsq the period within which the eggs must be impregnated, and the
manner in which it is done, and the conditions most favorable to its
accomplishment. The result of his experiments in this line are given in
his article in the appendix; and they are very interesting and instructive.
N Dunng fhe summer of 1891 Prof. Reighard with an assistant, Mr.
Charles Hill, and a botanist, Mr. W. H. Rush, accompanied our crew on
examination of waters from about the first of June until about the first of
September. Much good work was done in the way of investigating fish
fr?gi%e?ind the characteristics and contents of the inland lakés which were

It was ascertained during this season’s work that the condition and charx-
acteristics of lakes in the same basin or river bottom were so similar, and
that the frequent removals of the camp of the examining crew so broke up
the continuity of the microscopical work, that it was concluded that the
better way to pursue the scientific investigations was not to follow the
examining crew hurriedly from lake to lake, but to camp upon a
representative and typical lake of each chain long enough to investigate it
exhaustively before moving to another; and that thus withcut visiting any-
where near all the lakes of the State a thorough investigation could be had
of a limited number that would fairly represent the whole. With a view of
carrying out such a plan, it was proposed to the regents of the University
of Michigan, jointly with this Board, to fit out a small movable laboratory

1
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and cabin to be nsed by Prof. Reighard and such assistants as he should
need-to continue his investigations during the season of 1892. For some
reagson unknown to us, perhaps the lack of funds, the board of regents

., did not look favorably upon the plan and declined to join us. The cost

was greater than we felt warranted in expending alone, and the matter was
necessarily postponed.

In lieu of this more extended plan, all that was done during the season
of 1892, was te have an assistant of Prof. Reighsrd; viz., Mr. H. 8. Jen-
nings accompany the examining crew and take and preserve specimens,’
perticularly of the stomachs of the fish caught, and their contents, for
futerertareful microscopical investigations.

Prof. Reighard, in addition to the work in the field, bas each season
taken home with him to Ann Arbor a quantity of eggs, both of white-
fish and wall-eyed pike, which he has hatched their in jars which he had
put up for the purpose, watching carefully and noting particularly each
change in the progress of development of the embryo.

The value of these investigations and experiments to practical fish
culture cannot be over estimated, and the work' that has thus far been
done in this line by this Board has met the highest encomiums_of those
engaged in similar work in other states, Reasonable appropriations of
money to be used in this way are justified by the results of the work done
with like expenditures heretofore, and are evidences of a high and intelli-
gent appreciation of the subject by the legislatuve that grants them.

LEGISLATION.

We desire to urge prompt action upon the appropriations for the sup-

ort of the work of this Board. During the session of the legislature of
1890 and 1891 the members of the board and the superintendent and sec-
retary felt required to visit Lansing many times before the appropriation
‘was finally passed. When these appropriations are delayed they are liable
to become entangled with other public bills and sometimes with private
bills to which they bear no proper relation and the appropriation bilis
are then used as a lever to press forward and promote the passage of such
irrelevant bills to the detriment of the cause of fish culture. Thg conse-
quent delay in our plans for the season’s work is very damsging, and at
times nearly half the spring labor is retarded or even has to be abandoned
through doubt of the outcome.

Tt has at times been matter of surprise how little the new members of
the legislature know of the work of this board, and frequently even the mem-
bers of the fisheries.committees enter npon their duties with very little,
appreciation of the methods, efficiency and value of the work. It has been
gratifying, however, to note the interest shown and the activity exhibited
by nearly everyone who takes the pains to get correct information as to
what has been and is being done by this Board in the great work of pro-
pagating and distributing fish.

Members of the legislature are cofdially invited to investigate this work
and are farnished with every facility in our power to aid in acquiring
accurate knowledge of our work.

Every department of the work is open to inspection and is freely and
gladly shown to any and-every member who will take the pains to make
‘the.inquiry.

A
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' EXHIBITS, .

A live fish exhibit was made at the Detroit exposition in 1891 which

attracted a good deal of attention and favorable comment. Some changes -

from the previous exhibit were made in the setting of the aquaria, and
some sodding done and planting of shrubs, flowers and aguatic plants
made, which improved the appearance of the exhibit. The decorating was
done by Mr. Robert Hopkin, the artist. The work of gotting fish for the
show commenced August 20, and the exhibit continued unfil September
5. The grayling were caught in the Hersey river and the brook trout,
brown trout and mountain trout, were brought from the Paris station,
together with the grayling, on the car Attikumaig.” There were 19 gray-
ling, 12 large brook-trout, 15 three years old, 25 two years old, 50 moun-
tain trout, 15 large brown trout, 25 two years old, and 60 one year old.
There were 10 large German carp, 50 of the spring hatch, and two cans of
gold fish, including some old fish and some of the spring hatch, brought
from the carp station at Glenwood.

The other varieties were caught in lake St. Clair and the Detroit river,

the former being floated down in live crates. There were in all 25 aquaria. .

The kinds of fish exhibited, besides those above named, wers black bags,
white bass, rock bass, swamp bass, pike, pickerel, catfish, bullheads, stur-

fgeon, suckers, sunfish, dogfish, sheep head, shiners, perch, turtles and
TOgS. . :

The aquaria consisted of tin tanks with glass sides so arranged ss to
have the light shine through the glass and water, so that the fish, and
every movement of the body, fins, tail, and gills, was in full view, and a
current of pure, clear water running into and discharging from each tank.
The fish car “ Attikumaig” was also on the exposition grounds, and

- attacted a good deal of attention and received many visitors. The men in
charge of the exhibit ate and slept in the car. The attendants in charge
were instructed to give particular aftention to answering all reasonable
inquiries, and to explain the nature and methods of the work of the com.
mission. The - different tanks were labeled to designate the different
varieties of fish. . '

At the close of the exhibit the common fish which were left were given
away, aid the large carp, goldfish and trout were carried in the car back to
the Paris station, where the large carp were utilized as scavengers in the
trout ponds and found to answer the purpose well. They were keptin the
ponds until the mnext year, when they were again brought to Detroit and
exhibited at the exposition of 1892. '

The Board had made all caleulations. upon making a like exhibit at the
State fair of 1891, and was prepared to do so. But when the superinten-
dent visited the grounds at Lansing, on September 1, to prepare the
aquaria, he found that through some misunderstanding, the space accupied
by our exhihit ihe year before had been let for othar purposes, and the
water pipes and connections, and waste pipes and plumbing, had been
removed, and it was rot feasible to make an exhibit then without consid-
erable additional expense and trouble in fitting out, for which there was
scant time, and so the matter was dropped for that year.

A similar exhibit was made during the Detroit exposition of 1892.
Some. changes were again made in the decoration and surroudings, so as to
give some variety to the display, An experiment was also tried by
reducing by nearly one-half the thickness of the tanks and it wag found to
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i i ble,.
iy with the breakage of glass which before had given some trouble,
gv?zﬁg&i{g:*wght the ﬁshginto gzill more clear view, and the fish Esee’;zned tg
do equally as well as before. Some very pleasing rock-work etfects w?r
produced by plastering furnace slag upon board surfaces built in 111ireg;ut }ar
shapes to resemble natural rocks. The exhibit did not seem to {Ja on 13
taste, but was constantly surrounded by interested crowds Wlm sIefm-e
never to tire of watching the mov&ilments a]i_{d actions of the fish. was
L opular attraction on the grounds. ]
th?{nn?l%sf)gg ‘].;f)ery satisfactory exhibit was also made at the'Stated fl;alE atp.
nsing, where it excited as much attention and interest as it had before

. ijf;ﬁﬁ%xposition and st the State fair of 1890, We believe these displays

i i 1 i they are

! teresting and attractive to the public, but that ‘

ﬁ;eeflillognaegﬁga;it;g the p%ople as to the habits of the fish and the m-ethodb-

of propagating them and keeping good the supply, #nd tend to arouse a.
general interest in the subject of fish enlture which is valuable.

HISTORICATL.

COMMISSIONERS.

. £

er the act of 1873, George Clark of Ecorse, (teorge H. Jerome o
Ni&rsl,dand Gov. John J. Bagley of Detroit, ex officio, were the ﬁrls%: ?é}%-
missioners. They held their first meeting and organized May 12, ]
(teorge H. Jerome resigned June 15, 1874, to become secre gr{ Bﬁnlcl
superintendent, and Andrew J. Kellogg of Allegan was appointe Ot :
the vacancy. This board was done away with by the reorganization a:ctod

1875. Under the act of 1875 the Governor, on April 24, 1875, aéal(a_fm €
El R. Miller for two years, Andrew J. Kellogg for four years, anlSWeorgg
Clark for six years. IEli R. Miller was reappointed January l,H il anll
retired at the expiration of his term, January 1, 1883, and J ghnt 2 1ss<iar
of Detroit was appointed to succeed him. Mr. Bissell retired at the e_x;; {
ation of his term, Jan. 1, 1889, and Hoyt Post. of Detroit was appgnilsgtu
to succeed him. Andrew J. Kellogg’s first term under the act o HO‘
expired Januwary 1, 1879, and he was reappointed for six years. e

" resigned June 1, 1884, to -become secretary and Herschel Whitaker was -

i i i 1, 1885, and . he

ted to fill the vacancy. His term expired January 1, ,
:vlggﬁgagpoi%ted for six yeaﬁs and on the expiration of this ferm, 11 a]?é'?'%’
1891, he was again reappointed for six years. George Clark died Oct. 14, ,

Yand Dr. Joel C. Parker of Grand Repids was appointed to fill the vacancy.

i i inted for six years,
term expired January 1, 1881, and he was reappoin :
gllc? St the I;Xpira,tion of that term, on January 1, 1887, he was again
reappointed, and his present term expires January 1, 1893.

SUPERINTENDENT.

o H. Jerome was acting superintendent {rom the first crganization
ofc‘;rﬁzrgommisﬁon, May 12, 1873, until June 15, 1874, when he 5651@:3
as commissioner and was regularly appm'nted superlptendenthan fserxz1 4
as such until September 15, 1879, when his term expired and Eé_rse use 1
reappointment. James . Portman of Watervliet was appmnted uper }I
tendent, September 15, 1879, to succeed Mr. Jerome, and :-3:31“»8.:i as BuI\{fr
until September, 1882, when he was succeeded by Oren M. dl%se.L'tt]é
Chase served until November 11, 1883, when he was drowned in Lx

; 1
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Traverse bay while in the performance of his duties. Thereupon Walter
D. Marks was made acting superintendent and served in that capacity
until March 26, 1884, when he was regularly appointed superintendent,
and has since then continued to serve in that capacity.

SECRETARY.

Geo. H. Jerome was secretary from the first organizafion of the Board,
May 12, 1873, until September 15, 1879, when he withdrew from the com.
mission and James G. Portman was appointed to succeed him. Mr.
Portman acted as secretary until September, 1882, when he was dismissed.
On February 19, 1883, Herschel Whitaker was appointed and served nntil
June 1, 1884, when he resigned, and Andrew J. Kellogg was appointed to
succeed him.  Mr. Kellogg served as secretary until March 20, 1888,
when he resigned, and George D. Mussey, the present secretary was
eppointed and has served ever since. :

RAILROAD COURTESIES.

There has never been a report of the Fish Commissioners of this State
since the work was first inatigurated in 1873 that has not contained an
acknowledgment of courtesies and libera] treatment from the railroads
of the State. As the work has increased, the opportunities of the Tail. -
roads to grant such favors have greatly increased, but the limit of their
liberality has not yet been reached and the favors thus far have been
granted without stint. PBut for the aid thus generously exfended by them
during ell these years to the work of our Board, the same measure of suc-
cess could never have been attained with the means which were at hand.

This hearty co-operation of the railroads and their broad appreciation
of the requirements of the work, have not only been a great encourage-
ment to the commissioners, biit have saved the State many thousand dol-
lars annually.

Should they withhold these generous courtesies and require payment of
the customary mileage for transportation, it would so much lessen the
amount out of the annual appropriations svhich could be devoted to the
expense of producing the fry, and unless inoreaged appropriations were
granted for this purpose would by so much curtail, the work done. We
wish the people of the State to appreciate and understand this liberal .
treatment as thoroughly as we do. Appreciating -this generosity as we
do, we have aimed not to call upon the railroads except for parposes legiti-
mately within the requirements of the work, and while we admit to having
heavily taxed their liberality we have sought never to abuse or misuse it.
Our car has been attached to and hauled with bassenger trains, on request,
from one end of the State to the other, for three or four months of the year,
without charge for mileage or for fares of our employés.

Especial thanks are dune the following roads, viz., Grand Rapids &
Indians, Detroit, Northern & Lansing, (;ghicago & West Michigan, Mich-
igaw Central, Flint & Pere Marquette, Detroit, Grand Haven & Milwan.

kee, Grand Trunk, Toledo & Ann Arbor, Chicago & Grand Trunk, ‘Duluth,
South Shore & Atlantic. . )
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EXAMINATION OF INLAND LAKES 1891
ALLEGAN COUNTY.

Big lake, Watson township: o

]%ength, 1 mile; width, { mile; greatest depth, 36 feet. N
Shores high, wooded, mostly sand and gravel beach, some marsh.
Bottom, soft and muddy. ) .
Inlets and outlets, none; fed by springs.

, Bﬁﬁfof examination, June 1, 2 and 3.
Weather, clear. ; 19 bt 6
T ature, surface, ; bottom, . _ )
F?s?ﬁ%ﬁien, black bass, bullheads, suckers, bluegills and perch.
Fish small and stomachs empty. )
Would recommend for planting eels and native fish.

Green lake, Leighton fownship.
rLeﬁgth, 14 migles, width, 1} miles; greatest depth, 63 feet. a .
Shores, high with timber on east side; cleared on south end and wes
side; sand and gravel beach.
Bottom, hard, clay, gravel and marl.
Inlets, nons; outlet, branch of Ra’k?blt river.
Dates of examination, June 2 and 3.
‘Weather, cloudy zfmd r'?éloly.b ttom 40° _
ture, surface ; bottom 40, ) ]
'%iesfl‘;gc?iegf ;e?'gh, rock bass, blue gills, bullheads, pickerel and black
S 1l large, hard and fat, ' .
: arge, hard an . ) '
%?c?ujlis revgﬁign?end sgal;non trout and wall-eyed pike for future planting.

ig lake, Wayland township:
Se%éx?:g%h 1 mile, );vidth 4 mile; greatest depth 37 feet.
Shores mostly high and wooded, sand and gravel beach.
* Bottom hard clay and marzl,
No inlet or-outlet. ‘
Dates of examination, June 3 and 4.
‘Weather cloudy and cold. .
Temperature, surface 64°; bottom 44°, "
Figh taken, perch, blagkfbf.ss, buEhea.dslandebluegl 8.
i hard and fat; perch very large. )
%ﬁuﬁ?l}:ezgﬁmend Wall-eyédppike and eels for future planting.
Mc¢Doagal lake, Watson township: .
Length § mile, width 1 mile.
Shores, a low tamarack swamp.
Bottom soft and muddy.
No inlet or outlet.
Date of examinatiorlll, June 4.
Weather cloudy with rain. .
Temperature, sjflrface 67°; bottom 44°.
No fish taken. .
No recommendation as to future planting.

\
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Miller lake, Watgon township: .

Length § mile, width 4 mile; greatest depth 80 feet.

Shores, a low tamarack swamp nearly all around.

Inlets, two, not named; outlet, a good sized stream, not named.

Date of examination, June 4. .

Temperature, surface 70°; bottom 45°.

Weather cloudy. :

No fish taken.

Would recommend eels for future planting.

Osterhout lake, Lee township: L
Length & mile, width 100 rods; greatest depth 36 feet.
Shores high on north side, sott, muddy beach. -
Bottom, soft and muddy. :
Inlet, none; outlet, one into Black river.
Date of examination, June 9.
Weather clear, water cloudy.
Temperature, surface 70°; bottom 68.°
No fish taken; food seemed. scarce.

‘ : Would recommend eels for future planting.
Drummond lake, Allegan and Monterey townships:

Length 11 miles, width 4 mile; greatest depth 48 feet.

Shores mostly low and marshy, high on north side, marl and gravel
beach where high.

Bottom hard clay and sand, some marl.

Inlets, two, not named; outlet, one, which empties into Kalamazoo
river.

Dates of examination, June 6 and 7.

‘Weather, 6th cloudy and cold; Tth clear.

Temperature, surface 64°; bottom 50,

Fish taken, perch, bluegills, sunfish and rock bass.

The fish were hard and the perch large.

Would recommend eels for future plenting.

Cl}afr lake, Liee township:
ength 80 rods, width 40 rods; greatest depth 18 feet.
Showres, a low, muddy beach. '
Bottom soft and muddy.
No inlet or outlet.
Date of examination, June 9.
‘Weather clear, water cloudy. :
Temperature, surface 72,° bottom 69.°
No fish taken. :
No recommendation as to future planting.

Crooked lake, Olyde township:

Length 11 miles, width § mile; greatest depth 20 feet.

Bhore low nearly all around, except on east side.
Bottom muddy. L.

- Inlet, none; outlet, one that empties intd Black river in high water.
Date of examination, June 9.

" Weather clear, water roily. )
No fish taken, and no recommendation as to future planting.

Miner lake, Allegan township:
Léngth 1% miles, width 1} miles; greatest depth 80 feet.
' Shores mostly high and wooded; sand, gravel and marl beach, marl
being soft. ‘ '
Bottom hard clay, gravel and. sand.
Inlet, one small stream; outlet, one, which empties into Kalamazoo
river.
Dates of examination, June 5, 6, 7T and 8, ] _ : hin:
Weuther, 5th, 7th and 8th clear, 6th cloudy and cold. Emerson lake, Trowbridge township: = = o0 coet
Temperature, surface 66°; bottom 44°. , Length  mile, width } mile; greatest dept eet. -
Water, clear. - : _ Shores high on north and south sides, low on east and west ends.

Fish taken, pickerel, large mouth black bass, perch, bluegills, grass pike, Bottom, muck.
sunfish, rock bass, dogfish and suckers. o ’ Inlet, one small creek. .
The pickerel were large, from 7 to 10 pounds; bullheads large, all other Outlet, one.
fish small. ' : - %&tetﬁf exizmmatmtn, J u{le 10.
- i ' ine.t eather clear; water roily.
Would recommend wall-eyed pike and eels for future plantmg:. Pemperatare, surfacs T0° bottom 53°.

‘Upper Scott lake, Lee township: No fish taken and no recommendation as o future planting.

Length # mile, width § mile; average depth reported to be 12 feet.

Shores high, exéept around inlet; beach, sand. Minkler lake, Trowbridge township:

marl
Bottom, sand and marl.
No inlet or outlet.
Date of examination, June 10.
Weather clear, water roily. )
No fish taken and no recommendation as to future planting.

Bottom, sand. . ) Length 4 mile, width 100 rods; greatest depth 45 feet..
Inlet, one from Scott lake; outlet, one into Black river. Shores high on north side, the balance low and marsh; beach, sand and

Date of examinsation, June 9.
Weather clear, water clear.
Temperature not taken.

No fish taken.

No recommendation as to future planting.
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Base Line lake, Trowbridge township:

Length 11 miles, width § mile; greatest depth 40 feet.
Shores, high bluff on north end, balance of shore lower and timbered.

" Bottom, sand and marl.

D

Inlet, one small stream.

Outlet, one, a branch of Pine creek emptying into Kalamazoo river,
Dates of examination, June 10 and 11.

‘Weather clear, water cloudy.

Temperature, surface 72°; bottom 46°.

Figh taken, black suckers.

The fish taken were in good condition.

Eels recommended for future planting.

uck lake, Cheshire township:

Length & mile, width § mile; greatest depth 30 feet.
Shores high, sand and marl beach.

Bottom muddy and soft.

Inlet, one from Muskrat lake.

QOutlet, one into Swan lake.

Dates of examination, June 10 and 11.

‘Weather, 10th clpudy, 11th clear, water roily.
Temperature, surface 74°; bottom 64°.

Fish taken, perch, bluegills, sunfish, bullheads and pickerel.
The fish were large and in good condition.

Eela recommended for future planting.

Swan lake, Cheshire township:

Length £ mile, width § mile; greatest depth.
Shores low and muddy on the beach; high and wooded fitty feet back.

. Bottom muddy..

Inlets, two coming from Base Line and Eagle lakes. .
Qutlet, one large stream into Kalamazocoo river.

- Dates of examination,. June8, 9, 10, 11 and 12

Eagle lake, Chesire township:

Weatlter clear except on the 10th, when it was eloudy.

‘Water roily on the 8th and cloudy on the other days.

Temperature, surface 68°; bottom 64°, R

Fish taken, perch, black bass, bluegills, speckled bass, pickerel, sun-
fish and bullheads.

Fish were soft, wormy, muddy tasting and very poor..

Eels recommended for future planting.

Length 1% miles, width § mile; greatest depth 60 feet.

Shores, high and wooded with sand and gravel beach.

Bottom sand and gravel,

Inlet, one from Muskrat lake.

Qutlet, one, into Swan Iake,

Dates of examination, June 11 and 12. ‘

Weather cloudy on the 11th, clear on the 12th, water clear.

Temperature, surface 71°; bottom 44°,

Fish taken, perch, bullheads, speckled buss, rock bass, dogfish, mud bass
and sunfish.

Fish in good condition, hard and fat. -

Clam lake, Helena township:

TENTH REFPORT—-STATE FISHERIES. 55

Recommend wall-eyed pike, small mouth bass and eels for future
planting.

Hutchins lake, Ganges and Clyde townships:

Length 1} mile, width § mile; greatest depth 35 feet.
Shores high with. sand beach.
Bottom sand and marl.
Inlets, two small streams.
Outlet, one, into Black river.
Dates of examination, June 13 and 14.
Weather clear, water cloudy.
\%“e gperature, surface 72°; bottom 61°.
ish teken, perch, black bass, rock bass, speckled bass, bullheads and
suckers.
Fish ih good eondition, large and fat.
Eels recommended for fature planting.

ANTRIM AND GRAND TRAVERSE COUNTIES.

Elk lake, Elk Rapids and White Water townships:

Length 94 miles, width 1% miles; greatest depth 170 feet.

Shores, east and west, gravelly; north and south, sandy.

Inlets, three on the south, viz., Battle creek, Follet's creek and third
not named; outlet Blk river.

Dates of examination, July 16 to 22 inclusive.

Weather warm except on the 17th and 18th when it was cold, water clear.

Temperature, surface 64°; bottom 53°.

Figh taken, whitefish, herring, ling, rock bass, grass pike, salmon trout,
suckers and perch. '

Trout and whitefish well fed and showed large growth, rock bass very
large, perch very small and poor. '

Recommend whitefish, salmon trout and wall-eyed pike for future

. planting,

ANTRIM COUNTY.

Length 4 miles, width 80 rods; greatest depth 23 feet.
Shores sandy on north and sonth; east, low and marshy; west, sand and
ravel.

Bc;gttom, black muck from three to six feet deep and covered with weeds.

Inlets, two at east end, Grass river and a small creek with no name; out~
let, Clam river.

Dates of examination, Aung. 5, 6 and 7.

Weather warm, water clear.

Temperature, surface 72°; bottom 64.°

Fish taken, grass pike, rock bass, perch, bullheads, and bluegills. The
rock bass were very large, the other fish small but well fed.

Eels, bass, carp, or native fish, recommended for future planting.

(rass lake, Forest, Home, Kerney, Helena and Custer townships:

Length 4 miles, width 1 mile; greatest depth 85 feet.
Shores, west side, high land, beach sandy; east side, low, beach soft
marl; north and south ends, low and marshy. '
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Bottom, hard clay and gravel in center; north and south ends, soft marl;
‘enst and west sides, clay.

Inlets, two small streams at north end, Intermediate river, and two
streams not named on east side; outlet, Grass river.

Dates of examination, Aug. 8, 9, 10, 11.

Weather clear and warm on 8th and 11th, windy and warm on 9th and
10th.

Temperature, surface 71°; bottom 48.° :

Tish taken, perch, lake trout, herring, grass pike, rock bass, and small
mouth bass. The lake trout were soft but well fed, and showed large
growth. The herring were very small but well fed. The other fish
were well fed and showed large growth.

Tels, bass, and wall-eyed pike recommended for future planting.

Inter:}:llaediate lake, Center, Lake, Echo, Kinney and Forest Home town-

ships: ‘

Length T miles, width § mile; greatest depth 22 feet.

Shores, & cedar and tamarack swamp from 10 rods to 1 mile in width
gurrounds the lake, back of the swamp the land is high. -~

Bottom, south end marl; north end soft mud from two to five feet deep
and covered with weeds.

Inlets, eight; one on the north, four on the east, and three on the west,
none of which are named. :

Qutlet, Intermediate river.

Dates of examination, August 12 and 13.

Weather and water clear.

Temperature, surface 71°; bottom 71°. '

Fish taken, perch, rock bass, small mouth bass, grass pike, sunfish and
suckers. ‘

All fish were well fed and showed large growth.

Tels and carp recommended for future planting.

BARRY COUNTY.

Crooked lake, Prairieville and Barry townships:
Length 1 mile, width § mile; greatest depth 48 feet.
Shores high and wooded, sand and gravel beach, marshy in spots.
Bottom clay, marl and black muck.
Inlet, none, fed by springs.
No outlet.
Da'tes of examination, May 28 and 29.
‘Weather clear on the 28th, cloudy on the 29th.
‘Water clear on the 28th, roily on the 29th.
Temperature, surface 63°; bottom 54%°.
Tish taken, perch, bluegills, bullheads and black bass.
The fish were small except the bullheads, which showed good growth.
Eels; pickerel and black bass recommended for future planting.

Ta

Pine lake, Prairieville township: .
Length 24 miles, width # mile; greatest depth 48 feet.
Shores high and wooded with gravel beach.
Bottom sand and clay. :
No inlet or cutlet, fed by springs.
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Dates of examination, May 30 and 81 and June 1.

Weather and water clear. ‘

Temperature, surface 70°; bottom 63°. Co,

Fish taken, black bass, perch, bullheads and bluegills. )

The black bass averaged 2; the perch were large. The stomachs of all
fish were nearly .empty, and it could not be determined npon what
they were feeding. '

No recommend as to planting.

Duncan lake, Thernapple township:

Lepgth 2 miles, width 4 mile; greatest depth 58 fect.

\ Shores high and timbered on west side with sandy beach; east side

mostly low.
Bottpm hard clay and marl.
Tulets, two siall streams.
Outlet, one into Thornapple river.
Dates of examination, June 2% and 30.
Weather and water clear.
Temperature, surface 77°; bottom 42°.

No fish taken.

Wall-oyed pike and eels recommeded for future planting.

CLINTON COUNTY.

Round lake, Vietor township:

Length & miles, width § mile; greatest depth 25 feet.

‘Shores high on north and east with sandy beach, balance low and

marshy.
Botiom soft black mud.
No inlet or outlet.
Date of examination, August 1.
‘Weather and water clear. ‘
Temperature, surface 73°; bottom 67°.
No fish taken.
Eels recommended for future planting.

Park lake, Bath township:

Length 1 mile, width § mile; greatest depth 23 feet.

Shores high with sand beach, except on west side which is low and
marshy.

Bottom soft and muddy.

Inlet, none; outlet, one small stream.

Dates of examination, August 1 and 2.

© Weather clear, water roily.

Temperature, surface 712°; bottom 65°.

Fish taken, bullheads, bluegills, sunfish, black bass and speckled basa.
The fish were small and poor. '

Eels recommended for future planting.

GENESEE COUNTY.

Bilver lake, Fenton township:

Length I mile, width § mile; greatest depth 61 feet.
. 8 B :
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Shores high with sand beach except on south side which is low and
muddy. _ ‘
Bottom hard, sand and gravel.
No inlet; outlet, one into Pinery lake.,
Dates of examination, Avgust 6 and 7.
Weather and water clear. .
- Temperature, surface 79°; bottom 46°, _
Fish taken, bluegills, perch, sunfish and bullheads.
Fish small and feeding on crustaceans. i
Wall-eyed pike and eels recommended for {uture planting.

dell lake, Argentine townghip: -
'chength 11 mil%s, width £ milel;) greatest depth 65 feet.
Shores high with mostly sandy beach.
Bottom marl, gravel and black muck.
Inlets, three small streams. ) .
One large outlet flowing into Shiawassee river.
Dates of examination, August 6 and 7.
. Weather and wat?r cl('a?ag‘é bottom 42° . _
erature, surface. ; bottom . . .
%?Ep‘taken, perch, black bass, bluegills, sunfish and bullheads. All
were small. . :
‘Wall-eyed pike recommended for future planting.

lake, Fenton township:

Ls)li]gngth_ 5 miles, width 1 Emile; greatest depth 95 feet.

Shores high all around with sand and gravel beach.

Bottom hard, gravel, sand, clay and marl.

No inlet or outlet.

Dates of ezamination, Aug. 5, 6, 7 and 8.

Water and weath?r de.—?i" bottom 49°

perature, surface 74°; bottom - .

.%‘?ﬁlpiaken, pickere],1 Ic)llt}bck bass, bluegills, sunfish, perch, bullheads,
' ike, and speckled bass. ' : )

T]:%aarﬁsph \gere,smgﬂ except the bluegills, which were large and fat, feed-

ing on crustaceans. S .
‘Wall-eyed pike and ecls recommended for future planting.

INGHAM COUNTY.

Pine lake, Meridian township: : :
Length 1} miles, width § mile; greatest depth 30 feet. : :
Bhores high with sandy beach on morth and west sides, balance low

end marshy.
Bottom mar] and black muck.
No inlet; outlet one small styeam.
Date of examination, Aug. 1.
‘Weather clear, water roily. .
Temperature, surface 71°; bottom 68°,
'No fish teken. R
Eels recommended for future planting,

4.,

\
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IONIA COUNTT,

‘Long lake, Orleans township: - .

Length 13 miles, width 3 mile; greatest depth 52 feet,

Shores high and wooded, mostly sand beach.

Bottom marl, sand and black muck.

Inlet, one small stream.

Outlet, one large stream.

Dates of examination, July 24, 25 and 26,

Weather and water clear.

Tpmperature, surface 72°; bottom 53°,
1sh taken, speckled bass, rock bass, bullheads, black bass and bluegills.
he black bass were in good condition, other fish small and poor.
Wall-eyed pike and eels recommended for future planting.

“Morrison lake, Boston and Campbell townships:

Length 14 miles, width # mile; greatest depth 20 feet.
Shores, high with sand and gravel beach except on southwest which is
low and marshy. :

Bottom soft and muddy.

Inlet, one small streamn.

‘Outlet, one small stream flowing into Grand river.

Dates of examination, July 28, 29 and 30.

Weather clear, water clonded. _

‘Temperature, surface 74°; bottom 72°, - :
" Fish taken, speckled bass, bluegills, sunfish, bullheads and dogfish.
. The fish were small and. poor. '

No recommend as to planting.

EALEASEA COUNTY.

-Round Ia];e, Clear Water township:

Length § miles, width 1 mile; greatest depth 23 feet. .
Shores, east and southeast, swampy; south and west, some gravel; north-
__ west, swamp; north, sandy. . :
Bottom sand and marl. - .

Inlets, three not named, Torch river on the east.

"Outlet, the narrows hetween Round and Elk lakes.

Dates of examination, July 23, 94 and 25.

Weather 23, warm and still; 24 and 25, cold and windy; water clear.
‘Temperaturs, surface 70°; bottom 69°. -

Fish taken, grass pike, suckers, bluegills, sunfish, rock bass and - perch.
The fish were well fed and showed large growth.

Recommend eels, carp and bass for planting,

KENT AND OTTAWA COUNTIES.

“Cranberry lake, Wright and Alpine townships:

Length 4 mile, width § mile; greatest depth 27 feet. \
Bottom soft:and muddy. ‘

Inlet, one small stream on east end.

Outlet, one small stream -on west end.

Dates of examination, June 22 and 23.
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“Wabssis lake, Oakfield township:

TLength 13 miles, width 1 mile; greatest depth 55 feet.

Shores high and wooded; beach soft muck and-marshy.

Bottom hard. _ :

Inlets, two small streams on north side and four on the sonth side.

Qutlet, Wabasis creek. '

Dates of examination, July 16, 17, 18 and 19.

Weather and water clear.

Temperature, surface T4°; bottom 48°.

Fish taken, herring, black bass, bluegills, perch, bullheads, speckled

L ass, sunfish end pickerel.
-\ Al the fish were in good condition and showed large growth.
fall-eyed pike and eels recommended for future planting.

‘Weather clear; water cloudy.

Temperature, surface 80°; bottom 72°, . .

Tish taken, bluegills, sunfish, speckled - bass, dogfish and suckers. Fish: .
poor. . )

No recommend as to planting.

EXNT COUNTY.

Muskrat lake, Grattan township:
Length 4 mile, width } mile.
Shore on west and north low, on east side, beach.
Bottom soft and muddy.
No iulet or outlet.
Date of examination, July 15.
‘Weather and water clear,
Temperature, surface 73°; bottom 49°.
No fish taken. ,
No recommend as to planting.

Zingrafust lake, Oakfield township:

Length # mile, width 4 mile; greatest depth 40 feet.
‘Shores, high on south side; balance low and marshy.
“Inlet, one small stream. .

Ontlet, one large stream into Wabasis creek.

Date of examination, July 19.

Weather and water clear.

Temperature, surface 74°; bottom 42°,

Fish taken, herring, rock bass, suckers.

Fish in good condition, hard and fat. :
“Wall-eyed pike and eels recommended for future planting.

“Woodbeck lake, Oakfield and Spencer townships:
Length § mile, width 100 rods.
Shores high.
Bottom marl and sand.
Inlet, one large stream from Lincoln lake.
©Outlet, one into Horseshos lake. ‘
Date of examination, July 20.
Weather clear, water muddy.

¢~  Tempersture, surface 75°; bottom 63°.

No fish taken.

No recommend as to planting.

‘Blue lake, Oakfield township:
Length $ mile, width 1 mile; greatest depth 52 feet.
Shores high.
Bottom mar] and sand.
No inlet or cutlet.
Date of examination, July 20.
Weather and water cleas.
Temperature, surface 73°; bottom 44°.
No fish taken.
Wall-eyed pike recommended for future planting.

Pine Island lake, Grattan township:
Length 1% miles, width 100 rods; greatest depth 40 feet. )
Shores, mostly wooded, sand and gravel beach, heavy rushes all around.
Bottom marl, sand and muck.
Tulet, one small stream.
Outlet, one, into Muskrat lnke.

- Dates of examination, July 14 and 16.

Weather and water clear. :
Temperature, suface 76°; bottom 49°.
Fish, black bass, speckled bass, bluegills, sunfish, bullheads.
The fish wers in good condition. .
Eels recommended for future planting.

Scram lake, Oakfield township:
. Length & mile, width § mile; depth 45 feet.
" Shores low on north and south sides; east and west high; beach soft-and:
muddy all around. '
Bottom soft, black muck.
No inlet and outlet. _
Date of examination, July 17.
Weather clear, water roily.
No fish taken. _ .
No recommend as to planting. J :

Long lake, Oakfield township: .
Length 1 mile, width £ mile; greatest depth 40 feet.
Shores high except on northwest, which is low and sandy.
Bottom sand and soft mud. .
No inlet or outlet. .
Date of esamination, July 17.
Weather and water clear.
“Temperature, surface 75°; bottom 44°.
No fish taken. :
‘Would recommend wall-eyed pike for future planting.

Myere lake, Conrtland township:
Length # mile, width { mile; greatest depth 40 fest,
Shores high, sand beach all around.
Bottom sand and black muck.
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No inlet or outlet.

Date of examination, July 20.

Weather cloudy, water clear. .
No fish taken and no recommend as to planting.

Bass lake, Spencer township:
Length £ mile, width } mile; greatest depth 20 fest.
Shores high with sand beach.
Bottom soft and muddy with some sand.
No inlet or outlet.
"Date of examination, July 21.
‘Weather clear, water roily. ' .
No fish taken.
No recommend as to planting.

_ Muscallonge, Mud, Blue, Little Lincoln and Massilion lakes, Spencer-

township: . _

A chain of lakes 2 miles long and § mile wide; greatest depth, 40 feet.
Shaores high. | . .
Bottom mostly hard gravel with some sand and marl

. Inlet, one small siteam. .
Qutlet, one into Lincoln lake.
Date of examination, July 22.
‘Weather and water clear,
T'emperature, surface 73°; bottom 44°.
No fish taken. : .
Wall-eyed pike and eels recommended for planting.

Lincoln lake, Spencer township: 5
Length 2 miles, width § mile; greatest depth 75 feet.
BShores high.
Bottom hard sand and gravel with some marl.
Inlet, one from Little Lincoln lake.
Outlet, one into Black river.
Date of examination, July 22.
Weather and water clear.
Temperature, surface 73°; bottom 42. ‘
Fish taken, black bass, bluegills, perch, bullheads, and speckled bass.
The fish were in good condition and large. S
Would recommend wall-eyed pike and eels for future planting.
Pickerel lake, Plainfield township: ' -
Length 4 mile, width § mile; greatest depth 238 feet.
Shores high except on south and southeast sides; sand beach.
- Bottom sand and marl. .
Inlet, one from Clear lake.
Oulet, one into Rogue river.
Date of examination, June 26.
Weather and water clear.
Temperature, surface. 78°; bottom 72.°
No fish taken. o
- No recommend as to planting.

\
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Island lake, Plainfield township:
. Length # mile, width 4 mile; greatest depth 60 feet.
Shores mostly high with send beach. ‘
Bottom marl and sand.
No inlet.
Qutlet, one into Rogue river.
Dates of examination, June 25, 26 and 27.
Weather and water clear.
Temperature, surface 80°; bottom 42°,
Fish taken, perch, bluegiils, mud bass, black bass and bullheads.
The perch were large, and all fish were fat and in good condition.
Wall-eyed pike recommended for future planting.

Camplake, Algoma township:

Length 14 miles, width § mile; greatest depth 55 feet.

Shores high sand beach except on north side which is muddy.
~ Bottom sand.

No inlet.

Outlet, one flowing into Rogue river.

Dates of examination, June 26 and 27.
. Weather and water clear.

Temperature, surface 79°; bottom 46°,

. Fish taken, perch, bluegills, black bass, and speckled bass.

Fish were in good condition and large.
. Wall-eyed pike recommended for future planting.

Camel lake, Caledonia township:

Length § mile, width } mile; greatest depth 68 feet. .
Shores high on north and west sides, with sand beach; low and swampy
on gouth and east.
Bottom hard gravel and marl.
No inlet. :
. Outlet one small one, which is dried up at present.
. Date of examination, June 29.
Weather and water clear.
Tempserature, surface 74°; bottom 40°.
No fish taken.
Wall-eyed pike and eels recommended for future planting.

Camp lake, Caledonia township:

Length 1 mile, width } mile; greatest depth 60 feet. '

Shores high and timbered on west side, low and marshy on east side,
with sand beach.

Bottom mar! and mud. -

No inlet.

Qutlet, one into Thornapple river.

Dates of examination, June 29 and 30.

Weather clear, water muddy.

Temperature, surface 74°; bottom 45°.

Figh taken, perch, bluegills and suckers.

The fish were in good condition and large.

Wall-eyed pike and eels recommended for future planting.
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Tisk lake, Grrand Rapids township: .
" "TLength } mile, width % mile; greatest depth 61 feet.

Shores high on north and west sides; balance mostly low and muddy.

- Bottom, clay, sand, marl and mud.
Inlet, one from Beed lake.
Outlet, one into Grand river:
Date of examination, June 30.
Weather and water clear.
Temperature, surface 70°; bottom 45°.
No fish taken.

*

TENTH EEPORT—STATE FISHERIES.
No inlet or outlet.
Date of examination, July 11. ~
‘Weather and water clear. ‘
Temperature, surface 71°; bottom 68°.
No fish taken and no recommend as to planting.

Crooked lake, Grattan township:

Length 14 miles, width 1 mile; greatest depth 40 feet.

G5

Shores high except on north side which is low and marshy, beach soft

and muddy, except on east and south side, which is sandy.

\ Bottom soft and muddy.

Injet, one from Round lake.

Optlet, one smull stream into Seely creek.
Dates of examination, July 9, 10 and 11.
‘Weather clear; water roily.

Temperature, gurface 71°; bottom 50°.
‘Fish taken, black bass, perch, bluegills, sunfish and bullheads.
The fish were small but in good condition.
Eels recommended; for future planting.

Wall-eyed: pike and eels recommended for futm;e‘plant.ing.

Pratt lake, Lowell township:
Length 1 mile, width 1 mile; greatest depth 14 feet.
Shores high on porth side; low and marshy on south gide.
Bottom, muddy and soft.
No inlet or outleb.
Date of examination, June 30. .
Temperature, surface 76°; bottom 68°.
Weather clear, water cloudy and dark.
No fish taken.
No recommendation as to future planting.
%

+

Slayton lake, Grattan township=

. Length % mile, width } mile.
Shores high and wooded, sand and gravel beach.
Bottom hard sand and marl. '
-Inlet, one small gtream.

‘ Qutlet, one into Seeley creek.
Date of examination, July 10 and 11,
Weather and water clear. -
Temperature, surface 78°; bottom 45°.
Tish taken, bluegills, sunfish and perch.
The fish were in good condition.
No recommend as to planting.

Reed lake, Grand Rapids township:
Length 1§ miles, width # miles; greatest depth 60 feet.
Shores bigh bluff on north and south sides; low on east and west.
Bottom, marl, sand and mud. ’
Tnlet, one small stream on the east.
Outlet, one into Fisk lake.
Dates of examination, June 928, 29, 30 and July 1.
Weather clear except on July 1 when it was cloady. -
Water clear. .
Temperature, surface 72°; bottom 55°.
TFish taken, pickerel, perch, gunfish, black bass, bluegills, dogfish, bull-
heads and speckied bass. ' :
The fish were in good condition, large and fat.
Wall-eyed pike and eels recommended for future planting.

. Silver lake, Cannon township: : )
Length 1 mile, width § mile; greatest depth 40 feet.
Shores high, sand and maxl beach.
Bottom, sand and gravel.
Inlet, one small stream on each side.
No outlet,
Dates of examination, J aly 11 and 12
Weather and water clear.
%(_enﬁp?criture, surface 74°; bottom 68°.

ish taken, black bass, black suck bluegi X
T e b suckers, bluegills, perch, sunfish and
The fish were in good condition and showed good growth.
No recommend as to planting.

-

Powers or Twin lake, Grand Rapids township:
Length § mile, width § mile; greatest depth-75 feet.
Shores high and clear, sand beach. ‘
Bottom sand and marl.

. No inlet or outlet.
‘Date of examination, July 3.
Weather and waier clear.
Temperature not taken.

No fish taken.

‘Wall-eyed pike recommended for future planting. Nagle, Big, or Horse Shoe lake, Grattan $ownship:

Length 13 miles, width } mile; greatest depth 18 feet.
Shores mostly high and timbered; beach, soft except on east side.
. Bottom, sand and marl.
Tnlet, one.
Outlet, oréa into Flat river.

“Bostwick lake, Cannon township:

" Length 1 mile, width £ mile; greatest depth 25 feet.
Shores high, sand and gravel.
Bottom sand.
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Date of examination, July 11, 12 and 13.

‘Weather and wat;:r clg:ér. bottom 43°.

T erature, surface 73°; bottom 43°. _
F?srillptarkeg, black bass, perch, bluegills, sunfish, bullheads and pickerel.

The fish were in good condition and large.
‘Wall-eyed pike recommended for futurs plar_ttmg.

Round lake, Grattan townéhip:

N

Length 2 mile, width § mile; greatest depth 90 feet.
Shores high with sand beach.
Bottom hard sand and marl,
Inlets, two small streams.
Outlet, one into Crooked lake,
Date of examination, July 13.
‘Weather and wﬂ.tefzr cle%r. bottom 43°
Temperature, surface 73°; bottom 43°,
Fishptaken, pickerel, blﬁegills, sunfish, bullheads, speckled bass and
black bags. ' .
Fish in.good condition, hard and showed good growth.
Wall-eyed pike recommended for future planting.
§ .
LAPEER COUNTY.

ipissing lake, Elba ‘township:

Eengﬂ% 1 mile, width § mile; greatest depth 24 feet.

Shores high with sand beach.

Bottom soft and muddy.

No inlet or outlet. T

Dates of examination, August 12, 13 and 14.

‘Weather clear, water roily. . .

Temperature, surface 77°; bottom 71°. | )

Fish taken, black bass, pickerel, bluegills, perch, sunfish, gar pike,
dogfish and speckled bass, . _

The fish were hard and in good condition; feeding on crustaceans.

Eels recommended for future planting. '

MONTCALM COUNTY.

Crooked lake, Evef,qreen township:

Loon lgke, Evergreen and Crystal townships:

Length 2 mile, width § mile; greatest depth 27 feet. R

Shores high on east and south, low on north and west, low, muddy

beach. )
Boattom soft and muddy. -
No inlet or outlet.
Date of examination, August 24. :
Weather cloudy and rainy, water cloudy. )
No fish taken, and no recommend as to planting.

Length § miles, width § mile; greatest depth 21 feet.
Sliores high with a sand beach.

Bottom soft and muddy.

No inlet or outlet. '
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Date of examination, Aug. 25.

Weather clear, water cloudy.

Temperature, surface 72°; hottom 61°, .

No fish taken and no recommendation for planting.

Crystal lake, Crystal Lake’ township:
Length 1} miles, width 1 mile; greatest depth 60 feet.
Shores high and wooded; sand and gravel beach.
Bottom hard sand and marl.
Tnlet, one small stream.
Outlet, one large stream into Fish creek.
. Dhtes of examinalion, Aug. 24, 25 and 26,
%aﬁher, 24th, clear; 25th, rain; 26th, cloudy.
‘Water clear. .
Temperature, surface 77°; bottom 49°, :

67

Fiskt taken, pickerel, small mouth black bass, large mouth black.

bass, bluegills, perch and sunfigh,
- The fish were in good condition, large and faf.
Wall-syed pike and eels recommended for future planting,

Bass lake, Richland township: ‘
Length £ mile, width 100 rods; greatest depth 11 feet.
Shoreslow, with muddy beach.

" No inlet or outlet.
Date of examination, Aug. 26.

- Weather cloudy, water roily.
Temperature, surface 70°; bottom 64°. -
No fish taken, and no recommendation as to planting.

Duck iake, Crystal township:

Length one mile, width £ mile; greatest depth 15 feet,
Shores low, with sand and muddy beach,
Bottom mostly muddy, some sand.
" Noinlet.
Onutlet, one flowing into Fish creek.
Date of examination, Aug, 26.
Weather cloudy, water roily.
Temperature, surface 73°; hottom 64°.
No fish teken aud no recommend-as to planting.

Dickerson’s lake, Douglass and Sidney townships:

Length 1 mile, width } mile; greatest depth 37 feet.

Shores high on north and south sides:
and muddy beach.

Bottom soft and muddy.

Inlet, one small stream.

Outlet, one flowing into Flat river.

Date of examination, August 29.

Weather clear, water cloudy.

Temperature, surface 76°; bottom 54°,

No fish taken, and no recommend as to future planting.

; low on east and west, with sand.
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Big and Little Turk lake, Montealm fownship:

Length 1} miles, width § mile; greatest depth 18 f@et.
‘Shores high on westside, low and marshy on east side.
Bottom soft, mostly marl.

No inlet or outlet. - .
Temperature, surface 66°; bottom 60°. )
No fish taken, and no recommend as to planting.

]

Clifford lake, Douglass township:

Length 13 miles, width % mile; greatest depth 50 feet.

sthores high, with sand beach.

Bottom hard elay.

No inlet or ontlet.

Dates of examination, August 28, 29 and 30.

Weather and water clear. .

Temperature, surface 74°; bottom 56°. ]

Fish taken, black bass, perch, speckled bass, bluegills, sunfish and
plckerel. _ .

Fish in good condition and feeding on crustaceans.

Eels recommended for future planting.

D erby lake, Sidney township: :

Longth 1 mile, width 3 mile; greatost depth 95 feet,

Shore high all around except on north east corner, mostly sand and

gravel beach.

Bottom hard sand and clay.

Noinlet, = -~ o =

Outlet, flowing to Fish creek.

‘Dates of examination, Aug. 29 and 30.

Tem perature, surface 78°; bottom 42°,

Weather and water clear. )

Fish taken, pickerel, black bass, speckled bass, bluegills, sunfish and
erch. ‘ )

Wltill-eyed pike and eels recommended for future planting.

Baldwin lake, Eureka township:

Length 1 mile, width % mile; greatest depth 34 feet.
Shores high and wooded; sand and gravel beach.
Bottom mostly sand, some soft mud.

No inlet.

Outlet, one flowing to Flat river.

Date of examination, Aung 31.

Weather cloudy, water clear.

Temperature, surface 65°; hottom 57°.

No fish taken,

.Eels recommeénded for planting.

‘Long lake, Pine township: .
Length 1 mile, width 4 mile; greatest depth 17 feet.
Shores high, covered with dead pine, sand beach.

Botéom soft and muddy.

One inlet and no outlet. .
Date of examination, Sept. 1. -

=
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Weather -clear, water roily.

. Temperature, surface 66°; bottom 64°,

No fish taken, and no recommend as to plantihg.

Muskallonge lake, Maple Valley township:

Length 14 miles, width § mile; greatest-depth 37 feet.
Shores high and covered with dead pine.
Bottom soft marl and sand.
Iulet, one small stream. .
Qutlet, one, flowing to Lincoln lake.
Date of examination, Sept. 1.
Weather and water clear.
gmperature, surface 65°; bottom 52°,
o fish taken. :
Walkeyed pike and eels recommended for planting,

Cowden lake, Maple szlley township:

‘Length 1 mile, width § mile; greatest depth 42 feet.

Bottom hard and sandy.

No inlet or outlet.

Date of examination. Sept. 1.

‘Weather and water clear.

Temperature, surface 67°; bottom 57°.

No fish taken.

Wall-eyed pike recommended for planting. i

Tamarack lake, Kato township:

Length 1} mile, width 2 mile; greatest depth 20 feet.
Shores high, bottom covered with sawdust.

No inlet or outlet.

Date of examination, September 3.

Weather clear and cold, water dark and roily.
Temperature, surface 62°; bottom 60°.

No fish taken and no recommend as to planting,

© Six lakes, Belvidere township s

Length lake No. 4, 4 mile, No. 5, 3 mile; width, No. 4, 100 rods, No. 5,.
4 mile; greatest depth 35 feet.

Shores high with sand beach.

Bottom mostly hard and sandy.

One inlet and one outlet.

Date of examination, September 3.

Weather clear and cold, water datk and cloudy.

No fish taken.
Eels recommended for future planting.

Town Line lake, Kato and Belvidere townships:

Length 1} miles, width } mile; greatest depth 40 feet.

- Shores high with sand beach; bottom covered with sawdust.

No inlet; outlet, one into Fiat river.

Date of examination, September §.

Weather and water clear.

Temperature, surface 65°; bottom 55°.

No fish taken and no recommend as to future planting,
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gotinl? or outlet.

ate of examination, July 1.

};Veather and water clear.y ‘
emperature, surface 74°; bottom 73°

No fish taken and no recommend as to future planting.

OTTAWA AKD MUSEEGON COUNTIES.
\ .

‘Spring lake, Spring lake and Fruit Port townships:
Length 5 miles, width 3 mile; greatest depth 47 fest.
Shores high and sandy with sand beach. -
Bottom clay, sand and gravel.
Tnlets, five, five streams, also a number of springs along the shore.
Outlet, one which empties into (Grand river.
Dates of examination, June 19, 20, 21 and 22.
Weather, 19 and 20, cloudy; 91 and 22, clear.
Water clear.
Temperature, surface 72° bottom 62°. :
Tish taken, wall-eyed pike, perch, bluegills, sunfish, bullheads, suckers,
" speckled bass, large mouth black bass, sheephead and rock bass.
The tish were all hard but small, except wall-eyed pike and sheephead
which were large and fat. :
No recommendation as to future planting.

EXAMINATION OF LAKES, 1892,
MECOSTA COUNTY.

Y%l)mg’s lake, Grant township: '
Length £ mile, width § mils; greatest depth 20 feet.

Shores high on n .
south side. orth and west side, low and marshy on the east and

Bottom soft, on th i
]éﬂets,  soft, e east and south eide, hard clay on west side,
utlet, one, flowing into Musk i
! . - e *
Date of examination, Selzotencﬂoexg ?L]; e
%Veathertcleé,r, water dark. .
emperature, surface 62°; °
No fish taken. ° } botiom 607

Eels recommended for future planting.

OTTAWA COUNTY.

“Black lake, Holland. township:

Length 6 miles, width 2 miles; greatest depth 30 feet.

Shores high, with sand beach nearly around.

Bottom marl and sandy. .

Inlets, eight, seven amall and one large stream; outlets, one large stream
into Lake Michigan. e -

Dates of examination, -June 15, 16, 17 and 18.

Weather, 15 and 16;.clear; 17 and 18, clondy.

‘Water clesr. ) .

Temperature, surface 72° bottorn 60°.

Tish taken, herring, white bass, pickerel, perch, rock bass, black bass,
speckled bass, buliheads, suckers, ‘Dbluegills, sunfish, sheepheads and
gar pike. The fsh taken were in splendid condition, hard and fat,
and stomachs full of different kinds of food. :

Could recommend nothing but sels. .

Foger lake, Chip i
, Chippewa township:
Length £ mile, width 60 rods; greatest depth 48 feet.

Shore mostly low, wi
hore most )lr) each,.mth muddy beach, excopt north si_de, which is high,

Bottom sand on north ‘
Nottom sand on nc rth and east, balance muddy.
Date of examination, Sept. 16,
;‘E‘Veather clear, water dark.
emperature, surface 61°; 51 °
No b feon. ce ; bottom 51°.
Eels recommended for future planting.

Pickerel lake, Gtant and C

: : oalpacks townships:
éﬁgﬁgh@i Ellgggd‘;}h 3 miléeh; greatest deptlllpZé feet

gh, oIt Lo i ich 1 .
- ot e e gn southfeas(teassifi z.lde, which is low and marshy; beach
ottom, mostly mud, some clay.

One inlet and one outlet.
%atetﬁf exia.mination, Sept. 17.
“Weather clear, water dark.
No fish taken. v dark

Eels recommended for future planting.

~Crockery lake, Chester township:
Téngth 1 mile, width § mile; greatest depth 53 feet.
Shores high, sod growing to water's edge.
Bottom hard, marl and sand.
Inlets, two small streams, one on the east end sud one on the southwest

side; outlet, one on west end flowing into Crockery creek.
Date of examination, June 93. . . "
Weather and water clear. .
Temperature, surface 757 bottom 45°.
No fish taken.
Wall-oyed pike and white bass recommended for future planting.
Town Line lake, Big Rapids and Coalpacks townships:
e hiah g £reatest depth 50 feet. |

1
Bottom soft and muddy.san' beach.

Jnlets, two small streams: . 1 i
Date ot e et Sz ’p Eﬁ).u%}ft, one flowing into Muskegon river.

~_Finnessey iake, Talmadge towaship: ‘

Length # mile, width } mile; greatest depth 10 {eet.

Shores mostly low and muddy, high on the north side, with sand
beach. :

‘Bottom soft and muddy. '
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Weather and water clear.
Temperature, surface 87°; bottom 46°.

No fish taken.
Wall-eyed pike and eels recommended for future planting.

Round lake, Martiny township:
Length 1 mile, width § mile; greatest depth 8 feet.
Bottom mud. ' :
No inlet. .
Outlet, one into Horsehead lake.
Date of examination, Sept. 1%
Weather clear, water dark.
Temperature, surface 62°; bottor 61°.
No fish taken, and no recommend ss to future planting.

Horsohead lake, Martiny township: ’ Co

" Length 2 miles, width 1 mile; greatest dépth 54 feet.

. Shores high, with sand and gravel beach.
Bottom clay, gravel, mferl and mud. .
Inlet, one. ‘
Outlet, one, flowing info Little Muskegon river.
Dates of examination, Sept. 19 and 20.
‘Weather clear, water dark.

_ Temperature, surface 63°; bottom 54°.

Tish taken, grass pike, rock bass, sunfish and bullhead.
The fish were'in good condition, but small; feeding on larva and vegeta-

tion.
Wall-eyed pike recommended for future planting.

Evans lake, Chippews and Martiny townships:
Length 1% mile, width § mile; greatest depth 49 feet.
Shores mostly low with soft, muddy beach.
Bottom, clay marl and mud.
‘Inlet, one; outlet, one flowing to Chippewsa river.
Date of examination, September 20. ‘
Weather clear, water dark. \
Temperature, gurface 62°; bottom 48°.
Fish taken, grass pike, lurge mouth black bass, rock bass, bluegills and.
perch. .
Wall-eyed pike and eels recommendéd for future planting.

Clear lake, Martiny and Sheridan townships: '
Length § mile, width $ mile; greatest depth 25 feet. )

Shores high all round except on west side which is low, mostly sand.

beach.
Bottom hard near shore, muddy in center.
Inlet, one; outlet, one flowing into Chippewa river.
Date of examination, September 20.
‘Weather and water clear.
Temperature, surface 63°; bottom 61°. ‘
No fish taken. Bels recommended for future plenting.

TENTH REPORT -STATE FISHERIES. 73

Chippewa lake, Chippewa township:

Length 1§ miles, width 14 miles;

4 2 E t t :
Shores mostly high, with?t:.and bea%]lfa est depth 35 foor
Bottom hard clay. r
Inlets, two small streams.
%uglet, ?ne, flowing into Chippewa river,

utes of examinafion, September 1
f‘Weather clear, water d:':rkl? , or 19, 16’ 17, 18, 19, 20, 2'1.
ﬁgm};pteli?ture, sulrface 63°; bottom 61°.

ish taken, small mouth black b i salico I

bluegills, perch, suckers a;d d?)fgsﬁsg.r 753 pike, calico b&SS-’ rock bss,

The fish take i : ip .
on larva, n were in fair condition, not very large, feeding principally

Eels recommended for future planting,

" Round lake, Morfon township:

Length 1 mile, width 3 mile;
) ¥ # mile; greatest depth 43 feest.

Shores mostly high, with sand beach. P oot
Bottom marl and sandy. ‘
Inlet, one.
lr(3[1’5181:, ?ne, flowing to Liong lake.

ates of examination, September 21
Weather and water, c,learl.) or 21 and 2
Temperature, surface 65°; bottom 49°.
%}Seb gaé]i:.e% Erass pike, bluegills, sunfish, and perch.

vegetatioai] .en were in good condition, feeding on larva, crustacea and
Eels recommended for future planting. |

Long lake, Morton township:

Length 1% mile, width § mile; great

Leng 2 VY p ; t depth 47 feet

Shores mostly high, wi d beach: lo ; i
Bovtom, hard{',la' ;ga n,dwzgzelllﬂ.sa.nd beach; low and swampy on east side.
Inlet, one.

Ouftlet, one flowing into Little Muskegon river.

" Dates of examination, Septomber 21 and 22.

‘Weather and water clear.

Fish taken, perch, grass pike, bullheads, bluegills and rock bass.

The fish ¢ i iti i ‘
;: ion? were small, but in good condition, feeding on larva and vegeta-

Eels recommended for future planting.

Blue lake, Morton township:

Length 1 mile, width # mile; great,

_ X x ; atest depth 50 feet
Shores high all avound, exc 5t on west i :
Fcittom 01§y & marrll.c, except on west side, sand heach.

nlet, one; outlet, one flowing into Little i
Dates of examinf;tion, Sept. %2 and 218.  Muskegon river.
Weather and water clear. I
Temperature, surface 62°; bottom 52°.

Fish taken, grass pike, large mouth black bass, bluegills, builheads, and

perch.
10
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The fish taken- were in good condition, hard and fat, feeding on shells

and vegetation, .
Wall-eyed pike and small mouth bass recommended for future plenting.

Foz lake, Dalton township:
Length 2 mile, width 60 rods; greatest depth 12 feet,
Shores high with sand beach all around.
Bottom soft mud.
No inlet or ouflet,
Date of examination, August 1.
Weather clear, water dark.
Temperature, surface 73°; bottom 70°.
No fish taken and no recommendation as to future planting.

MUSELGON COUNTY.

‘Wolt lake, Egelston township:
Length 1 mile, width 1 mile; greatest depth 42 feet.
Shores high, with sand beach all around.
Bottom around central part, muddy; balance sand.
Inlet, one small stream; no outlet.
Dates of examination, July 22, 23, 24.
‘Weather and water clear.
Temperature, surface 77°; bottom 63°.
Fish taken, large mouth black bass, bluegills, perch, bullheads, and dog-
fish. ‘
Fish were large, fat and hard, and in good condition.
Wall-eyed pike recommended for future planting.

Town Line lake, Cedar Creek township:

- Length 80 rods, width 50 rods; greatest depth 8 feet.
Shores high oak openings, with sand beach.
Boitom soft mud. .
No inlet or outlet.
Date of examination, August 2.
Temperature, surface 78°; bottom 75°.
No fish taken and no recommendation as to planting.

Duck lake, Cedar Creek township:
Langth 4 mile, width 1 mile; greatest depth 24 feet.
Shores high with sand beach nearly all around.
Bottom soft and muddy.
Inlets, two and. one outlet.
Date of examination, August 4.
Weather and water clear.
Temperature, surface 74°; bottom 66°,
No fish taken and no recommendation as to future planting.

Little Black lake, Norton township: '
Length ¢ mile, width 100 rods; greatest depth 14 feet.
Shores low, with sand heach.
Bottom soft and muddy. *
Inlet, one small stream.
Outlet, one, emptying into Lake Michigan.
Date of examination, July 26.
" Weather clear, water very dark.
Temperaturs, surface 86°; bottom 84°,

No fish taken and no recommend as to future planting.
: : Clear lake, Cedar Creek township:

Length 2 mile, width 100 rods; greatest depth 46 fest.

Shores high with sand beach all around.

Bottom marl.

No inlet except springs.

Outlet, one flowing into Mud lake.

Dates of examination, August 2, 3 and 4.

Weather cloudy on 2d and 4th; clear on the 3d.

Water clear.

Temperature, surface 73°; bottom 52°.

Fish taken, pickerel, bluegills, bullheads, black bass, perch, calico bass
and sunfigh.

The fish were in good condition, of fair size and fat.

Eels recommended for future planting.

Mona or Black lake, Martin township:
Length 4 miles, width 4 mile; greatest depth 50 feet.
Shores high, with mostly sand. beach.
Bottom muddy. »
Inlets, siz, the principul one being Black creek.
Qutlet, one, which empties into Lake Michigan.
Dates of examination, July 26, 27, 28 and 29.
‘Weather clear, water very dark.
Temperature, surface 87°; bottom 66°.
Fich taken, large mouth bklack bass, calico bass, blregills, suckers and
gar pike. _ . :
The fish taken were poor and small.
No recommend as to future planting.

Twin lakes, Dalton township:
Length 1% miles, width £ mile; greatest depth 32 feet.
Shores high, with sand beach all around.
_ Bottom, east lake, mud and sand; middle lake, mud, clay and sand;
north lake, mud and clay; west lake, clay, marl and sand.
No inlet or outlet.
These lakes were at one time all in one, but the water has lowered until
there are now four separate lakes with sandbars between them.
Dates of examination, August 1, 2, 3 and 4.

Goose Egg 1ake, Dalton township:
Length 4 mile, width 40 rods; greatest depth 12 feet.
Shores high all round with sand beach.
Bottom mud, weeds all over the lake showing above th]e surface.
No inlet or outlet. ' '
Date of examination, August 1.
‘Weather clear, water very dark.
Temperature, surface 72°; bottom 70°.
No fish taken and no recommendation as to planting.

A
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‘Weather and water clear.

Temperature, surface 82°; bottom 72°.

Fish taken, perch, sunfish, bullheads and chub suckexrs..
The fish were in good condition, the perch very fat.
Eels recommended for future planting.

Lake on Sec. 30, no name, Holton township:
Length 4 mile, width 40 Tods; greatest depth 6 feet.
Shores high on west side, low and marshy on east side.
Bottom soft and muddy.
No inlet or ountlet. .
Date of examination, August 5.
‘Weather clear, water dark.
Temperature, surface 73°; bottom 70°.
No fish taken and no recommendation as to planting.

Orooked lake, Holton township:
Tength & mile, width 100 rods; greatest depth 18 feet.
Shore high; bottom soft and muddy.
No inlet or outlet.
Date of examination, Aug. 5.
‘Weather clear, water dark. \
Temperature, surface 78°; bottom 70.°
No fish taken and no recommendation as to planting.

- Round lake, Holton township:
Length 4 mile, width 50 rods; greatest depth 6 feet.
‘Shores high all around; bottom soft mud. .
No inlet or cutlet. :
Date of examination, Aug. 5.
‘Weather clear, water dark. '
Temperature, surface 74°; bottom 71.°
No fish taken and no recommendation as to planting.

Big Blue lake, Blue Lake township:

Length 24 miles, width § mile; greatest depth 45 Teet.

Shores high, with sand beach and oak timber all around.

Bottom hard marl and elay.

One inlet, and one outlet which flows into White Tiver.

Date of examination, Aug. 6 and 7.

Weather and water clsar,

Temperature, surface 74°; bottom 52.°

Fish taken, small and large mouth bass, perch, bluegills, suckers and
golden shiners. The fish were in good condition, fat and hard; the
small mouth bass weighed from 3 to 4% pounds.

Wall-eyed pike and eels recommended for future planting.

Britton lake, Blue Lake township: -
Length % mile, width 40 rods; greatest depth 22 feet.
Shores high with sand beach; bottom soft and muddy.
No inlet of outlet.
Date of examination, Aug. 8.
Weather cloudy, water dark.
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. Temperature, surface 78°; bottom 69°.
No fish taken and no recommendation as to future planting.

Round lake, Holton township:
Length 60 rods, width 40 rods; greatest depth 7 feet.
Shores high with sand beach; bottom soft and muddy.
No inlet or outlet.
Date of examination, Aug. 8.
Weather and water cloudy,
Temperature, surface 74°; bottom 72°.
No fish taken and no recommend as to future planting.

Little Blue lake, Blue Lake township:
Length 1 mile, width 80 rods; greatest depth 11 feet,
Shores high with sand beach; bottom very soft mud:
No inlet or outlet,
Date of examination, Aug. 8.
Weather cloudy, water clear.
Temperature, surface 79°; bottom 74°.
No fish taken, and no recommendation as to future planting.

Crystal lake, Blue Liake township:
Length 130 rods, width 80 rods; greatest depth 24 feet.
Shores high, with sand beach; bottom sandy and muddy.
No inlet or outlet.
Date of examination, Aug. 11.
Weather and water clear,
Temperature, surface 76°; bottom 69°.
No fish taken.
Tels recommended for future planting.

Whi’u}al lake, Fruit Lend, White River, White Hall and Montague town-
ships:
Length 6 miles, width 1} miles; greatest depth 80 feet.
Shores high, with sand beach.
Bottom covered with shingles and sawdust, some sand.
Inlets, six, the prineipal one being the White river.
Qutlet, one which empties into Lake Michigan.
Date of examination, Aug. 10,11, 12 and 13.
‘Weather clear, water dark.
Temperature, surface 74°; bottom 68°.
Fish taken, large and small mouth bass, white bags, perch, bluegills,
calico bass, sheephead, redhorse, dogfish, and gar pike.
The fish taken were in good condition and feeding principally on crusta-
ceans. Wall-eyed pike recomr‘nended for-future planting.

Duck lake, Fruit Land township: -
Length 2 miles, width 2 mile; greatest depth 68 feet.
Shores high, with ssnd beach.
Bottora mostly hard clay and sand; soft and muddy on east end.
Inlet, one large stream called Duck creek.
Outlet, one, which empties into lake Michigan.
Dates of examination, Aug. 12, 13, 14.
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‘Wood lake, Pierson township:

Length § mile, width 100 rods; greatest depth 35 feet.

Shores high, with sand beach; bottom muddy and sawdust.

No inlet or outlet.

Date of examination, July 3.

Weather. cloudy, water roily.

Temperature, surface 66°; bottom 55°.

No fish taken and no recommendation as to future planting,.

‘Weather and water clear.

Temperature, surface 75°; bottom 55°. : .

Fish taken, small mouth bass; pickerel, herring, calico bass, bluegills,
and gar pike. .

The-fish were in good condition and feeding principally upon larva.

Wall-eyed pike recommended for future planting. :

MONTCOALM COUNTY.

Band lake, Pierson township:
Length § mile, width § mile; greatest depth 32 feet.
Shore high and mostly clear. -
Bottom sand, mud and sawdust.
Inlet, none. ‘
. Outlet, Duke creek.
Date of examination, July L.
Weather clondy, water very roily.
Temperature, surface 68°; bottom 56°,
No fish taken and no recommendation as to future planting.

Bass lake, Pierson township:
Length 120 rods, width 100 rods; greatest depth 30 feet,
Shores high, with oak grubs and sand beach.
Bottom clay, sand and mud,
No inlet or outlet.
Dates of examination, July 29 and 30.
‘Weather and water clesr.
Temperature, surface T1°; bottom 62°.
Fish taken, large and small mouth bass, bluegills and pereh.
The fish were in good condition, the bluegills large and the bass and
perch small, but fat.
Small mouth bass and eels recommended for future planting.

NEWAYGO COUNTY.

Horseshoe, or Baptist lake, Encley township:
Length 4 mile, width § mile; greatest depth 62 foot.
Shoree high and mostly cleared, with sand beach.
Bottom hard and sandy.
No inlet or outlet.
Dates of examination, July 2, 3, and 4. - .
Weather, July 2, rainy and cold; 3, cloudy and cold; 4, clear.
Water clear.
Temperature, surface 67°; bottom 59°,
Figh taken large mouth bass, bluegills and mud bass.
The fish were large and fat but soff.
Wall-eyed pike, small mouth bass and eels recommended for future
planting.

Whitefish lake, Pierson township:

Length 13 miles, width 1 mile; greatest depth 50 feet.

Shores mostly high and pertly cleared, sand beach.

Bottom mostly hard and sandy with some mud.

Throe inlets and one outlet which empties into Little. Whitefish lake.

Dates of examination, June 27, 28, 29, 30, July 1, 2 and 3.

Weather June 27 and July 2, reiny and cold; July 1 and 3 cloudy; June
28, 29 and 30, clear.

Water roily.

Temperature, surface 66°; bottom 56°.

Fish taken, herring, large mouth bass, pickerel, bluegills, perch, sunfish,
bullheads, gar pike, mudfish, calico bass and rock bass. _

The herring and gar pike were large and fat, the other fish small but in
good condition. :

Small mouth bass and eels recommended for future planting. Qonover lake, Ensley township:

Length 4 mile, width 100 rods; greatest depth 75 feet.

Shores high mostly cleared, with sand beach.

Bottom hard sand.

No inlet or outlet.

Dates of examination, July 2, 3 and 4.

Weather July 2, rainy and cold; 8, cloudy and cold; 4, clear.

Water clear, e

Temperature, surface 67°; bottom 42°.

Fish taken, large wouth bags, bluegills and perch.

The fish were in good condition, large and fat, feeding on shrimps and
larva, the perch feeding on small fry.

Wall-eyed pike, small mouth bass.and eels recommended for future
planting.

Little Whitefish lake, Pieraon township: )

Length £ mile, width § mile; greatest depth 40 {feet. :

Shores northeast side high and clear, the balance low, swampy and
timbered. .

Bottom mostly marl, some sand.

Inlet, one large stream from Big Whitefish lake,

OQutlet, Alley creek which empties into Tamarack creek.

Dates of examination, June 80, July ¥ and 2. .

Weatlher June 30 clear, July 1, cloudy, July 2,-rainy anﬁ cold, water
roily.

Temperature, surface 67°; bottom 53°.

Fish taken, pickerel, bluegills and perch.

The fish were in good condition, the bluegills and pickerel large, the
perch small but fat. _ ‘

" Rels recommended for future planting.

+ Pettit lake, Croton township: .
Length # mile, width } mile; greatest depth 14 feet.
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Shores mostly high with sand beach.
Bottom soft and very muddy.

No inlet or outlet.

Date of examination, July 8.

Weather clear, water dark. '
Temperature, surface 77°; bottom 66°.
No fish taken. . ‘
Carp recommended for future planting.

Brooks lake, Brooks township:
Length 1% miles, width § mile; greatest depth 15 feet.
Shores mostly high with sand beach.
Bottom sand and soft mud.
Inlet, one from Hess lake.
Qutlet, one into Muskegon river.
Date of examination, July 8.
‘Weather clear, water dark. :
No fish taken and no recommendation as to future planting.

Hess lake, Brooks township: :

Length 8 miles, width not given; greatest depth not given. :

Shores mostly high and sandy, low and marshy in places on the south
side.

Bottom, sand alofig the north side, mud and marl along the south side.

Tnlets, five, all on the south-side.

Qutlet, one into Brook’s lake.

Dates of examination, July 7, 8 and 9.

Weather clear, water dark. .

Temperature, surface 77°; bottom 66 .

Fish taken large mouth bass, bluegills, perch, sunfish, golden shiners
and gar pike.

The fish were of good size and fat, but soft and wormy.

Nothing recommended for future planting.

o .

Bills Lake, Croton township: ‘
. Length 2 mile, width 100 rods: greatest depth 74 feet.
Shores high on the east side, low on the west side.
Bottom hard clay and marl, also some sand. .
Inlet one, Spring brook.
Qutlet the head of Rouge river.
Date of examindation, July 8 and 9.
Weather and water clear.
Temperature, surface 76°; bottom 57°.

Fish taken, brook trout, small mouth bass, perch, bluegills, large mouth -

bass and sunfish.

The fish were large and fat.

Salmon trout, wall-eyed pike and small mouth black bass recommended
for future planting.

i

" Big Marl lake, Brooks and Everet townships:

- Length # mile, width 60 rods; greatest depth 58 feet.
Shores high, sand beach all around.
Bottom mostly clay and marl, with some mud.
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No inlet. _

One outlet which empties into Muskegon river.

Date of examination, July 11,

Woeather and water clear.

Temperature, surface 76°; bottom 45°,

Fish taken, pickerel, large mouth bass, bluegills and perch.

Fish were in good condition, hard and fat.

Wall-eyed pike and small mouth bass recommended for future planting.

Kimbal lake, Garfield township:

Length 1 mile, width £ mile; greatest depth 48 feet.

Shores high, sand beach on south and west side, balance mostly low and
swampy.

Bottom mostly clay and marl and some mud.

One inlet and one outlet which empties into Pickerel lake.

Date of examination, July 11.

‘Weather cloudy, water clear.

Temperature, serface 77°; bottom 50°.

No fish taken. '

Eels recornmended for future planting.

Little Marl lake, Brooks township:

Length 4 mile, width 40 rods; greatest depth 35 feet.
Shores high, sand beach all around.

Bottom clay and marl.

Inlet one, from Big Marl lake.-

QOutlet one, flowing into Muskegon river.

Date of examination, July 11.

‘Weather and water clear.

Temperature, surface 80°; bottom 61°.

No fish taken.

Wall-eyed pike recommended. for future planting.

Pickerel lake, Garfield township:

Length 1} miles, width # mile; greatest depth 65 feet.
Shores mostly high with sand beach.
Bottom hard clay and sand.

Inlet one, from Kimbal lake.

Outlet one, into Muskegon river.
Dates of ezamination July 11 and 12,
Weather, 11th cloudy; 12th clear.
Water clear.

Temperature, surface 76°; bottom 49°.
Fish taken, pickerel, bluegills, perch, rock bass and black bass.

The fish were in good condition.

Wall-eyed pike and small mouth bass recommended for future planting.

’

Big Twin lake, Everett tc;wnship:

Length 2 mile, width 60 rods; greatest depth 23 feet.

Shorer all high except on east side which is low and marshy.
Bottom clay, marl and mud.

Inlet one good sized stream.

Qutlet one, which empties into Muskegon river.

11
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Date of examination, July 12.

Westher and water clear,

Temperature, surface 77°; bottom 58°.

No fish taken and no recommendation as to future planting.

Fourth lake, Sherman township:

Length 80 rods, width 40 rods; greatest depth 20 feet.

Shores high and timbered on south sifde, low and swampy on north side.

Bottom muddy.
Inlet one from Peck’s lake.

. Outlet one into Third lake.

Date of exemination, July 15.
Weather clear, water dark. :
No fieh taken and no recommendation as to future planting.

Third lake, Sherman township:

Length § mile, width 100 rods; greatest depth 26 feet.

Shores soft and marshy all around. Pond lilies around entire.lake.
Bottom soft and muddy. . .
Inlet, one from Fourth lake.

Qutlet, one into Second lake.

Date of examination, July 15 and 16, .

Weather clear, water dark.

Pish taken, bluegills and perch.

The fish were in fairly good condition.

No recommendation as to fauture planting.

Second lake, Sherman townghip:

Liength 100 rods, width 60 rods; greatest depth 37 feet.

Shores mostly high, with soft, marshy beach. Pond lilies all around.
Bottom muddy.

Inlet, one from Third lake. '

Outlet, one into First lake.

Ddte of examination, July 15.

Weanther clear, water dark.

No fish taken and no recommendation ag to future planting.

Peck’s lake, Sherman township:

Crystal lake, Sherman township£

Length % mile, width 60 rods; greatest depth 75 feet.
Shqges high with sand beach on north side; low and muddy on south
side. o
Bottom soft and muddy. -
No inlet.
Qutlet, one into Fourth lake,
Dates of examination, July 17 and 18.
E\V_’eﬁthcﬁ and water clear.
ish taken, calico bass, bluegills, perch and rock bass.
The fish were large and in good condition. °
Wall-eyed pike recommended for future planting.

Length 4 mile, width 4 mile; greatest depth not given.
Shores high with sand beach gall around.p RIven

Long lake, Sherman township:
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" Bottom hard clay.

No inlet or outlet.

‘Weather and water clear. ‘ P
Temperature, surface 73°; bottom 51°.

Tigh taken, large mouth bass, bluegills and perch.
The fish were in good condition, hard and fat.
Wall-eyed pike and small mouth bass recommended for future planting.

Big Bass lake, Sherman township:

Length £ mile, width 30 rods; greatest depth 38 feet.
Shores low and soft, partly sand beach.

Bottom soft and muddy.

Two inlets and one outlet which flows into White river.
Date of examination, July 19.

Weather clear, water very dark.

Temperature, surface 77" ; bottom 55°.

No fish taken and no recommendation as to future planting.

w

Length 18 miles, width  mile; greatest depth 90 feet.

Shores mostly high, with sand beach.

Bottom mostly hard, sand and gravel.

One inlet, and one outlet which flows into Kimbal lake.

‘Weather and water clear.

Tempersture, surface 73°; bottom 43°.

Pish taken, pickerel, large mouth bass, bluegills, perch, calico bass, rock
bass and bullheads.

The fish were hard and fat and feeding on larva and crustacesns.

Wall-syed pike and small mouth bass recommended for future planting.

Fremont lake, Sheridan township:

Length 13 miles, width 1} miles; greatest depth 102 feet.
Shores high around, with sand beach.

Bottom mostly hard clay and sand.

Tnlets, three; one large and two small streams.

Outlet one large stream flowing into Brook’s creek.
Dates of examination, July 16, 17, 18 and 19.

- Weather, 19th clear; 16th, 17th and 18th, cloudy.

‘Water clear.

- Temperature, surface 77°; bottom 51°.

Fish taken, herring or ciscos, large mouth bass, pickerel, bluegills, cal-
ico bass, perch, rock bass, suckers, gunfish, bullheads and golden
shiners.

Fish were in good condition, large and fat.

Wall-eyed pike, small mouth bass and salmon trout recommended for
future planting.

Kims lake, Denver township:

Length 100 rods, width } mile; greatest depth 20 feet.

Shores low and marshy nearly all around, except on north side; beach
low and soft.

Bottom soft and muddy.

No inlet.
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Outlet, one which flows into White river.

" Date of examination, Aug. 31.

Weather cloudy and rainy, water dark.

Temperature, surface 76°; bottom 72°.

No fish taken and no recommendation-as to future planting.

Little Twin lake, township has no name: :

Length £ mile, width 60 rods; greatest depth 20 feet. .
Shores high on north and west side, balance low and marshy.
Bottom soft and muddy and covered with weeds.

Inlet, one from Big T'win lake.

Ouytlet, one into Pickerel lake.

Date of examination, Sept. 6.

Temperature, surface 67°; bottom 64°.

No fish taken and no recommendation as to future planting.

Big Twin lake, township no name:
Eength % mile, width  mile; greatest depth 56 feet.

Shores high on east and north sides with' sand beach, balance low and
marshy, beach soft.
Bottom marl and mud. ‘ _ ‘
One inlet and one outlet which flows into Little Twin lake.
Dates of examination, Sept. 6 and 7. '

Temperature, surface 68°; hottom 44°.
‘Weather and water clear.
Fish taken, grass pike, bluegills, and suckers,

Fish were in good condition, large, hard and fat, and feeding principally .

on crustacea. .
Wall-eyed pike and eels recommended for future planting.

Pickerel lake, Barton township:

Length £ mile, width § mile; greatest depth 45 feet. '

Shores high on the east and west side, with “sandy beach; balance low
and muddy. : '

Bottorm hard clay and marl on east side, balance soft and muddy.

Inlet, one large stream from Twin lake.

Outlet, one flowing into Per: Marquette river.

Dates of examination, Sept. 7 and 8.

Weather, Tth clear, 8th cloudy.

Water clear.

Temperatue, surface 66°; bottom 49°.

Fish taken, bluegills, suckers, golden shiners, and bullheads.

The fish were in good condition, large and Tat. '

Wall-eyed pike and eals recommended for futare planting.

Diamond lake, Lincoln township:

Length 14 mile, width § mile; greatest depth 85 feet.

Shores high with sand beach, except on west side, which is low, soft and
muddy besch. ,

Bottom hard clay extept on north end which is soft and muddy.

No inlet or outlet. —

Dates of examination, Sept. 8 and 9.

Weather clear, water dark and muddy.

.
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Temperature, surface 64°; bottom 59°. .
‘Fish taken, perch, bluegills and bullheads.
The perch were large and fat and in good condition, other fish small.

. Eels recommended for future planting. .

Blue lake, Monroe township:

Length } mile, width 4 mile; greatest depth 15 feet.

Shores high on east side, with sand beach, bottom low and muddy.
Bottom soft mud. _

No inlet or outlet.

Date of examination, Sept. 10.

Weather cloudy and rainy, water dark and muddy.

No fish taken and no recommendation as to future planting.

Crooked lake, Beaver and Monroe townships:

Length 2 miles, width 2 miles; greatest depth 55 feet.

Shores high with sand beach nearly all around.

Bottom sand, marl and mud.

Inlet, one small stream.

Outlet, one which flows into Beaver lake.

Dates of exainination, Sept. 10, 11 and 12.

Weather cloudy, water clear.

Temperature, surface 66°; bottom 48°,

Fish taken, pickerel, bluegills, perch, bullheads and large mouth bass.

The fish were in good condition, fair size and hard, feeding principally
on crustacea.

Wall-eyed pike and eels recommended for future planting.

Blue lake, Troy township:

Length § mile, width 1 mile; greatest depth not given:
Shores high with sand beach, botton soft and muddy.
No inlet or outlet.

Date of examination, Sept. 12.

. Weather cloudy, water dark.

Temperature, surface 65°; bottom 61°. ‘
No fish taken and no recommendation as to future planting.

Bass lake, Beaver and Troy townships:

Length 1 mile, width  mile; greatest depth 75 feet.
Shores high and wooded, with sand beach.

Bottom hard clay and sand.

No inlet or outlet.

Dates of examination, Sept. 12 and 13.

Woeather cloudy, water clear.

Temperature, surface 66°; bottom 49°,

Fish taken, herring, perch and bluegills.

The fish were large and in good condition.

Wall-eyed pike and eels recommended for future planting.
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Park’s lake, Clay Banks township:

Length 100 rods, width 40 rods; greatest depth 12 feet.

Shore:}dhigh with sand beach, except on west end which is low and
muddy.

Bottom soft and muddy.

No inlet or outlet.

Date of examination, August 18.

Weather clear, water dark and muddy.

. Temperature, surface 75°; bottom 72°.

No fish taken and no recommendation as to future planting.

Crystal lake, Heart township: :

Length £ mile, width 100 rods; greatest depth 32 feet.
Shores hard with sand beach.

Bottom hard and sandy except on west end, which is sandy.
No inlet or outlet.

Date of examination, August 19.

Weather and water clear.

Temperature, surface 756°; bottom 58°.

No fish taken and no recommendation as to future planting.

AuSable or Silver lake, Golden township:

Length 13 miles, width 1 mile; greatest depth 21 feet.

Shores high, with sand beach on north and west side, low and marshy
on south side. '

Bottom sandy.

One inlet, and one outlet which empties into lake Michigan.

Date of examination, Aug. 22

Weather cloudy, water clear.

Temperature, surface 75°; bottom 73°.

No fish taken and no recommendation as to future planting.

Btony lake, Benona township:
Length 3 miles, width 4 mile; greatest depth 55 feet.
- Shores high, with sand beach.
Bottom mostly hard sand, muddy on east end.
Inlets, two from Stony creek.
Qutlet, one which empties into Lake Michigun.
Dates of examination, Aug. 18, 19, 20, 21, 22 and 23.
Weather, 18, 19, 20 and 21, clear; 22 and 23, cloudy and rainy.
Water clear.
Temperature, surface 78°; bottom 53°. '
Figif. ta.lgialn, large and small mouth black bass, calico bass, pickerel and
negills. ‘
The fish were in good condition, large and fat, feeding on larva of flies
-and vegetation.
Wall-eyed pike recommended for future planting.

Campliell lake, Lieavitt township: -
Length 1 mile, width 4 mile; greatest depth not given.
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Shores mostly high and wooded, low on north and southwest side, partly
sand beach. :

. Bottom soft and muddy.

No inlet. .

Outlet, one large stroam, Beaver creek, which flows to Pere Marquette
river. :

Dates of examination, Aug. 29 aud 30.

Weather, 29, clear; 30, cloudy and rainy. Water clear.

Temperature, surface 72°; bottom 51°. .

Fish taken, calico bass, biuegills, sunfish, rock bass and bullheads.

The fish were in fair condition, feeding principally on small crustaces.

Eels recommended for future planting.

Mud or Cob-moo-sa lake, Leavitt townsghip:

Length % mile, width 60 rods; greatest depth 12 feet.
Shores high, with soft, muddy beach.

Bottom muddy. ‘

No inlet or outlet.

Weather cloudy and rainy, water dark.

No fish taken and no recommendation as to future planting.

McLiarens lake, Newfield township:

Length 1} miles, width, § mile; greatest depth 80 feet.

Shores mostly low, some4high places, with soft, muddy beach all around.

Bottom mostly clay and marl, some mud. .

Inlet, four small spring brooks.

Outlet, one large stream flowing into White river.

Dates of examination, Aug. 28, 29, 30 and 31, Sept. 1 and 2.

Weather, Aug. 27, 28 and 29,-Sept. 1 and 2, clear; Aug. 30 and 31,
cloudy, with rain,

Water clear.

Temperature, surface 75°; bottom 46°.

Fish taken, large mouth bass, rock bass, perch, bluegills, sunfish, bull-
heads and pickerel.

The fish were of fair size and good, except the perch which were wormy.

Wall-eyed pike recommended for future planting.

Gilbert lake, Leavitt township:

Length § mile, width § mile; greatest depth 15 feet.

Shores high, with sand beach on south side, balance low and marshy
with muddy beach. ‘

Bottom soft mud.

No inlet.

"Outlet, one which flows into Pere Marquette river.

Date of exsmination, Sept. 2.
Weather and water clear.
No fish taken and no recommendation as to fuiure planting.

Bchool Section lake, Jolfax township:

Length 4 mile, width % mile; greatest depth 25 feat.
Bhores high on north and esst sides, low and marshy on west side, with
gand beach all around.
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Bottom soft and muddy.
Inlet, none. ‘
Qutlet, one, which flows to Pere Marquette river.
Date of examination, Sept. 1.
Woather and water clear,
' Temperature, surface 72°; bottom 65°. _ ‘
No fish taken and no recommendation as to future planting.
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INTRODUCTION.

The writer hag been engaged at irregular intervals diiring the past two .
years in the study of the phenomena connected with the early development -
.of the eggs of the wall-eyed pike. The observations on the egg cover the -
_time between its extrusion from the body of the female and the appearance -
.of the first segmentation furrow. They have been first made on the living
.egg and have been afterward verified and extended by the study of sections:
“and other microscopic preparations of the eggs.preserved by various meth-
6ds. Owing to the peculiar interest which attaches to'the wall-eyed. pike,
.on account of the difficulty experienced by fish - culturists in handling if,
- ‘most of the observations refer to the egg of that gpecies. In & few
-particulars the observations have been extended to the living eggs of other.
-gpecies, the whitefish, the perch, and the sucker. Taken together they
afford a tolerably complete and, it is hoped, precise picture of what takes
-place in the.egg during the time above indicated.

Most of the observations to be recorded have been made before on other
© .gpecies of fish, and some of them previously made on the wall-eyed pike
' ‘have been already recorded in the publications of the State Fish Commis-

-sion.. In order to make the pi¢ture as complete as possible; and in crder
"o give the preliminary knowledge necessary to an understanding of the
-facts now presented for. the first time, the facts previously observed are
_here again presented. It will be noticed that these new facts form the: .
‘Jarger part of the paper and it4s believed that it is precisely these that
.are of the gréatest interest to the practical fish culturist. :
While this work was undertaken in the interests of practical fish culture,’
it has been carried out in the belief that these interests are in no way to
“be separated from those of pure science. From its birth modern fish cult-
ure has been associated with science. The history of fish culture con-.
-tains the names of men eminent in science in all countries, and their
s, published writings make up no inconsiderable part of the literature on
‘figshes. These writings are scattered in the-publications of many learned
societies and other organizations and are in various tongues. A. good
work has been done by the United States Fish Comimission in translating
:and publishing some of them, and in stimulating the production of others,
but in. spite of this work it remains true that a great part of this litera-

“fure has never made itself felt among the men who are conducting the .

"actual ‘daily operations of fish culture.

'
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Many of the facts recorded in this literature, and to be recorded, fix the

i i fish
ditions under which it is possible to conduct certamkopiﬁtignfh%fmen
cmilt : and yet these very facts are frequently wholly ﬁl_nhno o the e
cuh are conducting these operations. Qther facts whie mayunderstand—
ot prese t wholly irrelevant are nevertheless necessary to anf;_l understanc:
b pr%senh t is and what is doing in the operations of the 15 alteriet,
Hs o WléJL tudy to understand the nature of his materials ag't'ons e
Hr%(i}:s(;gs t}?at gyo on in these materials under the various conditi
P

. . Fr
which he subjects them. He will then be better able to'meet new condl

i ise, i i itting them to the
tions, and when new difficulties arise, instead of submlttm%re g

he will be ab
i the fickle Groddess of Cut and Try, ‘
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the process of cell division.

PART 1L

&  THE ANIMAYL CELL AND OELL DIVISIQN.

osed of minute units calle.d
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built up and bear

in a building bear to the building. 'The cells are ususlly microscopic 1
i

ize and are by no means all alike. Just as the ’bri(is:kacsi o}i‘o o&lll:rwngg.]ie?ﬁﬁ
EMed in the construction of a building must be adapte lo the wort s
}51}:?2}’ have b0, O el b therefox";; %;ﬁfiez fgﬁglwcﬁ% J::J;:])l %e ?k;ne and differ

i imal body are adapted to _ e, -
E]?;nnf Ooig garfg’fhiglirnnaaccgrgance with the adaptation. Just as 1n the con

struction of a building we may have slates for the roof, bricks for the

the same relation to its body that the bricks or stones.
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walls and tiles for the floor, so in the construction of the animal body we
have bone cells which have to do with the formation of the bony frame.
work of the body, muscle cells which move that framework and nerve cells
which initiate and control the movements of the muscle cells.

The materials used in the construction of a building may be totally
different from one another, as clay in the brick of the foundations and
wood in the walls of the superstructure. The substance composing the
cells or units nsed in the construction of animal bodies is on the other
hand nearly the same for all sorts of cells. This substance is called pro-
toplasm. 1t is the protoplasm of a bone cell that forms about itself the
hard lime-salt of which the bone is composed: It is the protoplasm of
‘the muscle cell that contracts. It is the protoplasm of the nerve cell that
starts or modifies the Impulse that causes that contraction. Everywhere
the material composing the cells of the animal body is protoplasm. That -
the protoplasm of a muscle cell must be different in some way from
the protoplasm of a nerve cell is ¢lear from the different work that it does
and yet, just what the difference, is by no means clear.

The protoplasm composing an animal cell appears under the mieroscope
as a semi-solid material, having very nearly the physical properties of
the white of an egg. . It thus changes form readily unless inclosed within
& special envelope or cell wall. Itis transparent. Itis demser than water,
go that when a mass of it is examined in water, it refracts the light more
than the surrounding water and thus appears brighter. Tt commonly does
not appear entirely uniform in structure but rather appears to be com-
posed of a clear material in which are seen numerous very fine granules.

Protoplasm probably always occurs in the form of a cell and a cell is a
very complicated mass of protoplasm. The shape of the cell depends on

the work that it has to do, but we may take for purposes of illustration the
spherieal form, which is that common to most egg cells. If we examine
such a spherical cell {Fig. 1) under the microscope we find it composed of
& central denser portion, which is usually also spherical and which is
called the nucleus (nu.). Its substance wemay call nucleoplasm. We may
suppose the diameter of the nucleus, as often happens, to be about one-
third that of the cell. The protoplasm which' surrounds the nucleus and
makes up the body of the cell is called the cyfoplasm (cyt.). OQuiside
the cytoplasm is the cell wall or cell membrane (m.cl.) which incloses
the cytoplasm as in a sac. The cell wall is not always present and is not
regarded as an essential part of the cell. It may be looked upon as some-
thing ountside the cell, formed by the cytoplasm as a protection to itself.
As it occurs in probably all egg cells it is of importance in the present
discussion, but it is not necessary to enter into an account of its structure.
The structure of the cell protoplasm and of the nucleus is, however, a mat-
ter of the greatest importance for our purposes.

When & cell has been stained with solutions of such coloring matters as
carmine or logwood, it is found that the nucleus does not stain uniformly.
If such a nucleus be examined with a high power of the microscope, there
are found running through it many threads which have become of a very
deep purple or red color, according to the stain used. (Fig. 1 and Fig. 2,
erm.) The threads are sharply marked off from the remainder of the
of the nuclear matter by their deep color. Some of them are coarse and
easily seen, while others are so fine that it requires great care to detect
them. (Iig.L) They eppear to be united with one another in such a
way as to form a network, but it is possible that the threads do not actually
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unite with one another, but that the finer ones cross oneé another or lie over’
one another in such a way as to give rise to the appearance of a network.
The threads are called on account of the readiness with which they become
colored chromatin threads, and the material of which they are largely

composed 18 called chromatin. It must he remembered that a pucleus is &

solid body, more or less spherical in form, and usually with a slight depres-

gion on oné side. It may have thus the form of an apple, the depression

in the side being represented by the depression in the apple at the bottom.
of which the stem is attached. When drawn on paper the nuclens is rep-

resented as a circle and the chromatin threads appear to occupy the whole:
aven of the circle. (Fig. 1.) In reality the threads lie for the most part
upon the surface of the nucleus and only & fow of them extend into ifs
interior. ' :

That part of the substance of the nucleus which does not become stained
is known as achromatin. Tt occupies the greater part of the center of the
nuclens and lies everywhere between the chromatin threads both on the
inside and at the surface. The achromatin itself is not structureless. 1t
consists of fine coloriess threads suspended ina colorless fluid, and in it
are commonly to be seen ome Or MOTe small spherical bodies which stain
differently from the chromatin and are called nucleoli. In what follows I
ghall speak of the. achromatin as though it were structureless, and 1 shall
make no mention of the nucleoli, for the reason that our knowledge of
both is very imperfect. .

Covering the outer surface of the nuclens is & membrane, the nuclear:
membrane. {Fig, 1. m. )} It bears about the samé relation to the-
nucleus that the skin of an apple bears to its contents. Iis structure is not
thoroughly nnderstood.

One may répresent the structure of the whole pucleus as bere described
by means of an apple. The white fiesh of the apple may represent the-
aohromatin and one may SUppOSe that the core is absent and that the
white flesh extends through the center of the apple. Omne may then think
of the chromatin ag represented by numerous branching threads lying
beneath the skin of the apple and running for the most part over the sur-
face, but sending processes bere and there into the interior.

The nucleus lies within the eytoplasm 80 that it is surrounded’ by it on

 all sides. The eytoplasm (Fig. 1, cyt.). whether seen in a living cell or in
a cell that hes been stained and prepared for the microscope, appears com-
ased of two substances,one liquid and the other more golid. The more
golid portion of the cy%plasm.a.ppears to exist. in the form of very fine
threads, which appear to unite with one another so as to form a network.
The threads, which will be spoken of as cytoplasm threads, run in all
directions and unite with one apother to form & network which is thus not
unlike that formed by the strands of a fine sponge. One may form a very
good notion of the structure of the cytoplasm by examining with a mag-
nifying glass a small piece of ordinary bath sponge. In comparing the
cytoplasm with a sponge it is necessary to think of the large passages in
the sponge as filled with sponge material since these passages do not
ordinarily exist in cytoplasma. Tt is neces:ary also to remember that the
cytoplasm threads mast be magnified probably a thousand times fo appear

as large as the sponge threads appear to the unaided eye. The liquid. .

portion of cytoplasm is contained within the meshes formed by the cyto-
plasm threads very much as the water may be conteined in the sponge
meshes. It usually appears under the microscope asa homogenous, trans-
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and its character; it governs the digestive powers of the cytoplasm, for
only under the influence of the nucleus is the cytoplasm capable of secret-
ing digestive fluids. These relations between the nucleus and the cytoplasm
have been determined by experiment, largely on unicellular animals. By
-cutting these animals in two in such a way that one part should contain
+the nueleus and the other be without & nucleus, and by then watching the
behavior of that portion of ¢ytoplasm that was without a nucleus, it has
been possible to make out the relations existing between the nucleus and
the cytoplasm. : ‘
* Tt has been found that neither the nuclens nor the cytoplasm can exist
alone. The cytoplasm nourishes the nucleus, furnishes it with food, so
. that any injury to the cytoplasm may result in the death of the nucleus
through lack of nutrition. A portion of cytoplasm separated from’ its
nucleus thus dies, and & nucleus separated from its cytoplasm dies also.
- Tt is only when the two are united to form a cell that. continued existence
is possible. In speaking thus of the function of the nucleus it is meant
to inclode with the nucleus the centrosome, since it has not been found
~possible to separate it from the nucleus experimentally and since, in the
_forms usually. experimented upon, the existence of the centrosome was
-not determined or taken into account. : :

Cells multiply by dividing, so that when a cell has grown to a cer-
“tain mize it divides into two, the cytoptasm falling into two parts,
. each containing half of the centrosome and half of the nucleus, If
‘meems probable that that portion of the cell nueleus which gov-
erns the cell and determines its-character is the chromatin. If thisis
_true it follows that. the chromatin is not alike in all cells, that in a muscle
cell differing in some subtle way from that in anerve cell. It is probable

moreover that the threads of chromatin oceurring in any one cell are not
identical, but that possibly each differs in some particular from all the
. others and each has its peculiar part of the work to do. :

Thus when a cell divides it becomes of importance that each of the

.two new cells thus formed should receive an exact, half of each of the
chromatin threads. At any rate we find in the division of ‘a cell that a
very complicated series of changes is gone through with and the purpose
of these.changes seems to be that each of the two daughter cells formed
shall contain exactly one-half of each of the threads of chromatin con-
tained in the mother cell. .

. The changes which occur in the nucleus of a cell when it is dividing
have been included together under the term karyokinesis. A knowledge
of this process is necessargsio an understanding of the phenomena which
take place in the egg of a bony fish daring the period under discussion.

The first change that takes place in a cell about to divide is probably

the division of the centrosome. At any rate in a cell preparing for divi-
sion the centrogome is found to be double (Fig. 2.}, although it is possible
that the division into two may have taken place a good while before the
time when the cell divides. The division of the centrosome is brought
about by itslengthening into a rod-like body, by the subsequent constriction
of this rod so that it becomes dumb-bell shaped, and by the final disappear-
‘ance of that portion which corresponds to the handle of the dumb-bell
There are thus formed two centrosomes from the original single one.
These controsomes lie at first near one another and it is seen that the
oytoplasm threads* now radiate from both centrosomes so that there are

* In speaking.of the fibres or ruys about the centrosomes as cytoplasm threads "the writer does
not mean to express any opinion as to whether they are qr are not identical with the ¢ytoplzem threada of

+he resting cell.
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produced in the cytoplasm two star-like or sun.like figures (asters
formed by radiating cytoplasm threads and each with agcentr(osome.)’ each

The cytoplasm threads radiating from each centrosome pass out in
-every direction, and if they were all cut off at the same distance from the
centrosome their cut ends would thus form the surface of a sphere
Among the threads there are some which are thicker and and perhaps;
otherwise different from the remainder. These peculiar threads are
grouped together in such a way as to form a cone (Fig. 2, con.). This
cone is a part of the sphere formed about each centrosome by the eyto-
plasm threads. The apex of the cone is at the centrosome, and its base
lies in the surface of the sphere and is directed toward the nucleus.
There are thus two of these cones of cytoplasm threads, one belonging to
-each centrosome, and the axes of the two form with one another anbangle
the apex of which is directed toward the nucleus. ,

At the same time that the centrosomes are dividing and the cones of
«cytoplasm threads are forming, the chromatin threads in the nucleus are
undergoing changes. In the resting nucleus one does not readily recog-
nize any regularity in the arrangement of these threads; one sees merefy
that they form an irregular network of coarser and finer threads lying
near the surface of the nucleus (Fig. 1). As soon as the process of cell
division gets in, the finer chromatin threads disappear. They seem to be
-drawn into the coarser threads. The result is that one sees only the
-coarser threads running in wavy lines over the nucleus. At the same
time it becomes evident that these coarser threads have a regular arrange-
-ment, that they exist in a definite number (Fig. 2 and Fig. 8). The num-
ber is different in different cells, ranging from two to thirty-six or more.
Each thread has the form of a loop, the closed end of which lies near the
-depression where the centrosomes are, while its two linbs pass thence in a
wavy course near the surface of the nucleus, to end freely on the side
-opposite the cenfrosomes.

A gingle chromatin thread (Fig. 2, crm.) may be represented in this
stage by drawing a line upon the surface of an apple. The line should
start near a point on the side opposite the stem. 1t should pass thence in
- wavy course to & point near the gtem; there it should turn and pass
again in a wavy course to end near its starting point. Eight or sixteen
such loops drawn on the surface of an apple give a tolerably accurate
notion of the arrangement of the chromatin loop in this stage, with this
exception, that there are nsually one or two chromatin loops that do not
lie on the surface of the nucleus but in the eenter. The heads or closed
end of the deeper loops are, however, directed toward the centrosome
Wt}x‘le their free ends lie on the ¢ide of the nucleus opposite the centrosome.

The arrangement of the chromatin threads that is now evident probably
exists in the resting nuclens, but is there obscured by the numerous finer
threads which pass out from the coarser ones. Upon the withdrawal of the
finer threads into the coarser ones the arrangement becomes at once evi-

-dent. If one examines the figure of the resting nucleus ( Fig. 1.), it is not

difficult fo trace some of the coarser chromatin threads in the form of loops
-and one can readily see that if these threads were still further thickened by
the withdrawal into them of the finer threads there would result the
arrangement shown in Fig. 2. It is probable also that a definite number
-of chromatin threads exists in the resting nucleus, but that this fact is

obscured by the finer threads and onl y i
obsanred b } and only becomes apparent upon their
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Angther fact which comes out clearly in this stage, is that each chromatin:

thread is made up of a large number of chromatin particles which are
attached to one another to make the chromatin thread. These pz_n'tlcles
have usually the form of discs, and are held together by their flat sides by
a colorless material, so that their relation to one another is like that of the
coins in a pile or the beads in a string. These ultimate particles of chro-
matin are called microsomes { Fig. 2.), while the loops which they compose
are called chromosomes. _ .
" "In the next stage* the two centrosomes separate from another and travel.
toward opposite sides of the pucleus, so that ome of them (Fig. 8, b.)
becomes to lie on one side of the nucleus, while the other (Fig, 3, a.) lies
on the opposite side of the nuclens. After this change of position 18

‘effected a line connecting the two centrosomes forms nearly a tight angle*

with & line drawn between them before the change in position is effected.
‘(Compare Figs. 2and 8.) The two cones of cytoplasm threads have become
_meantime larger and the individual threads more prominent. Owing to
the change in position of the cenfrosomes the axes of the two cones no
Jonger form an angle with one another but lie nearly in a straight line.
The result is that the bases of the two cones are: brought nearly together:
and the two cones form the two halves of a spindle (Fig. 8, sp.)} which
becomies more perfect in the succeeding stages. )

While the centrosomes are separating from one another and the cones of
cytoplasm threads are shifting position, changes- are taking place 1n the
chromatin loops. They become much shorter and thicker (Fig. 3.) and at
the same time lose their wavy outline. Iach loop becomes thus U shaped..
At the same time each. becomes split lengthwise into two loops which lie
gide by side (Fig. 3,'and?) If the loops first present are spoken of as.
mother loops the two Joops into which each splits may be called daughter
loops. The two daughter loops derived from each mother loop lie close
against one another and parallel to one anotherso that it requires a careful
ezamination to see that the splitting has taken place. - Each danghter loop 1s-
made up of a row of microsomes (not represented in the figures} as was the
mother loop from which it came and it seems likely that in the splitting
each microsome of the mother loop, has been divided into two, one for
each daughter loop. . .

Amnother change noticed in this stage is the disappearance of the nuclear-
membrane. Its position is represeuted in the figure by a dotted 11;:9. It
becomes gradnally less distinct and finally disappears, but 1t is not cer-
tainly known what becomes of it. The nuclear material is thus brought
into direct contact with the cytoplagm so that it is possible for a mixture

_ of the two to take place, although it is not known that guch mixture does

actually take place. ' .

At a%out th% time that the nuclear membrane disappears the threads-
composing the two cones are seen to be attached to the chromatin loops.
(Fig. 8.) From each daughter loop a considerable number of these
threads, as many as sixteen or twenty, passes to one of the centrosomes..
From the other daughter loop of the same pair threads pass to the opposite
centrosome. Thus of the two loops composing each pair one 1s attached
by the cytoplasm threads of one cone to one of the centrosomes and the
other by the cytoplasm threads of the other cone to the opposite
centrosome. ‘

; ' ing fig : ‘ Iy two
+ 1n this and some of tha following figores tho microsomes are not repregented and only b7
ohromosomes are represented. This is in order to make the figares lese complicated.
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In the next stage (Fig. 4.) there occurs & contraction and consequent
-ghortening of the fibres composing the two cones. The result of this
shortening must be to pull vpon the loops and since one of the daughter
Joops composing each pair is attached to one centrbsome while the other
loop of the same pair is attached to the opposite centrosome, the tendency
1is fo pull apart the daughter loops composing each wmother loop and to
bring one of them toward centrosome . and the other toward centrosome
b. The chromatin would thus be divided into two equal portions.

But for some reason not well understood the daughter loops do not. at
first separate from one another. They are still held together in pairs,

robably by some part of the achromatin of the nucleus.  Itis only ina
ater stage that this material uniting the daughter loops gives away, so that -
the force exerted by the contraction of the threads of the two cones is able
to separate the danghter loops from one another. Since the contraction
of these cone fibers is not at first able to pull apart the pairs of daughter
loops, one of three things must happen. If the pull exerted by the shortening
of the fibers passing to one centrosome, the centrosomie a, for instance,
{(Fig. 3) is stronger than that exerted by the fibers passing to the opposite
centrosome, b, the pairs of loops will be all drawn toward centrosome a.
If the pull exerted by the fibers attached to centrosome b is stronger the
loops will all be drawn toward b, On the other hand if the pull exerted
from b-is exactly equal to that exerted from a the loops will all be brought
to & position half way between a and b end into a plane at right angles to
the line connecting @ and b. This is what happens. The heads or closed
end of the loops are et the same time brought close together while the free
ends extend in the one plane in all directions from the point about which
the heads are grouped (Fig. 4).
The result of this contraction is, further, that the bases of the two

" cones of fibers become plane and are brought acourately together,

and since the cones are exactly alike, they form together a spindle,
the achromatic spindle (Fig. 4, sp.). The plane which is formed
by the contact of the bases of the two cones is called the equatorial plane
and in it lie the chromatin loops, while the spindle fibers extend.
in opposite direotions to meet on each side in the centrosomes and thus
form the spindle. In addition to those spindle threads that run from the
chromatin loops to the centrosomes and form the greater part of the
spindle, there are some spindle threads, as shown in Figs. 4 and 5, that run
directly from one centrosome to the other along the middle of the spindle
and form thus what is known as the central spindle (Hermann). The-
division of each chromatin loop into the two danghter loops is still evident
(Fig. 4). An examination of each pair of daughter loops shows that
one of its two constituents is attached exclusively to one of the centro-
somes and that the opposite constituent is attached exclusively to the
opposite centrosome. All the daughter loops attached to centrosome ¢ lie
consequently on that side of the equatorial plane which is turned toward
centrosome g, while all the daughter loops attached to centsosome b lie on
that side of the equatorial plane turned toward centrosome b. Conse-
quently a section made through the equatorial plane would divide each
chromatin loop into two equal daughter loops and the whole mess of
chromatin into exactly equal halves.

In the stage which is now reached the chromatin loops have their heads
together and their free ends radiate in the equatorial plane in all directions
from the center of the spindle. When the chromatin loops are looked at
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from the end of the spinale, i. e., along the line joining the two centro--

somes, the figure formed by them is that of a star (Fig 4a). in the
middle of which one of the poles of the spindle may be seen. ¥From this.
" arrangement of the chromatin loops the stage is called the mother slar
stage, while the preceding stages, during which the arrangement of the
chromatin loops has been less regular, is known as the mother skein stage.
As soon ag the chromatin loops are brought into the form of a mother-

" gtar, the bond or force, whatever its nature, which has prev;o_usly united
the daughter loops into pairs, is overcome by the pull of the spindle fibres.
The resultis that the two daunghter loops are pulled apart. One is drawn
toward one centrosome (as ) and the other toward the opposite centro-
gome (as b). Since the strongest pull is exerted where the spindle fibres
from a act in direct opposition. to those from b, and since this is at the
heads of the chromatin loops, the separation of the daughter loops cecurs

firs$ st their heads (Fig. 5.). The head of one daughter loop of each pair
is thus seen to be drawn toward «, while the head of the oppositeloop is.

drawn toward b, and at the same time the free ends of the loops remain
anited to one another in the original pairs. ‘

As the spindle fibres continue to shorten ‘the heads of the loops are
drawn further and further apart until the loops (Fig. 5, T and 1' and 2 and.
2') are united to one another only by their free ends.

From the time when the heads of the loops begin to separate until the-

loops are entirely separated the stage is called that of mefakinesis (Fig. 5)..

The continued action of the spindle fibres finally pulls apart the free .

ends of the daughter loops, so-that each loop is separated into its two con--
stitnent daughter loops, o ‘
‘When this is accomplished the stage of mefakinesis is at an end.

When the daughter loops are separated from one another (Fig. 6.) they ’
are brought toward the centrosomes by the continued action of the spindle-
fibres, so that very soon half of the entire number of daughter loops is.

grouped about one centrosome while the other half is grouped about the

opposite centrosome. The heads of the loops lie mext the centrosome

while their free ends pass out from it and extend toward the equatorial

lane. : _ . :
P When cne looks at the mass of chromatin loops along the axis of the

. spindle (the line connecting the centrosomes) the loops still form the-
figure of & star, at the center of which is seen a centrosome with spindle
fibres about it. In this case the rays of the star are daughler loops and.

not, as in the preceding stage, mother loops. This stage is called con-
seqiaently the daughier star stage (Fig. 6). Yt lasis from the time the

daughter loops separate from one another until they have taken up their

position about the centrosomes. @ ) . )

As soon as the daughter loops have taken up this position they begin to
elongate and at the same time each becomes sinuous in outline (Fig. 7.}
and sends out numerous finer chromatin threads (Fig. 8 lower cell). In
other words a process is gone through which is the reverse of that gone
through by the mother nucleus in passing from the resting stage to the

mother skein stage. This process leads first to a daughier siein stage and.

then to a daughter resling nucleus. ‘ .
While ‘the loops are thus sending out the secondary finer chromatin

threads, they become continually longer and more sinucus in outline
. {Fig. 8) and become 80 curved that they form the surface of a sphere.
On one side of this sphere lies the centrosome (cn.}, and as long as the-
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loops are visible as such it may be seen that they are grouped with their
heads about the centrosome, and their free ends upon the side of the
sphere opposite the centrosome. Their arrangement with reference to the
centrosome is thus precisely the same as the arrangement of the mother
loops with reference to the centrosome in the original nucleus, {compare
Figs. 1 and 2, and Fig. 8). At the same time the nucleur membrane
(Fig. 8. m. nu.) reappears, but it is first seen on the side of the nucleus
opposite the centrosome and gradually extends until it surrounds the
whole nucleus. The smaller chromatin threads now become more numer- .
ous and their branching more pronounced until finally the loops are no
longer distinguishable and the chromatin of the nucleus appears to form
only an irregular network. When this has taken place the cell contains
two daughter nuclei, each containing one-half of each of the chromatin
loops of the mother nuclues and each precisely like the resting mother
nucleus but smatler.

While these daughter nuclei are going through the final changes which,
bring them into the resting condition, the cytoplasm divides into two por-
tions. This takes place by the formation of a constriction about the cell
body in the equatorial plane (Fig. 7). The constriction makes the cell
dumb-bell shaped and each of the ends of the dumb-bell contains one of
the danghier nuclei. Finally that portion of the cell which corresponds
to the handle of the dumb-bell divides and there are two cells. The final
division of the handle of the dumb-bell or connecting strand may take
place by a deepening of the original constriction, or it may he due to the -

" formation of & trénsverse double partition wall {Figs. 7 and 8§, pri.),

which is continuous with the cell wall on either sids of 16, The two layers
of this partition wall then separate and each forms a part of the cell wall
of the cell of its side.

The result of the whole process of nuclear division and of cell division
is that each of the daughter cells is precisely Hke the mother cell from
which it came. Each contains not only the same materials but also an
exact half of each. Each daughter cell contains ifs part of the original
centrosome, of the cytoplastm and its exact half of the chromatin, The
meaning of this will become clearer as we proceed.

PART IL
THE EGG CELL.

A—THE FRESHLY EXTRUDED EGG OF THE WALL-EYED PIKE.

When pressed from the body of the fish by the usual process of strip-
ping, the eggs of the wall-eyed pike come away along with a smalt quantity
of a colorless somewhat viscid fluid. If a mass of the eggs is allowed to
stand in & cylindrical vessel this fluid appears in small quantity at the top
and it may then be drawn off from the eggs with a pipette or decanted.

. The corresponding tluid of the Rhine selmon has been studied by Miescher

and found to be albuminous. Hensen (’83) has found that in the cod it-
makes up 20% of the spawn, contains albumin and is strongly alkaline.

In the wall-eyed pike the fluid is no more adhesive than a very dilute
egg-albumin. Thus if one places a drop of this fluid between two pieces of
glass, wood or cloth and presses the pieces together, they do not become
glued to one another. If the pieces are then placed in water they do not
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adhere to one another. This shows that the fluid bathing the eggs does
not set or become adhesive by the action of water. [t is strongly
alkaline and mixes readily with water without giving any precipitate.

The quantity of the fluid is variable. When the eggs pass from the fish

under very gentle pressure, it is considerable but has not been quantitatively
determined. Such eggs are readily fertilized and are considered to be
fully ripe. When the eggs are obtained from the fish only by the use of

considerable pressure, the amount of fluid is less and such Eggs commonly .
(o4

show a smaller percentage of fertilization and are regarded as not fully
ripe. . ‘

I:)B.yder (’82) has suggested that this fluid, which cccurs generally in
Teleosts, serves in 'the cod as a lubricant during the passage of the eggs
from the body. This is'doubtless true. That it serves also another pur-
pose will appear under the head of fertilization. Ryder adds:—*“In other
cases it serves to glue the epgs together in masses or bands orto cause
them fo adhere firmly to fixed objects in the water.”” The substance which
causes the adhesion of the egg of. the wall-eyed pike, to be mentioned
presently, is not the fluid now under discussion. It has been shown that
this fluid possesses no peculiar adhesive properties, either by itself or
ander the action of water. The true adhesive substance of the egg of the
wall-eyed pike lies heneath the fluid which bathes the eges and forms the
. omter egg membrane, B .

The egps of the wall-eyed pike are yellowish or reddish in color. The
color varies from fish to fish, but all the eggs of the same fish are of the
same color and the color is located principally in the oil drop. .

' The eggs vary considerably in size in different individuals, but those of
the same fish are nearly of a size. Thisis more noticeable after the eggs
have become distended by lying for some time in water. The limits of the

variation in size have not besn determined, but the average size is one- ~

nineteenth of an inch. . .

The eggs are soft to the touch like little balls of putty. They are nearly
spherical in form, but are indented and fattened by mutual pressure so as
to be somewhat polyhedral, like so many putty balls closely packed
together. _ . .

‘When the egg is examined under s low power of the mieroscope in the
fluid which covers it naturally, a number of parts may readily be distin-
guished in it (Figs. 9 and 10). These will first be enumerated and then
-degeribed in more detail, ' X

Making up the greater part of the bulk of the egg in its present condi-
tionand lying at its center is the yolk (yk.). Tt is spherical and transpar-
ent. On the upper side of the yolk (the side turned toward the observer)
18 & deep excavation which has the form of somewhat more than half a
:8phere and lodges a spherical, homggeneous oil drop {o. d.). The outer
surface of the oil drop projects somewhat from_the excavation beyond the
devel of the surface of the yolk, forming thus a sort of low, rounded eleva.
tion or boss. Close against the surface of the yolk isa layer. of proto-
plasm which appears granular under the m:croscope in the living egg

Fig. 9, cr.). It may be called the cortical layer of the egg. It invests

the exposed portion of the surface of the oil drop as well as the yolk, and
on one side of the yolk it is slightly and irregularly thickened. The
thickened portion {g. d.) is known as the germinal disc and becomes much
more pronounced in later stages. - Still outside the cortical layer and close
against it is the egg shell (z r.), in which may be seen fine radiating lines
running from its inner surface to near its outer surface.
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We may now examine each part of the egg in more detail,

1. The cortical layer is the protoplasm or living portion of the egy
and corresponds to the cell protoplasm of other eells. 1t alone is seen in
later stages o be capable of movement and from it alone the young fish
is formed. The other portions of the egg serve the cortical layer, the
yolk as food material, the egg shell for protection. In the fresh, living egg
the corfical layer has the appearance of a clear material like the white of
an egg in which are imbedded numercus fine granules, which are denser
than the medium in which they lie and appear consequently either darker
or lighter according as one changes the focus of the instrument. Besides
these apparent granules the cortical layer contains a large number of
spherical bodies (Figs. 9 and 10, c. dr.). These bodies appear either dark
or light according to the focus, and are slightly pink in color. Since they
are less dense than the survounding protoplasm I have called them corti-
cal drops. They are entirly homogeneous and free from granules and are
so closely set over the surface of the yolk that they commonly appear to
be in contact with one another (Fig.'10) and the surface of the yolk is
exposed only here and there in the intervals between them. The cortical
drops vary in diameter from .012 to .040 mm., but by far the larger num-
ber measure between .025 and .036 mm.

The structure of the cortical layer may be made out in more detail in
eges that have been preserved either in Hoffmann’s fluid or Perenyi's
floid. Tf eggs are stripped from the femsle into either of these fluids,
without coming into contact with water, and are afterward preserved in alco-
hol, it is found that the whole cortical layer may be readily removed from
the yolk. After pulling away the egg shell with needles one may remove
the cortical layer over about one-third the surface of the volk, preferably
in the region of the oil drop, and by manipulating with needles one may
then succeed in shelling the yolk out of the cortical layer. The cortical
layer may then be prepared for study with high powers of the microscope.

When it is examined with an ordinary lens it appears as g thin walled
sphere. Tis walls are of nearly uniform thickness, but on one side there
1s seen an irregular accumulation of its substance to form the garminal .
dise. The germinal dise muy be triangular, square or mearly circular, and
has a diameter equal sometimes to only about one-eighth the cirenmfer-
ence of the sphere of cortical substance, but extending sometimes in
certain directions over one-half of its circumference. The disc is thickest
in the middle, but towards its edges becomes gradually thinner and so
passes insensibly into the remaining portion of the cortical layer. From
its borders there pass out strands or streamers which extend into the
cortical sphere as the meridian circleson a globe extend from the pole. These
streamers are due to thickenings of the cortical layer, radiating extensions
of the germinal dise. They become gradually thinner and less distinct as
they extend toward the equator of the sphere and disappear entirely just
before reaching it. Sometimes the germinal dise is represented by two
thickened patches of the cortical protoplasm, and in such cases the two
are united by a thickened strand of cortex and from each of them pass ou}
radiating bands, ‘ ‘ :

-If a thin piece of the cortical layer be stained and examined under &
high power of the microscope, it is easy to make out its structure. 1t GON-
sists of two substances, a denser maferial in the form of fine threads,
cytoplasm threads, which unite to form a sponge work, and a less dense
material which fills the meshes of the sponge-work. The sponge-work

14 )
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formed by the network of cytoplasm threads is probably nowliere seen
with greater clearness than in the cortical layer of the eggs of bony fishes.
In the same preparation may be seen the cortical drops (Fig. 22, ¢. dr.).
They appear spherical, but most of them have shrunken slightly under
the action of the reagents used, so that they nolonger quite fill the spheri-
cal cavities in which they are lodged. The reagent used has caused a
change in the physical properties of the drops. They uno longer appear
fluid but are solid. They are no longer transparent and homogeneous but
each is made up.of alarge number of very minute spherules (Fig. 22}
and is consequently opague.

The chemical nature of these drops is a matter of interest, and
in order to determine it approximately pieces of the cortex were
gubjected to the Berlin blue {fest as follows:i—They were first laid
in & solution made by disgdlving one gram of potassium ferro cyan-
ide in 20 ce. of water, and adding to this 10 ce. of glacial acetic acid.
After remaining an hour in this solution the pieces are washed in repeated
changes of 60% alcohol. The alcohol which is removed from the pieces
after the third washing is tested by dropping into it a few drops of 2 1%
solution of ferric chloride. If any of the potassium ferro cysnide remains

in the alcohol there will result a precipitate of Berlin blue. 1f & blue .

.color is found, the washing of the pieces is continued and the alcohol used
in washing is tested until it no longer gives a precipitate with the ferric
chloride. The pieces of cortical layer are then transferred from the
alcohol to a 1% solution of ferric chloride, Tt is a peculiarity of albumen,
after it has been acted on by certain acids, as chromic acid, that after
being soaked in potassium ferro cyanide it retains some of the ferro
cyanide even although thoroughly washed with. aleghol, . Qther sub-
stances give up the ferro cysnide to the aleohol used in washing them.
The result is that when any piece of tissue treatéd as above, and contain-
ing an albumen along with other chemical bodies, is transferred to ferric
chloride, there is produced in the albumen an intense blue color, due fo’
the formation of Berlin blue, while the other substances in the -tissue

* remain uncolored. 1t is thus possible by this test to distingunish albume.:
from other constituents of the tissue examined.

When the pieces of cortical layer are transferred to the ferric chlo-
ride it is found that the cortical drops become of a bright blue color and
are thus shown to be albuminous. Tests which atterapt to determine the
precise chemical nature of small quantities of organic subsfances examined
under the microscope are not always reliable and this is particularly true
of the albumens. The fact that the cortical drops yield the blue color to
the above test is thus not final evidence of their albuminous nature, but is
sufficient for the present purpose. The only really satisfactory method of
determining finally the chemical nature of the cortical drops is to collect
them in sufficient quantity to be.able- to subject them to an accurate
quantitative snalysis. As 1t seems possible to do this I have not attempted
to decide the question by less mprfect methods and "have not had the

. opportunity to decide it by chemical analysis. ,

1f one oxamines more carefully a preparation msade as above by the
Berlin blue test, one finds that the blue color is not confined to the corti-
cal drops, but that it appears in the cytoplasm outside the drops and in
that portion of the eytoplasm which lies between the cytoplasm threads,
i. e, in the hyaloplasm. The effect of the reagents used in preserving
the eggs is to cause a precipitate of fine granules or spherules in the hyal-
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oplasm, These granules resemble closel ;
¥ Tese ¥ those that appear
same treatment in the cortical drops and oceupy the spu?:gs ilil El:llledrerfeglﬁ

 work of cytoplasm threads. The granules are so small that the blue color

of a single one of them is hardly to be made out at all b
5 : 3 the u
microscope. It is only when a considerable thickness of tljlle 001'tiiiffa;2i
11;0 examined so that the blue ganules are present in large numbers and lie
1?}} ove one another in several layers that one sees the distinct blue color in
o cyloplasm. Tt isimpossible under such circumstances to make out with
mfrtamigy whether the blue color is in the cytoplasm threads or in the gran-
ules which occupy the spaces between these threads. The statement that it
1% the hyaloplasm or material in the meshes of cytoplasm threads which is
thus stained blue and is consequently albuminous is founded on the behav-
ior of the hyaloplasm when treated with a solution of orange {one of the
anri‘lilne dyes). 'The matter will be taken up again presently.'b
y the cortical drops occupy the whole thickness of the thinner portions
;ermieng(l)[g;:al laye:cr, gogﬁ in tli? thicker portions, . e., in the region of the
c, most o em lie near its ¥ ace
010‘55 againstd{élhe st of them (Fig?%l), its outer surface and cousequently
e may add somewhat to our knowledge of the cortica :
esamination of thin sections. These sections should not (Bel tllt:?cilerb{h:g
one five-thousandth of an inch. Some of those used were made from
-ilﬁﬁisoii ethse cortext t‘hatdhgid been subjected to the Berlin blue reaction
rs were stained, first i i i i ’
Walrds SoiorS Troxe stal oréng :’c in a solution of gentian viclet and after-
n sections made from pieces of cortex subjected : i
process there is little additional to learn with réqard ti(‘;o tgiae d]?slf.)lsmthgl!]llﬁ
serefs 1('Fig. 18). The blue color is seen, and the fact that drops are made
ufp ’;)h éttle granules is perhaps more evident than before. The position
o 3 e drops comes out very clearly, and it is seen that in the regions
where the cortex is thin each drop occupies its whole thickness. At. first
Elg]]%lt it appears that the drops are not covered by cortex on their inner
sEr ace, but lie directly against the yolk; but an examination of sections
:uz?gi’e 50111) ;;htelal gontli':z_lryi f,ha.t the dcortical drops are covered on their inner
cortical layer a ; i i
thzun;;ﬂi;aﬂying yo]lﬂk e 35.7 o éld‘laé.;}. thus entirely separated by it from
nother point that strikes one in these sections is that the layer .
ﬁ]lasmfthat covers the outer surface of the_ cortical drops angesecgaiﬁgs
: em from the egg shell is extremely thin (g, 22). Ttis hardly possible
do imagine a layer of protoplasm thinner than this onme. The cortical
frops are thus almost in contact with the egg membrane, and the slightest.
orce wounld seem to be sufficient to rupture this thin layer of protoplasm
a?d allow them to come into contact with the egg shell. This thin layer
0I cytoplasm appears, when examined in surface view, to consist of cyto-
P ?[sém threads arranged almost in a single plane like the meshes of a net
one examines sections that have been stained with gentian violet and
o;anhge, it'is found that the cytoplasm threads have taken on the blue color .
o the gentian, while the hyaloplasm occupying the spaces between the
cytoplasm threads, has taken the orange stain. The two substances are
thus sharply differentiated from one another. Very wmuch the same effect
may be produced by using picric acid in place of orange. It is now
worthy of note that the' cortical drops are also colored r:jyellow by the
orange stain. Thus the statement that the material composing the cor-
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tical drops is nearly or quite the same as that composing the hyaloplasm

receives an additional support.
~ We are thus perhaps justified in thinking of the cortical drops as merely
accumulations of hyaloplasm, as spherical cavities in the cortex filled by
the flowing into them of the more fluid hyaloplasm which Hes between the
cytoplasm threads. If we compare the whole cytoplasm to a sponge filled
with water we may think of these cortical drops as corresponding to the
large holes or passages in the sponge also filled with water. One cannot
deny the fact that there may be in the cortical drops chemical substances.
difterent from those found in the hyaloplasm or vice versa, but all that is
here insisted on is a very probable identity.
1f we then sum up the knowledge that we have gained of the cortex of
_ the egg of the wall-eyed pike, we may say that it oxists in the form of a
thin layer covering the yolk and oil drops; that it is irregularly thickened
oa one side to form the germinal disc,.and that from the disc streamer like
. $hickenings extend toward the equator of the egg; that the structure of
the cortex is like that of other cell protoplasm in that it consists of a
sponge-work of cytoplasm threads ineclosing an albuminous fluid, the
hyaloplasm; that it contains also numerous spherical cavities filled with
an albuminous material, probably identical with the hyaloplasm, and that
 this material exists thus 1n the form of drops, the cortical drops; that the

cortical drops sre entirely gurrounded by cytoplasm, but are separated

from the egg shell by an extremely thin layer of it.

9 The mucleus, Most observers have tailed to find the nucleus in the
freshly laid egg of bony fishes, Hoffmann ('82) has described it in several
forms in the living egg, but so much doubt has been thrown on the accuracy
of Hoffmann’s observations of other phenomena deseribed in the same paper
{hat one hesitates to accept his statemonts on the point in question. Agas-
siz and Whitman have described the nucleus in fertilized eggs five min-
ates after fertilization. The writer has not undertaken to find it in unfer-
tilized eggs and in fertilized eggs has seen it only after the lapse of twenty

minutes. It is only to be seen in sections, and is at the time mentioned in

one of the phases karyokinesis. There is a well marked achromatic gpin-

-dle (Fig. 9, nu. and Fig. 34} which i8 nearly at right angles to the outer
surface of the egg and is situated near the middle of the germinal disc.
One of its poles is just beneath the surface of the disc. Centrosomes are
‘ot visible and the spindle lies in the cytoplasm like & foreign body, with-
out producing any eifect on it. The ends of the spindle where the cen~
trosomes should be are not surrounded by suns or spheres of radiating
cytoptasm threads, snch as are neually present. About the equator of the
spindle, as described by Boehm, are about & dozen chromosomes, and each
i3 rod-like and distinct (Fig. 31). As the history of the nucelus in

the fertilized and unfertilized eggs is identical during the first hour or so

- after they have come into contact with water there can be no_difference

between the nuclei of fertilized and unfertilized eggs at the end of five or
twenty minutes, and the nucleus of the unfertilized egg is no doubt at that
time in the stage of the mother 4t In other words the egg, when it
lesves the body of the parent fish, has already gone part way through the
process of cell division. It passes through the remainder of the process
at n somewhat later stagein its history, but the earlier part of the process
must be gone through with before the egg
ovary. -The writer has not examined the eggs of the wall-eyed pike while
they are still within the ovary, but such eges have been dercribed by many

is laid, while it is still in the
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g{:):illtlzrs&i?giiobyball of them the nucleus has been described as not under-
going d mcg utfas apparently in the resting stage. When the egg ie-x
jad the r;:a $ ss of karyokinesis is found to be already well advanced, so
e o muges of this prpcess muat be goue Thwouglh with Jus
Teleost egg, whatever their nature have&r e e mucans of the
, , ¢ ) e not yet been investigated.
. &fl. Zﬁg ync:algi ]i yé{. in all figures) of the egg of the wall-eyed %)ilgzdis spher-
dep;:ession 4T c}e ] gn _one side by a somewhat more than hemispherical
depression n:](l:OW tnct lies the oil drop. In the freshly laid egg which has
e Onn ac 1flﬂth water, the yolk is so concealed b; the cortical
Grops Whenethcatc es a glimpse of it only here and there between the
drops. ._Wher de el-gg has lain & moment in water and the cortical drops
have dis p}} ” Ire b the yolk is seen to be transparent, homogeneous allljd
colorless. 18 (')Ot s like a little sphere of pure glass. It is of a fluid or
o fuid o iif; ence and is readily pressed out of shape by the weight of
the cg %cid Oly'r 4 e pre‘§sure'of adjacent eggs. Under the action of picro-
acetic acid or er?:r.lyl 8 fluid, the yolk becomes cartilage-like in texture
o e el:3 .';L'(*:B llon of most mixtures containing chromic acid it becomes
Ty hatd and ri t_.t%. When such yolks are examined either by teasin
them travefsedels) with needles or by sectioning them, thiey are often foung
urface mnd many of which e 1o e depeession which aoteien tha S
e end e depression which contai il
%rﬁsve i?ei?asre canalihoften_ give to the yolk o radially striated aé?egiiri}é
o o erer stB:Dthe e;:gtilgln tl;? fflesh yolk and‘ am inclined to think that
de%ﬁbedté)y Reichost o0y in th Ie)i]r;;:.a,gent. Similar canals have been
en the cortex and egg membrane are ruptured, so tha
E]Oiﬁsflen;o f;ntactTvglth water, it immediately breaks ﬁp into {;,trila?xﬁ?gll:drg aé)yf
i micrc?sco e:. ! ese spheres are very small even under the high power of
the micros fop , and they adhere together into a viscid, stringy mass which
thue changod appesss opague snd Mk white dacsend of toesomaront o tor
thuus ol . L ilk white instead of transparent as for-
mielll.sli bﬁtvf}g snlelt}l{I' quantity of yolk added to water suﬂicg:s t(])l E:kiogt
iy, bat the mﬁ iness disappears upon adding to’the water a small
%‘he ! gulia. 3511] ilt us showing the solubility of the yolk in salt solution
The J?Teleo;ﬁs e %\Eor of the yolk toward wateris commeon to the eggs of
e e s, lratt:rnfu?:;};:t ;}l:et egg is,s0 injured that water gets access
in%?d qfddead ot whitenre ses;' so that one of the surest signs of an
© oil drop is inclosed in the excavati i i
ho ! : ion on the side of the yolk.
collonl?geilfsogglagf_il _11::1a1_asparent and of & yellowish, golden or redc{is}lksah{fof
color. It eo }1t1 i g in ether, its blackening in osmic acid, and its floatin
S ;;,ha e tha!; it is oil. The oil drop is the ]ight,:est part of thge
upo,n 0 that = en ltde egg is placed in water and is free to move, the side
upon which | ,(; cfn rop is sitvated is always turned uppermos,t. There
e commonl gr A fl:ve vvegist];J(l‘)ii'l ii;l drofps gituated around the larger one in
th?[‘%l are iitljio small to be of pi‘actic;flzoics(:qucgf;r nomber is variable and
oD sr%rgx ailgs bEeli spoken of as though it were entirely separate from
the coriex ar Ixtllere ¥ in contact with it by its outer surface. Thisappears
From the yo1 IS iv:'l :;Jggnperzs:iv}égni) readl%ry_the cmi-fic"jal layer may be rempoved
: s y certain methods. inati
sections shows, however, that the plane that separa.stesAtﬁee;i??{mfargrinﬂ?g

.
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rtical layer is not a definite one; the cortical layer rather merges gradu-
g?ly info tfm yolk, so that there is no plane upon one side of which it cim
be said there is yolk only while on the opposite side there is cortex only.
If one examines a thirl section passing through the germinal disc and the
underlying yolk, it is seen that the meshwork of cytoplasm threads is
coarset on the lower surface of the cortex and that the hyaloplasm is con-
sequently more abundant. Beneath the middle of the germinal disc this
network is coarsest, the meshes here being four or five times as large as
elsewhere. This meshwork of cytoplasm threads can be fcllowed for a
considerable distance into the yolk underneath the germinal dise. It A
becomes coagser and is lost sight of as one passes toward the center of the
yolk. 'What is thus true of the relation of the yolk to the cortex under
the germinal disc is true in a lesser degree of itsrelation to the cortex else-
where. It is possible that the network of eytoplasm threads extends quﬂ:e
through the yolk and connects the cortex of one side with that on t 1(:
-opposite side, but this has by no means been proved. We may thus thin
of the superficial layer of the yolk {and possibly of the whole yolk) as
resembling the cortex. We may think of it as cytoplasm with its threads

“greatly reduced inwolume and their enlarged meshes occupied not by the . -

usual hyaloplasm, but by yolk material. Whe_reas in the cortex the cyto-
plasm tr’l;realf)ls are equasi( io the hyaloplasm in volume, in the yolk the
cytoplasm threads are far surpassed in volume by their contained yolk.
The perivitelline space (sub-zonal space, intercapsular space, breathing
“chamber): In describing the cortical layer it has been spoken of as
though it were directly in contact with the egg shell and so it appears t(i!:
be in a freshly laid egg that has not come into contact with water. Buti
one examines such an egg with care there is always to be seen a very thin,
colorless line, which indicates the existence of a slight space separating the
cortex from the egg shell at every point. This is more plainly seen in
sections. Eggs which are to be sectioned must 'pe treated with various
reagents and it might readily happen that the action of these would pro-
duce an artificial space between the cortex and the shell. The existence
of this space naturally is, however, made probable by the Berlin blue
reaction which shbws in sections a distinet and rather broad blue line in
the position where the space should be. This is not only evidence of a
space, but of a space filled with an albuminous fluid." The perivitelline
space becomes very much larger as the eggs come into contact with water
and will be dealt with more fully later. ot
The egg shell (7. 1. Figs. 8, 10, ete.). The egg membrane or egg sheI __0d
the wall-eyed pike, is separated from the cortical layer in the freshly lai
egg only by the very narrow perivitelline space. It is usually described
as wrinkled in the freshly laid eggs of bony fishes. In the wall-eyed pike
the membrane cannot be said to be wrinkled, i merely follows the irregu-
larities of outline of the underlying yolk, so that the entire area of the
.inner surface of the ‘egg membrane is scarcely greater than that of the
outer surface.of the corticaldayer. In the freshly laid egg the finer strgct-
ure of the egg shell is not readily made out unless water be added to the
eggs., The water causes the disappeagnce of the cortical drops from the
egg” and at the same time leads to the enlargement of the perivitelline
space, 50 that the egg shell is move readily examined. The addition of
water produces no visible change in the structure of the egg shell except
that it makes it thinner. What is here said with regard to this structure
applies therefore to any stage of the egg here considered.
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In the freshly laid egg, if one examines the shell in optical cross sec-
tion, itis not difficult to see that it is made up of at least two layers, an
external, thinner layer, the external egg membrane, and an inner, much
thicker layer, the zona radiata. The external egg membrane is about .002
mun. thick. Tt is entirely structureless. Its inner surface, which is fitted
against the zona radiata, is smooth, while its outer surface is thrown up
into numerous minute ridges which appearin opticalsection asslight pointed

. elevations of the surface. If the surface of the external membrane is
examined in a dim light or as an opaque object, and particularly if one
looks obliguely at it, these ridges may be seen running in a wavy course
over its outer surface. They give the surface the appearance of being
wrinkled. It looks very much as though the outer membrane might have
been at first larger than the zona radista, and might have been shrunken
or pressed down against its surface. One would therefore expect these
apparent wrinkles to disappear when the egg swells up by the imbibition
of water, but they remain and are to be found in eges that have lain a
long time in water. TFrom this fact and from the smoothness of the inner
surface of the outer membrane it may be concluded that these are not
wrinkles but merely irregular ridges. They make no impression on the
zons, radiata.

Actual sections (Figs. 18 and 19, e, m.) of the external egg membrane
show nothing more with regard to its structure. It does not readily stain
in the stains that effect the zona radiate. From its adhesiveness it is
probably a mucous layer.

The zona radiata has a thickness of about .012 mm. As seen in optical
cross section in the living egg (Figs. 9, 10, 11, 16, z. .) it appears smooth
on both its outer and inner borders. It is seen to be marked by radial
lines or striations which pass from its inner to its outer surface, and it is
from the presence of these that it gets its name of zona radiatas. Tt is not
possible to make out the nature of these markings in an optieal cross
section. If one examines the zona from the surface it is seen to be
marked by numerous small circular dots (Fig. 19, b.), which appear either
light or dark according to the focus. These dots may be shown by focus-
ing to be the cross sections of fine canals or columns which pass entirely
through the zona. Itis to them that the zona owes its striated appear-
ance in eross section. )

The arrangement of the canals is best made out in surface views and
appears at first sight to be quite irregular, but a careful examination
shows that over small areas the canals are arranged in parallel rows which
run in two directions and cross one another at angles varying between 13
and 30 degrees from a right angle, The size of the areas over which a
regularity of arrangewment is distinguishable is small and variable. Six to
ten pore canals may he counted in a row across one of them. The areas
are of various forms, some rectangular, some triangular, and others
bounded by curved lines. At their limits they pass without sharp demar.

<cation into neighboring areas. The result is such as would be obtained
if a number of persons were to scatter themselves over a field and each
indepehdently begin to throw up parallel rows of hillocks running in two
directions. FEach working out on all sides from a center would soon come
upon his neighbors. Each might then try to make his rows harmonize
with those of his neighbors where the two met. The result would be an
arrangement of the hillocks very much like that of the pore canals of the

‘zona radiata, but somewhat less regular. Where two pore canal areas abut
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- - form of a
jon one another the boundary between them often has the 1
:gzgieircle, and it often happens that a large number oft suchd sggn{;
circular boundaries follow one another in such a way as to produ
i i e. i .
Squfl(;lvi g;zien of pore canals, but their real nature and the proof that
they are actually canals is only to be obtained by a study of ﬁhl;lldseotlfri)sé
Snoh seetions should be made in various directions, and s ot_lf no.bl
more than .005 mm. thick, and some of them ghould be, if possi %
" thinner. They may be stained in various ways. If one exallqnmes tsup1
soctions after staining with gentian violet it is found that t ei- ma erlian
‘between the canals is stained a deep blue, while the ca.ri(a g rema n
unstained and appear in a tangential section as colorless ecircular lereagto‘
a dark blue background. If one stains with gentian v1olc13t anh_ la teﬁ-
wards with erange, it is found that the canals are stained yel ovc; whi eth (:;
matrix or material between the canals is blue as before. Two tungssﬁuu(.i
become apparent, first, that the canals are not empty tubes, but a:i‘?ff ?1 ;
or plugged with some materisl and, second, that this material 1s1 iffere \
from the matrix which lies between the canals. The :,rellcw{;'i co ?;f gw%
to the contents of the canals by the orange stain is not suificiently p;:h‘;
nounced or sufficiently precise to enable one to determine by its use ot
exact form and course of the canals, and there is so far not e\BrEn a}alny ovre:
dence to show that the so called canals ore actually such. uc En re
.precise results are obtained by subjecting a piece of t_hellgzona ra Iato
together with the underlying cortical layer and the perivitelline sgacfe
the Berlin blue reaction. When pieces thus treated are exaﬁmne ! r(;rili
the surface or by means of tangential sections (1. ., parallel to the Suﬁ'imeth
is found that the contents of the canals are colored a deep blue, gy ile_ ! 2
material between the canals is unstained. By the use of the genbilan E]O 1&;
there are obtained colorless spots (the ends of the canals) on 3 due %i: e;
' ground, while by the Berlin blue reaction there are obtained deep ﬂl]le
gpots (Fig. 19b.) on a colorless ‘back ground. By tl}us. itammtgi <
coutents of the canals while leaving the rest of the zona radiate uns aG ngsé
it ia possible to meake out a nmumber of’ things hitherto 'obscuie. ) T .
sections of the zona radiata i. e., sections made at right angles o_dl S s.:“:
face pass lengthwise of the pore canals and enable one to get a :1 f:e‘ 'wht
of them. Such sections (Fig. 19a.) show that the canalg are not sf i:‘mlg s
- but that each takes a spiral course from the inner to the oute]z; surface 1?}1
the zona radiata. Lach canal starts at the inner surface of the zona 1Wl d
a broad hslf spiral turn and then-continues in 2  narrower, ciose

spiral through about two-thirds the thickness of the zona. It then

‘ ird i ibre

ewhat abruptly to not more than one_—thn'd its former calibre,
Ialﬁtrirzg;?g?es to the oufer‘surface where it ends in a trumpet-like e:irpznf-l
sion. Bach canal is thus divided into a-thicker inner portion ( t1111) !'mne
more slender outer portion (ex). The spiral turns made by the mTh;
portions of the canals at starting do not all pass in the same dx]:e.cth_r_l.
Tesult is that they overlie one another, so that unless the section 1?{ ve;yt
thin they obscure one another so much that it is not possible to .me:i o qth
their exact course. If the inner ends of the canals are examin® tv;n b
care it is found that the blue material filling them {Fl.g._lfjﬁ,z pv. & s
directly continuous with the blue mMerial filling the perivite 139. g‘.pa(i >
In other words, the material in the canals is the perivitelline fiui e
some specimens the fluid is found to have passed into the mri]er en: n:‘?ens
the canals without havingentirely filled them(Fig, 19¢). Insuc spgm_ :
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soms canals ave filled for a part of their length, while others are not filled
at all, and the whole appearance is that of a partial injection of the canals
from their inner ends. .

The appearance of the canals varies somewhat according to the method
by which the egg was preserved. Thus in eges preserved by Hoffmann’s
method (Fig. 19¢) it 1s usually not possible to follow the canals to the
outer surface of the zona; their delicate outer ends and their trumpet-like

- expansion are seen with difficulty and the external ege membrane lies close

against the zona radiata. In specimens preserved in Perenyi’s fluid on the
contrary (Fig. 19a) the zona is swollen 5o as to be half again as thick as
by Hoffmann’s fluid, the pore canals are readily followed to their outer
ends and there is an accumulation of perivitelline fluid between the
external egg membrane and the zona radiata (pv. £). The explanation
of the difference is probably as follows: Perenyi's fluid swells the zona
radiata and increases its thickness while at tho same time it lessens the
size of the sphere formed by the zona, so as to bring it down close against
the cortical layer and cause pressure on the perivitelline flnid. The result
of the swelling is to elongate and straighten the pore canals so that the
angle between the outer and inner portions is less and the trumpet-like
expansion is greater, The canals are thus more easily visible. The result
of the contraction is to press upon the perivitelline Huid and force it into
the pore canals so as to completely fill them. The pore canals are not only
thus filled and rendered visible but some of the finid frequently flows out
of their outer ends and accumulates between the zona radiata and external
egg membrane and thus raises the external membrane from the zons
racliata and forms an artificial space (Fig. 19a. pv. £).

If oné examines sections made parallel to the surface of the zona
(Fig. 190), one sees that in cross section the canals are cireular. If the
section passes near their inner ends it is found that they have a diameter
of between .001 and 0015 mm. and than the distance between them is
about one-half their diametor. If the section passes through their outer
ends (the section shown in 19b is near the middle) the smaller calibre of
the outer portion is at once noticed. It is not more than one-third of the
calibre of the inner portion, so that cross sections of individual canals
appear as mere dots. The distance between the ecanals at their outer ends
is several times their diameter. This is due not ouly to the smaller calibre
of the canals but to the greater area of the outer surfuce of the zona as
compared to its inner surface. -

By the arrangement now deseribed by which the perivitelline fluid
passes into delicate canals which traverse the zoma radiata, this fluid is
enabled to expose an enormously increased surface to the external water.
If the external water penetrates into the matrix of the zona radiata it is
brought into contact with the fiuid of the subzonal sppace Over au area
many times greater than the egg itself. A litle later it will be shown
that this increase of surface of the perivitelline finid bears an important
relation to its probable function.

It is not the intention here to discuss the guestion of the structure of
the egg membranes in bony fishes, The writer has not had access to all
the literature on thesubject and a review of it is rendered quite unvecessary
by the recent careful work of Mark ('90). A few points only will be here
touched upon. Mark points out that the evidence upon, which the state-

ment 13 based that the so called canals in the zona radiata of fishes ave
actual perforations is insufficient. He says “The proof that the striate
15
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appearance of the zona is due to pore canals, although very generally
assented to by the most competent observers, especially in recent years,
has nevertheless hitherto rested on comparatively glight evidence.” The
fact that the structures called pore camals are canals at all was denied by
André (*75). ‘Mark believes that he has produced additional evidence in
having shown that the outer ends of these canals in Lepidosteus are pene-
trated by the root-like prolongations of the villi composing the outer layer
of the egg membrane. From thus seeing the outer ends of the canals
filled, injected as it were, by some foreign substance Mark correctly con-
cludes that they are canals and is able to establish the fact that they are
spiral. ‘

Tu the wall-eyed pike we have now additional and even stronger evidence
to the same effect. We see the canals filled from end to end by & material
continuous with the fluid in the perivitelline space and apparently iden-
tical with it and we see this fluid under certain circumstances forced
through the canals. We have also evidence that the canals are spiral, as
Mark has described them to be in Lepidosteus.

Stockmann (83) is quoted by Mark and Henneguy ss describing in the

. gona radiata of the trout tooth-like elevations of the walls of the pore
esnals due to the presence of ridges on their inner surfaces. The observa-
tions were made with a one-twentieth Reichert immersion lens. The
gpiral course of the canals in the wall-eyed pike gives rise fo an appear-
ance of testh.along their sides as shown in Fig. 19 a and e. The writer
has worked with a 2 ram. Zeiss apochromatic with compensation eye pieces

. 8 and 12 and has had no difficulty in determining thét these apparent
feoth in the wall-eyed pike are due merely fo the spiral course of the
canals. He has not seen Stockmann’s paper and does not know whether
the testh described by him are the structures seen in the wall-eyed pike.
Stockmann is further quoted as describing fine canals running in fhe
matrix and opening into the pore canals between the, teeth, If such
structures were present in the wall-eyed pike it would seem that they"
“must be injected by the perivitelline fluid and in that case they must have
been readily visible or- must at least have given a blue color to the
matrix. No evidence was obtained of their existence.

Subzonal membrane. The existence of a subgonal membrane in Tele-
osts has been both affirmed and denied. In the eggs of the wall-eyed
pike after they have lain some time in' water, onme may often see appear-
ances that are due to the presence of a membrane ‘between the zona and
the cortical layer. This membrane seems to be partly adherent to the,
inner surface of the zona, but is thrown into folds which extend toward
the cortical layer into the perivitélline space. The appearsnce produced
by these folds is that of irregular bands or lines running through the per-
ivitellihe space near the zona. These bands are sometimes straight, often
curved and frequently branched so as to be X shaped.. They are trans-
parent, homgeneous and colorless, and are visible owing to their density
being greater than that of the perivitelline fluid. I cap ‘explain them in
1o other way than as folds of a structureless membrane. I do not know
whether they occur in all eggs, as my attention was only attracted by them
at a time when there was not an opportunity of Bxamining many eggs and
when the few that remained were not in the best condition.

The same appearance may be seen in eggs that have been treated first
with ‘picro-acetid acid and then transferred direetly to & mixture of equal
parts of glycerine, aleohol and water. The first effect of the latter mixt-

-

APPENDIX. - 116

ure is to cause the egg membranes to colla : ‘
t I pue, but after a i i
;};1: g‘gﬁ; ‘;l;snxiaix}::;n;.;?iﬂgﬁriﬁebecome disbgndetli. Eggs tﬁggr;rt;;:gvég
a JY , the space remains clear and th |
of c:cv];g {l:;vglg e;%hm Eore nearly preserved than by any gtﬁap;ﬁzac%gg
aown fo me. éan ese eggs are examined entive one sees lines which
e oo ¥ tn]:f‘ to as produced by folds in a structureless mem
rane. I ())st tfecfoﬁgg 1}3)};6 crgsgn;}{l:;aaf in Echis way or ﬁ:hat one may change the
char > em to run in the direction of
ten :;g];é,neThzflle?ig membranes may be removed and pieces of th%ts%{)ezﬂﬁ:?
membran, tp 1 ) gwa}f from the inner surface of the zona. Such piec
o do Oh o adhesive and to roll up easily. Under the microrg;c o
they t}{:gear Oflc')genegu_s and between 001 and .002 mm. thick and coveopg
Wb he 12:._J};Jrf.:zmu albprempltate.from the subzonal fluid. I was uncert:?
Fosther i Seng.em rane contained pore canals. The same membrane man
o Boem 1n ¢ 11?1].:18 of eggs preserved by other methods. It appears h .
structu viess, at least I cannot see pore canals in it. The folds see “in
e thewg:tl:fn iprz:ittli in soctions. Sometimes the membrane lies cnlosl;];
zo&‘a sb tho ¢ 18c or cortex, while in other places it adheres to the
There can be no doubt as to the exi thi
ey oK > existence of this m X i i
vf:fte:z g gnl;liai‘.;e ;11;)13 fl?unfd it in unfertilized eggs protected fi?nln)l:;lz?t;ci ‘;ﬁl}i
faer, and 1t m y 69 ormed by the egg under the stimulus of fertiliza
e ol wate }11' n the other hand it may be .separated from the zom;
ota wnde le galﬁs conditions. The matter needs further investigation.
the aes Injzﬁ efm he opening through which the spermatozodon enters
hooge. o b t?h reshly laid egg of the wall-eyed pike it is difficult 4
fd 1 withe t::elar b ﬁ addition of water. When the egg has lain a shorcz
and directly over t?lf: mnggglg %i? etehne (zlristchea.Side Opp?ﬁlite d.the e
, & saucer- i
gilgirfsrﬁgagetgf the egg membranes (1Iigs. 9, 10, 16, lmir.)?plzgiiﬁnth%nmﬂée
o of the ];) 0_1;1 of thls_depresglon may be seen a funnel shaped excal i
fon which b _ast its apex directed inward and passes about half way thro val,;
e 2ome o 1&1 a. ; It 151 the micropylar funnel (Fig. 23, my. f.% Fl‘logm
o apex. of e I]'.I;T}:lie there proceeds a delicate canal, the micropylar
i , Whic inprjfes frough the remainder of the thickness of the zorpg fo
e e f.s.urI ace {Fig. 23, my. ¢.). The micropylar canal opens at
e tctinﬁca. projection of the zopa (Fig. 20, my. e.) and in so
e s lah ave examined it seemed to expand so as to end i "
oy thie'% a];‘Jed enlargement. It is difficult to be sure of the an .
rac eIevaticS) 0 Ee’i}‘;&tlom efore the egg has touched the water the ggu— '
Joal eleva n ai he top of which the micropylar canal opens is imb ddn(i
] germinal disc (Figs. 9 and 10) and cannot then be seen, Aftgr tl?le

" egg has lain i i
2 lain in water for three or four minutes the zona radiate is raised

. ;Jlle)nferaﬂ:%l itt};:lz gslfﬁce of the germinal disc by the accumulation of water
poncath i end lc)a conical micropylar elevation is pulled out of the germ
shods o ) 1e readily seen (Fig. 16). No attempt has been mads t-
Sty sectiocggi%)y e 1n sections, but I have come upon it once by chauce?
st Section 1t Wa% seen that the zona radiata was thinner for a ‘short
oy oo o eve y side of the micropyle than elsewhere. Doubtless this
to the saricor-like dupression soem on. the pefuns oy les: cortesponds
to ¢ rfac ivi

this section the micropylar funnel and canal wereew.fic:sib{ig,e bléglﬁlgeisgﬁbegf
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ance was the same as in the living egg. The micropylar elevation did not
appear. : .
One may get a crude notion of the micropyle by punching a hole in a’
- piece of cardboard with some conical instrument, such as the point of a
lead pencil. The cardboard represents the egg membrane and the open-
ing the micropyle, and it will usually happen that on the side opposite that
against whieh the pencil is forced, the cardboard is thrown up into a coni-
cal elevation, at the top of which 1s the hole that has been made. - This
elevation corresponds to the micropylar elevation which is of importance in
later stages.
" The egg of the wall-eyed pike then, as it leaves the fish and before it
comes in contact with water { Fig. 9), is a soft, irregularly spherical, yellow-
ish body one-nineteenth of an inch in diameter and bathed by a small
quantity of an alkaline albuminous finid. It consists of a central yolk,
inclosing a single large yellow oil drop and itself surrounded by a cortical
layer. The line of separation between cortical layer and yolk is not sharp.
The cortical layer is thickened on one side to form the germinal disc.
It consists of a network of cytoplasm threads inclosing hyaloplasm and
incloses numerous albuminous cortieal drops.  The germinal disc contains.
the nucleus which is in ome of the phases of karyokinesis. Outside the
cortical layer and separated from 1t by a very narrew space are the egg
membranes, an inner zona radiata pierced by numerous spiral pore canals
which pass quite through it and an outer, structureless, mucous, external
egg membrane. The pore canals of the zona are filled with an albumi-
nous fluid which is continuous with the fluid in the perivitelline space.
Over the middle of the germinal disc is the micropyle, which lies at the

‘bottom of a saucer-like depression and consists of a micropylar funnel.and |

a micropylar canval, the latter opening ‘internally a# the top of a conical
glicropyla.r olevation which is received into a depression in the germinal
ise. :

Such an egg may be compared to an ordinary cell. It differs from
other cells in its great size, which is probably thousands of times greater
than that of any other cell in thebody. This difference is brought abeut
by the presence in theegg of the yolk, the food material upon which the
developing fish must be nourished until it is large enough to care for
‘teelf.  This food material is stored up in the middle of the egg cel, and
the protoplasm of the cell is consequently forced to the surface where it
forms the cortical layer. (Compare Figs.1and 9;1 is magnified many
more times than 9.) Not all the protoplasm is thus forced to the surface,
gince a few cytoplasm threads are to be found in-the superficial layers of

. theyolk. The cortical layeér moreover is thickened on one side in the
region where the nucleus is, and this thickening, the germinal disc (Fig.
9, ¢.d.) doubtless owes its existence to ithe presence of the nucleus. The
nuclens (nu.) is in the process of karyokinesis, as it may be in any other
cell. Finally the egg cell is inclosed in a peculiar cell wall, the zona radi-
ata (z. 1.). It is possible that the outer egg membrane is also a part of the

" cell wall, but this is uncertain. Wemay thus compare the egg cell point
for point with an ordinary cell and see that its peculiarities are to be
referred to the work that it has to do, the work gi" ‘furnishing food and

. protection for the young fish.
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B.-—BEHAVIOR OF THE FRESHLY-LAID EGG UNDER THE ACTION OF WATER.

‘When the eggs of the wall-eyed pike are placed in w
changes are visible to the naked eye. The eggs P;dhere tac;te;ﬁ; o%?;g}:)?:ii?}f
which they come in contact. The adhesion i at first slight, but if the
-gggs are not disturbed it becomes gradually firmer, until at the end of
alf an hour any attempt to free the egg from the object to which it has
adhered is likely to result in bursting 1t. The adhesion is undoubted!
due to the action of the water on the external egg membrane. The wate);
ag};;ea.}'s to gradually harden the external membrane which thus looses its
% e]zwe qualities. If the eggs are kept continually in motion so as to
hrea up every slight adhesion as soon as it is formed, they may, after an
] pﬁr or 50, be left to stand without fear of their again adhering. ’The oges
%d ere more firmly to a smooth surface than to a rough one probably
because smooth surfaces afford larger unbroken surface of contact. That
the adhesion is due to the action of the water and not to any solids or
£ases d1s_solyfad_1n the water, is shown by the fact that the adhesion is just
.‘1&?]2 %rﬁat I];l distilled water as in lake water and is the same in lake water
Waa%er-as een vigorously boiled to expel gases that it is in unboiled lake
A second effect of water visible to the unaided eye, is
a . - 4 g
rapidly looses its irregularity of form and softness E‘Zﬂd be;’ohgfesﬂqiirggr?
regularly spherical and hard to the touch. This process is called “ﬁllizg’:
of 11;&53 egg anc} is due to the absorption of water, so that during the process
]e;sf }es'.cher (’80) has shown the egg actually increases in weight. An egg
efore it has been in water is soft and lacks elasticity; it has the physi(;ﬂ
pl“Opel‘tIE:S of a ball of putty. An egg after it has been for half an hoar
;)1 mm:;zl in water is hard fothe touch and elastic. It is almost impossible
fo crgs it by compressing it evenly between the ball of the thumb and
ﬁtﬁ'e nger. If thrown it bounds like a rubber ball. The egg after it is
I\?Id ig therefore much more difficult to injure than before it was filled
. uch-more is to_be made out concerning the effect of water on the .egg
y examining it under the microscope during the process of filling and by
C(f)mpangon of sections and other preparations made from eggs hefore and
& ter. filling. In order to study the living egg the follow:izg device was
r;sm ted to. A dozen or more eggs were arranged in rows on the bottom
-(ci a watch glass (a solid watch glass is preferable) in such a way that the
«do not touch one another, While arranging the eggs they may be Iifte()i
.on the point of.a scapel and shoved aboat in the watch glass by the same
means, but they should not be grasped between the jaws of a pair of for-
(i:r?PS‘ gllor dsubJected to any olher pressure, lest the cortical layer be
]Jme‘ ari the yolk escape. When the egys are arranged the watch
% lallss 1dsdp_aced under the microscops, an egg focused and water added.
il e addilion of water causes the eggs to adhere to the watch glass in
e position in which they were placed, and it is easy to pass from
eg% to egg 1n any row and to locate any egg by its number in the row
gﬁl so he able, to find it readily again. The eggs were studied b);
e use of Zeiss’s 16 mm. apochromatic lems, with various eye pieces
N?[‘ ﬁovﬁer égh}llss was found necessary. e p .
_ The first change that atfracts attention is the disappearance of th
‘ﬁfal drops. The drops diseppear rapidly so that alfj;pthe end of t:vocogr
ree minutes there are usually none of them to be found. (Compare Figs

9 and 16, or 10 and 11). Tt is difficult to say from a study of the living
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egg what becomes of them. By focusing carefully on .a single drop one
may see that its dark borders become gradually less distinet, the drop ifself
becomes paler and fades from sight. From the time the border of the
“drop becomes indistinet until it has entirely disappeared is usually about
two seconds. In eggs that are attached by one surface to glass it is
noticed that the drops disappear first from the exposed upper surface,
while on the lower surface which is protected from the water by its adher-
ence to the glass, they remain for many minutes. This shows that the disap-
searance of the drops is due to the action of the water. Whether they
ire dissolved in situ by the water or expelled into the perivitelline space
and then dissolved is difficult to determine. In one case by focusing on
a drop which lay near the middle of the optical section of the egg I was
able to see it discharged into the perivitelline space, where it almost
instantly disappeared by solution. I have never been able to verify this
observation, so that it is probably to be explained by supposing that in
thie case the cortital layer was injured and the discharge of the drop
abnormal. . Certainly if the drops are regularly discharged as such into
the perivitelline .space one ought to see if. The drops disappear in ordi-
nary laeke water, but if the water used is very slightly alkaline the drops do
not disappear.

From the above facts, the disappearance of the cortical drops only upon
actual contact with water that is not alkalingé, and the failure to see them
discharge in the living egg, we might surmise that they are not discharged
into the perivitelline space, but are dissolved by the water in situ. BHee-
tions give some further light on the subject. ,

A second effect visible 1n the living egg under the microscope ia that the
perivitelline space is enlarging, or one might say it is forming, since before
the addition of water to the egg the space is & mere chink between the
zona radiata and the cortex. Now the space enlarges rapidly and on all
sides at once. The enlgrgement is due to the passage of water thréugh
the egg membranes and its accumulation in the perivitelline space. Itwas
observed by Ransom (’66) that the water passedin the stickleback through
the micropyle, but that in other forms the water probably passed in through
the egg membranes at all points with equal rapidity. In the wall-eyed
pike one may watch in vain at the funnel of the micropyle for any indi-
cation of a current of water setting in there. There is no movement of
spermatozoa or other small particles in ‘the water that would indicate a
current through the micropyle. The amount of water that passes into the
perivitelline space is so great that-if it all passed through the micropyle
the rate of flow must be enormous, It would seem to be a physical impos-
sibility for so much water to pass through so small an opening in go short
a time. If the water passed in through the micropyle the perivitelline
space onght to be seen first at the micropyle and ought then to extend in
all directions about the egg. As a matter of fact the perivitellive space
appeats over the whole surface of 'the egg at sbout the same time. It
often happens that it appears a little later in the: region of. the micropyle
than elsewhere.

Calberla ('72) has furnished decisive evidence on this point in the eggs

of the lamprey eel.. He placed some of the eggs in water that had been -

" colored blue by induline and as the eggs filled he found that the blue fluid
had passed into the perivitelline space and formed a uniform layer every-
where between the zona radiata and the yolk. , He then transferred
the egps to pure water. If now the water pﬁoééed in through the

’
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‘micropyle, the result must be- either that the bilue fluid would be forced

to that part of the perivitelline space on the side of the egg opposite the

micropyle while the water would occupy that part of the space in the

region of the micropyle, or else that the two fluids would be thoroughly
mixed. If on the contrary the water passed in through all parts of the

egg membranes at the same time then there would be formed a layer or

ghell of water everywhere in the perivitelline space just beneath

the zona radiata, and within this shell of water must be the blue fluid.

The experiment showed that the fluids were arranged in the second .
way and thus proved that they had entered the perivitelline space on all
sides at the same time and not through the micropyle.

Tt has been said that the disappearance of the gortical drops and the
formation of the subzonal space takes place at the sametime. The cortical
drops have disappeared at the end of three or four minutes, but at that
time the perivitelline space is still very small. It continues to enlarge for
about half an hour, the rate appearing to depend somewhat on the temper-
ature, but at the end of half an hour or an hour the space is fully formed.
Although the formation of the space goes on after the cortical drops have
been dissolved, there is nevertheless a close connection between the two
phenomens and the formation of the space is wholly dependent on the
golution of the drops. . There is an interdependence in rafe. If by
reason of low temperature or for other cause the cortical drops disappear
slowly the perivitelline space forms slowly. The disappearance of the
drops is accompanied or immediately followed by the appearance of the
perivitelline space, so that there is an interdependence in fvme between the
two phenomena. It sometimes happens that the cortical drops do not dis-
appear under the action of water. This is frequently the case in eggs
from unripe fish or from fish that have been kept in confinement under
anfavorable conditions. In such cases there is no formation of a perivi-
telline space. On the other hand the character of the water may be such
that it does not dissolve the surface drops or dissolves only part of them.
This is tiue of water that contains a trace of en alkali. Thus water which
contains & very small proportion of milt is distinctly though feebly
alkaline and in such water the cortical drops are either not dissolved at all
or only a part of them is dissolved, and the eggs either do not form a
perivitelline space or form only a very small space. From this intimate
connection between the formation of the perivitelline space and the
disappearance of the cortical drops we may conclude that the solution of
the drops is necessary to the formation of the perivitelline space. .

When the perivitelline space has formed and the egg is “filled” the fluid
contained in the space has the appearance of water and has been usually
regarded as such. It has a distinct, though not strong, alkaline reaction
and, when evaporated, leaves & considerable non-cryatalline residue. Under .
the microscope it appears in the egg at first sight entirely clear-
and free from solid particles. I have not examined it under the micro--
scope after removal from the perivitelline space but only in the space in
the living egg. This examination was made for the purpose at first of
secing whether it was possible to detect in the subzonal space the presence:
of numerous spermatozoa as they have been described by Kupffer (*77).
By thus searching carefully through the perivitelling fluid there were
frequently found minute granules of almost precisely the size of the heads
of the spermatozos that were seen lying outside the zonaradiate. These
granules were in motion moving here and there and at the same time
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oscillating so that the motion resembled vei‘y closely that of the head of a.

slowly moving spermatozoon. Under the power that it was possible to
use and with the obstruction to clear vision presented by the zona radiata,
one could scarcely expect to see the tails of the spermatozos. I was there-
fore for a long time inclined to think these granules the heads of

spermatozoa. I was able to find them not only in the part of the’

perivitelline space opposite the germinal disc but in all parts of the space.
They were visible as soon as the perivitelline space had formed and in
positions which it would be impossible for them to have reached from the
micropyle, so that if they were spermatozoa they must have penetrated the
zona radiate at all points in great numbers and very rapidly. The
improbability of this and the fact that although most of them were of the
size of the head of a sfermatozoon, yet some were larger and few several
times as large, led me to doubt s to the validity of this conclusion. I
was finally led to an examination of unfertilized eggs, which had been
carefully protected from any contact with spermatozon, and there found the
same granules moving in the same manner. They are probably therefore
either granules of protoplasm torn off possibly by the currents produced
in the dissolution of the cortical drops, or they may be granules of yolk
material that have in some way escaped into the perivitelline space. Their
movenrents are wholly physical and are doubtless due to osmotic currents.
They prove that this fluid in the perivitelline space is not at rest but is on
the contrary in constant motion. '

The perivitelline fluid mixes. readily with water without producing
any precipitate or eny milkiness of the water such as.was described by
Solger (’85) and such as would occur in the wall-eyed pike if these
granules were yolk granules and were present in sufficient quantity.
They may be yolk granules not sufficiently abundant to produce
turbidity. _

The perivitelline fluid undoubtedly serves a purpose in the economy of
the egg in that it keeps the egg membranes tense and thus affords protec-
tion to the parts within. The proof of this will be fortheoming presently.
It undoubtedly also serves to transmit from the surrounding water to the
cortical layer the oxygen gas which the egg needs, and to transmit the

carbonic acid gas from the egg of the external water. It thus necessarily

associates with the function of protection to the egg, the further function
of serving as a go-between from the egg to the water in which the egg
lies. In what manner it probably does this will appear later.

The question tiow arises as to whether the perivitelline fluid is in any
way necessary to the egg except as affording protection. Can the egg live
in the earlier stages if the shell and perivitelline fiuid are removed from
1t? In the eggs of most bony fishes it is practically impossible to remove
‘the shell and the perivitelline fiuid in the early stages, 7. ¢., before segmenta-
tion has set in.  Attempts to do this in the wall-eyed pike have invariably
resulted in the injury to the egg. Kven when, in slightly later stages, it
is possible to remove the shell it is found that the egg is too delicate to
bear its own weight and that after a short time the cortival layer is
ruptured and the egg goes to pieces. Probably the same statements hold
for the eggs of nearly all bony fishes. In the egg of the common sucker
(Catostomus feres) T have found that it is not difficult to remove the shell
and ‘the rather thick perivitelline fluid by means of fine scissors and
forceps. - : : :

The record of an experiment in which this was d\on?% is a5 follows: The
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egos were taken on April 10, 1892 at 11:30 a. m. and were fertilized artific-
ially. On April 12 at 10 a. m. the yolk was found to be about half covered
by the blastodern. The shell and perivitelline fluid were then removed from
a number of eges which were then put into a dish by themselvesin running
water. In some of the eggs a large opening was cut in the shell and the peri-
vitelline fluid was washed out through this, butthe eggs werenot removed from
the shell. On April 16 at 4 p. m. well developed embryos with optic vesicles
and lens were found on the eggs. The embryos were further advanced in
development than those in yncopened eggs in another dish, but this may have
been due to a difference of temperature. Some of them had been attacked by
fungus. The healthy embryos were removed to another dish and on April
17 one of them had escaped from the shell #nd voluntary movements were
detected in others. These embryos continued to develop normally until
the whole yolk was entirely absorbed, when they died of starvation.

‘We thus have good evidence that the only necessary function of the
perivitelline fluid in the stage experimented on (and of the shell) is that
of protection, since eggs deprived of both develop perfectly well if they are
protected by placing them in a dish by themselves. The function of
transmitting oxygen and carbonic acid gas, which the perivitelline fluid
assumes, is one forced on it by its position, and one for which it does not
appear that it has any peculiar adaption. . Probably any other harmless
albumineus fluid having about the physical properties of the perivitelline
fluid would serve as well in its place. ‘

So far, I have spoken of the effect of water on the unfertilized egg as
seen in the living egg in producing the solution of the cortical drops and
the formation of the perivitelline space. These changes are accompanied
by others. The accumulation of water under the ege shell causes the latter
to be raised up and to be stretched and thinned. In the freshly laid egg
the shell lies close against the cortical layer and adapts itself to whatever
form the contained yolk may take. Both shell and yolk lack elasticity
and may be moulded within certain limits into other forms than the
sphere. The shell is not thrown into folds, ag it is commonly stated to be
in other bony fishes. When the shell is distendsd by the accumulation of
the perivitelline fluid the distension is not to be thought of as a mere
expansion of the originally collapsed shell, such as one might produce by
blowing into a collapsed bag of leather as a glove finger. The shell is
not merely distended; it is stretched and enlarged so that it becomes thin-
ner in the process, as does a rubber bag when inflated with air. The
streteching and thinning of the shell, once brought about, is permanent and
the shell retains the size and form given to it. So fdr as the effect on the
shell is concerned the process is the same as that which takes place when
a fresh bladder is inflated with air and then dried. As the air is forced

. into the bladder its walls yield, stretchk and become thinuner and the

bladder enlarges. If the air is allowed to escape the bladder again con-
tracts, but if the air is not allowed to escape and the bladder is dried, it
retains the form and size imparted to it by the air within it and does not
again collapse. 1t is the same with the shell of the wall-eyed pike egg.
Stretched and thinned by the aceumulation of water in the perivitelline
gpace it retains the form thus given it, and it punctured does not again
collapse. ) :

It is difficult to defermine gquantitatively the amount of thinning of the
membranes during the process. Sections made of the eggs preserved in
Hoffmann's fluid before the formation of the perivitelline space give &

16
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total thickness of .017 mm., while those made from eggs after the forma-
tion of the space give a thickness of .012 mm. Here theaction of thereagents
has probably been to decrease the firstmeasurement, since it causes a slight
enlargement of the perivitelline space of eggs that have not come into
contact with water. Unfortunately no accurate measurements were made
on the living egg though the thinning was many times noticed, and its
. existence determimed at least once by projecting with & camera an optical
cross section of the shell before and after the formation of the space.
The thinning appears by a comparison of Figs. 10 and 13, or 9 and 18.

Arnother result of the action of water, and one visible in the living egg,

ig the increase in size of the germinal dise. When the.egg leaves the fish
the disc exists, as already described, as an irregularly thickened patch on
one side of the cortical layer. There may be two of these patches and
from them thickened strands of cortical substance pass toward the equator
of the egg. In en optical section of the egg (Figs. 9 and 10) the disc isa
crescent-shaped thickening of the cortical layer and appears to cover one-
third of the circumference of the egg, though this great extension is no
doubt due in part to the radial thickenings mentioned above. Twominutes
after the egg has touched the water (Fig. 11) the germinal disc (g. d.) has
“become of about two-thirds its former breadth and nearly twice as thick.
"This change is due to a flowing of the protoplasm of the cortieal layer into
the disc 8o as to increase its volume. It is possible that the cytoplasm
contained in the yolk contributes slightly to this inerease of volume. An
examination of the cortical layer stripped from a preserved egg at this
time shows that the thickenings which radiated from the edges of the
germinal disc have been withdrawn. They have doubtless been taken up
1mto the dise. .

At the end of seven minutes from the time the egg touches the water
the germinal disc (Fig. 12), though of about the same breadth, is half
again as thick as at two minntes. The perivitelline space has now a width
about one-eighth the diameter of the oil drop. At the end of an hour
(Fig. 13) the perivitellins space has incressed to a width about.one-third
that of the oil drop, but the germinal disc remains. of the same size as
before. When removed from the yolk it hus now the form of a saucer or
& watch glass, the concave surface of which is fitted sgainst the yolk. It
is_thickest at its middle and becomes gradually thinner towards its edges
where it passes into the cortical layer. ‘

At the end of two and a half hours (Fig. 14) the perivitelline space has
an average width nearly one-half that of the oil drop aud the germinal
disc has changed shape. Its breadth is now diminished by about a third
and its thickness is nearly doubled. ' It is mno longer concave on its lower
surface like a saucer, but flat, while its free surface is arched like a part of
the surface of a sphere. The surface of the yolk against which it rests is
flattened and adapted to the now plane base of the germinal dise. At its.
berders the surface of the disc is continued smoothly into the surface of
the cortical layer covering the adjacent yolk, so that in the optical section
the outline of the disc and yolk teken together is nearly a circle (Fig. 14)
and the disc forms searcely any projection on the surface of the yolk. The
disc thus has the form of a part of a sphere, the, radius of which is only
slightly-smaller than the radius of the yolk.

Atthe end of three hours (Fig. 15) the perivitelline space is.of the
same gize a8 at two and a half hours, but the germinal disc has changed.
It still has the form of a portion of a sphere with one flat side, but of a

;)
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sphere whose radivs is somewhat less than two-thirds the radius of the
yolk sphere. The yolk is flattened on one side as before and the germinal
dise, now almost hemispherical, has its flat side fitted against the flat side
of the yolk. The result is that the germinal dise now forms a decided pro-
tubsrance on the side of the yolk, & protuberance large enough
to be seen with the naked eye. The surface of the germinsl dise
no longer passes smoothly into that of the cortical layer covering the
adjacent yolk at its borders, but there is a triangular groove about
the egg af the edge of the germinal dise (Fig. 15, gr.).

The bulk of the germinal dise, when it has thus taken on its final form,
is much greater than its bulk in the freshly laid egg (compare Figs. 11
and 15), and the additions have been mainly at the expense of the other
portions of the cortical liyer (compare Figs. 9 and 16).

It is to be noted here that this formation of a germial dise does not take
place unless the cortical drops are dissolved and that it takes place only
imperfectly when only & part of the cortical drops is dissolved. The rea-
son for this seems to be that the protoplasm is burdened by the presence
of the drops and when loaded with them is not able to draw itself together
into a ‘dize. Thus the solution of the cortical drops becomes a matter of
great consequence for the future welfare of the egg. Tggs in which any
considerable number of them remains undissolved and in which the ger-
minal disc is not fully formed do not develop further.

The last change to be noticed in the living egg as a result of the addi-
tion of water, is a slight decrease in the volume of the egg proper. This
decrease in volume results, as it does in so many other eggs (see below),
from the solution of the surface drops. While the whole egg is increas-
ing in yolume by the absorption of water, the cortical layer and its con-
tents, the yolk, are diminishing in volume. The substance of the cortical
drops passes from the cortieal layer into the perivitelline space and the
volume of the cortical layer is diminished by so much.

There is no evidence that the egg of the wall-eyed pike contracts or
ghrinks through any vital activity of its protoplasm. The whole process
geems to be rather a physical one, the solution of the cortical drops.
Knowing the number of cortical drops in a unit of area and their averape
size it would not be difficult to calculate the amount of shrinkage due to
this cause, and to compare it with the amount actually observed, but this
has not been done. Besides this actual shrinkage of the egg body, there
ig an apparent shrinkage with which it has possibly been sometimes con-
founded. Before the egg fills, the egg bddy when it lies on & flat surface
is forced to bear its own weight, and it consequently flattens somewhat,
just as does a sphere of soff putty or dough when laid on a hard, flat sur-
face. Such an egg examined from above appears to be larger than it really
ig, since its diameter parallel to the surface on which it lies is greater than
its dismeter vertical to that surface.

When the perivitelline space is formed the egg body nearly floats
in the albummous fluid which fills that space. It is supported on
all gides, and only a small part of its weight probably rests on the
egg shell below. The support afforded it by the egg shell is, more-
over, not that of a flat surface, but a concave surface. The result is
that the egg body becomes more nearly spherical, the diameter parallel
to the surface on which it rests is more nearly equal to the diameter
vertical to that surface, and when seen from above the egg body conse-
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quently appears smaller. It appears to have shrunken while it has in
reality merely changed shape.

We thus see in the living egg under the microscope the following
changes, due to the action of water:—The disappearance of the cortical
drops, the formation of the perivitelline space, the thinning of the egp-
shell, the increase in size and the changes of form of the germinal dise
and the shrinkage of the egg body. All these changes may be seen by =
comparison of Figs. 9 and 16. ‘ ’

Sections of preserved eggs show very much the same things with regard
to the effect of water on the egg that are to be observed in the living
egg. Sections through the cortical layer outside the germinal dise show
at once the absence of the cortical drops. When the drops are preseat the
eorfical layer has a thickness equal to the diameter of the drops (Fig. 9),
but now that they are absent the cortical layer has & thickness which is
not more than ona-third the average diameter of the cortical drops (Fig.
16). To this reduection in thickness of the cortical layer by the with-
drawal from it of the cortical drops is to beattributed the shrinkage in
volume of the egg body. :

Preserved eggs show as already pointed out a precipitate in the
perivitelline space. The fluid in this space is not then pure water but
water containing some substances in eolution. IL this precipitate be
subjected to the Berlin blue reaction or if sections showing 1t be subjected
to this reaction, it becomes intensely blue. It is then seen to be made up
of large numbers of minute granules, similar to those making up the cor-
tical drops aftef the action on them of reagents. These granules become
blue under the Berlin blue resction and are then not to be distinguished
 from the granules composing the cortical drops of an earlier stage, or
from the granules making up the blue mass which fills the pore canals of
the zona radiata. We thus conclude that the albumen composing the
cortical drops is not only dissolved by the water which penetrates the
gona radiata but that it is carried by the water into the perivitelline
space and is retained there. It is therefore a substance that does not
dialyze since it does not pass through the egg shell through which water
passes readily,

‘We may get additional evidence of the identity of the material of the
_cortical drops with that in solution in the perivitelline space by the use of
the orange stain. One sometimes gets seciions passing through the
germinal dise, the perivitelline space and the egg shell In some such
sections of eggs taken at the proper time the germinal disc or the adjacent
cortex still contains a few cortical drops. If these sections are stained
with orange it is found that, as before, the cortical drops and the hyalo-
plasm of the cortex become of a yellow color, At the‘same_ time the
precipitate in the perivitelline space is stained yellow and the material
filling the pore canals becomes of the same color. We thus get in one
section evidence that these substances are the same, that the albumen of
the cortical drops is accumulated hyaloplasm, that this alburaen is
dissolved in the water of the perivitelline space and that it (or an identical
fluid) penetrates thence into the pore canals. I have in one case seen in
a section of an unfertilized egg befote contact with water sirands extend-
ing from the cortical drops into the, perivitelline space (TFig. 18). The
appearance is as thotgh the floid used (Hoffman’s) had partly dissolved
the drops and as though the dissolved portions were passing in radial
streams into the perivitelline space. If it is true that the hyaloplasm is

%
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identical with the cortical drops there is here afforded what is probably a
unique opportunity to study the chemical and physiological praperties of
hyaloplasm since it may be collected, as perivitelline fluid, in considerable
quantities, in a pure condition, from the eggs of the sucker.

In sections also one may gef evidence of the thinning of the zoma
radiata as it is stretched to accommodate the accumulation of fluid in the
perivitelline space. The accumulation of the protoplasm to form the
germinal disc may also be followed in the sections and in other prepara-
tions of preserved eggs, but little is thus added to what is learned from a
study of the living egg.

The effect of water on the freshly laid egg of the wall-eyed pike may
thus be briefly summarized. It causes the external egg membrane to
become adhesive, but this power is lost after a time. It penetrates the
egg membranes and dissolves the cortical drops, usually in the course of
three minutes. The albumen of the cortical drops is carried by it into
the perivitelline space and remains there in solution. This solution passes
into the pore canals of the zona radiata. The water continues to accumn-
late in the perivitelline space until the space has reached a breadth of
about two-thirds that of the oil drop. By this process the ege membranes
are stretched and rendered thin and tense and the whole egg becomes
hard to the touch and elastic. At the same time thers is a slight shrink-
age of the egg body owing to the extraction of the cortical drops from the
cortex and there is a rounding up of the egg body so that it assumes more
nearly a spherical form. Finally the germinal disc increases in thickness
and gradually takes on the form of the segment of a sphere with one side
flat and the other arched. ' :

That the egg is a cell differing from other cells principally in containing
2 large amount of food yolk has been already pointed out, it remains to
show as far as possible the use to the egg of the cortical drops, the
cause of the filling, the use of the pore canals, of the zona radiata, and of
the external egg membrane.

Atter the material of the cortical drops has been dissolved in the water
of the perivitelline space we have in that space the albuminons perivitel-,
line fluid, and it has been shown that this fluid serves to keep the egg
membranes tense and so proteets the egg, but it has not been shown how
the fluid acts to do this. It is a well known fact that certain membranes

- called dialyzers, allow water to pass through them and allow any crystal-

izable substance like salt or sugar to pass through in solution in the water.
Dialyzers do not allow most non-crystalizable substances, such for instance
as the white of an egg to pass through them. Thus if one dilutes an,
albumen, like the white of an egg, with water, and places it on one side of
a dialyzing membrane and places on the other side a solution of salt in
water, it will be found after & time that some of the water containing salt
has passed through the dialyzer into the solution of albumen, buf that
none of the albumen has passed through into the side containing the salt
solution. The passage of water through the dialyzer in both directions
continues until there 1s as much salt on one side of the membrane as on
the other, but no albumen passes through. The rule with regard to the
passage of water through a dialyzer is that the water passes most rapidly
onto that side of the dialyzer on which there is the denser solution. Thus
if there is a solution of egg albumen on one side of a dislyzer and
water on the other more water passes over to the side on which is the egg
albumen than onto the opposite side, and there is an accumulation of water
on the side on which the albumen is.
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This may be illustrated by the following very old experiment. Remove
the shell from one end of an egg in such a manner as to leave the thin
membrane which lines the shell in place and unbroken. Make an opening
in the opposite end of the egg through both-the shell and the shell
membranes, and insert a small glass tube which should extend down into
- the albumen. Cement the tube in place by plaster of Paris and after the
plaster has set place the egg in a tumbler of water with the tube
projecting upward. After a time it will be seen that the egg albumen is
rising in the tube and it continues to rise slowly and finally overflows at
the top of the tube. The explanation of this is that the shell membrane
which separates the albumen from the water in the cup is a dialyzer and
sinee the albumen is & much denser solution than the water a much larger
volume of water passes through the shell membrane inte the egg than
passes in the opposite direction into the cup. The result is that the
albumen is foreced up the tube and overfliows at the top. The albumen
would thus continue to rise in the tube until it had formed a column high
enough so that its weight produced pressure enough in the egg to force

back into the tumbler from the egg as much water as entered the egg..

When the eclumn has risen thus high, an eguilibrium would be estab-
lished and maintained. A similar result may be obtained in a different
way. One may take a bladder and fill it with a solution of albumen and
then place it in water. The water passesinto the bladder more rapidly than
it passes out and the bladder speedily becomes distended by the accumula-
tion of water within it. This goes on until the distension of the bladder
produces within it sufficient pressure to force out as much water as enters
and thus as equilibrimm is established and maintained. If one presses
strongly on the bladder water is forced out in excess of that which enters
and the bladder partly collapses, when the pressure is rémoved water again
pasges into the bladder more rapidly than ovt and the bladder is
distended. )

- The condition of things in the egg of the wall-eyed pike is practically
identical with that in the case of the bladder just referred to. The egg
membranes form a bag the walls of which constitute a dialyzer. Within

“this bag is an albuminous fluid, The water consequently passes by
osmosis more rapidly into the bag than out and it becomes distended.

The albumen contained in the egg membranes always remains there. If -

any pressure is brought to bear on the egg some of the water may he
forced out but the albumen remaing within and as soon as the pressute is
"removed the water re-enters and the egg agajn becomes hard and tense.

The function of the perivitelline fluid then is o keep the egg shell

tense by keeping it constantly full of water. The result is that the egg is
protected. It is difficult to injure an egg that is fully filled, while a partly
filled egg may be crushed or cut with the greatest ease.

The perivitelline fluid belng in the position in which it is between the
egg which needs oxygen and the water which contains oxygen must serve
ag g carrier of oxygen ﬁand of earbon dioxide) from one to the otlier.
That it does this passively has been shown, since the egg can exist without
the perivitelline fluid if it is supplied with plenty of water, In its work
of transmitting oxygen from the surrcunding water to the egg body (to
the protoplasm ) the perivitelline fluid is greatly aided by the currents
which are cireulating in it. The existence of these currents is demon-
strated by the movements of the granules.of the fluid. They might
perhaps be demonstrated by the use of colored liquids such as were used
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by Calberla (*77). This exchange of gases or water between the perivi-
tolline fluid and the external water must be greatly aided by the
enormously inecreased surface which the presence of the pore canals
enables the perivitelline fluid to expose. If these canals did not exist the
area exposed by the perivitelline luid would be that of the inner surface of
the zona radiata, but by the presence of the pore canals and by their spiral
course this area is increased to many times that of the zona radiata. Not
only is the surface thus increased but the perivitelline fluid is thus
brought into mauch closer contact with the water than would otherwise be
possible. We must of course assume that the water in its turn penetrates
readily into the matrix between the pore canals.

In the case of the egg in rapidly rununing water it may be that this
increase of surface is not necessary and that an area equal to that of the
zona radiata would be sufficient for their purposes. If the eggs are
brought into unfavorable conditions, into stagnant water containing little
oxygen, the increased surface atforded by the pore canals becomes at once
of the greatest consequence, since it enables them to exist where they
might otherwise perish. We may thus perhaps explain the fact that
many fish eggs will develop normally in open dishes of water if the water
ig changed but two or three times daily.

The external egg membrane is of different chemical compesition from
the zona radiate, and from its behavior toward water is probably s mucus.
It serves to close the pore canals externally. It sometimes happens in
sections that one cuts through the egg membranes in places where the
external membrane has been accidentally removed before or during the
preserviion of the egg. In one such place it could be seen that the fluid
of the perivitelline space had escaped in considerable qantity and lay on
the outer surface of the zona radiata. It could be traced from this place
through the pore canals to the perivitelline space. From this we may con-
clude that the external egg membrane serves to close the outer ends of
the pore canals and keeps their contents from contact with the oufer
water. It is known that mucus is a substance that resists decay or is
unfavorable to the growth of bacteria. Thus the mucous coverings of the
eggs of frogs and toads enables those eggs to develop with safety in impure
water. If the externsal egg membrane of the.wall-eyed pike ig, as it seems
to be, mucous, it would serve the same purpose in warding off decay, and
in protecting the egg agninst the attacks of bacteria and fungus.

‘0~—HISTORICAL AND CRITICAL ON FILLING OF THE BGG.

- The process of filling of the eggs of bony fishes is so striking a phe-
nomenon, changing the soft ego to an elastic and resistent sphere, that it
can scarcely have failed to attract the attention of the earliest observers of
these eggs. .

Rathke (°32) has given the first accountof it that I have been able to find
in the literature. He mentions (p. 894) the fact that in trout upon plac-
ing the egg in water, the yolk draws ifself together into a sphere and is
separated from the shell over most of its surface by a fluid clear as water.

Von Baer (’35), three years later, in Cyprinus describes the increase in
size of the egg (to twice ite former size) as due to the swelling in water of
a thin albuminous layer (zona radiata) which covers it when laid. The
surface of this swollexr albumen then hardens to form the egg shell (zona
radista), while its deeper portions become fuid (perivitelline space).
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Von Baer was here evidently unconsciously attempting to reconcile his
observation with what was then known of the matter in the frog.

Rusconi ('36) gives the first clear account of what takes place. In
Perca and Cyprinus he describes a thin membrane which lies close against
the egg while the latter is in the ovary. When the egg passes into the
water this membrane is raised up from the yolk by the accumulation of
water beneath it, so that the egg is able to turn about inside its shell.

Vogl (’42) describes the filling of the egg of the European whitefish
(Coregonus palece). He considered the privitelline fluid to be water sim-
ply, since he was not able to cause any precipitate in it by chemical rea-
gents, and since it behaved like water in coagulating the yolk. He thought
its penetration into the egg was to be explained by the capillary action of
the tubes (pore canals) of the zona radiata. It is to be noticed here that
while the capillary action of the pore canals might cause the water to fill
the canals and to fill a small space between the zona radiata and the cortex,
it is difficult to uwonderstand how it could do more than this, since after a
small amount of water was once in the perivitelline space the capillary
action of the pore canals would be exerted as much in one direction as in
~. the other and would tend as much to empty the perivitelline space as to

fill it. ,

Coslé (’47), following von Bear, speaks of the perivitelline fluid as
albumen, while

Lerebonllet ('54) considers it to be water and states that it is not
albumen. .

Reichert, B. K. (’56) noted the formation of the perivitelline space in
the pike (Hsox) and added the important observation that the fluid yielded
s precipitate upon the addition to it of nitric acid. This is the first proof
that the perivitelline fluid is not water.

ERansom (’66) gives-the first description of the edrtical drops. He
describes them as droplets of a yellowish color and less refractive than oil
placed near the surface of the egy, and says that they render the unim-
pregnated egy more opague than the impregnated egg. When discharged
into the water by the rupture *of the egg they become pale and disappear.
Ransom also describes the disappearance of the cortical drops when water
is added to the egg and the formation at the same time of the perivitelline
space (breathing chamber). He thinks the formation of the breathing
chamber is due in part to the contraction of the yolk, and that the disap-
pearance of the cortical drops is due to the action of water, since they
disappear first where water first comes in contact with them and disappear
more slowly in eggs that are scantily supplied with water. Ranson notes
further that the eggs of Gasterosteus do not fill under the action of watér
alone but only when milt is added to the water. The meaning of this
probably is, as pointed éut by Ransom and later by Kupffer, that the
external egg membrane in this form protects the egg against the action of

, water, but that this membrane is dissolved or modified by the addition of
milt to the water in such a way that- it becomes permeable.

"Boeck (’7T1) seems, according to Kupffer’s account, to have seen and
described the cortical drops. ’ :

Owsiannikow ('72) noted the filling of the egg of Coregonus laveretus.

Oellacher (*12) describes the filling of the egg of the trout and

atfributes it to the passage of water through the pore canals.
His ('73) in the salmion.(Licha) describes in the cortical layer cerfain
bodies which he believes to be nuclei, but which are later described by

APPENDIX. _ 129

Henneguy (’88) as vacuoles filled with an albuminous fluid, and are there-
fore the cortical drops. He considered the perivitelline fluid to bhe water.

Kupffer ("17) describes the surface drops in the herring under the namse
of Dotterkoerner or yolk granules, as small, very refractive, glistening,
homogeneous spherules forming a layer on the surface of the yolk. When
the perivitelline space is formed these spherules disappesr, and EKupffer
says that he is unable fo describe this disappearance otherwise than as
solution.

Af the same time that the perivitelline space forms the yolk contracts or
grows smaller as Kupffer shows by measurements. From the fact that
the yolk thus contracts, and from the fact that Reichert had previously
obtained a precipitate in the perivitelline fluid by the use of nitric acid,
Kupffer concludes that some part of the yolk substance is discharged into
the perivitelline space. Most later writers (e. g., Hoffmann) have taken
this to mean that Kupffer believed that the surface drops dissolved. It is
clear from what Kupfler says later that this is not what he has in mind.
He describes a great increase in the hyaline portion of the yolk, and says
that this increase takes place without any increase in the volume of the
yolk. He believes that the yolk granules {cortical drops) are converted
under action of the milt and waier into this hyaline material, and it is
this conversion that he cannot describe otherwise than as solution.
Kupffer thus does not recognize any connection between the perivitelline
fluid and the cortical drops, and offers no explanation of the filling of the
egg. He believes that the composition of the perivitelline fluid is altered
about the tenth hour by the dissolving in it of spermstozoa that have
penetrated the egg membranes.

Kupffer refers to Boeck’s statement that the eggs of the herring fill in
4% salt water without the addition of milt, but says that the eggs exam.
ined by him did not fill in fresh water or in .3% salt water, but did fili in
3% salt water upon the addition of milt. Kupffer is unable to explain
this difference between his own experiment and Bosck’s. The explanation
may be as follows:— ’ :

The cortical drops are soluble in 4% salt water hence the egg fills in
such water. They are not soluble in fresh water or in .3% salt water,
hence the egg does not fill in these. By adding to the .39 salt water milt,
the water is rendered alkaline, the drops are then soluble in it and the
egg fills. The addition of milt to fresh water does not render it a solvent
of the drops and hence the egg does not fill in it. It may be, as Kupffer
suggests, that the water used by Boeck in his experiment actually contained
milt. Tn either case it seems to me the explanation depends rather mpon
the solution of the surface drops than on the rendering permesble of a
previously impervious membrane,

Ryder (’81) in the Spanish mackerel notes the existence of the
cortical drops and their disappearance and considers them to be fluid-filled
vacuoles. He notes them again (’81b) in Belone and thinks they may
represent the disintegrated nucleus, but is inclined to doubt this from the
fact that they do not stain.

Hoffmonn (*82) mentions the cortical drops described by Eupfler in the
herring and describes the perivitelline space in a number of other forms.
He does not believe that the cortical drops dissolve but with the concentra-
tion of the protoplasm at the germinal pole they come to lie so close
together that their borders fuse and they are no longer to be distinguished.

Ryder (’82) attributes the imbibition of water in the cod’s egg . to

17
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osmotic action. “The tendency of the membrane to sssume the full or
tense condition is doubtless due to capillary action of the pore canals.”
He notes the presence of cortical drops in the cod and deseribes them as
running together and subsequently disappearing. He thinks they may be
discharged into the perivitelline space but cannot prove this. Heremoved
portions of the cortex and stained them and from the fact that the drops
did not stain concluded that they were composed of somse indifferent
liquid, but not of oil since they were insoluble in alcohol or ether. Later
(%3) he describes the perivitelline fluid of Ameiurus albidus as filled
with numerous, free, highly refractive bodies which obscure the view of the
embryo, but disappear in later stages.

Still later (’85) he describes cortical drops in the shad (Clupea

sapidissimea). ,

Owsiannikow (’85) notes the filling in Osmerus and seems to have seen
surface drops in other forms.

Kowalewski ('86) describes the filling in two Teleosts and speaks of a
thinning of the shell.

Solger ('86) found that the perivitelline fluid in Leuciscus ruftlus
behaved like yolk in rendering water turbid. By fixing it with osmic acid
and examining it with the microscope he discovered in it numerous
globular bodies which he believes to be identical with volk elements. He
regards theee as normal and not accidental constituents of the perivitelline
fluid, and notes that in later stages this fuid looses its power of rendering
water turbid. '

List 5’87) notes the filling in Crendlabrus and is inclined to regard the
perivitelline fluid as expelled from the yolk by its contraction. It is
formed in both fertilized and unfertilized egee. ‘

Henneguy (’88) notes the filling of the ego and calls attention to the
fact that Miescher proved the absorption of water by weighing the egg

" before and after the filling. Henneguy describes the bodies that were
considered by His to be nuclei, as vacuoles filled with an albuminous
substance. They are therefore the cottical drops.

. Raffaele g88) is known to me only from the abstracts in the Zoologische
Jahresbericht and in the Journal of the Royal Microscopical Society and
the references in the paper of McIntosh and Prince ('90). He studied a
large number of pelagic ova and states that. the perivitelline fluid is
albuminous. He thinks that the food yolk formerly entirely filled
the - egg membrane snd that it subsequently became reduced in

. quantity and gave rise to the perivitelline space, which has thus only a
phylogenetic significance. It seems to me that there are numercus diffi-
culties in the way of atfributing to the perivitelline space any phylo-
genetic meaning. Beard (°90) has already given cogent reasonms for
believing the loss and gain of yolk food which has been postulated for the
fishes by Rabl and others is, to say the least, not borne out by the facts of
comperative anatomy and embryology. The arrangement of the fishes
proposed by Beard is one not requiring any theory of a reduction in the
food yolk of Teleosts. If this is true no morphologist would care to base
the assumption of a loss of food yolk in Teleosts merely on the existence
of a perivitelline space. Not only does -the size of the space vary greatly
among Teleosts, but its existence is by 1o means confined to that group.
It oceurs in Cyclostomes and (Ganoids and Amphibia, and is a well known
feature in many invertebrates (e g., Lumbricus, Ascaris). If it has
phylogenetic significance in the one case why not in the others? 1t seems
!
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to me that it is to be regarded ratheras a contrivance for the protection of
the egg and embryo, an adaptation that may have arisen independently in
separate groups, and is wholly without phylogenstic meaning. As Ryder
has pointed out it affords & medium like the amniotic fluid of vertebrates
in which the embryo lives protected from mechanical injury by the tension
of the egg shell which is produced through osmosis by the albuminous
character of the medium, .

Pouchet et Biefriz ('89). In .4losa (shad) describe the cortical drops
and their-disappearance unter the action of water either with or without
fortilization. . _

Agassiz and Whitman ('89) in Clenolabrus describe the cortical drops
as minute refractive spheres on the surface of the yolk. They render the
volk opague but disappear with astonishing rapidity under the action of
water and the egg is then transparent. In some ingtances the fertilized
eggs cleared up within five seconds. They believe that the granules
(cortical drops) swell a little and dissolve in situ. They do not believe
that they are discharged into the perivitelline space as conjectured by
Ryder. .

gid[clntosh and Prince (*90) do not believe that much water gains access
to the perivitelline space. They find that in stained sections *‘the fluid
filling the space often appears coagulated and faintly stained, thus
indicating the presence of minute protoplasmic particles. It would
appear to be therefore a dilute plasma.” They describe the cortical drops
and their disappearance under the action of water, but regard the forma-
tion of the perivitelline space as due largely or wholly to the shrinkage of
the yolk.

D.—CONCLUSIONS.

It appears from the foregoing review that the cortical drops
have been many times described in a variety of Teleosts, and that
their disappearance under the action of water has been often noted. The
perivitelline fiuid has been usually conmsidered as water, though it was
shown by Reichert to contain solids in solution and has been in recent
years not infrequently regarded as albuminous. TUnless some proof of ita
albuminous nafure was given by Raffaele, the statement still rests on the
observation of Reichert, which referred to the formation of a precipitate
by means of nitric acid. No proof has been offered as to what becomes
of the cortical drops when they disappear under the action of water, nor
has any proof been offered of the cause of the filling of the egg or the
function of the cortical drops. .

The review of the litersture ‘shows that the phenomenon of filling and
the presence of cortical drops and their disappearance under the action of
water are universal facts among Teleosts, so that we may safely extend the
oxplanation offered of the phenomena in the wall-eyed pike to all other
Teleosts. We may say that in al! Teleosts the cause of the filling of the
egg is the albuminous cortical drops, that these drops dissolve in the first
water which penetrates the egg shell (if the water is of the composition
suited to the needs of the egg) and that there is thus produced a slight
shrinkage of the egg body and at the same time a small perivitelline space
filled with an albuminous finid. Thig space then rapidly enlarges owing
to osmotic action through the ogg membranes. The egg mewbranes are
thus stretched and rendered thinner and tense, so that they afford protec-.
tion to the egg within, ' '
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It is most likely that the statements made with regard to the structure
of the zona radiata in the wall-eyed pike apply equally to all Teleosts, but
there is no means of determining this except by direct observation,

It is likely, too, that the account here given of the filling of the egz and
the function of the cortical drops and the perivitelline fluid, is applicable
to many invertebrate eggs. I will mention in support of this only the
account given by Boverl ('87) of the contraction of the yolk and forma-

tion of the space in Ascaris megalocephala, Other instances are cited by
Solger ('86). ’ ' '

PART IIL
THE SPERMATOZOA.

A—THE COMPOSITION OF THE MILT.

The milt of the wall-eyed pike is of the usual milk white color. It is
scanty and viscous, so that when placed in water it does not mix with it,
. except by considerable agitation. It has a distinet and rather pronounced
alkaline reaction. This reaction may be detected with ordinary litmus
~ after the lapse of several hours in water which “contains only enough milt
to render it slightly turbid.

When examined under the microscope the milt (like that of all other
Teleosts) is found to be made up of a large number of spermatozoa, moist-
ened by a small quantity of a colorless fluid.*

The individual spermatozoa are so closely packed that they are in con-
tact with one another and are nearly motionless. There is certainly noth-
ing like progressive movement, although it is possible to detect a slight
rolling movement of the heads, which may be physical.

- Each spermatozotn (Fig, 17) consists, as is ususl, of three portions,
- head (hd.}, neck (nk.), and tail (tl.). The head is bean shaped about

twice as long as broad and with a distinet notch on one side. It is diffi.

cult to measure it exactly in the living milt, but it is very nearly .0016 mm.
long and, as stated, half as broad. .

The neck is hemispherical and has a diameter not mors than one-fourth
the length of the head: It is less refractive than the head and is difficult
to see. It’ is attached by its flat side to that side of the head on which
the noteh is,about half way between the middle of the head and thie end.
From the middle of the convex side of the neck projects the very delicate
tail. The tail is as slender as it seems possible for a thread of protoplasm
tobe. Its length is many times that of the head, but is difficult to deter,
mine accurately. I have examined the spermatozoa of the whitefish and
of the sucker, and have tried to verify on the whitefish the statements of
Miescher (’80) with regard to the structure of the head of the spermato-
zog, of the Rhine salmon. - I have not succeeded, although using the same
methods as Miescher, in demonstrating any structure in the head ‘of the
spermatozoon. Whatever method of staining was employed, the head
appeared alweys homogeneous.

Spermatozos are single cells, as has been shown repeatedly by their

* Miescher found this flnid in the salmon to contain no alb inei i i -
mageegher Jound this finid 1o the & no albemen and principally inorganic salte. (Her.
¢
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development. The head corresponds to the nucleus of an ordinary cell
and the tail to a part of the cell protoplasm. The head may contain some-
thing more than the nucleus and the meaning of the neck piece is obscure.
The extremely small size of the spermatozodn is to be explained as an

‘adaptation to the work it has to do. The ovum is large and unwieldy by

reason of the food material with which it ig Jaden for the nourishment of
the young fish. The ovum and spermatozotn must unite in order to pro-
duce a new fish, and since the ovum is incapable of movement, the sperma-
tozosn must go to it. The spermatozotn therefore takes on the form that
best adapts it for moving through the water.  Its nucleus is reduced to a
very small compass and becomes’ the head. To this head is attached only
so much protoplasm, ih the form of a vibrating tail, as is necessary to
move the head.

B.—BEHAVIOUR OF SPERMATOZOA IN WATER.

It has been said thet in the milt as it leaves the fish the
spermatozoa are nearly or quite motionless, The moment the milt comes
into contact with water, they exhibit the liveliest movements. In order fo
observe the movements and the length of time during which they last the
following procedure may be resorted to. The body of the fish should be first
wiped with a towel more particularly aboutthe vent, so as to remove as much
as possible of the water and slime and prevent its becoming mixed with the
milt. The milt should then be stripped from the fish into a small glass
dish (solid watch glass) with a close fitting cover or into a homeopathic
vial which should be afterwards tightly corked. The miltshould be carefully
protected from contact with water but, if it is desired to keep it alive for a
long time, the vessel containing it should be set into a dish of cold water
or onto u block of ice. A slide and cover glass should be made ready and
a drop of water placed oun the slide. Then with any small instrument such
as the end of a glass rod or the point of a tooth pick remove a very small
quantity of the milt from the bottle and mix it as rapidly as possible with
the water by stirring it about, and at the same time make note of the time
when the milt first touched the water. Apply the cover glass and place
the preparation under the microscope ss gquickly as possible. .

The spermatozoa will now be found undergoing the most vigorous move-
ments. They dart here and there with such rapidity that it is at fira$
hard to follow them. At first only the heads can be seen, the tails are
moving so rapidly that they are invisible. The movements soon become
glower and then one can see that they are caused by the tails which are
moving back and forth in a sinuous course not unlike the movements of
the body of a water snake when it is swimming. At the end of forty-five
seconds nearly all the spermatozoa have become motionless, only here and

_there may be seen an oacillating head or a moving tail, while occasionally

a spermatazoon moves rapidly across the field of the microscope and
stops. At the end of a minute all signs of life have usually disappeared
and the spermatozoa lie as if dead.

I did not detect and indeed did mnot look for any difference in theee
spermatozor before and after the action of the water on them. In
examining the spermatozoa of one of the suckers common in Saginaw Bay
in May, the water was fonnd to produce such striking changes that they
eould not fail to atfract attention. Like spermatozoa of the wall-eyed
pike those of the sucker become motionless after a stay of & few seconds
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It is most likely that the statements made with regard to the structure
of the zona radiata in the wall-eyed pike apply equaliy to all Teleosts, but
there is no means of determining this except by direct observation.

It is likely, too, that the account here given of the filling of the egg and
the function of the cortical drops and the perivitelline fluid, is applicable
to many invertebrate eggs. I will mention in support of this only the
account given by Boveri ('87) of the contraction of the yolk and forma-
tion of the space in .4scaris megalocephala, Qther instances are cited by
Solger ('86). : g

PART IIL
THE SPERMATOZOA.

A.—THE COMPOSITION OF THE MILT.

The milt of the wall-eyed pike is of the usual milk white color. Itis

geanty and viscous, so that when placed in water it does not mix with it,

. except by considerable agitation, It has a distinct and rather pronounced

alkaline reaction. This reaction may be detected with ordinary litmus

~ after tlie lapse of several hours in water which contains only encugh milt
to render it slightly turbid, .

When examined under the microscope the milt (like that of all other
Teleosts) is found to be made up of a large number of spermatozoa, moist-
ened by a small quantity of a colorless fluid.* ‘

The individual spermatozoa are so closely packed that they are im con-
fact with one another and are nearly motionless. There is certainly noth-
ing like progressive movement, although it is possible to detect a slight
rolling movement of the heads, which may be physical. o
. Eaech spermatozoon (Fig. 17) consists, as is usual, of three portions,
- head (hd.), neck (nk.}, and tail (tl.). The head iz bean shaped about
twice as long as broad and with a distinet notch on one side. Tt is diffi-
cult to measure it exactly in the living milt, but it is very nearly .0016 mm.
long and, as stated, half as broad. :

The neck is hemispherical and has & diameter not more than one-fourth
the length of the heads If im less refractive than the. head and is difficult
to see. It is attached by its flat side to that side of the head on which
the notch is,about halt way belween the middle of the head and the end.
From the middle of the convex side of the neck projects the very delicate
taik. The tail is as slender as it seems pogsible for a thread of protoplasm
tobe. Its length is many times that of the head, but is difficult to deter-

mine accurately. I have examined the spermatozoa of the whitefish and ~
of the sucker, and have tried to verify on the whitefish the statements of-

Miescher (’80) with regard to the structure of the head of the spermato-
zoa of the Rhine salmon. ' I have not succeeded, although using the same
methods as Miescher, in demonstrating any structure in the head of the
spermatozoon. Whatever method of staining was employed, the head
appeared always homogeneous.

Spermatozoa are single cells, as has been shown repeatedly by their

*Miescher found this fluid in the salmon to contain no albomen and prineipally inorganie oalta, {Her-
menn, Handboeh der Physiologie.) N
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development. The head correspouds to the nucleus of an ordinary cell
and the tail to a part of the cell protoplasm. The head may contain some.
thing more than the nucleus and the meaning of the neck piece is obscure.
The extremely small size of the spermatozoén is to be explained as an
adaptation to the work it has to do. The ovum is Jarge and unwieldy by
reason of the food material with which it is laden for the nourishment of
the young fish. The ovum and spermatozodn must unite in order to pro-
duce a new fish, and since the ovum is incapable of movement, the sperma- .
tozoon must go to it. The spermatozosn therefore takes on the form that
best adaptd it for moving throug:h the water.  Its nucleus is reduced to a
very small compass and becomes” the head. .To this head is attached only
so much protoplasm, ih the form of a vibrating tail, as is necessary to
move the head.

B.—BEHAVIOUR OF SPEEMATOZOA IN WATER.

It has been snid that in the milt as it leaves the fish the
spermatozoa are neatly or quite motionless. The moment the milt comes
into contact with water, they exhibit the liveliest movements. In order to -
observe the movements and the length of time during which they last the
following procedure may be resorted to. The body of the fish should be first
wiped with a fowel more particularly aboutthe vent, so as to remove as much
as possible of tlie water and slime and prevent its becoming mixed with the -
milt. The milt should then be stripped from the fish into a small glass
dish (solid watch glass) with a close fitting cover or into & homeopathic
vial which should be afterwards tightly corked. The miltshould be carefully
protected from contact with water but, if it is desired to keep it alive for &
long time, the vessel containing it should be set into a dish of cold water
or onto a block of ice. A slide and cover glass should be made ready arnd
a drop of water placed on the slide. Then with any small instrument such
as the end of & glass rod or the point of a tooth pick remove a very small
quantity of the milt from the bottle and mix it as rapidly as possible with
the water by stirring it about, and at the same time make nofe of the time
when the milt first touched the water. Apply the cover glass and place
the preparation under the microscope as quickly as possible. ,

The spermatozoa will now be found undergoing the most vigorous move-
ments. They dart here and there with such rapidity that it is at first
haid to follow them. At first only the heads can be seen, the tails are
moving so rapidly that they are invisible. The movements scon become
slower and then one can see that they are caused by the tails which are
moving back and forth in a sinuous course not unlike the movements of
the body of a water snake when it is swimming. At the end of forty-five
seconds nearly all the spermatozoa have become motionless, only here and
there may be seen an oscillating hesd or = moving tail, while occasionally
a spermatazodn moves rapidly across the field of the microscope and
stops. At the end of & minute all signs of life have usually digappeared
and the spermatozoa lie as if dead.

I did not detect and indeed did not look for any difference in these
spermatozoa before and after the action of the water on them. Inm
examining the spermatozoa of one of the suckers common in Saginaw Bay
in May, the water was found to produce such striking changes that they
could not fail to attract attention. Iike spermatozoa of the wall-eyed
pike those of the sucker become motionless after a stay of a few seconds
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in water (the exact time was not determined). As they come from the

fish the very large heads of these spermatozoa have the form of a short rod

. with rounded ends. They are almost egg-shaped but rather more slender
than an egg. They have the dense appearance and refractive properties
common to the heads of spermatozoa. = When they have been a short time
in water the heads begin to swell and becoms paler. They become at first
egg-shaped and finally almost globular, and the spermafozoa become at
the same time motionless. . If one places a drop of the milt on & slide and
covers it so that the drop lies at the center of the cover glass and then
adds water about the edge of the cover, one may watch the gradual
penetration of the water into the milt and see its effect on the spermatozoa.
One then has in the same field spermatozoa in all stages of water
imbibition and may compare them. As the water reaches a spermatazotn
it is seen to start up more vigorously for & few seconds, gradually swell up
and then subside. It would be interesting to know whether the sper-
matozoa thus swollen by the action of the water are capable of entering
-the mieropyle of the égg. - If the spermatozoa of the sucker are of such a
size as to be only just able to enter the micropyle before water -has acted
upon them, they would be wholly unable to do so afterward and it is
possible that the swelling prevents the entrance into the egg of more than
a single spermatozodn. By the time the first spermatozotn had made its

" way into the micropyle the others would probably be so much enlarged
that they would be unable to pass through the micropylar cansl, even
although &till in motion. .

The spermatozos of the wall-ayed. pike are thus motionless af the end of
three quarters of a minute to one minute, but are they then dead?
Probably the best test that can be made of this question is to attempt to
fertilize eggs with milt that has been mixed for a certain length of time
with water. In order to test this four lots of eggs of the wall-eyed pike,
each containing twenty-five egos were fertilized as follows:

To lot 1 was added milt that had been 10 seconds in water.

2 111 (13 & 13 (13 ‘.‘ 30 (11 113 113 .
3 M‘ [13 141 o 113 13 60 (1] i1} 13
4 113 [11 113 i 114 [13 120 4 114 14

.

At the end of four hours the eggs were segmenting and were then
counted to determine how mauny in each lot had been fertilized. The
result was as follows: '

) Per cont of
Fertilized, | g0ty | Injured, | uniDiured
unfertilized.
|
Lot 1 _ . 13 | 4 8 24
Tot ¢ 11T 13 T 5 7 28
Lot 8 ..l 15 7 3 32
Lot 4. e L _ 0 ‘ 19 6 100

I The eggs were arranged for the experiment in rows in a watch glass, as
already deseribed. In order to do this it was necessary to handle each
egg separately, which accounts for the comsiderable number of injured
egge. The table shows a steady increase in the percentage-of unfertilized
ezgs, as the length of timeincreases during which the spermatozoe have
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been subjected to the action of the water. Cmitting the injured eggs.
which cannot be counted in the experiment, the fourth column shows the
percentage of uninjured eggs that were unfertilized. There is little differ-
ence between ten seconds and thirty seconds, but at one minute the effect
of the water is already noticeable, and at two minutes not s single egg is
fertilized. Other experiments of the same sort gave similar results, and
the conclusion that the effect of the water is mot merely to render the
spermatozoa motionless, but to render them incapable of fertilization.

The milt of the whitefish was also studied and found to be killed by the
action of water. The time here was found to be two minutes. The oggs
of the whitefish develop so slowly that it was not found practicable to
repeat the experiment in fertilization that had been made with the wall-
eyed pike. It ie possible to criticise this and similar experiments by say-
ing that the fact that the spermatozoa that have lain in water are incapa-
ble of fertilizing eggs does not prove that they are dead. It may be that .
their condition of immobility prevents their entering the micropyle,
wherens if they could be brought into contact with the egg they might
still be capable of fertilizing it. It may be said that the spermatozos are
rendered motionless, but not necessarily dead, in order to prevent more
than one of them from entering the egg. An attempt was theraefore made
to determine by means of the. methylen blue reaction whether the motion.
less spermatozoa were really dead. Living spermatozos were treated with
solutions of methylen blue .001 to .0001 in.75% salt solution. In this
stain the spermatozoa live and move for a time varying between ten sec-
onds and two and a half minutes. They do not stain at all or only very
slightly so long as they are in motion,” but become deeply stained the
moment they are dead. It is known that this stain does not ordinarily
affect living nuclei, but that it staing deeply dead nuclei, so that the fact
that the hends of spermatozoa stain instantly in methylen bine may be taken
as ovidence that the spermatozon are dead. 1If they stain veryslowly they
are probably living, though possibly not in motion. A comparison was then
made between the rapidity of staining in methylen blue of spermatozoa that
had ceased to move on account of the action of water and of those that
had been killed by the use of heat, or osmic acid or by other means. No
difference could be made out between spermatozos that were known to be
dead and those that were motionless from the action of water and it was
concluded that the water kills the spérmatozoa,

Although the spermatozoa of the wall-eyed pike and of the whitefish
thus die rapidly in water, they nevertheless live for a considerable time in
some other fluids. In salt solution of .75% the spermatozoa of the white.
fish may live for twenty-two minutes or longer, while those of the wall-eyed
pike remain sctive for about a half hour, and individual spermatozoa may
sometimes be seen moving at the end of an hour. This strength of salt
solution is the one employed by histologists when they wish to keep tis-
sues alive for g long time and is made in imitation of the natural Auid of
the body, so that it is not surprising that the spermatozoa should live
in it. ' :

The fluid which bathes the eggs when they are laid is one in which the
spermatozoa live well. Spermatozoa of the wall-eyed pike mixed with
this fluid were found to be still in motion after one hour and thirty-five
minutes. When the,cover glass was raised and water added to the prepar-
ation, vigorous movements were set up and lasted for forty-five seconds.
These movements were almost as vigorous as those obtained by mixing the
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milt directly with water, but were not quite so general. Tliis fact is one
that may be of some importance in practical fish culture.

In attempting to determine under the microscope the length of time
during’ which spermatozoa continue to move in the water, care must be
taken not to confound the vital movements. of the spermatozoa with the
Brownian movement. This errvor, as pointed out by Quatrefages, was
made by the older observers before the Brownian movement was known.

Itis now well known that minute particles of any solid suspended in
water undergo constant trembling movements which are visible under the
microscope. This may be seen by rubbing up carmine, fat or
lampblack in water. This movement is wholly physical and is exhibited
by the heads of dead spermatozoa.

C.— HISTORIOAL AND CRITICAL ACCOUNT OF THE VITALITY OF FISH
SPERMATOZOA.

The facts just recorded that spermatozos become speedily motionless in
water and that such motionless spermatozoa are notthen capable of fortil-
izing eggs, were known {o observers in the middle of the present century.

They are therefore not presented here as new facts, but for the reason,
85 it seems to me, that they have not been sufficiently brought to the
notice of fish culturists in this country. The limit of life of the sperma-
tozoa of the two species that are most largely Handled in our fresh waters
has not, so far as I know, been previously determined, and its extreme
-shortness needs to be thoroughly realized.

Although it was known that the spermatozoa of fresh water fishes
become motionless in water and are then incapable of fertilizing the eggs,
no careful work was done on the subject until 1853, when Quatrefages was
led to investigate it in the interest of fish culture.

Costé (’59) states that he had found it impossible to fertilize the eggs
of the tront with milt that had been eight minutes in water, and he
further states that the spermatozoa of the perch and carp and of Cyprinus
and Leuciscus live only two or three minutes in water. These facts are
recorded, but it does not appear whether those relating to the perch, carp,
Leucisous and Cyprinus are the results of the work of Quatrefages or not.
The time of- eight minutes obtained on the trout is undoubtedly eight times
too large and probably resulted from an imperfect mixture of the milt with
the water. _

Quatrefages (°63) was the first person to determine accurately the
the length of life in water of the spermatozoa of fresh water fishes. The
results of his work were of the greatest importance and have not been sipce
materially modified, so that T here give a somewhat full resumé of them.

The experiments were made on the milt of the pike (Hsox) Leuciscus,
the carp, the perch and Ciprinus and gave the following times at the end
of which the spermatozoa were all dead in water in the milt of the species
named.

Pike, 8.m., 10 sec.

Leuciscus, 3 m., 10 sec,

Carp, 3 m., 10 sec.

Perch, 2 m., 40 sec.

Cyprinus, 2 m., 10 sec. : R

The time given is the longest time during which any spermatozbon was
found to he living, Half the spermatozoa of the pike were dead at the
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end of 2m, 2 sec, and at the end of 2 m. in Leuciscus. In the carp two-
thirds were dead at the end of 2 m. Tn the perch and in Cyprinns 1 m.
was sufficient for half the spermatozoa to become motionless,

The time given is only accurate where the milt'is mixed thoroughly with
the water so that the water has free access to each spermatozotn. 1If the
milt is placed in water and allowed to remain in masses of any size,
spermatozoa may remain slive in the center of these masses for a long
time and the milt may thus serve for fertilizing eggs eight minutes after
being placed in water, as found by Costé, ar even longer.

Quatrefages found further that the temperature of the water used had
an important influence on the length of life of the spermatozoa. There
was a certain temperature at which -the spermatozoa of each species
remained in motion longest. Thus for the pike, the spermatozoa were
motionless at

2° after 8 m., 10 sec.

2.8° after 5 m,

10.5° after 4 m., 55 sec.

22° after 1 m., 20 sec.

28° after 3 m., 20 sec. *

38° almost instantly. .
For the carp at

12° after 3 m.

18° after 2 m., 30 sec.

257 after 2 m., 20 sec.

40° after 20 sec.

657 instantaneously. .

At lower temperatures in the carp the following results were obtained:

9.50° in 10 see. 4-5 of the spermatozoa were motionless.
8% in 10 see 19-20 of the spermatozoa were motionless.
2° in 10 sec. nearly all the spermatozoa were motionless.
0° there was no movement. :

The other species gave similar results, showing that a certain
temperature is necessary for each species and that any considerable
rdeparture from this temperature shortens the life of {he spermatozoa.
The temperaturs is moreover very different for different species, 8o
that water in which the spermatozos of the pike live longest renders the
spermatozoa of the carp almost instantly motionless.

.Quatrefages found that the milt of fish might be kept in good con-
dition and capable of fertilizing ova, if preserved from contact with
water. Thus milt taken in the evening from a pike killed in the morning-
contained very active spermatozoa. He found, moreover, that the sper-
matozoa still in the tests preserved their vitality for twenty-four to
thirty-six hours longer than those in the milt. The spermatozos retained
their vitality in the dead fish longer if the fish was kept at a low tempera-
ture; and the best results were obtained when the tests were removed
from the fish and placed on ice. They may be even frozen into a block of
ice without apparently suffering any loss of vitality. Quatrefages then
draws the following conclusions from his observations.

L. “From a large number of experiments which I am unable even to
mention it results that with certain fish, & variation of four or five degrees
above or below a fixed temperature is sufficient to shorten by more than
half the life, already so shiort, of the spermatozon. We can understand
therefore, how the period of spawning in these species may vary notably

18
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from one loeality to another, contrary to what is observed not only among
warm blooded animals, but also among the greater number of cold
blooded animals. We can understand also how the spawning may be
hastened, retarded, or even suspended during several days, to recommence
afterwards, as I have been able to determiue this very year for the perch
and Leuciscus. In these species the acts related to reproduction are
immediately dependent on certain elimatclogieal phenomena.”

2. “The extreme shortness of the life of the spermatozoa and the
influence which the temperature exerts npon them are certainly to be
numbered among the causes which most efficiently hinder the crossing of
species and the production of hybrids among fishes. Impelled by instinet
the males deposite their miltsalmost in contact with the eggs laid by their

" females and the spermatozoa have not time to travel even to very short
distances to fecundate other eggs than those to which they are destined.”

3. “We have seen that the maximum of vitality presented by the sper- '

matozoa of the pike is more than double the maxima found in the carp
and perch, and about four times as great asthe maxima of the spermatozoa
of Cyprinus. The latter spawing at very variable temperatures, and
being able consequently to %encroach upon the time of spawning of =
certain number of species, a very short existence of its spermatozoa was
therefore the more necessary as a guarantee against possible crossing.
Among carp and perch which spawn in bands and assemble sometimes to
the number of geveral thousands upon a single spawning ground, fecunda-
tion is always almost assured by the very fact of this assembling and the
short duration of the life of the spermatozoa would present only advantages
without having any inconvenience. It could not have been the same with
the pike, which, like all fierce animals live in isolation, and spawn, so to
speak, as M. Millet assures me, in pairs. It is necessary here that the milt
ejaculated by a single male, and always in small quantity, should have
time to act upon the eggs and this end is attained by much greater
persistence of the vitality of the spermatozoa.”

4, # * * . % * * * *

5. “It has been heretofore quite difficult to find a reason for the instinct
which urges certain fish, the frout and the salmon for instance, to ascend
rivers, to sometimes enter trenches where they find searcely the amount of
water necessary for their movements, and also to explain the preference for
certain water courses or for certain points on the same river. Usually it
hae not been possible to cite as a cause the chemical composition of the
waters. In regions entirely granitic or schistose, this composition could
scarcely vary for the sources coming from the same mountain, and in any
case it should remain the same for the same water course examined at
certain distances. ' :

“Fishermen, however, know very well the bottom that serves every year
for the spawning of the fish. They know equally well that some neigh-.
boring bottom placed apparently in identical conditions never receives the
visit of spawning fish. All these facts are readily explained by the
influence of temperature. If winter fish ascend the rivers and stop at a
certain distance from their sources, it is to find a water the femperature
of which shall be exactly that which the fecundation and development of
the eggs renders necessary. At the mouth, the temperature would be too
high, at a distance perhaps more remote the liquid would be too cold. Tt
is between these two points that the fish of which we speak must. find a
suitable degree (of temperature) and they ascend until they have
oncountered it.”
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Kolliker (°55) confirmed the observations of Quatrefages as to the
“injurious effects of water, and called attention to the fact previously noted
by Dujardin that the heads of the spermatozoa swell in water.

Other writers seem to have given only incidental attention to the sper-
‘matozoa of Teleosts until we come to Hennequy ('77). Ho repeated the
-experiments of QJuatrefages and found that the spermatozoa of the tromt
-continued in motion for thirty seconds. The temperature is not stated.
‘The time, it will be noted, is only one-sixteenth that given by Costé, but
might have been longer at a different temperature. Henneguy tested the
‘power of the milt to fertilize eggs and found that not a single egg could
be fertilized with milt that had been for one minute in contsct with water,

After fifteen seconds in water the movemenis of &ll spermatozoa are
slowed while some are motionless. Out of sixty eggs fertilized with this
milt forty-six hatched. He kept milt for four days in a flask at 10.15° C.
‘and at the end of the time found the movements of the spermatozos when
mixed with water, normal. Forty eggs were fertilized with this milt and
thirty-two hatched. Henneguy and Kslliker tried other experiments by
mizing various drugs with the water containing the spermatozoa but these
«do not concern us here,

The observations above recorded of Costé, Quatrefages and Kolliker and
‘Henneguy all refer to species of fish spawning in fresh water.

On the other hand the observations of Ransom (’66, p. 460) on the
stickleback (Gasterosteus leinrus) indicate a much longer life of the
spermatozoa in fresh water. - In one place he speaks of the spermatozoa as
moving at the end of seventeen minutes but motionless at twenty minutes
and in another place says “The spermatozoa were seen actively moving
«during the twenty-five minutes I watched.” In view of the uniform
results obtained by observers who have given attention particularly to this
point these isolated observations of Ransom require confirmation. He
worked with a power of only one hundred diameters and may have mis-
“taken other movements for vital ones.

Kupffer (*77) describes moving spermatozoa in the perwvitelline space
wmine hours after fertilization.

I have found no observations particularly directed toward this point in
those species that spawn in salt water. (lasual references to the subject
by observers working at other points are likely to be of little wvalue
-owing to the liability to the error of confusing the Brownian or other
physical movement with vital movements. Qnly those observations should
be acuepted that show that the spermatozos called living are capable of
fertilizing the eggs, and I know of no observations of this sort on species
sspawning in salt water, ‘

Hoffmann (°82) speaks of the spermatozoa of Scorpaena as dying very
quickly in sea water and as not showing movements afier thirty minutes.

Hensen (’83) says that the milt of the cod placed in water having &
saltiness of 1.9% immediately showed very lively motious lasting as long
ag one and one-half hours, and adds: “I have certainly seen a spermatozoon
{in the micropyle of an egg which had probably been impregnated) in
motion for that length of time.”

It is_certainly true that the spermatozoa of all Teleosts observed live
but a short time in fresh water. The explanation offered by Quatrefages
is very likely the true one. The death of the spermatozodn is s con-
trivance, probably only one of several, for preventing hybrid fertilization.
That it is possible to fertilize the eygs of one species of fish with the milt
«f another and thus obtain hybrids has been proved by uumeruns trials
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I need only mention here the cese cited by Ryder (85, p. 503) of
“specimens in my possession of young striped bass hatched from ova
fertilized with the milt of the white perch {Roccus Americanus).” And
the further remarkable case cited in the same place of a:hybrid between
the shad and the white bass, two widely separated forms.

If then the spermatozos of fish were capable of living for even a few
hovrs in water and of moving about, an opportunity would be afforded for
their coming upon eggs of other species and fertilizing them. If on the
other hand the spermatozoa die in water within one or two minutes, it
would praclically never happen that they would reach eggs other than
those for which they were intended. ‘ ,

‘Wherever the act of spawning has been observed among fish it has been
found that the male angd female go together and that the spawn and milt.
are either ejected into the water at the same time or the milt is ejected
over the spawn immediately after it i laid. ,

Von Baer (*35) gives an account of the spawning of Cyprinus blicea.
“The fish go in herds and each spawner is surrounded by a number of
milters. They strike violently against one another and at the same time
turn their bellies toward one another. This is probably the time when
a part of the spawn escapes. Often one sees a male so eager in the pursnit
of ‘a female that when she is closely surrounded by other males, he rushes.
over all of them and is raised up with half his body out of the water.”
Von Baer also quotes Argillander as giving an account of the spawning
of the pike and W. Grunt as giving an account of the spawning of the
salmon. In both cases the male and female fish are described as lying
close together in a previously prepared nest and going through movements.
calculated to bring their bellies together and to expel the eggs.

Rusconi (’36, b.) gives an account of the spawning of Cyprinus gobio,
in which the fish are described as passing for two or three feet up the
mouth of a brook, males and females together and lying on the bottom
with their backs out of the water. In this position they curved their
bodies and swept their tails back and forth, and remained thus seven or
eight seconds. At the end of this time each gave the bottom a violent
blow with the tail so that the water spurted out on all sides and then
turned and returned to the lake. Examining the place Rusconi found
spawn. He did not observe that the fish paired but only that males and
females were together. ’

Vogt (*42, p. 16) says of the Huropean whitefish {Coregonus paleae)

“It is known that the paleé always spawn in pairs and that they aunounce’

their presence to the fishermen by leaping above the surface of the water
one against another. It is at this moment that fecundatisn is effected by
the simultaneous ejaculation of eggs and milt

Cosfé (’59) gives an_ mccount of the nesting habits of the stickle-backs.
and relates how the male when he has brepared the nest leads the female
to it. When she has deposited her eggs the male follows immediately and
ejects the milt upon them. Should the female be slow in leaving the nest,.
he drives her out in order to get access to the egps.

Milner (*18) gives an account of the spawning of whitefish in the
Detroit river as follows: “ Driven by the persistent attention of the male-
the female rose vertically, he following and she making a convulsive effort
to escape, the water being from three to ten J[feet deep, they threw them-
selves together above the surface, and the spawn and milt-were emitted at
the time when from their position their vents were approximated.”

-
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Frow these accounts, and I have no doubt the literaturs contains many
more, it is clear that the bringing together of the ova and spermatozos of
Teleosts is by no means a matter of chance in fresh water. The faot that
the eggs are laid in the presence of the male {aud probably only then)
insures their speedy contact with the spermatozon. The short life of the
spermatozoa guards against the chance of their wandering away to come
into contact with other eggs. In short, instead of the fertilization being

-a matter of chance, there seems to be abundant contrivances to insure

that it shall not be a matter of chance. In the eggs of fish spawning in
salt water it may be different. o

Ljungman ('78) describes the herring spawning thus: “During the
spawning process the herrings are packed in a dense mass are in con.
stant and violent motion, move their tails rapidly, press and rub againsb
the nets, etc., all with the obvious.intention to facilitate the empiying of
the sexual organs. It has been observed that during the emission of the
milt the sea water assumes a whitish color and a peculiar odor becomes
Pperceptible.” '

Larl ('78) thinks the ova of the cod may be fertilized largely by -
chance, since he has not observed the fish going in pairs.

The statements of Hensen and Hoffman with regard to the length of
life of the spermatozoa make a chance fertilization possible in salt water.,
On the other hand neither Hensen nor Hoffman showed that the sperma-
tozos @scribed by them as moving were capable of fertilizing egus and
the account of Ljungman indicate immediate fertilization in the herring,

The evidence 1s therefore not sufficient to decide the matter in salt
‘water spawners, and it remains to be said that even should it prove true
that in some such forms fertilization may take place by chance and the
spermatozoa be endowed with a considerable length of life, yet this does
ot invalidate the conclusion with regard to spawners in fresh -water.
While the short life of the spermatozoén in those fish that spawn in fresh
‘water may serve to prevent the formation of hybrids, the same result
may be aftained in salt water spawuers in a different way and a long life
of the spermatozoon may serve a useful purpose, '

Thus in the case of the herring, the immense number of fish congre-
gated on the spawning ground would tend to drive away all other fish
and prevent hybrid fertilization in that way. In the method of spawning
observed in these fish it wounld be of advantage that the water should be
kept filled with actively moving spermatozoa, and this could be better
accomplished if the spermatozoa were endowed with considerable length
of life. ‘ :

PART 1YV,
THE FERTILIZATION OF THE EGG.
A—THE LIVING LEGG.
In order to study the process of fertilization it is convenient to
arrange the egos in rows in a watch glass in the manner described for
studying the changes prodnced by water in the unfertilized egg. A

second watch glass containing .water is placed at hand and a small
quantity of freshly expressed milt is then taken up in a pipette and
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mixed with the water in the watch glass as quickly as possible by drawing-
the water into the pipette and foreing it out again several tires in rapid
succession. The milt thus diluted is placed on the ‘eggs with the pipette-
and reaches them in between five and ten seconds after it has been mixed
with the water. The milt is allowed fo remain on the eggs for ten or
fifteen seconds and is then removed by changing the water several times.
~tapidly. . All this can be accomplished without changing the position of
the eggs since the water causes them to adhere firmly to the watch glass.

The eggs, after washing, are brought under -the microscope and are-
under observation within thirty seconds of the time the milt is mixed
with the water. This method is a slight modification of the one used by
‘Calberla in studying the eggs of the lamprey eel.

One runs rapidly along each row of eggs until an egg is found which
presents the micropyle in profile, <. ¢., in such a position that one sees the-
micropyle at the edge of the egg, and can a little later see the micropylar
funnel aud canal from the side throughout their whole length. It requires.

gome practice to pick out quickly an egg in the Tight position for-

‘observation.

By the time this is accomplished the movements of the spermatozoa
will usually have nearly ceased, but one may ses here and there a feeble-
movement. It is mow noticed that each egg is thickly covered with
spermatozoa, the heads of which appear under the power that can be used
.28 minute granules thickly studded over the external egg membrane (Fig.
23 spr.). They are not usually in contact with the esternal egg mem-
brane nor are they held firmly by it, since a little gentle washing sufficen.
to remove them, while the external egg membrane is plainly seen within
the zone formed by the spermatozoa about the egg.  The spermatozoa
are held in place by the finid which covers the eggs when they are
laid and a film of which remains.on the surface of each egg when they
are arranged in the watch glass. The water gradually dilutes and washes.
away this fluid, and as this happens the spermatozos are freed and may
be seen floating away. This fluid thus affords to the egg & means of
attaching fo itself spermatozoa on all sides, as long. ago noted by Costé
(’59}, and may thus serve a useful purpose in rendering the fertilization
of the egg more certain.

1t has been pointed out that the spermatozoa live much longer in this.
fluid than in pure water, and it might be expected that those spermatozoa

held in contact with the egg by this fluid would continue their movements .

longer than those in the adjacent water. The experiment was therefore
tried (and many times repeated) of first placing the eggs under the
microscope and then adding the milt. In doing this it 1s necessary to
have the milt very dilute in order that it may not render the water so.
milky as to obscure the view of the egg. FEggs thus treated were watched
to see wheiher the spermatozoa in contact with the egg lived longer than
those in the adjacent water. It was found that in every case their move-
ments were arrested at the same time with those in the water. There iz no-
evidence that contact with this fluid prolongs the life of a spermatozatn
that has once come into contact with water. Probably a very short con-
tact with water leads to the death of the spermatozotn, even although it
is, s in this case, immediately afterwards removed from the water.

The layer of spermatozoa that covers the- egg may be uniformly
distributed over its surface or it may be thicker on one side than on the
other. In anumber of cases it was noticed that the layer was much thicker-
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over the germinal dise than elsewhere, and it was thought for a time that
the germinal disc might exercise through the shell some influence on the
spermatozoa that should bring them in greater mumbers to that side of the
egg. An examination of a large number of eggs with this point in mind
showed, however, that it was merely a matter of chance as to where the
greatest accumulation of spermatozoa occurred. If was as likely to be on
the side opposite the germinal disc as on the side of the dise.

There is one possible exception to this statement. In many cases it was
noticed that there was an accumulation of spermatozos directly over the
micropyle. The appearance presented was as though a large number of
spermatozoa had rushed toward the micropylar funnel. Such accumula-
tions were conical or sugar loaf shaped and sometimes of a height equal to
the thickness of the shell. These accumulations did not always occur, but
accuired so frequently as to make it improbable that they were due to
chanee. It is likely that they are formed either by the erowding together
of spermatozoa in their efforts to enfer the micropyle or by the presence

* over the micropyle of a projecting plug of some material in which the

spermatozon become entangled. If such a plug of material exists it is too
delicate to be detected by the methods nsed though it is possible that a
suitable staining method would reveal its presence.

Within two minutes after the egg comes under observation the cortical
drops will usually have disappeared, and one may then see the beginning
of the perivitelline space (¥ig. 11, pv.). It sometimes happens that this
space appears about the whole circumference of the egg at the same time,
but it is more frequently the case that it appears over every other part of
the egg except at the mycropyle, so that while the zona radiata is separated
from the cortex over its whole inner surface it still remains in contact with
it at the micropyle {Fig. 11.). In such cases the micropylar elovation is
seen to be imbedded in the germinal dise. T am inclined to believe that
it is always the case that the last point of contact between the wona radiata
and the cortex is at the micropyle, but that sometimes the changes are gons
through with so rapidly that this fact escapes observation. "The rapidity
with which the phenomena now to be described follow one another depends
upon the temperature. The most complete record which I have preserved
is one made at a comparatively high temperature but unfortanately my
notes contain no record of jhe temperature af this time.

Two and a half minutes after"adding milt the perivitelline space was
found (in the case recorded) but the micropylar elevation was still in con-
tact with the germinal disc. At three minutes and twenty-five seconds
the micropylar elevation is entirely withdrawn from the germinal dise
and the disc itself is already somewhat thickened. There now appears on
the point of the disc with which the micropyle was in contact a clear
elevation of the protoplasm (Figs. 11a, 23, 24, 96, 27, i., em. }, which has the
form of a nipple and bears at its end a slight crater-like depression. This
olevation I shall call the impregnation eminence. If one watches very
closely the separation of the micropylar elevation from the germinal disc
one may often see the irnpregnation eminence make its appearance an
instant after the separation and at the very point on the disc which was in
contact with the micropylar elevation (Fig. 23). In other cases the
impregnation eminence is not seen until some little time after the
mieropyle has separated from the dise and it then lies at one side of the
microple (Figs. 26 and 27). In either case it may be seen first as a very
slight projection (Fig. 23, d.) which gradually becomes higher (Fig. 23,
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c. and b.,) and finally takes on the form of a nipple with the crater-like
depression already described (Fig. 93, 8). When fully formed it has a
breadth of about 020 mm. and is sbout half as high. The eminence is
therefore 80 slight that it is easily overlooked and in order to be seen it is
necessary that it should lie at what appears to be the very edge of the dise
as one Jooks at it from above. Of course not all eggs placed by chance
lie in this position, so that it is necessary to pass rapidly from ege to egg
unti] & suitahle one is found. If one finds an egg in which the micropyle
1s presented in profile as in Figs. 10 and 11, the impregnation eminence is
almost certain to show. After having examined many handreds of eggs
and seen the eminence perhaps a hundred times I have no hesitation in
saying that it always occurs and that if it is not visible this is owing to the
position of the egg. One who has become thoroughly familiar with it may
often overlook it at firat, but afterwards see it lying a little above or below
the median optic section. .

The eminence is usually borne on the top of a rounded elevation of the
germinal disc of about the form of an inverted saucer {Fig. 27 and Fig.

~1la.). This zecond elevation is about ten times as broad as the lmpregna-
tion eminence and about three times ag high, and is composed of proto-
plasm slightly less granular than that of the rest of the dise, but much
more granular than that of the impregnation eminence. I shall speak of
it as the granular eminence. It varies somewhat in iis proportions and
does not always appear to be present (Figs. 93 and 26), at least I have
often failed to see it, although it may have disappeared before my obser-
vation was begun. It may be said with certainty that if it is always pres.
-ent, it does not persist during the whole time during which the impregna-
tion eminence is present.

The impregnation eminence persists for a time varying between two
and five minutes and is then withdrawn. One side of it is often with-
drawn first and then the other, the whole process of withdrawal lasting
one or two seconds and being much more rapid than the appearance of the
-eminence. In one case the Impregunation eminence was seen at the end of
thirteen minutes after fertilization, in an egg at a temperature of 9° C., but
in most observations which were made at a higher temperature (probably
1l or 12° C), it had disappeared at the end of five or six minutes. The
granular eminence disappears at the same .fime as the impregnation
‘eminence. .

I have in one case observed two impregnation eminences near-one
another on'the same disc. They were not borne on granular eminences
and were smaller than normal. " In another case I observed a considerahle
number, perhaps & dozen, slight conical elevations of the germinal dise
seattered irregularly over its surface and each mnch smaller than an

impregnation eminence and without a crater-like depression at its apex.
In this egg I did not find the usual impregnation eminence. Aside from
these two cases I have seen always a single Impregnation eminence in each
egg, and I have seen it always arise and disappear in the same way and
about the same rate and nearly always borne at the top of ‘& granular
eminence.

The fact that the impregnation eminence appears at that point of the
dise which was in contact with the micropylar elevation, suggests at once
that it is causbd by the contact of the spermatozodn with the egg. Many
unfertilized eggs were examined. t6 see whether the impregnation eminence
could be found in them, but always-with a negative result. I was never
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able to find in an unfertilized egg anything in any way resembling an
impregnation eminence, althongh in other respects the unfertilized ego
behaves precisely as does the fertilized egg during the interval between
laying and the time of appearance of the first segmentation furrow.

It is theréfore rendered certain that theim pregnation eminence is due to
the contact of the spermatozoon. The spermatozoa are so small and the
egg &0 opaque daring the first minute of’its contact with water, that noth-
ing could be made out as to the passage of the spermatozoa through the
micropyle. The considerable size of these eggs makes it impossible to
use a very hizh power and they are therefore not as favorable for these
observations as many pelagic eggs.

Careful observation was made of the impregnation eminence to see
whether a spermatozoon could be found attached to it or whether sperma-
%ozoa could be seen moving about near it in the perivitelline space. In no
case was anything found attached to the eminence that could without doubt
be considered a spermatozodn. In one case a small granule of the size
of the head of a spermatozoon was seen attached to the eminence at one
side of the crater and the eminence was immediately withdrawn. In
other cases similar granules were seen moving very near the eminence,
which wasimmediately thereafter withdrawn.  Without further data one
would have no hesitation in calling these granules the heads of sprrmato-
zon, and in believing that the contact of the spermatozodn with the impreg-
nation eminénce and the comsequent withdrawal of the latter had been
actually observed. The movements of the granules are precisely like
those of slowly moving spermatozoa heads, and itis easy to imagine, as
I have done, that .one sees the moving tail of the spermatozosn. When
the granules are moving somewhat rapidly and slowing or stopping fre-
queuntly, the impression left on the retina by the path of a granule may
be so combined with the image of the granule as o give rise to the impres-
sion of a very properly constructed spermatozoon. This is particularly
true if one has actual spermatozon in focus in the same field on the ouatside
of the zona. An examination of unfertilized eggs that have been placed
in water withoutany contact with spermatozoa shows, as already described,

‘the same granules behaving in the same way, and the possibility of their

being spermatozoa heads is thus at once excluded.

After the disappearance of the impregnation eminence, the behavior of
the unfertilized and fertilized eggs as seen in the living egg is identical.
The perivitelline space continues to increase in size and the germinal disc
to accumulate in both at the same rate. There is one series of phenom-
ena which takes place in both fertilized and unfertilized eggs; but which is
so intimately associated with fertilization that it will be described in this
connection. I refer to the formation of the polar bodies, and repeat that
s0 far as can be made out in the living egg, this process is absolutely the
same in the unfertilized egg that it is in the fertilized and proceeds at the
same rate. :

Polar bodies are believed to be formed in all animals before fertilization
can be completed, and before, therefore, any development of an embryo
can take place. The process of the formation of the polar bodies is usu-
ally spoken of as the maturation (ripening) of the egg.

There are two polar bodies formed in the wall-eyed pike as in other ani-

. mals. The first one may be seen in the living egy between thirty and

forty-five minutes after fert.lization, It appears at first as a small, per-
fectly transparent hemispherical elevation of the germinal disc (Fig. 13).
The elevation is colorless and free from granules, and has a distinct dark
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border indicating the presence of a well defined membrane. The eleva-
tion is about 012 mm. in breadth (sbout one.half the breadth of the
. impregnation eminence). It becomes gradually higher, and in the course
of from six to ten minntes is nearly as high as broad, and a noteh has
appeared on either side of it. The appearance in the living ege i3 as
though it were first raised up above the surface of the germinal disg and
then pinched off by a constriction running entirely about its base between
itand the disc, so as to separate it from the disc. Tt will be seen from an
examination of sections that this appearance does not quite represent the
facts. When the first polar body has thus been separated from the germi-
nal disc it is & perfectly transparent and colorless sphere (Figs. 28, 29, 33,
p.- b.1.). Assoon as the first polar body is raised up from the surface of
the disc enough so that one can get a view of that border of it which lies
next the dise, one sees that it is borne on the top of a second elevation, the
second polar body (Figs. 28, 29, 33, p. b. 2). The second polar body is.
clearly seen about twenty minutes, or twenty-five, after the appearance of
the first. In the course of ten or twelve minutes it has extended above the
level of the disc to about half the height of the first polar body, which it
bears on its apex. In twenty minutes after the first' appearance the second
polar body has reached a height equal to that of the first ( Fig. 29) and in
thirty minutes it has separated entirely from the germinal disc (Fig. 83).
The second polar body is then seen to be different from the firstin a
unumber of particulars. It is somewhat larger and is less regular in out-
line. It commonly appears in a side view {o be of s truncated triangular
form with the first polar body borne on the truncated apex of the train-
gle, but it may have other forms. It nearly always has one side flat-
tened against the germinal dise. It is, moreover, not clear, like the
first polar body, but granular. It appears to be made up of a considers-
ble number (12 to 24) small separate granules loosely held together (Fig.
"33). It consequently appears darker and less sharply defined than the
fizst polar body, so that it is more difficuls to see. .
When the polar bodies are fully formed they lie side by side on the
surface of the dise. They probably eventually break up in the perivitel-
line fluid, but ¥ have not attempted to follow this process. I have seen
tbe polar bodies after the formation of the first segmentation furrow
attached to one of the segments near the furrow.
The point on the disc at which they appear is always (as noted by Agas-
siz and Whitman) at one side of the middie of the dise (Figs. 13, 14, 28).
I have examined a large number of specimens for the purpose of deter-
mining this point. In fourteen cases thus examined in one lot of fertilized
eggs, the polar bodies were plainly eccentric in thirteen,.while in the
remaining egg they appeared to be central. It is of course possible that.
they were actually eccentric in the fourteenth egg, since in this case the
optical section may not have passed through the middle of the dise. In
fourteen unfertilized eges examined at the same time, the polar bodies
were decidedly eccentric in ten and appeareld to be central in four. One
who wishes to understand the conditions under which these determina-
tions were made, may take a watch glass or other similarly shaped dish
and make an ink spot a little to one side of the center .of the convex side

of the dish. If he then looks at the edge of the dish, the dish will repre- -

sent the germinal disc of the egg and the spot will indicate the position of
an eccentric polar body. By turning the dish about while still locking af
its edge he will see that the polar bodies may appear to be central while
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they are actually eccentric. If he them makes a spot in the center of the
dish, he will seo that however he turns the dish the spot appears to be
always central. While an eccentric polar body, may appear to be central,
a central polar body can never appear to be eccentric. We may therefore
conclude that in the wall-eyed pike the polar bodies are eccentric in
position in both fertilized and unfertilized eggs. )

Tt was shown above that the germinal disc about ten minutes after the

_egg comes into contact with water has the farm of a saucer with its concave

side fitted against the yolk. This form, as was stated, it retains for more
than an hour, that is during the whole time during which the polar bodies.
are being formed (Fig. 18). Shortly after the formation of the second
polar body the disc again begins to change shape becoming thicker pnd
higher (Fig. 14) as already described, until it finally has the form of a part of
a sphere of less diameter than the yolk sphere (Fig.15). The formation of
the germinal disc in both unfertilized and fertilized eggs may thus be-
divided into three periods, during the first of these, lasting about ten
minntes it increases in size and takes on a definite watch glass form.
During the second period, the hour during which the polar bodies are
being formed it remains practically without change of form. During the
third period, extending from the time of intrusion of the second polar
body to the third hour (about) it passes gradually from the watch glass.
form to the form of a segment of a sphere of gradually lessening radius.

B.—SECTIONS.

While the polar bodies are forming and the germinal disc acoumu-
lating changes of the greatest importance are taking place on the inside of
the germinal disc and must be studied by means of sections.

My own observations extend only over the period covering the forma-
tion of the first polar body and are even here incomplete. I shall there-
fore draw mainly on the accounts that have been given by Agassiz and
Whitman ("90) and Boehm ('¢1) and shall refer to those of Kupffer, The
account given by Hoffman, for reasons previously stated, Ishall not make
use of, and that of Blane (92) is not yet accessible.

Boehm, who worked on the trout, has given the most complete account
of most of the stages. In sections made through discs fen minules affer:
Jertilization he finds the nucleus of the egg in the mother star phase of
karyokinesis. It consists of a distinet acromatic spindle with spindle
fibres and about the equator of tho spindle are grouped the chromatin
threads. These have the form of short rods and wiil be spoken of as chro-
mosomes, It may be said here that the loop or U form of the chromo-
some found in most dividing nuclei is not universal and that in the egg of
the trout we have one exception in that the chromosomes are rod-shaped.
Their number is about six. . .

Twenly minuies after fertilization (¥ig. 34) the achromatic spindle (p.
sp. 1.) has traveled to the surface of the germinal disc and lies with its.
outer pole against the surface and its long axis nearly perpendicular to the
surface. At the same it has increased in size and the spindle threads are
more distinet. The number of chromosomes (crm.) has now increased to
about twelve, 4. e., it has doubled. "Each of the twelve chromosomes is as.
long as the original but only half ag thick. o )

Thirty minules after fertilization it is found (Fig. 35) that in place of
twelve chromatin rods at the eguator of the spindle there are now twenty-
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four shorter chromatin bodies, twelve near one pole of the spindle and
twelve near the other pole. There can be no hesitation in saying that each
-of the twelve rods situated in the equator in the preceding mother star stage
has di\(lded into two, and that we have now the danghter star stage. The
‘twelve chromosomes near each poie of the spindle continue to travel toward
the poles and finally reach them (Fig. 36).

The outer pole of the spindle is then pushed above the level of the
germinal disc ( Fig. 36, p. b. 1.) 80 as to form an elevation on its surface.
This elevation is the first polar body which we have already studied in the
living egg. The outer pole of the spindle, together with the twelve
-chromosomes grouped about it is then pinched off from the germinal dise
by, a circular constriction which runs about between it and the dise. When
thus pinched off (Fig. 86, p. b.1) it forms the first polar body and lies ina
depression on the surface of the egg 8o that its outer side iz seen in the
living egg. : ‘

The twelve chromosomes that remain in the egg arrange themselves
about th.e[ equator of a new spindle which has been formed in the mean.
time (Fig. 87, p. sp. 2). The origin of this second spindle (second polar
spindle) has not been determined in Toleosts, When the chromosomes

ave arranged themselves about itg equator the nucleus is again in the
mother star stage. The twelve chromosomes then again divide each into
two and the twenty-four thus formed separate into two groups of twelve
each which travel toward the poles of the second polar spindle and form
thus & new daughter star stage ( Iig. 37).

This in the trout is reached at the end of one hour ten minutes. The
chromosomes continue to travel toward the poles which they finally reach,
‘the outer pole is then pushed above the surface and. a constriction forms
which pinches it off together with twelve chromosomes about it. There is
thus formec} the second polar body (Fig. 38, p. b.2). Tt is formed in the
wall-eyed pike immediately beneath the first polar body and pushes the
Iatter up out of the depression of the surface in which it lay. The second
polar body then occupies this depression, but is after a time expelled from

.1t by the obliteration of the depression and the two polar bodies then lie
8ide by side on the surface of the egg.

The twelve chromosomes that are left in the egg after the expulsion of
the second polar body now form a compact group composed of twelve
‘sphenca'l bodies, each corresponding to one of the chromosomes, This is
all that is left of the egg nuclens (Fig. 88, at crm.), It remains for a con.
siderable time attached by some of the spindle threads to the beottom of
the d_epregsion in which the second polar body. lies,

It is evident that by the process of forming the polar bodies three-quar.
ters of the chromatin’ of the nucleus of the egg is extruded. Half of it ig
-extruded in the first polar and half of the remadinder in the second polar
body. The mass of chromatin left in the ege at the end of the process is
therefore only one-quarter what it was at the beginning of the process
(compare Fig. 38 with Fig, 34). Not only is the mass of chromatin thus
reduce_d by three-quarters, but the number- of chromatic bodies or chromo.
somes is also reduced three-quarters, There are twelve chromatin bodies
(chromosomes) in the equator of the spindle before the formation of the
first polar body (Fig. 3¢). No one has deseribed a division of the bodies
in Teleos.ts, but what has been made out by Boveri for Ascaris and by
Rackert In sharks is probably true here also, namely, that each c¢hromo-
Some consists in reality of four and that there are altogether forty-eight
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chromosomes about the equator of the first polar spindle. When the
apparent number increases from 12 to 24 in the formation of the first polar
body* (Fig. 85) it is owing merely to a separation of twenty-four of the
hitherto united chromosomes, which travel toward one pole of the spindle.
trom the other twenty-four which travel toward the ofher pole of the spin.

‘dle. The chromsowmes composing each group of twenty-four are united

together in pairs so that there appear to be but twelve chromsomes at
each pole of the spindle (Fig. 36). The twelve near the outer pole of the
spindle are then extruded (Fig. 36). Those remaining within the egg now
separate on the second polar spindle into two groups of twelve each {Fig.
87), and the outer group is expelled in the second polar body. The result
is that of the forty-eight chromosomes originally present in the egg but
twelve remain. These twelve are now united into a spherical mass, the
female pronucleus {Fig. 38 at erm.).

In the meantime the spermatozotn has entered the egg. Boehm finds.
that the micropylar canal contains a number of spermatozca during the
first hour and a half after fertilization (Fig. 35, spr.). The heads of these
spermatozoa are found filling the canal as many as seven in a row and
become deeply colored by the stains ordinarily used. .

Thirty minutes after fertilization one of these heads is found in the germ-
inal disc near its surface and close to the micropyle, One hour after fer.
tilization the spermatozoon head is found (by Kupfler) lying still near the-
gurface and consisting of four segments arranged in a row { Fig. 36a, spr.).
On the mside of it is seen a star or sun (Fig. 36a, as.) made up of radi-
ating lines in the cytoplasm and indicating the presence of a centrosome,
though no centrosome is visible..

One hour and twenty minutes after fertilization (Fig. 38) Boehm finds.
that the spermatozodn has descended into the germinal disc and that the
two constituents have separated from one another. The chromatic portion
(m. pn.} has now the form of a group of rounded chromatin bodies which
closely resembles the female pronuclens. The number of separate chromo-.*
somes composing it is not stated by Boehm but we way assume that it is,.
as in other animals, the same as the number in the female pronucleus,.
that is, twelve. The chromatic part of the spermatozotn is called the
male pronuclens. In addiiion to this the sun-like or star-like figure pre-
viously described as having its center near the spermatozoon, is now sepa-
rated from it by a considerable distancé. It is called the aster and proba.
bly has at its middle & centrosome, though this has not been described
{Iig. 38, as.).

Two and a balf hours after fertilization the male pronucleus is at some-
distamce from the central part of the aster (Fig. 39, mp. n.), while the
female pronucleus (f. pn.) is still in the region of the polar body and is.
still united by very plain fibres (£ p.) with the bottom of the pit in which
the polar body lies. Three hours after fertilization {Fig. 40} the male-
pronucleus (m pn.) is almost in contact with the center of the aster (as.).
The female pronucleus (f. pn.) lies in the region of the polar bady (p. b. 2).
and fibres (f. u.) connect it with the surface. The impression made upon
one atthis stage is that the female pronucleus is being strongly attracted
by the male pronucleus or the aster. It has moved from its original posi-
tion and the fibres which hold it to the surface have been pulled out so that
they are longer angd they are at the same time bent toward one side. Both

* AlL the chromneomes are not visble in overy fignre since the deeper omes are often concealed
by the more superficial.
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‘male end female pronuclei show less distinctly than before a division into
chromosomes and both show & tendency on the part of the chromatin to
resolve itself into the network which is characteristic of the résting nucleus.
‘This process has gone farther in the male than in the female pronucleus.

Three hours and thirty minutes after fertilization {Fig. 1), the male
pronucleus (m. pn.} lies on one side of the aster. It shows now a distincs
-chromatin network and a well defined nuclear membrane. The rays of the
aster converge toward two points instead of one, in other words there are

- two asters (as. 1, #s. 2). These have doubtless been derived by the divi-
sion of the single aster of the earlier stage and each doubtless containg a
-<centrosome. The female pronucleus (f. pn.) bas now been drawn nearer
the male and the threads connecting it with the surface have disappeared.

Two or more of its chromosomes have separated from the remainder and

- lie near the female pronucleus, forming small separate accessory female
bronuclei. The female pronucleus shows a distinct chromation mnetwork
-and a nuclear menibrane.

Five hours and fifteen minutes affer fertilization (Fig. 42) the two
asters have separated from one another by a considerable distance and
each is made up of & distinct set of rays (as. 1, 88. 2). These two sets of
rays come together at the sides of the asters and midway between their
centers. In a direct line between the asters thers are mo aster rays and in
this position are seen the two pronucle, The male pronucleus (m. pn.}
18 now underneath (7. e, furtherest form the surface) and shows & chroma-
tin network and a distinet thick nuclear membrane. The female pronu-
cleus (£ pn.) has been drawn up against the male pronuclens so that the
two are in contact. It is larger than the male pronucleus with a distinct
chromatin network and with a delicate nuclear membrane. The ACCESSOTY
pronuclei lie near it,

. Seven hours'and thirty minutes after fertilization (Fig, 43) the condi-
tion of things is still much the same. The two asters are present as before
-and between them the two pronuclei.  The male pronucleus has scarcely
changed and lies as before, deeper than the female pronucleus. The
female pronuclens has grown larger, its chromatin network is more dis.
tinet and it is wrapped part way around the male pronucleus, though the
two are still perfectly distinct.

The accessory pronuclei have disappeared dnd are believed by Boehm to
have been taken up into the female pronucleus from which they came,

Boehm does not give the latter history of the pronuclei, buf it is given
by Agassiz and Whitman (’90) for Ctenilabrus. _

They find the pronuclei lying against. one another as described by
Boehm (Fig. 44) the male pronucleus (m. pn.) above (7. e., near ther sur-
face) and at the ends of a line passing between them the two asters. :

A little later the boundary between the two pronuclei has dissapeared
and there appears to be but a single nucleus lying hetween the two asters.
In this the chromatin is collecting again into chromosomes. Very soon
(Fig. 45) the chromatin has gathered itself into a number of distinet
chromosomes and at the same time & gpindle, the segmentation spindle
(sg. sp.), has made its appearance between the two asters. The source of
bhe spindle is not clear but the asters form its poles. The.chromosomes
are arranged about its equator; in short the nucleus is in the mother star
stage. The nucleus thus formed by the junction of the male and female
pronuclei is knownd as the first segmentation nucleus. The number of

thtomosomes that it contains has not been definitely made out in Teleosts. .
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but from what is known in other animals (e. g., Ascaris) we gafely con-
clude that in the trout it is the sum of the number fonnd in the male
and femele pronuclei, 7. e, twenty-four, twelve from each pronucleus, If
this is true half the chromosomes in the first segmentafion nucleus are
derived from the egg, 7. e., from the female parent and half from the sper-
matozoodn, 1. e.; from the male parent. -

Very shortly (Fig. 46) it is noticed that the chromosomes have divided
each into two and are separating into two groups as in the ordinary process
of karyokinesis. Each group wounld contain therefore (in the trout }iwenty-
four chromosomes, and of these twelve would have come from the male
and twelve from the female parent. When the groups of chromosomes
are separated the nucleus is in the daughter star stage.

The separation continues until the groups have reached the poles of the
spindles (Fig. 47) and two daughter nuclei (nu. 1, nu. 2) are formed, still
united by some of the spindle threads (£ p.). FEack daughter nucleus
lies near one of the asters and at the center of each aster we may assume
the existence of a centrosome. Very shortly (Fig. 48) a plane of
division is formed in the cytoplasm, separating the cytoplasm into two
cells each with its nucleus {nu. 1, nu. 2). Half of the chromosomes in
each of these nuclei is of maternal origin and half of paternal origin.

The fish is now built up by the continued division of those two cells (as
described in an earlier bulletin of the Michigan Fish Commission) and at
each cell division the nucleus also divides. It is not the purpose here to
enter into this process of the formation of the em bryo and one thing only
remains to be pointed out. In each of the cells of the body of the
embryo the nucleus must be a lineal descendant of the first gegmentation
nucleus. It must contain therefore the same number of chromosomes as
the segmentation nucleus and half of these must be maternal and half
paternal. _

The account just given is drawn exclusively from Boehm and Agassiz
and Whitman, with a single point taken from Eupffer on Boehm’s author-
ity. Imay add that I have made, in sections, observations covering the
history of the first polar body and the formation of the male pronucleus
but that these add nothing to what was previously known.

A resumé of the observed facts may not be out of place. 'We have seen
in the living egg the formation of an impregnation eminence for the re-
ception of the spermatozoon (as will be presently shown). We have seen
during the time when the egg is filling and the germinal dise forming,
that two polar bodies, minute spheres of protoplasm, are pinched off from
the surface of the'disc and lie in the perivitelline space where they after-
wards probably go to pieces. After theformationof the polar bodies a peried
of one to two hours elapses during which the only changes visible exter-
nally are the changes in form of the germinal disc and the increase in
size of the perivitelline space. _

Turning to sections we have been able to make out that the formation
of the polar bodies is accompanied by the usual karoykinetic process of
division, so that each polar body coniains a part of the egg nucleus. The
formation of the polar bodies is an ordinary cell division twice repeated
and differs from other celi divisions only in that in each case one of the
cells formed (the polar body) is very small while the other {the egg cell)
is very large. During the formation of the polar bodies we have seen the
gradual penetration into the egg of the spermatozodn and its separation
into two portions, a chromatic portion the male pronucleus and an achro-
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matic portion the aster. We have seen the aster descend into the cedter
of the germinal dise and then begins the most astonishing part of the
process. The asier by some means attracts or pulls to itseif the meale
pronuclens and at the same time draws to itself the remains of the egg
nucleus, the female pronucleus. Bach pronucleus is seen to be made up
of twelve ( ?) chromatin bodies. By the continued attraction of the aster
the pronuclei are brought together, the female near the surface and the .
male beneath it. In the meantime the aster has divided into two asters
and the pronuclei have gone into the condition of resting nuclei. Very
soon the pronuclei pass out of the resting condition, each shows again a
division into 12 chromatic bodies of wlhich it is composed, and at the
same time a spindle appears between the two asters. This spindle has at
each pole one of thé asters and around its equator the twenty-four chro-
matin bodies, 12 from the father and 12 from the mother. An ordinary
cell division follows and results in the division of the germinal disc into
two cells, each containing a nucleus composed half of maternal and half
of paternal chromatin.

These important changes going on within the germinal dise during the
first hours of its existence show why it does not begin to divide into cells
at once upon being laid,

C—HISTORICAL AND CRITICAL.

I purpose here to touch upon only two points upon which, as it seems
{o me, my own observations throw some light. :
1. How many spermatozoo enler the egg?

It is now conceded that normally not more than one spermatozoon
becomes converted into a male pronucleus and joins with the female pro-
nucleus to produce the first segmentation nucleus. It is known however
from the researches of Ruckert (’91) on sharks, of Oppel (*92) and Tod-
ari ("91) on Reptilia and those of Henking on Insecta, that in these forms
a considerable number of spermatozoa enter the egg. Only one of these
become converted into a male pronuclens while the fate of the others is
uncertain, but it is believed by Ruckert that in sharks they become the
nuclei of the yolk.

In a recent paper Riickert (*92) has given good reason for the conclu-
sion. Since the same nuclei (parablast nuclei) exists in Teleosts, the
question of the number of spermatozoa penetrating the egg becomes at
once important. Nearly all the writers who have made observations
. covering this point on living eggs agree that the spermatoza enter the

Teleost egg by the micropyle. This has been observed by Ransom ('66)
by Hoffman ('82), by List (’86), apparently by Hensen (’82), and. by
André (’75).

Boehm (°91), has described the spermatozoa in the mieropylar canal of
the trout (Fig. 85) in sections and His (’73) has shown such agreement
between the size of the canal end the head of the spermatozoon that not
more than a single spermatozodn could enter at one time. Agassiz and
Whitman and Boehm who have, studied sections of the germinal dise
agree in describing but a single male pronucleus and do not mention any
structures that can be regarded as heads of additional spermatozoa. My
own. sections have yielded the same rvesults.

Kupffer (’88) as guoted by Ruckert (*92) believed from $he existence.
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of a number of impregnation eminences in the trout that more than ons
spermatozodn entered the egg, but was unable to prove this by sections.
Blane (*92) bas (according to Ruckert) described the existence of a num-
ber of spermatozoa in the egg of the trout, espécially when impregnation
is performed by the Russian method. The implication is that the exist-
ence of more than one spermatozoon is not normal.

So far as the study of sections go then, they have shown that normally
but a single spermatozoon enters the germinal disc in Teleosts. On the
other hand we have the testimony of Kuptfer (*77) from observations on
the living egg, that in the herring a large number of spermatozoa enter
the egg. Kupffer did not see these spermatozoa passing through fhe
zong radiale, but saw them in the perivitelline spaceé and in the yolk. He
saw them in motion and describes the motion as exactly like that of the
head of a spermatozoon. He did mot see the tails with certainty. He
found that the spermatozos remained in motion in the perivitelline £pace
for about nine hours and then disappeared. According to McIntosh and
Prince ("30) Brook has also described the penetration of large numbers
of spermatozoa into the egg of the herring.

I have not seen Brook's account, but Kupffer seems to me wholly insuf-
ficient to prove the point. I have shown the existence in the perivitelline
fluid of the egg of the wall-eyed pike of granules, the motions of which
are to all appearances identical with those of the heads of spermatozoa.
Most of these granules arc also identical in size with the heads of sperma-
lozoa and ifi is certainly very easy to confound the two. I have shown that
these granules exist in the unfertilized egg. It seems to me, therefore,
that until Kupffer has either seen the spermatozoa in the act of passing
through the zona radiata or has proved their possession of tails or has
found them in sections of the germinal disc or has shown that they do not
exist in unfertilized eggs his conclusions cannot be accepted. The exact
observations upon which Brook’s conclusions were based are unknown to me.

The existence normally of a single impregnation eminence in the wall-
eyed pike indicates the penetration of a single spermatozoon. By Hertwig
('87) the existence in the sea urchin of several such eminences was found
to mean polyspermy, the penetration of a number of spermatozoa. Kupf-
fer is quoted by Ruickert (*92) as describing several such eminences in the
trout and as surmising from their existence the penetration of several
spermatozos in that form. I have twice seen more than one eminence in
the wall-eyed pike, but must conclude that the cases were abnormal and
that normally but a single impregnation eminence exists.

It seems to me a conclusion warranted by the facts so far observed, that
in Teleosts but = single spermatozosn normally penetrates the germinal
dise. That in exceptional cases several spermatozoa may penetrate the dise
has been shown by Blane. :

2 What is the meaning of the impregnation eminence?

The impregnation eminence has been described in invertebrates by Fol
and Hertwig and perhaps by others and indicated as the point of contact
between the ovum and the spermatozotn, :

Kupffer (°86) is stated by Boehm to have observed a number of erni-
nences on the germinal disc of the trout aud to have considered them as
impregnation eminences and as indicating the penetration of more than
one spermatozodn. 'L'his is the only observation among the Teleosts.

Boehm ('88) gives the first satisfactory account of this eminence for any

20
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vertebrate in the lamprey eel. He describes a mass of clear protbplasm,

the pole plasm, as spread out in a thin layer over a considerable area on .-

one pole of the egg. Over the pole plasm is an area of the shell through
which spermatozod may penetrate, but elsewhere they are prevented from
penetrating by a secretion covering the egg shell. There is no micropyle.
Shortly after fertilization the pole plasm is raised up into a large rounded
elevation (the impregnation eminence) which is found to contain the head
of ' the spermatozoon and also the provisional egg nucleus. The eminence
then rises up-until it touches the shell, undergoes changes of form and
is believed by Boehm to take up the inner ends of a number of spermato-
#oa that have penetrated the shell far enough to allow their inner ends to
‘project into the perivitelline space. The eminenceis then withdrawn. The
pole plasm persists and sinks into the egg, following the retreat from the
wurface of the pronuclei. In it take place the phenomens of fusion of
the pronuclei and the formation of the first segmentation nucleus. This
“pole plasm is believed by Boehm to be themore fluid portion of the egg
nucleus. The point of particnlar interest in this connection is the fact
that the pole plasm is first spread over all that part of the surface of the
" egg to which spermatozoa bave aceess and that the eminence which later
projects from it is of large size. ‘

Schultze (88) has described the fovea germinativa (previously noticed
by others) a light colored spot near the middle of the dark pole of the
eggs of frogs and other amphibia. From the fovea the polar bodies are
given off. Schultze regards the fovea as formed by the more fluid portions
of the egg nucleus at (he time of formation of the first polar spindle.
Schultze says nothing as to the relation of the fovea during the act of
fertilization. It is morphologically the same ag the pole plasm of the
lamprey eel and might be expected like the pole plasm to receive the
spermatozodn.

Roux (’87) has, however, shown that the penetration of the spermato-
zo0n may take place in the frog along any meridian of the egg and he was
‘able to vary the point at which the spermatozoa entered the egg by vary.
ing the point of application. In the amphibia, therefore, the fovea is not
necessarily an impregnation point.

Ruckert ("92) in sharks, and Oppel (*92) in Reptilia have both described
the point of entrance of spermatozoa into the germinal dise as marked by
a depression of the outer surface. The spermatozoa may enter the disc at
any point over & considerable area since there is no micropyle.

I know of no other references to the subject among vertebrates. From
this review it appears that in the vertebrates investigated the entrance
point of the spermatozotn may be marked by a depression of the surface
‘protoplams or by hoth an elevation of the protoplasm and a depression as in
the case of the wall-eyed pike. In those cases (sharks, Amphibia and Rep-
tilia) where the area of the egg to which the spermatozoa may get access
is considerable there is no special accumulation of clear protoplasm {pole
plasm) and no special impregnation eminences have been described. In
‘the two cases whers the area of the egg to which spermatozoa get access

ig small (bony fishes, lamprey eel) there is an elevation {impregnation emi-

nence) formed, and the size of this eminence is in proporiion to the size
of the impregnation area. Thus in the lamprey eel the eminence (or the
‘pole plasm ) covers the whole of the area of the shell, through which it is
possible for spermatozoa to pass, an ares which to judge from Boehm’s fig-
ures, has & diameter equal to about one twelfth the circumference of the

u. g
iAo

' APPENDIX. s . 155

gg. " The contact of the egg with the spermatozoon may take place ovet
-any part of this area. In the wall-eyed pike on the other hand, the
‘impregnation eminence is very small and covers only that part of the ares
of the disc which is in contact with the micropylar eminence. This is,
-according to nearly all observers, the whole area to which it is possible for
‘8permatozoa to get access. This area and this only is normally elevated
1nto & single impregnation eminence and the eminence bears at its top s
single small depression. This indicates very clearly that here but a single
-spermatozoon penetrates the ege.

From the fact that the eminence exists in the fertilized but not in the
nnfertilized egg we may conclude that it is formed by the protoplasm of
the dige in response to the stimulus produced by contact with the sperma-
tozodn. It may probably be interpreted as an attempt on the part of the
-6gg to enclose and surround the spermatozogn as quickly as possible and
to thus withdraw it from the surface. Whether it is formed from any
part of the nucleus of the egg is wholly unknown, but is unlikely.

The impregnation eminence may be regarded as fixed simply in relation
to the micropyle. If by any chance move than a single spermatozoon
should get access to the egg (as in cases observed by Blanc) there would
-doubtless result a number of impregnation eminences. The impregna-
tion eminence is not therefore to be regarded as a contrivance for prevent-
ing the ontrance of more than one spermatozoon, but as an adaptation to
another contrivance which does thus prevent the entrance of more than
-one spermatozosn. That contrivance is the micropyle.

3. The function of the micropyle:

. As already shown the testimony nearly all shows that the spermatozoon
enters the egg at only one point, the micropyle. Attempts have been
made to show that the micropyle is closed after the entrance of the first
spermatozodn, so that a second one cannot enter. Thus Calberla ),
thought he had shown that in the lamprey eel the penetrating spermato-
zoon left its tail in the micropyle and thus closed it against other sperma-
‘fozos. Boehm (’88) later showed that there is no micropyle in the lam-
prey eel, but that the spermatozotn enters at any pointover a considerable
area of the egg and carries its lail with . -

Hojffmann (*82) believed that he had shown that in certain species of
Teleosts the micropyle was plugged by the first polar body and the entrance
of a second spermatozoon thus prevented. Put Agassiz and Whitman
(’90) showed that the extrusion of the polar bodies through the micropole
is an exception, and that regularly they remain in the perivitelline space,
‘This conclusion has since been verified by Boehm and by myself, There
is probably therefore no mechanical plugging up of the mieiopyle to pre-
vent the entrance of a second spermatozotn.

Hoffmann (°82) has suggested that the micropyle may be closed by the
formation of the perivitelline space. The micropyle opens internally at
the apex of an elevation of the zona and the formation of the perivitelling
space must cause some pressure to be exerted on the inside of the shell
Any such pressure on the end of the micropylar projection would, accord.
ing to Hoffmann, tend to close the canal. This one may illustrate by
punching a hole through a piece of cardboard with a pencil point or

-other ¢onical instrument, as already suggested. There is thus formed &
canal through the cardboard and like the micropylar eanal one end of it is
-ab the apex of a conical elevation of the substance of the cardboard. 'This
<levation is on the side of the cardboard opposite to that to which the.
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punch was applied and it is easy by any pressuve against it to close the
opening formed. It was doubtless in some such way as this that Hoffman
pictured to himself the closure of the micropylar canal by pressure within
- the perivitelline space.

André (75) had however previously performed experiments indicating
that the micropyle remains open. Owing perhaps to the misleading title
of his paper it has been generally overlooked. He cut the eye shell of the
trout in halves and floated the halves on the surface of water. . He
found that the half which contained the micropyle filled and sank, while

 the other half remained floating and he explained this by supposing that
water entered the micropyle and filled the half of the shell which con-
tained it. He floated other halves on ammonia water and placed on the
ingide of each piece a little carmine. In the half containing the micro-
_pyle the ammonia entered and disolved the carmine, while it did not enter-
the other half of the shell. He floated entire eggs in solutions of carmine
and found that the carmine stained the inside of the egy, in the region of
the micropyle. From these observations he concludes that the mieropyle
is an open passage way.

In criticism of this it may be said that it shows only that Auids pass.
through the shell in the region of the micropyle. The shell is thinner in
this region and might admit fluids bers though not elsewhere. In spite
of this ecriticism the evilence strongly favors the conclusion that the
.micropyle is open. ‘ ‘

There is oune other set of facts bearing on this question, namely, thatit
is not pogsible to feriilize epgs of wall.eyed pike that have lain in water.
This is shown by the following experimenis. Five lots of egas of twenty-
five eggs each were prepared for fertilization by placing them in watch
glasses in the usual way and to each lot, after it had been a certain time in
water, was added freshly prepared milt, as follows: : ;

Milt added |Fertilized, i, e,, Dnfertilized, |Forcentage of [ Number in-

after segmented. fertil:zod eggs. Jored.

Lotl. _______.___ 2 min, 10 15 40 0
A S 4 & .8 15 17 7
A T 6 « 2 18 10 6
Y S .| 8 1 18 5 6
0 16 0 9

S S '__ 10 =

In each case the milt was washed off after one minuté and fresh
water added. The milt was tested both before the experiment began and
again two or three minutes afterward and was found to be normally active

in water. In calculating the percentage the injured eggs are excluded, -

since it was impossible to tell whether or not they had been fertilized. The

experiment illustrates (what had been known since Costé) that lying in ,

water makesthe eggs incapable of fertilization. Even two minutes in water
has some effect; beyond four minutes the- effect is enormous and at ten
minutes not an egg is capable of fertilization. This might at first sight
be accepted as evidence of the closure of the micropyle by the formation
of the perivitelline space, but there are two reasons why it cannot be so-
aceepted. :

If the micropyle becomes gradually smaller it would suddenly pass the
size at which it is possible for a spermatozosn to enter. If one were:
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attempting to fit & peg info a series of boles of diminishing sizes it might
g0 into holes of sizes 1, 2 and 3 and not at all into sizes 4, 5 and 6. If
there were twenty-tive holes of each sort the percentage into which the
Peg could be fitted wounld run: :

Holes, Percentage.
N ) N 100
. 100
 J 100
A . 0
5 0
6 and following. __.____. 0

In the same way if the micropyle is diminishing in size there must
come an instant of time when it is too small for the spermatozoa to enter.
Previous to that time the percentage of fertilization must be high, subse-
guent to that time the percentage is nothing. This is true if the sperma-
tozoon is regarded as a rigid body which cannot squeese through an open-
ing of gradually diminishing diameter. There is no evidenés that the
spermatozodn can thus squeeze through an opening smaller than its head.
Our table of percentages of fertilization shows not a sudden transition
but a gradual one from 40% to 0% and indicates not a suddenly developed

“cause like a diminishing micropyle, but a gradually developed cause. It

indicates not that the closure of the micropyle but some other cause pre-
vents fertilization.

If now we can find the effect of lying in water on the fertilization of
some egg that has no micropyle we may be able to determine this cause.
The egg of the lamprey eel is such a one. It has no micropyle { Boehm)
and according to Calberla (*T7) is capable of fertilization in water up to
the time when the perivitelline space is formed. (It may lie nine or ten
hours in water before the space forms.) After the formation of the space
the egg cannot be fertilized. This indicates not the closure of a micro-
pyle but the formation of the perivitelline space as the factor that prevents
fertilization, The same phenomenon is observed in the egg of the frog
which has no micropyle and is yet incapable of being fertilized after lying
in water. Whether it is the perivitelline space itself that thus prevents
fertilization or whether it is some subtle change in the germinal disc
induced by contact with the water is undetermined.

With regard to the micropyle we may say that there is no evidence to
show that 1t closes. v

Why then is i, if the micropyle does not close, that no more than one
spermatozoén normally enters the .egg? I believe the answer is to be
found in the narrowness of the micropylar canal and in the speedy death
of the spermatozoa in water. No more than one spermatozotn can enter
the micropyle at one time. This one must then travel the length of the
micropylar canal in order to come in contact with the germinal disc.
By tbe time it has reached the germinal disc it is likely that the other
spermatozoa will have been killed by the action of the water, The only
authenticated cases in which more than & single spermatuzosn has been.
observed in the germinal disc of bony fishes are those cited by Blanc in
the trout. Blanc states that more than one spermatozosn was found
particularly in the case of egps fertilized by the dry (Russian)} method.
In this method the fertilization takes place without the addition of water

. and the spermatozos move in the fluid which' bathes the eggs when they
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are extroded. Im this fluid, as I have shown, the spermatozos live for am.
hour or more and there is therefors abundant opportunity for more than
one spermatozodn to pass down the micropylar canal. o

From what we riow know of the eggs of sharks and reptiles it is by no-
means cerfain that the penetration of more than one gpermetozoén info.
the egg would do harm. The oceurrence of polyépermy as a physioclogical
process may be considered establighed by Ruckert (*92). Wé may well
believe therefore that if there were no micropyle in the egg of a ‘bony
fish or if there were a dozen and a dozen spermotozoa were able to enter
at one time no harm would result and ths subsequent processes would go-
on as usual. :

What then is the function of the micropyle? The question as it seems.

to me has been answered by Mark (’90). It is necessary that the egg

should be protected against the fungus and other enemies and it ig néces-.
sary at the same time that the spermatczodn should enter it. There are
doubtless many ways in. which these two objects may be accomplished..
In bony fish the protection is afforded by a firm egg shell through which
the spermatozoa cannot pass. Through this there must therefore be an.
opening. The gréatest amount of protection is afforded when this open--
ing is as small as it is possible to have it and still afford entrance for the-
spermatozoon. The size of the micropylar canal therefore is that of*
the head of the spermatozosn, and the egg thus enjoys the greatest anfount
of protection while still meeting the needs of fertilization. The function
of the micropyle then is to allow the entrance of the spermatozodn..
Its emall size is not a contrivance developed in order to Prevent
the entrancs of other spermatozoa, but rather in order to afford protection.
to the egg. That this small size taken in connection with the short life
of the spermatozoa does prevent the entrance of a second spermatozadn,.
is an accompanying phenomenon, which in the present state of our knowl-.
edge, we may regard as of secondary importance,

D,—THE MEANING OF FERTILIZATION AND MATURATION.

The nucleus controls the cell and determines its character, whether-
muscle cell or bone cell or nerve cell. The charagter of an animal is deter-.
mined by the cells which make it up and these in their turn are derived
from the fertilized egg hy repeated division. In the cell nucleus it is.
believed to be the chromatin which plays the important role and defer.
mines the character of the cell, In the fertilized egg it must be equally
the chromatin which determines the nature of the animal to be deérived
from the egg. This chromsatin we now know to come half from the mother
and half from the father and we can thus understend the inheritance by a
descendant of qualities derived from both mother and father. It has been.
shown experimentally by Boveri that if the nucleus be removed from an
egg by shaking and’ if the egg be then fertilized, it develops, but the
animal resulting from that development inherits none of the qualities of
the mother (since the maternal chromatin has been removed from the egg)
but only the qualities of the father, '

The fertilization of the egg then leads to the production of a cell, the
fertilized egg, the chromatin of which is half maternal and half paternal
in its origin. The fertilized egg by repeated division gives rise to & new
animal and in each cell of the new animal there is still & mingling in equal
quantities of chromatin derived. from father and from mother. We have:,
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then in the phenomena of fertilization an explanation of the fact of
heredity.

W’ha{ meaning is to be attached to the polar bodies? There are but
two answers to this question. The first asserts ‘that the polar bodies are
without meaning; that they are mere reminiscences of a time when each
egg was wont to divide into four, That at present this division of the egg
into four is still carried out, since the first polar body frequently divides
into two, but that one only of the four eggs thus formed is laden with food
material and Jarge enough to develop an embryo, The polar bodies are
accordingly regarded as aborted eggs, no longer of any use to the animal.

The other answer (that of Weismann) ig that the polar bodies are of the
greatest importance to the species, since their formation makes it certain
that no two animals shall be exactly alike. Although a child resembles
its parents it is never exacfly like sither parent and may be different from
both. Perhaps this may be best illustrated by taking the concrete case
of the egg of a bony fish as worked out by Boehm and combining it with
what hasbeen made out by Riickert (’92) and Boveri (’90). The case which
T shall suppose for the purpose of illustrating Weismann’s theory of the
polar bodies is an ideal ¢me, but the individual facts, as I shall suppose
them to be, have all been paralleled in actual observations. )

We may suppose to start with that the ordinary cell of a trout containg
(as it almost certainly does) twenty-four rods or loops of chromatin, twen-
ty-four chromosomes. These chromosomes are not to be thought of as
identical, but each i& different from all the others and the individual pecul-.
iarities of the cell ure dependent on the influences exerted on it by these
chromosomes. We may suppose that these twenty-four different sorts of
chromatin are thus contained in any cell of the body of the trout and that the
combined action of these makes the cell what ik is. The egg cell and
sperm cell likewise contain each twenty-four chromatin bodies. If an ani-
mal were to be developed from the egg cell without fertilization, each of
its cells resulting from the division of the egg cell would contain the
twenty-four chromosomes and the individual peculiarities of the animal
would be determined by the kinds of chromatin which its cells contained.
If on the other hand the egg is fertilized and if without the formation of
polar bodies the twenty-four chromosomes of the egg have added fo them
twenty-four coming from the spermatozoon, the result is forty-eight chro-
mosomes in the fertilized egg. This egg developsinto a fish whose eggs
would contain each forty-eight chromosomes and when fertilized without
the formation of polar bodies would contain each ninety-six chromosomes.
If the process of fertilization wers thug to go on from generation to gener-
ation without the formation of polar bodies, the number of chromosomes-
in the fertilized egg and in the cells of the animal developed from it would
be doubled in each generation and would soon become enormous,

Evidently there most be some means of reducing the number of
chromosomes in the egg and in the spermatozosn before the two are
brought together. .

In the case of the egg this reduction takes place by the formation of the
polar bodies, and in the spermatozoon there is a corresponding process
gone through with. Thus every cell of the body of the trout contains
twenty-four chromosomes, but the egg after it has formed the polar bodies
contains but twelve, and as we have seen the male pronucleus derived from
the sparmatozoon contains also but twelve. When the egg is fertilized
therefore it contains twenty-four chromosomes end each cell of the young
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fish that develops from it contains also twenty-four, the number present in
the celis of both parents.

Polar body formation and the corresponding process in the spermato-
#o0n is therefore a means of reducing the number of chromosomes in egg
and spermatozodn before fertilization and of thus keeping the number

-¢onstant in the cells of the body in successive generations.

The forty-eight (there are forty-eight, since each of the twenty-four is
doubled) chromosomes found in the egg before the formation of the polar
bodies are not to be considered as alike; each is different from the others.

. We may designate them by numbers from one to forty-eight. In the
formation of the polar bodies it may happen that numbers 1 to 12 are
retained in the ege and numbrs 13 fo 48 extruded in the polar bodies, or
numbers 37 to- 48" may be retained and numbers 1 to 36 extruded or any
other combination may take place. Of a dozen or a hundred or a thousand
eggs that have formed their polar bodies probably no two will be alike.
In one egg will be chromosomes 1 to 12, in another, 13 to 24, in another
1,8, 5 7,9, 11, 13, 15, 17, 19, 21, 23, and in each of the others various
other combinations. ' )

1f there are twelve chromosomes (each double) in the nucleus of the
egg before the formation of the polar bodies Weismann (’91) has caleu-
lated that the number of possible combinations is. 8,074, That is by the,
formation of polar bodies from these eggs it is possible to obtain eges
‘with 8,074 different combinations of chromosomes in the nuclel.. With 20
- {double) chromosomes in the egg the number of possible combinations
rises to 184,756, :

What is true of the eggsis true also of the spermatozos, so that with
twelve chromosomes in the cell from which the spermatozosn is formed
there is, 85 a result of that process in the spermatozosn corresponding to
the polar body formation in the egg, a possibility 8,074 different kinds of
:8permatozon,

When the spermatozoa and ova unite in fertilization the twelve chromo-
somes of the one are brought into the same nucleus with the twelve chro-
mosomes of the other and the character of the individual peculiarities of
the resulting animal are determined by the combination. Between the
8,074 sorts of ripened eggs and 8,074 sorts of spermatozoa there are pos-
sible 8,074 times 8,074 combinations, 1. e, 65,180,476 different sorts of
fertilized eggs. This means that the chromosomes in the nueleus of
a fertilized egg will rarely or never be just the same sorts as those in any
other egg at the same time. From each sort of egg will develop an
animal with its own individual peculiarities differing in some way from
the peculiarities of any other animal of the same species.

In the formation of polar bodies we have then an explanation of the fact,
80 often observed that no two animals are ever exactly alike. The old adage
hﬁ: it “As alike as two peas” but two “ peas’* were probably never exactly
adlke, :

These variations are according to this theory the variations upon which
natural selection must act in producing new species.
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EXPLANATION OF PLATES.

The following letters héve the pame meaning in all the plates:

a8, dater.

as, my. f. mieropylar funnel.

as? % pola‘r asters. nu, nuclena,

-&. dr, corfical dropsa. nu. 1, ) nuclei of the two cells formed by
cl. 1, % two cells formed by the frst seg-|nu. 2, the first segmentation furrow.
ek 2, mentation furrow. o. d, principal oil drop.

cn, centresome, o. 4, smaller oil drop.

eon, cone of cytoplasm threads, p. b, 1, firat polar body. .
-gv, cortical layer or cortex, p- b. 2, second polar body.

erm, chromosome, : p. b. 1 and 2, first and second polar bodies.
cyt, cytoplasm, p. ¢, pora canals, ‘
6. m, external egg membrane. prt, partition walls between cells.

f, u, uniting fibres, - p- 8p, 1. first polar spindle.

f. pn, female pronucleus. p- 8p. 2, second polar spindle.

g- d, germinal disc. ) pv, perivitelline space.

gl, globule closing micropyle. pv. {, periviteliine fluid.

.Br, groove between edyge of germinal disc|sg. ep, tirst segmentation spindle.

. andyollk. ‘ sp, apindle.

i. em, impregnation eminence. 8pz, spermatozodn.

m. cl, cell membrane or cell wall. 2. T, Zona radiata.

m. nu, nuclear membrane or nuclear wall, |yk, yolk.

m. pn, male pronudleus. 1, chromosome no. 1.

my, micropyle. 2, chromosoms no. 2.

my. ¢, mieropylar canal. } 1!, daughter chromosome derived from 1.
my. e, micropylar elevation. 2!, daughter chromosome derived from .

Fhe divisions on the scales which accompany the drawings are tenths, hundredths and
“thousandths of a mllimseter (mm) One mm. equals about ) of an inch, hence .1
mm. equals gy in. .01 mm. equals g5y in. and 001 mm equals ygigy in.

PLATE I

Fig. 1.—Diagram of resting cell, original.
Fig. 2—Diagram of cell with nucleus in the early mother skein stage. Only a small
. part of the cytoplasm is ¥epresented. )
Fig. 3.—Diagram of cell with nuclens late in the mother slein stage. In this and the
. following figures except F'ig, 8, the ¢ytoplasm is not drawn in detail.

Fig. £ —Diagram of cell with nucleus in the mother star stage.

Fig. 5—Diagram of eell with nucleus in metakinesis.

Fig. 6—Diagram of cell with nuclens in the daughter star stage,

Fig. 7.—Diagrawa of cells just divided with nuclei in danghter sldein stage.

Fig. 8§ —Diagram of two cells recently separated. In the upper cell the nuclens in
daughter skein stage, in the lower cell the nucleus passing into the resting
condition.

Figs. 2,3, 4, 5,7, are diagrams suugested by the figures of Boveri apd the diagrams of
fiﬂbL Fl'llg 8 19 copled from Waldeyer, @ centrosome has deen added in the
ower cell,

PLATE II

Fig. 9~Diagram of an egg as it leaves the body of the fish ({before contact with
- water) magnified sizty diameters,
Fig. 10.—Egg as it leaves the body of the fish and before contact with water.. The
. details are filled in over one-half of the egg. ’
Fig. 11—The egg showd in Fie. 10 after having been fertilized and having been two
® minutes in water, The yolk and the 0il drop are represented only in outline.
Same scale as Fig. 10. :
Fig. 11a.—Part of the germinal disc of the same egg five minutes after Fig. 10, show-
11.1';1g t})&a impregnation eminence and the granular eminence. Same scale as
1g. 10, ’ .

Fig, 12~The egz shown in Fig. 10 seven minwules after contact with water. In
this figure and in Figs, 13, 14, and 15 the zona radiata, the yolk and the oil

drop are represented only in outline. :
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Fig. 13.—The egg shown in Fig. 10 about one hour after contact with water, The first-
polar body 18 formed.

Fig. 14—The egg shown in Fig. 10 fwo and ¢ half hours after contact with water..
Both polar bodies are shown, .

Fig. 15.—The egg shown in Fig. 10 three hours after contect with water. The polar
bod:es did not show. The first segmentation furrow appeared four hours
twenty minutes after fertilization.

Fig. 16.-—Diagram of an egg in & condition similar to that of the egg shown in Fig, 15.
The polar bodies are shown and the male and female pronuclei and the aster
appear in the germinal dise. Magnified about sixty diameters.

Fig. 17.—A spermatozodn.

The numeral attached to the seale of this figure should bs 001,

The figures are all original and from the wall-eyed pike. Figs. 10, 11, 14, 13, 14, 15,.
were drawn from living eggs from outlines with the Abbé camera under Zeiss’s apo-
chromatic 16 mm. Qcular 2, with the paper elevated considerably above the level of
the mierosips stage. Fig, 17 was drawa with the AbDS camera under Zeiss’s apo-
chromatiec 2 mm. ocular 12, and was afterward enlarged.

-PLATE IIL

Fig. 18—A part of the cortical layer near the edge of the germinal dise, together with:
) the egg shell and perivitelline space. Section,

Fig. 19.—Sections of the egg shell treaced by the Berlin-blue process. The canals and
the perivitelline fluid which are represented as black, are blue in the:
praparation.

a. Cross section from an egg preserved in Perenyi’s fiuid.
b. Tangential section from an egg preserved in Perenyls fluid.
¢, Cross section from an egg preserved by Hoffmann's method.

Fig. 20.—Diagram of the micropyle as seen in the living egg a few minutes after con-
tact with water.

Fig. 21,—Cortical drops and small oil drops from the surface of the large oil drop ina
living egg, to show the difference in optical effect between the cortical drops

' and oil drops,

Fig 22.—A piece of the cortical layer of a preserved egg containing cortical drops. The
minute granules composing the drops are shown over a part of one of them.

Fig, 23—Four successive stages in the formation of the same impregnation eminence
as seen in the living egg. The earliest stage is at the bottom (d). A part of
the zona radiata with the micropyle is represented in its matural position
above the upper figure (a). -

Fig. 24 —Part of the germinal disc with granular eminence and impregnation eminence
and of the zona radiata with micropyle. An obligue view from the living
egg. Scale unknown. ] .

Fig. 25.—Bkeotch of part of a living ‘egg, showing the micropyle closed by a proto-
plasmic globule. .

Fig. 26—Part of a living egg showing the impregnation eminence five minuites after
fertilization.

Fig. 27.—Part of another living egg showing impregnation eminence and granular

. eminence, five minutes after fertilization. :

Fig. 28 —Part of a living egg showing the two polar bodies.

Fig. 29.—Two viewa of tho polar bodies in a living egg, o ig a little later than b and
shows the firat polar body falling from the top of the second. Same scale
as Fig. 33.

Fig. 33—Part of a living egg showing the two polar bodies. .

The figurea are all original and with the exception of Figs. 20, 25, and 29, which
are sketches, were drawn under Zsise's apochromatic objectives with the aid of the

Abbé eamers. i

PLATE IV.

Big. 34.—Part of rection through the germinal disc of an egg of the rainbow trout,
fwentny minntes afler fertilization,

Fig. 35.—Part of section through the germinal disc and zona radiata of the raipbow
trout, thirty minutes alter fortilization.

Fig. 36.--Part of a eoction through the germinal disc and zona radiata of the rainbow
trout, one hnur after fartilization.

Fig. 36a.—Part of a section through the germinal disc of the trout one hour after
fertilization, showing the condition of the spermatozotn.
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Fig, 37.~Part of a section through the germinal dise of the rainbow trout, one hour
and ten minutes atter fertilization. ' : '

Fig. 88.~~Part of a section through the germinal dise of the rainbow trout; one hour.and
‘twenty minutes after fertilization. ‘

Fig. 39.—Part of & section through the germinal disc of the rainbow trout, fwo hours
and thirty minutes aftor fortilization.

Fig. 40.—Part of a section through the germinal disc of the rainbow trout, three

. . hours abter fertilization, ‘

&ig. 41.—Fart of a section through the germinal dise of the rainbow trout, three hours

. and thirty minutes after fertilization.,

The figures are all copied from Boehm ('91) and were four times the size of the origi-
nal figures, but bave been subsequently reduced by photography. The firat polar
body is not shown in Figs. .38, 39, 40 and 41, but may be thought of as Iying on the
surface of the disc near the second polar body.

PLATE V.

Fig. 42.—Part of a section of the germinal diso of the rainbow trout, five hours and -

fifteen minutes after fertilization.

Fiy. 43.—Part of a section of the germinal disc of the rainbow trout, seven hours and
thirty minutes after fertilization. ’

Fig: 44 —Vertical section of the germinal disc of Ctenilabrus, showing the two pronu-
clei. Magnified 1120 diameters, R

Fig. 45.~~Vertical section of the germinal disc of Ctenilabrus, showing the first seg-
mentation apindle (mother star stage). :

Flig. 46.—Vertical section of the germinal diseof Ctenilabrus, showing the first seg-

. _mentation spindle (metakinesi_s%‘
Fig. 47.—Vertical section of the germina
. the firet segmentation nucleus.

Frig. 48 —Outline of a vertica] section of the germinal disc of Ctenilabrus, after the
formation of the first segmentation furrow. The segmentation nucleus iz
divided into two.

Figs. 42 and 43 are from Boehm ('91) and were drawn four times the size of the origi-
ngl. Figs. 44, 45, 48, 47, 48, ave from Agassiz and Whitman and gre four times the
gize of the originals, except Fig, 48, which is somewhat smaller, These fizures have
been subsequently reduced by photography. The nucleus in Fig. 45 is represented by.
Agassiz and Whitman in a surface preparation, bat is'shown here in section to harmon-
ize it with the other figures.

dise of Ctenilabrus, showing the division of

OLD AND NEW SUGGESTIONS CONCERNING ARTI-
F1CIAl: FERTILIZATION, WITH A METHOD
- OF HANDLING ADHESIVE EGGS.

BY JACOB REIGHARD,

PROFEBIQR OF ANIMAL MORPHOLOGY, UNIVERSITY OF MIOHIGAN.

" The preceding account affords an opportunity of restating some long
known but apparently little heeded precautions that must be observed to
secure good results in artificial fertilization. At the same time it yields
some new facts that may be at once turned to practical account, and it has
resulted in devising a means of handling adhesive eggs that it is hoped is
-of practical value.

1. The milt {(of wall-eyed pike or whitefigsh} that has been mixed with
water for one minute should not be used in fertilizing eggs.

The reason for this, as pointed out in the preceding paper, is that a large
proportion of the spermatozoa are dead in water at the end of a minute.
‘This fact has long been known but has certainly not always been heeded
by practical fish culturists. It holds true as far as observed for all fish
that spawn in fresh water, but the time has not previously been determined
for the two specjes named.

2. The milt may be kept in good condition for several hours in almost
any sort of receptacle, provided it is not mixed with water. This fact has
algo been long known. It may at times be of practical value when the
male fish are not to be obtained in sufficient numbers &t the same time or
-game place with the females, Milt could be then collected at some other
time or some other place and kept or transported. ‘

3. The milt kept as above will retain its vitality longer if kept cold; it
may even be frozen. The spermatozoa in the testes remain active longer
than those in the milt (Quatrefages). »

4. The eggs should not be washed before being brought into contact
with the milt. The washing removes the fluid which bathes the eggs when

laid snd this fluid serves the purpose of attaching the spermatozoa

temporarily to the egg and of thus facilitating fertilization.
5. The egg should not lie in water for any length of time before
fortilization. It was pointed out in the paper that eggs that lie in water
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become rapidly incapable of fertilization, owing to the formation of the
perivitelline space. "This fact has been known since Costé. The table
given in the paper shows the rate at which the well-eyed pike sge becomes
incapable of fertilization, . :

The eggs of the wall-eyed pike should not be sllowed to lie for more
than a few minutes in water containing milt. This water is alkaline, does
not dissolve the cortical drops and eggs that have been subjected to its
action for any length of time do not form a germinal dise and do not
atterward develop.

The following experiment will serve to illustrate this: A batch of
perfectly fresh eggs was fertilized. A& dozen egre were removed at once to
8 watch glass and washed and were kept under observation, The forma-
tion of the perivitelline space and polar bodies went on normally and at
the end of two hours and forty minutes the eggs were all undergoing the
first segmentation. ' ‘

The remaining eggs were left in the diluted milt and were then washed
up and left for twenty-four hours in clear water, Twenty-six eggs were
then taken at random and of these one was found developing normelly.

The others were only partly “filled,” the germinal disc was not formed

and only half the whole number of cortical drops was dissolved.

‘In another experiment the egps were divided, after fertilization, into
two batches; one of these was washed up at once and placed in clear water,
and the other left for two hours in the dilute milt and then washed up.
About four hundred eggs of those washed up were examined and showed
96 per cent of fertilized and developing eggs. About one hundred and
twenty-five of those left in the milt were examined and showed only 14 per
cent of fertilized and developing eggs. - The egga in this batch that were
not developing were found to be only partly filled, to contain many corti-
cal drops and only an imperfect -germinal dise. They were kept under
observation for twenty-four hours and did notdevelop further.

In each of the experiments detailed above the eggs in the two batches
were from one fish and were fertilized with the same milt. The only
difference in their treatment was in the immediate removal of the milt in
the one case and its remaining in the other case. .

Whether the same results would follow with the eggs of other fish is
uncertain, It would certainly be bad practice to allow the epgs of any fish
to lie in milted water for more than five minutes without having previously
determined this point. , ,

7.  The eggs should not be shaken. :

With adhesive eggs, one means of preventing adhesion is to keep the
eggs in motion. The following experiment was mads to test the effect of
this treatment. A lot of eggs were fertilized and divided into two batches,
Both were washed up, but one was allowed to stend quietly and the other
kept in motion somewhat vigorously in a shallow glass dish for half an hour.
The motion was perhaps rather more violens than that which the men are
accustomed to give to the eggs in the pails in order to keep them from
adhering. After the eggs had begun to segment those in both batches
were counted with the result that the eggs not shaken ghowed thirty-six
per cent more fertilized eggs than those shaken. This was not due to
visible mechanical injury to the eggs that were shaken, since the number of
injured eggs was ouly one. 1 per ceat more than among those that were not
© shaken. The experiment was repeated with the same results, but with less
violent shaking the percentage of unfertilized eggs was less.  The only
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explanation of the matter that occurs to me is that the shaking causes the
germinal disc fo strike against the egg-shell and so injures the impregna-
tion eminence. Since this eminence no doubt eontains the spermatozodn
its injury resulis in the egg remaining unfertilized.

Under the limitations above pointed out artificial fertilization may be
carried out in a number of ways, and indeed the practice varies among
practical workers. If the milt is abundant and fluid, doubtless a good
method is to take the eges into a dry vessel and add the milt to them,
shaking the eggs enough to mix the milt with them. Water may then be
added and after two or three minutes the milt may be washed off by fresh
water and the eggs allowed to stand quietly.

When the milt is scant in quantity and viscid so that it does not mix
readily with water, it may be better to first mix the milt very rapidly with
a small quantity of water and then add the oggs fo this. In the case of
the wall-eyed pike, not more than thirty seconds should elapse between
the time when the milt touches the water and the time when the eggs are
added. This can best be done when the spawner and milter are both.
ready at hand before the operation is begun.

A second method with scanty milt is to add the egoa first to the water
and then add the milt. The advantage here is that the egg refains the
power of being fertilized longer in water than the spermatozodn retains
its fertilizing power. The disadvantage is that the albuminous fiuid cov.
ering the egos is at least partly washed off and one element which insures
fertilzation is thus diminished in value. Of these two methods the first
is to be preferred if one can work quickly enough, the second where there
1s any doubt as to the rapidity of ones movements.

Of course it is possible to take eggs and milt dry in separate dishes and
then mix them with the addition of water at the same time. This is the
ideal method and the nearest imitation of the natural process but is too
cumbersome for actual practice.

Any of the methods here outlined require some modifications in case of
the adhesive egys of the wall-eyed pike.

Experience has shown that these eggs may be kept from adhering either
by letting them lie in the milt for an hour or two, or by keeping them in
continual motion, or by a combination of both processes. It has been
shown that all of these processes are injurious.

It was therefore a desideratum to find & method by which it might be
possible to wash the milt from the eggs immediately and to allow them to
stand quietly in fresh water and still to obtain the eggs finally uninjured
and not adherent to one another or to foreign objects.

It seemed that this might be accomplished in any one of three ways.
1. Some substance might be dissolved in the water, which, without
injrring the egg or spermatozon, might still so act on' the external egg-
membrane as to destroy its adhesive properties. Ii is known that the
spermatozoa live in weak solution of various substances and that egas are
not readily killed by many such solutions. A considerable number of such
substances was tried in very weak solution. Among them were common
salt, chromic acid, chromic acid combined with salt, ammonium hydrate,
potassium hydrate, sodium carbonate, sodium sulphate and ege albumen,
All the experiments were fruitless and it is not necessary to detail them
here. A mixture of salt and chromic acid destroys the adhesion of the
egg permanently but the spermatozoa do not live well in it and the egg

does not fill after its action.
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2. Tt mightanswer to allow eggs to adhere to one anther in a mass and
afterwards {o separate them by mechanicai means such as passing them
through a sieve. This method has been pursued as I learn from Mr.
Btranahan, at the U. S, hatchery at Put-in-Bay, Ohio.

A trial showed that the eggs when separated are distorted by the mutual
pressure. Somse are elongated, others are flattened’ and scarcely any are

spherical. About ten to fifteen per cent more of the eggs are injured.

mechanieally ithan by the process next to be.described.

3. It might be possible to add to the water some substance that should
getb between the eggs and prevent their touching one another. It was
‘believed that the resson that the eggs did not adhere in milted water is
that the heads of the spermatozon attach themselves to the surfaces of the
eggs and getting thus between them act like so many little buffers. The
-eggs ate thus 8o thickly studded with these little bodies that they cannot
. touch one another and do not therefore adhere. .

The alkalinity of the milt prevents the eggs from filling and it was
thought that perhaps some other finely divided substance not alkaline
might be placed in the water to take the place of the milt. Trials were
made of egg yolk. After fertilizing the eggs they were placed in water
containing egg yolk in a finely divided condition. The eges did not
adhere but they did not-develop. Fine clay mixed with water was also found
to be useless. The egg yolk probably failed through some chemical action

~on the egge or milt. It seemed likely that the failure of the clay was to
be attributed to the fact that the fine hard particles cut their way into the
outer egg-membrane and became so deeply imbedded in it thab the eggs
'were able to touch one another and adhere.

Corn starch was then tried. About one volume of dry corn starch was
added to twenty volumes of water. The eggs were fertilized in the usual
way and were immediately (after two or three minutes) poured into the
starch water. Another lot of egge was then fertilized and added to the
starch water and the work was continued wutil the pail containing the
sfarch water had been half filled. Tt was found that the eges seftled to
the bottom of the pail and became thickly coated with the starch, which
prevented their adhering to one another. The eggs could thus ke quietly
and the evil effects of agitation were avoided. At the same time by being
placed in the starch water they were brought suddenly into a large
quantity of fresh water and the milt was thus washed off almost immedi-
ately so that the water on the eggs was not alkaline. The starch in the
pails settles slowly so that after ten minutes there is much starch in the
water at the bottom of the pail and but little in that at the top. The top
water may then be poured off and fresh -water added, and the egos and
starch brought intg contact with the fresh. water by a few twisting and
swinging movements of the pail. As the starch again seftles the water
may be again changed so that without using fresh starch thereis a changing
of the water every ten minutes (if deemed necessary ).  The eggs may lie
in the starch water for four hours or longer, but at the end of two hours,
they were usually washed up to free them from starch. They were found
well filled and developing normally, they had not adhered to one another
and did not adhere when transferred to fresh water. The starch appeared
‘to have no other effect on the eggs than to keep them apart, :

Counts of eggs treated in this way showed between fifteen and thirty
per cent more of fertilized cggs than were obtained by the usual method.

Here are two examples taken from a considerable number of experi-
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‘ments. In each case a batch of eggs was fertilized and then divided into

two lots, one lot was then treated in the usual way while the other was
treated by the starch method. : '

TRIAL ONE.

. By the nsual method. By use of atarch.
Segmenting______._________ 112 639 153 499,
Injured . ___ _-_____________ 2 14 2 14,
Not segmenting_ __.___.____ 63 36 0 09

Total.___.________.__ 177 1009 155 1009,
TRIAL TWO.
By the use of starch. ¢ By the wsual method.
Segmenting .______ .. ____ 81 30 39 159,
Injored - _____ . ______ 18 6% 33 129,
Not segmenting_ . _______ 176 649 190 3%
Total._...._____.975 100% 262 1009

The first trial shows a gain of 369 (almost double the average) and the

* second a gain of 15% by the starch method. Three other trials gave each

a -gain of 15% and a Tourth trial gave a gain of 239, By the usual
method is meant that the eggs were kept in motion and the milt washed
-off rather slowly. A trial of the method of allowing the egps to adhers
:and afterward separating them showed & gain of about 5% over the weual
meitslliog,' but a disadvantage of 10%-15% as compared with the starch
method, :

Thus out of & considerable number of experiments there is an average
gain of about 209 by the use of the starch method; so that the method
certainly merits a trial on & commereial scale. It s always possible to
handle a small number of eggs, as a few thousands, in such a way as to
secure a very large percentage of fertilized and uninjured eggs, The
extreme care in manipulation which ig necessary to accomplish this can-
not be used whers the number of eges is so greatly increased and where
‘the conditions for working are so unfavorable, 85 is usual in commercial
practice. By the use of starch, eggs may be handled with very much less
trouble than by the methods now in vogue, so that the method may be of
value, even if 1t is found in practice to produce no increase in the number
of egps saved. :

In any trial made to test the commercial value of this method the eggs
operated upon should be divided into two lots, one of which should be
treated by starch and the other by the ordinary method. The two lots
should receive identical subsequent treatment and should be finally
compared.

One such trial has been made by Mr. Dwight Lidell of the State Fish
Commission at the suggestion of the writer. About three and a half mil-
lion eggs were used. The starch method, used on nearly half the eggs,
showed an advantage of about seven per cent. The record does not show
whether the two lots of eggs were taken on the same day or from the
samws catch of fish or whether their subsequent treatment was the same,

Tthel matter needs to be tested by more extended trials under propsr
control,




EARLY HISTORY OF THE FISHERIES ON THE
GREAT LAKES. ' ”

BY HERSCHEL WHITAEKER.

Stretching away to the northward from the low Laurentian hills of
New York to the trap-rock eliffs of Minnesota, for a distance of sizteen
bundred miles, in a hydrographic basin embracing an area of one hundred
“and seventy-five thousand square miles, lie the Great Liakes of the north.
. west, the largest bodies of fresh water upon the globe. Upon their bosoms
float vast flests which carry the rich products of prairie, forest and mine,
-while from their depths the fisherman gathers the. rich bounties that
nature has provided for the sustenanne of man.

The vessels which constantly pass and repass are not freighted with ores.
from the mines of Goleonda nor with spices from far Cathay, but carry
lumber from Saginaw, iron from Escanaba, copper from Hancock, grain
from Duluth, provisions from Chicago, and cereals from the vast prairie
lands of the Dakotas.

Since the early days of the French occupation of the northwest, when.
the lilies of France waved over all the territory lying north of the St. Law-
rence and Ohio and west of the Alleghanies, these lakes have been the
great_ highway of intercommunication between the east and west. The

esult missionary filled with holy zeal departed from Montreal, the seat of
French power in America, in his bark canoe, manned by his Indian con-
verts, for the trackless wilds of the far west, to raise the cross and establish.
Bis feeble migsion among savage tribes.

Following him came the fur trader with his canoe and courrier du bois,
who day after day traversed. these lakes and their connecting rivers to-
reach some specially designated place whero he might exchange his tawdry
gewgaws, beads and cheap merchandise with the Indian for the valuabie
sking of beaver and otter, '

The cavalier, explorer and adventurer traveled over their trackless wastes
of water, enduring hardship and fatigue, living upon the bounties of
nature, pushing his way to what he hoped would be s discovery of apath to
-the Indies, forfune and fame_. ach of these in hig own way has left testi-

supply for man for all time, to be had for the taking,
The habits of the tribes bordering these lakes, whose main reliance for
~food was upon the fishes that inhabited them, had caused them to resort
%o certain favorable localities. upon the lakes at the proper season of the
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ear to take fish for present wants and for fature use. In time these points

{ecame their chief dwelling places for the greater portion of the year, and
with the advent of the fur trader they became the principal places of
‘barter. ’

Buch localities as the Straits of Mackinaw, Sault Ste. Marie, Green Bay,
Chequamegon, Detroit and Chicago became thus early known, and the his-
tory of these places as told by the early traveler shows that nature seemed
to have lavished her bounties upon aboriginal man in the stocking of her
waters with the most edible of fishes to provide for his wanta.

- Let us call 8 fow of the earlier voyagers to give their testimony upon
the abundance éf fish in these waters,

Hennepin says in his Travels in 1675 “There is a very abundant fish-
-ery of several kinds of fish at the mouth of the Niagara river, among which
i8 the whitefish, admirably good, with which you might supply one of the
best cities of Europe.

“At Mackinaw the Griffin tay -in the harbor amid one hundred and
twenty canoes going and coming from taking the whitefish which the
Indians catch in nets in from ffteen to twenty fathoms of water and with-
-out which they could not subsist at all,

“At the Sdult the Indians subsist by hunting $tags, moose or elk and
some beaver, and by the whitefish which ig very good and is found in great
-ebundance, but this fish is very difficult to take to all but these Indians,
who are trained to it from childhood.”

- He says, on his return from lis frst voyage up the lakes, and after the
loss of the Grifin: “On reaching Lake Conti (Lake Erie) near the mouth
of the Detroit river, the soldiers who were in canoes killed with their
swords and with their axes more than thirty sturgeons which came to,
8pawn on the banks of the lake.” . '

Charlevoiz, in his voyage to North America, 1721, in speaking of Lake
8t. Clair, the smallest lake of the chain which lies between Lake Erie and
Lake Huron: “The islands in the river sesmed placed on_purpose for the
pleasive of the prospect, and the river and the lake abound in fish, Were
it not for the Hurons at Detroit the other tribes of [ndians would starve,
This is in the flat lands thereabout which would furnish them sufficient
subsistence though it were cultivated ever go little, but they can subsigt
upon the fish of the river which are plentiful. We entered the Lake
Huron where we soon had the pleasure of fishing for sturgeon.”

Speaking of Lake Superior, he said: “The Indians from gratitude for
the plentiful fish with which this lake supplies them, and from the respect
‘which its vast extent inspires, have made a sort of divinity of it.” Speak-
ing of Michillimackinas, he says: ‘“The Indians live entirely by fishing,
and there is perhaps no place in the world where they are in greater
plenty. The most common sort of fish in the three lakes which discharge
themselves into these straits are the herring, the carp, the goldfish, the
pike, the sturgeon, the attikumaig or whitefish, and especially the trout,
There are three sorts of these taken, among which is one of monstrous
8ize, and in so great quantities that the Indian with his spear will strike to
the number of fifty sometimes in the space of three hours, but the most
famous of all is the whitefish, and nothing of the fish kind can exceed it.”

Ir speaking of his trip from Mackinaw to Green Bay, he says: “We
coasted the north shore of the Straits of Mackinaw and finally came to the
Meanistique river, which is a beautiful stream abounding in fish, especially
the sturgeon.” '
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Captain John Carver, of the Provincial troops of America, in his three
years® travels thronghout the interior parts of North America, says: “Lake
Superior abounds with a variety of fish. The principal and best are the
ftrout and sturgeon, which may be caught at all times in the season in the-
greatest abundance. The trout in general weigh about twelve pounds, but
some are caught that exceed fifty. DBesides this a species of whitefish is.
taken in great quantities here that resemble a shad in their shape, but they
are rather thicker'and less bony. They are about four pounds ezch in
weight and are of a delicious taste. The best way of catching this fish is.
with & net, but the trout might be taken at all times with the hook.
There are likewise many sorts of smaller fish in great plenty here, and

' which may be taken with erse. Among these is & sort resembling the

herring that are generally made use of as a bait for the trout.”

Speaking of the falls of Ste. Marie, he says: “Nature has formed s.
most comimodious station for catching the fish which are to be found here.
in immense quantities. Persons standing on the rocks that are adjacent

. to it may take with dipping nets about the months of September and.

October, the whitefish before mentioned at that season, fogether with
several other species. They'crowd up to this spot in such amazing shoals.
that enough may be taken fo supply, when properly cured, those inhabi-
tants throughout the year. The fish of Lake Huron are much the same as.
those in Lake Superior.”

Carver arrived at Mackinaw at the beginniug of November, 1767, after .

having been to the Mississippi river and up that stream ag far as the Falla.
of 8t. Anthony. He says: “We passed the winter very pleasanily at the
Straits of Mackinaw. One of théir amusewents at this time was to fish.
through the ice for trout. Though the straits were covered with ice we
found means to make holes through it, and letting down a strong line.
fifteen yards in length to which we fixed three or four hooks bated with
the small fish before described, we frequently caught two ata time of’
forty pounds weight each, but the common size is from ten to twenty
pounds. The method of preserving them during the three months the
winter generally lasts, is by hanging them up in the air, and in one night.
they will be frozen so hard that they will keep as well ag though they
were cured by salt.” ‘ .

This may properly be considered as the first suthentic notice of preserving
fish by the freezing process, and while it is crude it still is as effective.
a8 the work now done by the immense freezers found in almost every-
important town on the lakes.

George Heriot, deputy postmaster general of British North Ameries, in

his book of travels, published in 1807, says of ‘Mackinaw, that the Indians.
of that locality “catch herring, whitefish and trout, the trout being from
four lo five feet in length, some of which are seventy pounds in weight.
This fish is bred in Lake Michigen and is known by the name of
Mackivaw trout, and affords a most delicious food.” On Green bay he
says: “ There is a village composed of natives at the mouth of this river-
who employ themselves in fishing.” ,

At the Sault Ste. Marie, “At the bottom of the rapids and among their
billows which foam with ceaseless impetuousity, innumerable quantities of

excellent fish may be taken from the spring until winter, ‘The species .
which is found in great abundance is denominated by the savages attiku.
maig or whitefish. The Mackinaw trout and pickerel are likewise caught. 7
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here. These afford a principle means of subsistence to a number of the

tive tribes.” o _ _
naﬁ‘;eall;;lo zpeaks of the method of taking the whitefish at this place in

"the rapids at the foot of the falls, which, singularly enoogh, is followed by

the Indians to this day, and from its peculiarity deserves special mention.
gi is own words: )

! g‘nﬁaohsmall degree of address as well as strength is employed by t]':les}cla-
savagos in catching these fish. They stand in an erect attitude in a bire !
canoe, and even amid the billows they push with force to the bot-tori? o
the waters a long pole, at the end of which is fized a hoop with a neT hm
the form of a bag, into which the fish is constrained to enter. ° e_yt
watch it with the eye when it glides among the rocks, quickly ensnaring:
and dragging it into the canoe. In conducting this fishing much praﬁsthe
is required, as an inexperienced person may, by the efforts which he is
obliged to make, overset the canoe and inevitably perish. The cgnv_en-
ience of having fish in such abundance sattracts to this sitnation during
the summer several neighboring tribes, who are all of an erratic disposi-
tion and too indolent for the toils of husbandry. They therefore support
themselves by the chase in winter and by fishing in the summer.

“TPThe Otter nation inhabit the rocky caverns on Lakre Huron, where
they are sheltered by a labyrinth of islands and capes. ‘They subsist on
Indian corn and fish and the proceeds of the chase. While the women
and children collect berries the men are oceupied in darting sturgeon.

Mr. Henry R. Schooleraft from the time of the establishment of the
military post at Sault Ste. Marie, was the United States Indian agent at

- thig point. He was a man of culture and of literary ability, and one of

he most prolific contributors to the literature concerning the habits, char-
Ecteristics? and language ofsié%e North American Indians. He says of the
i at the Sault in 1820: .
WI}}IE? c{i ;]ilace in America has been so justly celebrated as a locality for tak-
ing this really fine and delicate fish as St. Marie’s Falls. This fish resortg_
here in great numbers, and is in season after the autumnal equinox, anf
continues so until the ice begins to run. It is worthy the at’ct—‘antninn:llzl o
ichthyologists. Itis aremarkable but not singular fact in its natura.f 1113-
tory, that it is perpetually found in the attitude of ascending at these fa i-
It is taken only in the swift water at the foot of the last leap or descent.
Into this swiff water the Indians push their canoces. It requires great
gkill and dexterity for this. The fishing canoe is of small size and ﬁs
steered by the man in the stern. The fisherman takes his stand mTti] 10
bow, sometimes bestriding the vessel, having a scap netin hla_ha;nd. Wi is
net is made of strong twine, open at the top like an entomologist’s. en
the canoe has been run into the uppermost rapids and a school of fish 1
seen below or alongside, he dextrously puts down his net and he_wm%
swooped upon a number of fish, instantly reverses it in the water, whips hl ‘
up and discharges its contents into the cance. This he repeats until tf &
canoe is loaded, when he shoots out of the tail of the rapids and makes for
the shore. The fish will average three pounds, but individuals are som}_tlaw
times taken two or three times that weight. It is & great resource of the
Indians and of the French, and of the poor generally at these falls,,jvho-
eat it with never.ceasing appetite. It is also a standing dish with all.
Listen to his tribute to the edible character of the whitefish:
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All friends to good living by tureen or dish,

Conour in exalting this prince of 4 fish,

So fine in a platter, so tem pting a fry,

So rich in a gridiron, so sweet in a pie,

That even before it the salmon must fail,

i\ud th:}b Iusci;)us ban*ne boughe of =t‘.‘he land beaver's tail.
*

"Tia a morsel alike for the gourmand or faster,
While white as a tablet of pure alabaster,

Its beauty or flavor no pergon can Goubt

When seen in the water or tasted without,

And all the dispute that opinion ere makes,

Of this king of lake fishes, this “deer of the lakes,”
Regard not its choiceness to ponder or sup,

But the best mode of dressing and serving it up.

Sheldon, Disturnell, Strickland, Kohl, Hubbard and others all unite in
saying thai nature bere seems to have lavished her bounties with no nig-
gardly hand, so profusely are these lakes stocked with fish.

From the time of the discovery of the lakes down to the time of the
establishment of the Hudson Bay Fur Company, these inexhaustible sup-
plies were drawn upon only for the subsistence of the Indian tribes and
the voyagers, but gradually they became, to a small extent; an article of
commerce, the surplus being salted and sold in somewhat inconsiderable
quantities. Duoring all this time the northwestern territory was looked
upon a8 & source from which valuable furs could be obtained, and but lit-

~tle attention was paid to the fisheries of the great lakes beyond what the
“immediate wants of those who lived upon them or near them demanded.

Little is known at‘the early time of whioh I speak with reference to the

fisheries of Lake Erie, because of its situation it was but little freqnented

by the explorers and fur-traders. Good reason existed for this condition

-of affairs, The bloodthirsty and eruel Irognois, the mdst adventurous
wnd warlike Indian tribe which ever inhabited the continent, held undis.
puted possession of Il that wilderness lying about Lakes Ontario and
Erie and adjacent to the Niagara river, which was a key of approach to
the latter lake.

The rivalry betwesn the Dutch fur-traders of New York and those of
the French was exceedingly intense in their attempts 1o control the fur
trade of the northwest. The Iroquois were incited by the Dutch to throw
avery obstacle possible in the way of encroaching advances by the French
traders and colonists. For many years the Iroquois, who by reason of
their situation acted as intermediaries between the further western tribes
of Indians, controlling in their own interests the fur trade between the
Dutch and these tribes, fiercely resented sll attempts at interference in this
trade by the F'rench. As a result of their attitude the great waterway
communication batween Montreal, the seut of the French fur trade, and the
great northwestern lakes was closed by the Iroquois, and communication
with the upper lakes was ma.le by way of the Oftawa and French rivers
into Georgian bay and from thence into lakes Huron, Michigan and
Buperior. '

Meager, however, as the information is that we have concerning the
condition of the fisheries on Lake Trie at thig early period, such informa-
tion as we have shows beyond question that fish were exceedingly plentiful,
especially at the Puat-in-Bay islands and Sandusky bay. Df MecCallum

of Danville, Qntario, at a meeting of the Fnternations]l Fish Conference, .

held at Hamilton last winter, exhibited to the meting two crude shellfish
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" hooks which were found on Point au Pelee, in the Province of Ontario on

the north shore of Lake Erie. These hooks were presumably made from
the shell of the fresh water mussel. In appearance they resemble the
rude hooks employed for taking fish by the Esquimaux and other abori.
ginaltypes. The shank and the point were in two separate pieces, having

" holes drilled through them by which they-couid be attached to each other

with thongs, the hook itself being barbless. Their form and construction
indicated plainly that if the aboriginal man was compelled to sustain life
by means of fish taken with such an implement, the fish must have been
exceedingly plentiful in this lake. TFacts at hand would seem to indicate
that Lake Xrie was in these early days bountifully stocked with fish, and
although it has been fished constantly for a very long period, it still yields
immense quantities of valuable commercial fish. _

Blois speaking of the condition of the fisheries as early as 1835, in his
“Gazetteer of Michigan,” says: “Their quantities are surprising, and
apparently so inexhaustible as to warrant the belief that were a population
of millions to inhabit the lake shores they would furnish ample supplies of
this article of food without any sensible diminution.”

Liooking at the matter from that period of time the writer was ungues-
tionably warranted in his assumption. But Blois could not have appre-
hended at that time that the census of 1890 would show that in the six

. states surrounding the great lakes there was a population constituting

more than one-sixth of the entire populstion of the country. Neither
conld he anticipate that the methods of preserving fish would, within
thirty yeats from the date of this writing, make it not only possible
but profitable for fishermen to follow their calling almost continuously
during the entire yéar.

Michigan statistics show that in 1830 the quantity of fish marketed in
the State amounted to 8,000 barrels valued at $40,000.

In 1836 the whole numbers of barrels taken amounted to 11,400.

In 1837, to 18,500 barrels of the value of $125800. Of this guantity

"one-fourth was consumed in the State and the rest was shipped to Ohio,

New York and Pennsylvania.

It will be observed that the reports of the catch and value of the
commercial fish upon the great lakes are somewhat meager and desultory.
The report of the Detroit board of trade for 1857 shows that there were
between 80,000 and 100,000 barrels of fish taken in that year, valued at
$640,000.

In 1885 the reports gathered by the Michigan State Board of Fish Com-
missioners show that the value of the commercial fish taken in the State
wag about $1,500,000 2t wholesale price. .

In considering such statistics as we have, we must take into account the
uncertainty and unreliability that must necessarily prevailin their collec.
tion because of the want of thoroughness and completeness with which the
work was done in the earlier years. So, too, we must consider in comparing
one year with another the varying conditions of seasons, which is a poient
factor. Severe storms may prevail one year, while the next year may be an
exceedingly favorable one, and, therefore, their raliability is much impaired
and the basis upon which we must make comparison is at best

' unsatisfactory.
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CAUSES OF DECAY,

Until about the year 1852 the fishing industry on the lakes was prose-
cuted almost entirely with gill-nets. Since then the gill-net fishing has
continually inereased until now the length of the gill-nets fished in Michi-
gan waters alone, according to the last reliable statistics within our reach,
amounts to 1,725 miles, '

About the year 1850 the pound or trap-net was introduced into the
great lakes. TIts use conclusively shows that it has been one of the most
. destructive of fish devices, and i3 responsible for the great decay of the
 fisheries which has been obgervable during the last twenty years.

Concerning the introduction of ths pound-net into_the great lakes, I
amt indebted to Mr. L. Anthony of Sandusky, O., for the following facts:

. “Pound-net fishing was first introduced by Messrs. Spencer and Court.
land, two Connecticut men, at Sandusky, O, in the year 1850. The fish-
Ing with these nets was at first done in shoal water in the bays and rivers
in a depth of about 10 or 12 feet.” '

In 1852 Mr. I.. Anthony of Sandusky, in the fall of that year began
fishing with small bay nets, which was the first attempt. This fishing was
done at Locust Point, between Toleds, O., and Port Clinton, Ofttaws
~-county in the same state, in a depth of nine feet of water. - The fish were

plentiful and the catch was remarkably large. Ho salted fifteen bundred

half barrels of whitefish during this season, besides selling large quanti-
ties to the farmers, who came to the fisheries from long distances.

In the fall of 1854, Mr. Spencer, the gentleman formerly alluded to,.
together with other parties, including Mr. Anthony, conceived the ides.

~ that this plan of fishing could be successfully done in the deeper waters
of the lakes. The first attempt was made by Mr. Anthony at deep water
pound-net fishing, in the spring of 1855, at Kelly's island and Put-in-Bay, -
in Lake Eris, Qhio, with marked guccess.

In the year 1854 he did his first pound-net fishing in Fake Huron at
North Thunder bay, fishing in 32 feet of water; fish were caught. here in
large quantities. There has also been some small fishing done near Lex-
ington, Mich., which was not successful. .

In the year 1856 Charles Ruggles and Oapt. James Bennett fished with
deep water pound-nets in Hammond’s bay, on the south shore of Lake
Huron, and alss on the north shore of Lake Michigan. At that time this
was the largest and most successful fishery in the whole country, At
the Thunder bay fishery on Lake Huron, Mr. Anthony caught in one

.net in twenty.-four hours, four hundred half barrels of whitefish. There

were not one hundred pounds of other varieties caught on this occasion.

In 1865, he commenced fishing with deep water pound-nets at the Apos.
tle island, Madellne island, Presque isle and Sand islend in Aghland bay,
off- Bayfield Point, in Lake Superior, and these fisheries resulted in a
profitable investment. . .

Frowm this date on the pound-net fishing increaséd beyond all conception.
It is not infrequently the case that pound-nets are set in gangs reaching
out from the shore a distance of thres or four or more miles, and the
destruction of fish by this method of fishing is immense. Unquestionably
the fish 8o taken are superior to fish taken by the gill-nets because they are
preslelrved alive until the nets aye raised, but it takes everything, great and
amail. ‘ '
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" No fishculturist should condemn the taking of fish if the fishing were
done with judgment and with a due regard for the future, , .

The iniquitous feature of the business is that the cupidity of the fisher-
man overcomes his better judgment, and he takes from the water large
numbers of small and immature fish that are of little or no value as
merchantable fish. The result of this system of fishing is most destructive,
tons upon tons of fish béing thus taken which have never spawned, whereas
if they were permitted to remain in the water to reproduce their kind,
artificial methods would be greatly aided.

About the year 1868, Mr. William Davis of Detroit, patented a freezing
apparatus for the preservation of fish. In that year about sixty tons were
frozen in Detroit, and seventy-five tons in Toledo. This method of pre-
serving fish was not very kindly received at first, but gradually grew in
favor. Previous to this time, during favorable seasons, large quantities of
fish were taken over and above the needs of present, consumption, and the
only means of preserving them was by the salting process, which con-
siderably reduced their value. Gradually the freezing process grew in
favor, and it was found by experience that fish might be frozen and held
in that condition for any length of time. he result has been that in
almost every important town upon the lakes which is the seat of a fishing
industry, there are today one or more freezers with varying capacities,
most of which are exceedingly large. Their erection has given a great
impetus to the fishing industry. While formerly the lake fishing was.
prosecuted mainly in the spawning season, the methods of fishing have so
changed by reason of the opportunity offered by the freezer system of
holding the fish for any length of time that now and for s number of
years past fishing has been carried on in nearly every month of the year,
and is only interfered with by the rigor of the season when nature closes
the waters for perhaps a month or so.

Reliable statistics furnished show that the following quantities of fish
were frozen from 1869 to 1884: In 1869, 400 tons; 1871, 600 tons;in 1872,
600 tons; in 1873, 700 tons; in 1874, 600 tons; in 1875, 800 tons; in 1876,
1,100 tons; in 1877, 1,200 tons; in 1878, 900 tons; in 1879, 1,100 tons; in
1880, 700 tons; in 1881, 1,100 tons; in 1882, 1,300 tons; in 1883, 1,450 tons:
in 1884, 1,600 tons. ' .

No information is st hand tor the seven years from 1884 to 1892, during
which years it is fair to be presumed from the general knowledge we have
on the subject, these amounts were very largely increased.

The average number of tons per year for the fifteen years amounts to
1,000 tons. Averaging these fish at 2% pounds weight apiece, the number
of fish caught on an average for each year and frozen would be 800,000,
and for the entire period of fifteen years it would amount to 12,000,000
fish. This takes into consideration only the fish that were frozen, and my
opinion is, that if there is any error in the above figures, they are much
below the actual amount. But by far the greater quantity of fish taken are
sent to market, iced, fresh, but not frozen. I believe it is within reason to.
say that the frozen fish will not represent more than ono-fifth of the total
quantity taken,

hen we consider this large number of fish which are heing constantly
taken from these lakes, we can better appreciate the serious inroads which
are being made upon the supply; and when we add to this the wanton
destruction of millions of small snd immature fish taken that are never
given an opportunity to spawn, and when we further consider the large
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number of gravid females, the roe of which is lost by this capture, we can

‘begin to appreciate the problem that is set before fishenlturists to restore’
‘this great loss.

" MEANS OF ARREST OF WASTE AND RESTORATION.

1f the wealth of the waters of the great lakes is to be maintained,
nothing can be clearer than that this great waste, which has been going on

for more than a hundred yearsand is increasing, must be arrested. There
are two methods by which this may be effected: :
1. By a liberal and lavish stocking of the waters.
9. By the enforcement of just protective laws preventing the taking

.and marketing of unmerchantable, young and immature fish.

As to the first point each state must act for itself in protecting its own

interests in the fsheries. Weak and erratic efforts made now  and

then to make good the loss by the planting of a few million fish will not

do. With the means at hand and with the information we now have as fo
fishculture, and with the small outlay of money necessary to carry on the.

work of artificial propagation, each Btate should see for itself that every
female fish taken during the spawning season in its waters shall have her

eggs taken from her, fecundated, and after being haiched, properly
planted; there is no good reason why thisshould not be done. and if the
states whose interests are involved will take immediate steps to carry out

thia line of policy,they will have taken astep in the proper direction for

the maintenance of their fisheries.
As to protective laws, let me say this: No laws should be passed which.
_should rob the fisherman of the right to follow his calling within legiti-

mate means. If our work means anything it means that we are engaged in
anundertaking which, if properly conducted, will result in a direct benefit
to the fishermen and incidentally in great benefit to the people at large in
the maintenance of a cheap and wholesome food. With this understand-
ing of the conditions, fishermen should be willing te submit to such just
and necessary laws as may be required to prevent destruction of young
fish which are of no special value for their purposes, and the destruction
of which means the ultimate decadence and extinetion of their means of
livelihood. So far as uniformity in laws can be secured regulating the
fishing in the different states, they should be made uniform; but experi-
ence seems to indicate that the fadlt lies not in the number or effective-
ness of statutes, but in the inadequacy of the means which have been
uzed to enforce them. ‘ i ' _

Most of these laws are inherently defective because of the attempt to
build up a warden system by counties, allowing the compensation. of war-

.dens to be fixed by the boards of supervisors; who, as a rule, will grant no

compensation, or one which is grossly inadequate, which results in making
the warden system of no effect. New York has without doubt the best
warden law of any state in the union, because the pay of her wardens
ig sure and fixed. ‘ :

The ideal law would be one giving authority to the board of commis-
sioners of each state to appoint a chief warden with such deputies as he
might require for & proper enforcement of the laws, whose compensation

should be sufficient to secure the services of good men who should be paid

by the state. The state mightbe districted, bat in that event each war-

den could exercise the functions of his office in some digtrict other than
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the one in wich he resides, thereby removing him from local influence in
the administration of his duty.

The states should make and enforce their own laws. No other power
ean do it so effectually and well. Their legislatures are familiar with the
nedessities of their states, are quick to respond “to the wants of different
localities, and by frequent contact with their constituencies know their
wants. . .

If a general awakening of the lake states can be had as to the necessity
of proper action to maintain their fisheries as above suggested, there is no
reason why the great food supply furnished by these waters may not be
maintained at least in their present value, with a hope of future increase.




STATE CONTROL OF STATE FISHERIES.

\ BY HOYT POST.

At the last meeting of this gociety, just at the close of the session, there
. was hastily adopted a resolution, prefaced by four whereases, upon a sub-

Ject matter which has since attracted considerable attention in certain

quarters, ‘ ' . m

This resolution related to petitioning congress to assume the work of
protection and propagation of fish in the waters of the great lakes, and the
whereases suggested taking this work out of the hands of the several
states which are now conducting it, it is said, “with slight probability of

ever arriving at a harmony of action,” and placing it in the control of the

federal government, which, it is stated, could, “with its great scientific,
mechanical, and financial resources, its power to make agreements with
‘Canada, and its ability to enact and enforce regulations,” “undertake this
work with far greater results” than have herstofore been attained. This
resolution was a source of surprise to several of the state commissions,
and especially to that of Michigan, which took prompt action upon it. .

In October, 1891, a meeting of the fish commissioners of New York,
Pennsylvania and Ontario, with representatives of the United States
commission, and some others especially interested in the subject, was held
at Fifth Avenue Hotel in the city of New York, the object of which was
stated to be the “protection, preservation and propagation of food fish in
the great lakes.” '

This meeting appointed a special committes which met at the chamber
of commerce m Rochester, New York, on November 10, 1891, at which
meeting & series of resolufions were adopted; which were afterwards
raported to the final meeting at Hamilton, Ontario, December 8, 1891, and
there finally adopted. The portion of the resolutions which pertains to the
‘matter under consideration in this article is ag follows, viz.:

. “Resolved, That this body disregards with disfavor any movement look-

ing towards the turning over to the United States government of the work

of the state commissions in propagating and planting commercial fish in
- the great lakes.

“Thet the jurisdiction over the State fisheries belongs naturally to
the adjoining States whose interest in their success is paramount to that of
the United States as a whole; and
. “Thatthere is an abundans field for the concurrent action of the border-
‘ng states and of the general government, and anything which would
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detract from the state’s interest in this matter will be detrimental to the
ond aimed at, of restocking the waters of the great lakes.

“And we recommend a course which will encourage and stimulate
greater interest and larger expenditures in thif great work by the several
bordering states, and at the same time increased interest in the subject by
the United States fish commission:

“Resolved, further, That this body earnestly approves of the action of
congress in making an appropristion for the establishment of a hatching
station on or near the 8t. Lawrence river for the propagation of whitefish
and other commercial fish; and of the purpose of the United States fish
commissioner to carry out the provisions of that appropriation; and we
see nothing in this movement that can in any degree interfere with the
jurisdiction of the states in the premises, or to affect in any way unfavor-
ably the work of the states in the protection, multiplication and distribu-
tion of valuable food fishes.” '

Afterwards the same subject was again brought prominently into view
by the introduction in congress at its present session of the Lapham bil],
so called (H. R. 5030), enfitled “A bill to regulate the fisheries and for
other purposes.”  This bill related on its face to the taking of menhaden
and mackerel with purse seines along the sea coasts and shores of the
United States and adjacent islands and in the bays, harbors and estuaries
thereof, but it contained an insinuating reference to the grest lakes. TIig
evident aim was to extend the jurisdiction of the federal government over
fisheries in waters which aré within the exclusive jurisdiction of the states.
This bill received such energetic opposition from the states of Maine and
Massachusetts, aided by the board of fish commissiohers of Michigan
and other states, that the committee on merchant marine and fisheries,
to whom it had been referred, decided by a vote of seven to six that it was
unconstitutional.

Thereupon the promoters of said bill caused a new bill to be introduced
which was known as H. R. 7553 and which was identical in principle with
the former one. This bill was afterwards nnanimously decided to be uncon-
stitutional. '

The plan of interesting congress and the federal government in the
matter of federal control of the protection of the commercial fisheries,
has attracted considerable attention at various times for several
years. From a superficial survey of the subject it geems to
those not thoroughly informed, very desirable hecause of its tend-
ency towards uniform rules and laws governing all the fisheries.
Consequently the matter has been often considered, and while
at first blush it uppears very promw.ising yet the conclusion uniformly
reached after careful inquiry is that it is impracticable because congress
has no jurisdiction under the constitution over the fisheries in waters
which are within the boundaries of the states. A thoughtful considera-
tien of the whole subject, however, convinces most persons that it is also
undesirable as well as unconstitutional. :

October 17 and 18, 1883, an interstate convention of fish commis-
sioners was held at Detroif, and at the request of the Michigan board,
Otto Kirchner, who was then Attorney General of the State, examined the
authorities and announced to the convention his conclusion that it was not
within the powers of the federal government to assume control of the
fisheries in waters within the state boundaries.

Within the present month John Z. Rogers publishes over his own signa-
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ture in Ha,rpér’s Weéicly of May 14, 1892, an article in which he
foreibly depicts the rapid decrease in the cateh of godfish, mackere] and
lobsters within the past ten years, and shows that the depletion caused by

the destructive methods of fishing has resulted in the ruination of the -

business, and concludes, as so many others have, that the remedy lies with
congress passing laws for the protection of the fisheries.

" In view of the precedents upon the subject and the repeated decisions
of the courts that congress has no authority ovér the matter, it is surprising
that people of intelligence should so persistently fall into this error. The
right of the state over the fisheries in waters within its borders has been
the subject of frequent decisions of the courts of this country, and those
decisions have been uniform and without conflict or variation in favor of
the exclusive jurisdietion of the state authorities, These decisions are not
confined to the state tribunals, but the most potent and forcible of them
were enunciated by the supreme court of the United States. This
unbroken line of decisions commences as early as 1823, with the case of
Corfield v. Coryell, 4 Wagsh. C. C., 871, and comes down to the recent case
of Manchester v. Massachusetls, 139 U, 8., 258, and embraces elaborate-
and exhaustive opinions of such eminent jurists as Washington, Story,.

Matshall, Curtis, Waite, Bradley and Shaw.
" The right of the state to control its own fisheries is sustained by the-
.courts as a property right, and as an incident to the ownership of the

soil beneath the waters, which has never been ceded or delegated to the. -

United States, and it is held that the state may exclude citizens of other
- states from using said fisheries and may regulate their use at its discretion.

It has been sought again and again to uphold the right of federal
supervision of the fisheries in navigable waters under the grant of power
to_regulate commerce; but this has been uniformly and repeatedly over-.
ruled by the courts. The possession of a United States “fishing license”
has been set up as a defense for the violation of state regulations; but it
has never been sustained. Legislation by congreas has been urged on the
ground that citizens of each state should have equal rights with the citizens.
of the state in which the waters were, of fishing for floating fish in any navi-
gable waters, but the power of congress over the matter has been uniformly
questioned and ultimately denied. Such = bill was introduced at the first
session of the forty.ninth congress, and was numbered H. R. 4690, Tt
wag referred to the committes on judiciary apd was reported adversely.
The report was drawn by that able constitutional lawyer, J. Randolph
Tucker of Virginia. The conclusion of that report is, *that the navigable
‘waters within each state belong to it, subject to the paramount right of
" navigation, for the benefit of its own peopls, and it has the right to secure
the exclusive right of fishing in them to its own citizens by virtus of their-
common property in said waters, and that the citizens of other states
bave no constitutional right, nor can congress confer any, to participate in

fishing in them.” This right of the state is treated as a property right.

and not a mere privilege ot benefit of citizenship, _

It is worse than useless then to look to congress or fo invoke the
authority of the federal government, to protect or control or to interfere
in any way with the regulation of the fisheries within the states. It has.
no power, no anthority, over them, and cannot possibly acquire any short
--of an amendment to the constitution, which could never be obtained. It
is & state matter, and the state alone raust be looked to for its proper
administration. The sooner this becomes generally known and recognized.
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the sooner will people cease chasing this {gnis fatuus and direct their undi-

vided attention to the proper authorities to correct the evils complained of,
and by placing the duty and responsibility where it naturally and of right
belongs, will more surely accomplish the desired Tesults. :

Federal control of the cominercial fisheries is not only unconstitutional
and therefore impossible, and incapable of enforcement: but itis eminently
undesirable and unnecessary. .

To properly frame the laws necessary for the reculation of fisheries and -
the protection of the fish from indiscriminate and exhaustive slaughter,
requires intimate local knowledge of the innumerable differences of
temperature, climate, fish food and habits, of varying spawning periods
and the feeding and spawning grounds, as well as the various and con-
stantly changing methods and devices of the law bresker. These laws
must have the moral support of local public opinion; they must be wisely
drawn and promptly and discreetly enforced; they must admit of proper
discrimination to avoid hardship; and any mistakes or defects be capable
of prompt remedy, to adapt the penalties to the varying circumstances.
Defects in the fisheries laws to adapt them to the widely varying surround-
ings of particular localities will be mare suitably remedied by a speedy
appeal to the state legislature, than by recourse to a distant and over
burdened congress. The speedy and continuous vindication of the law
ageinst the repeated assaults by reckless and un principled fishermen, who
are spurred on by the hope of great present profits, can far better be
éntrusted to numerous and easily accessible local tribunals than to distant
and leisurely federal courts. While uniformity of rulesand regulations,
which seems to many the highest and almost the sole desideratum,
undoubtedly has its merits, it is manifest that a discriminating and readily
adapted legislation, vigorously enforced by local officers, prompt to respond
to public interests, will be more effective than general ironclad regulations
made by a national fish commission and enforced by United States

“officials, practieally-irresponsible to local sentiment. Practical experience

has demonstrated that anything in the nature of police regulation is, in
the long run, better left to the control of local authorities, administered by
local officers before local tribunals.  Local self-government has long been
recognized as the strongest bulwark of popular sovereignty and the surest
guarantee of our free institutions.

In strange contrast to the persistent advocacy here of federal control
and supervision of the fisheries, is the course of our neighbors over the
border. In Canada a determined effort is now being made to have the
control of the local fisheries taken out of the hands of the dominion and
given over to the provinces. ‘

In conclusion we commend the sentiment expressed and the course
recommended in the resolutions adopted at the Hamilton meeting, quoted
above, and which were formulated by the Michigan commission and
spread upon its records soon after the adjournment of the last meeting of
this society, as a refutation on the part of the members of that commission
of the action of this society in passing the resolution mentioned at ihe
beginning of this article. '
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FRY V8. FINGERLINGS.

'BY HERSCHEL WHITAKEE.

‘Much has been said and more has been written in the last two years
regngrding the desirability of planting fingerling trout as against the planti
ing of fry, as a surer and more effective means of stocking the streams ];)
the country. The idea, like all new ones, has found ready advocates w cl»
have taken up the cry, until it has come to be believed that there u& rea
foundation for the claim, and that it is a mistake to pursue further e ﬁorﬁs
along the line of fry planting. To those who have had experience in fish-
culture and are familiar with the results of the work done for the past =tent
or fifteen years, I think the claim of the fingerling advocates d_.o]is no
appeal very strongly, but with the unthinking ones it has met wit morke:
favor than it deserves or would have received wupon a full and thoroug
i igation. )
m}?tclgnsidering this question we cannot fly in the face of past great Eﬂ.:lcci
cess a8 the result of stocking waters with try, neither can we d‘lsrilg?ﬁ
the fact that if plants are made of fish at a fry age we have 8.13135}1351,6 : he
maximum of output at o mipimum of cost. That the cost of raising ts1
to the fry age is cheap no one can deny, and that it has been emuln%n ¥
successful is beyond refutation. This being admitted let us recal {)t_r 3
moment past experience and see what has been done gnd what has resulte

Ty plants. ) . )
frci&:% fsi;y;'o%ger argument can perhaps be presented on this point tha? tﬁe
remarkable success attending the restocking of the shad rivers of the
Atlantic const, which have been restored from a point of great de(_ﬁy to &
éondition where the fishing is profitable.  This is emphatically the ca}se
with some of our salmon rivers, and noticeably the Penobscot, where the
run of the salmon had almostentirely failed. The papers devofed to ang-
ling and fishing interests have shown that for the last three or four ydeirhs,
or perhaps more, the salmon are beginning to return to this river, an ke
spring accounts of the fishing a4 Bangor, made daily, show that t}:uil _st?lc -
ing has been a success beyond all guestion, fish being taken as hig bgi_’s
thirty pounds weight. The salmon and shad being anadramous in habit,
the fry have had to run the gauntlet not only of their natural enemies in
the streams:which they frequent but of the countless enemies of the oceila._n
where they remain for the gi'eater p]g.rft oft}iihe yelar. Notwithstanding this
iti things the results speak for themselves. .

cogglii?:lfgs a brief statement pof what has been dome in the sea coast

fisheries of the country, and now let us consider for a moment the results

of inland fry planting. It seems scarcely necessary in a body of this kind _
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that I should call attention to the numerous and almost innumerable
inland streams of the New England, middle and northern end northwest-
ern states which have been restored from a decimated to excellently
stocked streams, But lef us go & step further, There never was a fairer ficld
for the demonstration of success in fry planting than has been afforded in
my own state of Michigan. Prior to 1841 the lower peninsula of Michi-
gan was practicably a zoological desert as far as the brook frout was con.
cerned. Fry planting has been going on under the efforts of the Michi.
gan fish commission for the lgst eighteen years, but it cannot be sajd to
have been adequately doue in point of numbers until the years following
1880; yet for ten or twelve years fine trout fishing has been had in more
‘than half of the counties of that peninsula, and with the advent of this
spring the. number of streams opened to public fishing has been largely
inereased, until if may now be said that brook trout can be had for the
taking in fully two-thirds of the counties, This is in some measure true
of the state of Wisconsin.

The Sarinac lakes in New York furnish another evidence of the success
of fry planting of whitefish under somewhat adverse circumstances, the
lake in which they were introduced being filled with their natural enemies,
and yet from asmall plant made in this lake about the year 1885 we learn
that adult fish have been tuken.

All fishenlturists who attempt to keep up their stock of perent fish by
raising a certaip quantity of fry each year are familiar with the great
mortality oceurring at the period when the young fish hag finally absorbed

" his food sac, and is ready to take the natural food provided by nature. At

this time when he “rises” in search of this natural food if he does not find
1 he is compelled to take the artificial food prepared for him, and the
diffienlty of adapting his stomach to this food resulis in & loss which varies
somewhat from fifty to seventy-five per cent. If the young trout at this
period of his existence were allowed to forage for his natural food this
‘mortality would be -greatly reduced, There are streams that are well
known in Michigan which have had plants of fry not to exceed five hun-
dred in number which within three years from the time of stocking have
shown up well, and todey without further stocking atford good sport to
the angler,

Within the curreht month there appeared in the Detroit daily paper an
interview with a prominent ifisheulturist who took oceasion to say: “T
believe, and against great opposition have always maintained, that 100,000
yearlings planted were more likely to live and thrive than 5,000,000 Ery"
Making due allowance for the enthusiasm of the interviewed party and
for the natural predisposition of man to defend his pet.theories, let us gee
where these figures would leave us,

We will start with 5,000,000 fry planted, and we will say . that twenty-
five per cent perished the first year, ten per cent the second year, and five
per cent the third year. At the end of the second year after deducting
the twenty-five per cent for loss, and estimating the number thus lett to ba
composed of one-third females, which would cast on an average 250 eggs
apiece, there would be added to the stock 281,250,000. Estimating that
there will be a logs of seventy-five per cent of this number we have left
70,312,500. At the end of the third year we would have 1,068,750 spawn-
ing females casting on on an average 450 eggs each,amounting to 480,937,-
500. Deducting from this amount seventy-five per cent for loss, and we
have left 120,234,375. These added to the original plant, after having
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deducted therefrom for loss on
per cent for the three years, a
plant 193,753,125,

the original plant twenty-five, ten and five
nd we have left as the result of a 5,000,606

Now let us take 100,000 yearling trout: At the end of the first year after
planting we deduct ten per cent for the mortality in the adult fish which
leaves us 90,000. Of this number one-third being females, we would have
30,000 spawning fish which would cast on an average of 250 eggs apiece.
This would give us 7,500,000 and deducting 75 per cent for mortality we
have left 1,875,000. At the end of the second year after planting after

having deducted five per cent.

loss for adult fish, 85,500, One-third of

these being spawners, will cast 450 eggs, each amounting to 12,825,000,

Deduct from this amount seven

ty-five per cent for mortality and we have -

left 3,206,250, At the end of the third year after having deducted five per
cent for loss we have left 81,225 fish. One-third of this nnmber being females
will cast on an average 900 eggs to each fish amounting to 24,367,500.
From this amount deduct seventy-five per cent for loss, leaving 6,091,875,

At the end of the third year we must also take into consideration the

fry hatched from the fish hatch

have arrived at their first spawning age.

ed at the end of the first year which will
This number will amount to

1,375,000. . From this amount deduet twenty-five per cent for mortality
and we have 1,406,250. One-third of these being females leaves 468,750
spawners which will cast 250 ‘eggs apiece amounting to 117,187,500.

Deducting from this quantity a

loss of seventy-five per cent, and we have

'left 29,206,875, The ahove amounts added together make the total result
of the planting of 100,000 yearling trout at the end of a three_year period

amount to 40,551,225 as against 193,763,125 as the result of the fry planting

of 5,000,000,

Considering the results, therefore, of fry planting, from which practically

all the results we have are due,

successful, and when we consider the cheapness with which this work is

dore it would seem that the
incontestable,

we must agssume that it has been eminently

ample success of fry planting is simply

FISH PLANTS, 1891-1892.

Whilefish planis, 1891, from Detroit house.

Where planted. Date.

Lake Huron ...

Sand Beach

Nui;ne of waters, Number.
Lake Michigan ... ..., Maniftee ...l 4,000,000
Lake Michigan. .| Bouth Haven.. 4,000,000
Lake 8¢, ('lair.__ Grosse Puinte. 4,000,000
Lake Michigan.. Luadington ____ . 4,000,000
Lake Michigan . oovee oo oo Muskegon ..o 4,000,000
Lake Michigan Bt. Joseph 4,000,000
Lake Michigan. .. Frankfort.______ 4,000,000
Lake Michigan__ Peotwater. 4,610,000
‘Baginaw Bay___. .| BayCity.____ 5,000,000
Lake Michigan. .. ... _______. Grand Haven_ ... __ 3,000 .00
Lake Michigan. . Whitehall .___ . ______ “ 3,000,000
Lake Michigan__ Grand Haven u 4,0UD:000
Lake Michigan __ St. Joseph, “ 3,000,000
Lake Michigan Muskegon. ‘o 8,000,000
Lake Huron ... ___.oonee Sand Beach._... " 4,000,000
Big Traverse bay__ .. Traverse City _. " 5:000:000
Lake Michigan. ... ---| Ludingten .___. o 4,000,000
JT.ake Michigan. .o ovm o] South Haven_._________ ... ____ u 4,000,000
" Linka Michigan Manistes __ o 3,000,000
Straits of Mackioae.. ... . . Cheboygran “ £,6:,00
Btraite of Mackihac.. . i " 5,000,060
Wild Fowlbay ______ ... b 5,000,000
Little Traverse bay .. Petoskey ______ .. .. " - 000,
Straits of Mackinac, R M?ackingw . N - — 000;

Detroitriver__ Detroit.__. "
Total e e e e e m e s e e m em e e 104,000,000
- Whitefish plants, 1892, from Detroit house.
Name of wateras, Where planted, Date. Number.
Detroit river Belle Inle.

Lake fris __
Lake Michjgan
Lake Michigan. ..
Lake 8t. Clair_ . ... ..___

Detroit river ...__
Lake Michigan
Detroit river

Lake Michiaa:
Lake Michigan. ..

Lake Michigan__________..____.____.._ ____
Lake Michigan, R
Lake Huron___.
Baginaw bay .
TLake Michigan. —,.oe. " 77770

Grosse Poiote. .

Gragsy Xaland ... . ________
Ladington _

Belle Iale .

Frankfort. .
Cheboygan -

Grand Haven____

Ray{'ity.___ ;

Pontwater

o
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Whitefish plants, 1892, from Detroit houss—CONTINUED. _ ) Brook trout plants, 1891—CoNTINUED,
Nawe of waters, ‘ ‘Where planted, Data. Number, . ' i . . County and name of waters, Town. Depositor. Date, Nomber.

Strnits of Mackinac. .. Mackinaw. .. Aprilld.... | 3,000,000 3 Antrim.:

Lake Michigan___.... Frankfort .. ol 38,000,000 Orr creek....._. Banka._ _.____..__... C. 8. Campbell.._____ Mar, 16_______. 12,000

%..ak.e Se.glnir_._ %‘_riss%f'olirg . " g,ggg.%g 3 Cedar river.._.__ Kearney and Man- !

apinaw bay ... i uwl Bay__ X 3 u celona Oscar W, Kibby______ s %, ..

Lake &5t Clatr_____________ Grosse Pointe. ... .._.___ ... v 4;000.000 . . Intormediate river. .__. Kearney a W " 4 " 15,000

Torch lake ____,_________._.. Elk Rapids 3,000,000 - I e .. . W. Holly. oo .. e

‘Straits of Mackinnc. Mackinaw 8,000,000 : : . Ealtg;})tr}n- ::ggk - o oW e ly: " 12,000

- Lale Brie .. _____._ 1,000,000 . Holly brook.._ R ' v L
" Lake Heron - _ 3,000,000 ._ - i Jordaariver.______.__.____ " .7 Chestonin . Mich. Fish Com. .- __ " 10,000
g Arenac:
65,500,000 o k DeeD Fiver ... Deep River A. C. Maxwell, M I 15,000
Wells Creek. o nue oo . Moffat_._._ Rich, Ronnalli " 26 . 8,000
A Wan. L. M
Llvar Mver_ .. ... om. . a80n
Biats mhver . 7 a “| chas. 3. Tur 2000
Ato river ... oo VOL .ooeeeeen__._.| Chas. M, Twroer._ 15,000
. Whitefish plants, 1892, from Sault Ste. Marie station. Bareys ’
é:]mk:ee Spﬁings creek .. ______.. Yankee Springa __.. ? \% Pﬁunt ........... g.ggg
. . 3 ., ass creek. ... __________. ‘ ‘o1 J.W. Rogers..______.
Name of waters ‘Where planted, Date. Number Coldwater eresk . 72177100 Woodland and . . v
— S Ol s s

Lake Superior ________ oo o Marquette___ ... April28._______ 1,500,000 . Pring. Droo Tobn Sl e .

Lake Michigan .21 2 Manistique. - 11l May 12,27 2000000 ' Wilker orankc Jolin MeQueen. ... 6,000

Lake Superior Marquette. __ . “ ] 1,500,000 STTTTTTTITTe s . TTTete .

Whitefishbay ____________ Taquawenon.______ 12217777777 - 3,500,060 Berrien:

Banlt Bte, Marie xiver .___ 77777771 Baalt Ste, Marie._.____.. 16 1,244,000  Medron.o.oooooo Three Oaks,..___._.[ C. D. Brownell...___.

. 7 et Wi o g 18,000
Spring creek _ . P
! : Mill ereek _________.. . . Watervliet and
. Total . __________... = e e e e R, 9,724,000- Bainbridge ____....| A. N, Woodrnff..__,.. 15,000
: Edmons creek. ... Benton & B'nbridge| L. T, Burridge.
" Chadwick creek.... v o b o
. ’ Eastman creek .. " " o 4
Blue creek. . “ " “ i 15,000
Sund creals. . _ ' i o i
Brook trout plants, 1891 : Broneors arek. : . “
rook trou ants A ronson’s creek. ¢ !
L ! Dages creek .. ___ Buchanan_._...____] Levi Redden - 9,000
: ¥ t.ené.'.il:ua greel: i galie_m.___ Iv'\'r {eﬁréiesmﬁ"t - 6,000
, . 3 3 . ) eterbavgh creek . errien. alter Ko art. .
Connty and name of waters Town. Name of depositor. . Date Number Hivtory stk wen- . Ep - woo1aTITTT 12,000
Townsend creek. _____.__ . oL, " e R 9. ...

Alcona. Galien river and branches .____ Three Qaks. Francis V. Martin.. 18._ ... 6,000
West branches of Pine river Hillmagtor .__..____ H, M. Lond & Sons __ 12,000 Silver Somotra crael ... ___ . @. W. Doogan Beeen 8,000
Blockhouse creek Potts __ J. W. Morig - 8,060 . Cathoun:
giulclzl!«xm::ealfaél-{" == Harrjgvilte D. MeGregar... 25,000 Houth branch of Mt. Jack creek{ Newton & Leroy._._| C. B. Lowell..____._.. 6,000
Weateﬂgnch reok W “ i Iy . %hagmlé’a qreag ST Burlington ___. Iil R Tf-harbh.. .- - 6,000

- s romsiomes oster 8pring brook._.. eroy ... . It. Thompson.
g&i’i:vvlércgggé:k_ e Mitehell Lawrence R.Dorr.__. 15,000 , Brook cresic W “ : E_ 9,000
MeGenn creel. . g “ W -
Jim’sereek...o. "7 7T Haynes Addison Silverthorn. 6,000 Geo, W. Farria ... }‘ 6,000
North and south branches of N. A, Osgood.__ - 27" 1
Black river_ ;oo Alcona J. L. Banborn 12,000 it ) ’
" N 13 W TTTmTmemee L =
Allegan; m o TTmmemess . -
North branch of Rabbit river..| Wayland . Elian Sign . 9,000 W e . -f 18000
Button's brook_.__.____ ... . Hopkine . Uharles W, Bution... 001 M o Trmmemmes “ v {
Brows creek.___ Otsego - . J. Anderson. ..... 8000 w w TTTTemme u 3 .
Duncan ereek .. W & . mmn 1 C. R, Harrie. .77 " H '{
Yorrick's cresk. ®o J. M. Perkina._ - 2000 Emmet ot AT o 3 -
Watson creek, Watson. e - Y Seven mile creek Bodtos Y S " w “ 2
léig!nn’s cra?:k. Otsego . Conrad Brother - - Dixon brook . Marehall (171 w“ “ « g 18,000
om craak _ . - Bedtord "
Clifford ereels _________________ mlfffi?,- . and Tr " w 8,000 Eﬁ;ﬁ‘;‘;“c‘;{;gg_ iqfn:tlf;:f‘f °rd: .'I‘li: L :(:, o " %
dga ____. ‘ ice areelc.___ areha) arengo{ Thos, L. Cronin " 2. 00
D‘ay.m:]:;:m__c.fe_e}::::_.: Martin . e J.D. Ke}.ley_ - 15,600 - Gillet's creek... .{ Clarence .. ______ % .| F. €. Courter..... " « Bl g:oog

Al nal ’ wil . - Bolto : Ca‘l‘?;on brook ... .___._..____._. Wayne...___._.._._.| E. Barton Jowell.____ N - S 6,000
Beﬂ.g ::xk ——- 0518 ;;Do;.xké_........__. enry Bolbon ... 25,000 Kensey'aereek 777777 Howard & Jefferson| B. D, Shaw..__.. ___. Feb. 192007 9,000
Norwegian creel __ 2220 Alpena..22T27T0 771 Chirds. Q. Hammer - 6,000 Charlevoiz :

Sroith creak .| Green ?@Ph?&gg% S 1%;888 . HofAman's or Branch lake....._. Hudsom ...._...__.. Timothy Carter__.... Apr. 17 ... 15,000
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. . - I
Brook trout plants, 1891—ConNTINUED. ) . ) Brook trout plants, 1891—CONTINUED. |
County und name of waters. Town, . Deapositor. Date. Number. L ; Z(}cmnty and name of waters, Town. Depositor. Date. Number.
. .
Cheboygan: . Ionia countu—coni'd:
Cedarcresk. ____.___.... Henry J. Graves._.__. 10,000 - Alden creslc. _ .. Rorth Boston ______ Chas. D, Peage ... 2,000
Kast branch of Sturgeon Tiver.. H (L * . Chuareh creek O0BLOR - o smrm .| A, W. Huntley R 12,000
Clark creek._ , - W. H. Merrits._ 6,000 : : Hawn craek ... " '
Lillian oreef .. o M e " ) ’ Tuabalana cresk Liyons ... 9,000
: Strable creek. ... .. w
. Chippewa: L . Eaet Libhant broo! M
' L1ttle and Big Rapida_____..__. Sanlt Ste. Marie.__.[ O, Robotham ... S S 30,000 . Lake brook. . Y e
o . - arphy's bro B .. 12,000
Qlare! . . : Spring brook -
‘Doclt and Tom creek ........... Hurr E. F. Rova,.._... Mar.80 ... 2,000 8plres brook. P,
Milt creek _____. . (‘atrna E. B:mth 0. 6,000 Seurney’s broo. R,
Littlefiald ereel. ... 8 F.E. Presley .__._._..| * 80 .____ " 9,000 . Randall ereok Roston .. 2,000
o Mouks creek.. " - !
© Clinfon! X . ) Peer-lick broo North Plfins . . -
Monn creek.___._._._.-.___..... Ovid and Doplain..| A, M, Birmingham___| Fab. 26 _...._. } 12,000 : Popple creek . Randall..__..._. " " . .
Broice creek..__... Doplpin. ... " “ P B - S ! : Dugway.creek Lebannn and North 15.000
Scheol Section creelk_ . Beaex.. o ______. George Randolph ___| " W _________ 9,000 . ' " ' - *
Spring brook .____ 05T 10 T, Carsing Alexander.... | Mar. 5 .o.c..... 6,000 Carpenter’ screek _____ " " .
Toabulan’s ereok . veerovuue oo Lebaton..._._._.___ John Bette ____.__._.. OB 3,000 ’ Spring creelr. " . -
. Noname. .__._ U. J. Maynard._. 8,000

Craswford: . Derby's cresk. H. [, Benschoter 000
East branch of Au Suble river.. 15,000 Stasl creek.. Tonia ... H. L. Bailey.

Au rable river_______._____ . ' . Enst eresk .. . " o 12,000
An Suble KIVer i oaavucrannanuane. 25,000 . Crystalcreel. _____._____ - o " ool

Fotoh: Outlet of Cryderman lake__.___ Gao, D, Allen__ 12,000
el ; .

" “Bpring broolk. ) . 9,000 Lsabelic.:

Stone Coalereok . ..euoeeoeooo..f Oneida ____ o . . . 6,000 MeDonald creek.. .. _____._._. Allen McDonuld.._-_. 6,000
Sand Htone cresk e ; 9,000 Bakar ereele, _______ J.H. Seeloy _....__._. 6,000
Newkirk brock R o BLAM 9,000 ﬁCedar ereelc ______________. Geo L Uranger 8.000
Bull'srun.... Delta ... 6,000 ; » Juhnson ereek.____.___.._..____ Y v

Emmet: Jackdon !

Btg crenk. - Carp Lake.______._. 9,000 Farmera’ ereek ... . _._____. L. N, Keeler___.____.. 6,000
v‘Pr'mg creg) Maple River,..____. 9,000 Mill ereek _ (.. B. Bush - 6,000
illow brook _____ Maple Bv. & Carp L. Qutlet of Gillets lake. Geo. E. Basbe ____ . 8,000
Fountain spring brook " e Willow brook ____ Samuel Gampbell _ 6,000
Conway spring brook . " L ; Spring brook - F. C. Courter. .. 4.000
Weguetoneing brool.. u“ “ Rice brook. “ B s '
Kegomia cresk __... - r i 27,000 b
Paga creek. ____ - o e Ealamazoo!

. Harding ereek__. ¢ " Davigereek .___________.._..__.{ Cooper__.___...._..| BEd. J, Anderaon.___... 2.000
Nadolskie creek .. " M R Tiavie cresk._ - g
Minnehaha creek ., . } ; - Coldstream brogk Alamo R 6,000
Mapleriver_ . iaaa- B. Hawkins _... 9,000 : Shaffers brook Kalainazoo & Cooper. .

- Parker brook., o o - 9,600

Genesee! . Lt 1 Leeper brook.. “ u ' . - '

" Thread creek._ ... .ecocooo_ .. Eli J, Jennings... " 9,000 . Spring brook_, " " " oo B
Kergley croek._ . tlan - b v t ' ' Collier brook .___ Kalamazoo . ______.| J, Frank Cargill .

Nickerson ereak_._______.____.. C, E. Brawster .._ " 8,060 : . Naorth Stacy brook. Rlchland ——— o o R 8,000
; Bouth Staey brook. * * .

Grand Traverse: ' Harrison's éreak. Prairie Ronde .t Thomas Hawitt _. 38,000
Mayfield creek, oo oeeoooo ... Paradise ._____ C.E. Browater _......| * 9,000 ‘Whitford ereek., Charleston . H. Dale Adame. __ £.000
Payns creel Pamdme and FlfeL T. M. Walaun_._ " 12 000 ) . Boroner ¢reek ..__. --| Comatock v Yo y
Knight cresk - " " ! ' Boles or Stanley creek. -] Portage Thomas Hewitt __ 12.000
Elk lake and three tributaries. | Whitewater ._._._..! H. H. Noble. .- " 24,000 ; Awvguata creek__ . _______,,__ Ross____._ ... Chas Polley .-mvaooo. 15,000
Whitewater brook___.neeeo.. I ' 12.000 )

Baker greek .l _...... o e " Kent:
. . . - . Davia craek

Gratiol; i Rum creelc.__ 12,000
Pine creek. .o vuuwcoaooaoen- Bomner and Crystill J, B, Tocker.._______.| * 5. _____ } 9.000 ' Whitney cree
Ferris oreek , - oaveoouooooooo Ferris o _ionae.. " L, B S * - Allen creek..

. Agstin cresk.
Hillsdale: ! - 12,000
Slimper's creelt_ . ____ ... G. T. Groenshaw _____ Feob. 83 ... . Clear creel.
Greenshaw brook ' v ] 9,000 . Hutchings ere
Ramsdall brook . w Y e . Bowne cresk 6,000
Headwaters of the Kalamazoo| . Braisted cresk 6,000
and Grand rivers ... CUhas, W. Harria..__.. 12,000 , Handricka cree 3,000
Bvring brook. .. DI, Charles Morgan._.... 6,000 3 Cooley's creek 3.000
No name_______ . Sumpaon. . ___. 6,000 . Btowereek ... __.___..........) v LT DUPUHale Ll 8,000
Willow_ereek.. - R .| Hod, Gale..... 8,000 County Line ereek. 3,000
Spring beook .. _______ s " M e ' b - Muro's creek |
. } : Neenan's pond | 9,000
' Iorco! . . Anderson’s pond .
* Vaughn’s ereek, . _________..___. Plainfield_..._______| Warren S./Hodgas.... R 9,000 Clearcreak .. ... T. 1. Phelps 15,000
: gVubgls creei»{k and lake._ i A ‘;;h A‘ Pl *
arta croe) bpar!.a, Su on &Mgnmﬂ ribar A.
..| Easton... H, L. Bailey..___..._.| Féb. 8.__.__. - Bﬁver creslc_. ., oo ' 15,000
- Berlin o e L 20,000 B Crinion ereek | ___. 27771777 Cnurt]lmd. Qalefield
bit ol i e d e i and Spencer...._. Freeman Addis._._... £.000
Prairie creek Ronald ..__ " " Bilver creek. ... .___________ | Wyoming . ...cuae. H, W. Davis 8,000
ks
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Brook trout plaomts, 1891—CoNTINUED. Brook trout plants, 1891—ConTINUED.

County and name of watera, Town. Depositor. Date, Nomber, : %nﬁ? and name of waters, Town. Dapositor, Date, Number,
Kent county—cont'd: :
Clenr creek. . .._____._, Sparta._.__________ |GG Dar]]ng_,_"____ 12,000 (,m Sethlement ereek..........| Branch.._____..____ B.F.Barnett..__. ... 9,000
Minkereak oo .. Alpine and Sparta..| Frank Baird 12,060 Genson cresk. Sherman . Jamea R. Barnes. . 6,
Buck erek ... Wroming _____..___ A Crippen .. 15,000 Ernastream . an‘rton e Iirne & Rumberger .. . } 2.000
Cedarereek .. ___._____._. A W . Holden_ 2.000 Cook creek ! " N - [ '
Cedarcreels ... .. N o W B N, branch of Litéle Habla river. Vietory. Jasper N. Clark.. N 9,000
Beeley creek ___ . G, M. Bleyton __ 9,000 NewereeR . i;eo Amber__ .| George Sindear. o [ I 6,000
!Snow creek. . - C. D, Peaso____. Bpring craak_ R . Penney _ .. S T 6,000
Cherry creak__. ) o i gumn creek ... .| Riverton _ D (.. chkham S - 9,060
Kopforeek ... . 10,000 ickerson ereek________________ M. e 18 . v
ghpgc? cretekﬁ"'ﬁ """ I 9,000 Mecosta,
ributary to Buck ereek ..____. 3
v * Handy creele..____..__._....____ Deerfield ..._....._. J.C. Boyd. .o
Lake: k . “ g Hond br°°"‘,;--- ----- w - o 15,000
- Bilver ereek ... \ivreoramneeean ' Ja TAgUe. . L IR 3,000 aigle ereek.__ . _____. . s ’
Y SD agne g tevens StreRm. . . _______ ... Winfield ... " DR
‘Lapeer: Hinton creek.. . . ________.. Hinton and O. M, Helms ___._____
Gutehes oreek ... Almont. ¥.P. Andrus 5,009 Bimmone creek..__. .. - N " D
Soath branch of Mill eree i Poter Holmes ... M ! 12,000 Tellerhoff creak - Hinton ......_._._._ " Y e 21,000
Hemmingway aud Elk creo John D. Brown... g 9,000 Hiberger creek _. Deerfield & Auetin.. | R
.E‘ownsens Teok. .- ven Metamora - Tra Reed . _____. 000 Millsereek _____....__. cemmrpea .| Deerfield " R,
Almont__ M. E. Martin___.__ . 8,000 Headwaters N, Br. of Pine river| Millbroolk H. P. Blanchard _____ 12,000
Mack oreele. ... Mecosta .| George Heed _...___ - 9,000
Lenawee: Parish ereele._________._________ Green .. _______._. James. Parkhill ... " 12,000
Bear oreek____. ... Hudgon . James B, Thorn
Tiffin river.______ " G v 12,000 Monicalm:
Hillsdale crack .. - w - woow « Two amall streams, no name. .| Montealm ____ __.__.| H. L. Bailey..________ 8,000
Gleason brook.... .o - 110 Meadison, Palmyra ' Rice cresk -] Pierson & Reynolda| 5. V. Batlock. 6,000
\ and Ogden______ | Myron D, Pierce 6,060 Spring broo Day B Trost .. ___. 6,000
Gragg creek C. D.Keyes. 9,000 Little Pine cr Fe;ns ‘and Crystal..| F. E. Youndan 12,000
Bmalley creek . C!:nton &Franklm. i W A - Town Linecreal. Winfield and
Smalley ereck . - H H Hallad 3,000 Maple Valley] J. A Barry .._..__....] “ 5._______. 8.000
Little Baisinrivere._. oo ___. Ridgeway. _________ H.Tample. 5,000 Jones croolc, Homer... . W, R, Jones 9,000
Private pond ._____ . Rollin. H. Bmith.___ 6,6u0 Brandy cree Winfield .. M. W, Kelsay...___ .. 5 9,000
. Dickson cresi Douglass, Sidney
Livingston i 3 and Fairplain 1. 9,000
Appleton cresk Genon & Hambaurg_; C. E. Cushing Wabasis creek_. Euraka, .. W, . 5,000
Walker creek . . s " v " Indian ereek_ .. .. _____._ Roynolds ____ R. 0. Donald 15,000
West Woodreff creek b " 20,000
East Woodruff creek g " Huskegon :
School ereek.....oocouccmeooo. .. Will Cady woeeeooo . 4 9,000 Musquito ereek. . ___.________. Eggleston ... C. L. Guno_. 5.000
" Boyne creek or Spring brook... Norton ... (). P, Barens 6,000
Terlenaw : Dalton eresk ... Moctrgue . George Klett 3,000
Branch of Cedarran. ... Solon. . ..oooceons James G. Johnson _._{ Maor, 16___.__.__ - 15,000 Meck creek.__ Edgerton... W. R, Holde; 4,000
Big Crockery creek. Moorland _ . ¢ B 4000
Mocomb : Duock oreek... . . _______ Muskegon ._________| B, D, Magoon _ 15,000
North branech of Clinton river. . ' B000
East branch of Stony ¢reek .- - 8,000 Monimorency ! A
Bmith's creek._.__ . P. P. Andrug - 4,000 Coldereal’ _________._____.____. E. H. Gillman.__... ..
Wilson's ereek. .| Washington . | Apdrews and Stewart 9,000 Weber crosk__ " o
No name Harrison .____ 222 "7 "J. S, Farrer ... 10,000 Beolton creakc. . " o - 40,000
- . Avery creak. .. “* " . "
Mackinae: Qutlet to Turtle lnke ... . Y e
Huarlburt lake St. Tenace 9,000 Dollar pond ... ___ ' Y -
Hendricks 10,000 Hay Meadow oreek _ . W. L. Leach.________.
Holmes ___ Stanager creek._______ B e 18,000
" . 20,000 Bargehr exeek ... .. e woo T
Sandigo creak " e ——— .
. Newaygo:
Manistee: _ Freeman creek -
Towier's creek Manistes | G R Fowler.__.._-_. Mar, 9.________ 6,000 Upper Pere Marquette river 18,000
Beavercreelt_. : Maple Grove ...__.. F, A Mitchell - . 5000 Pickerel creekc_._.______ TOY . e .
Bpring creek.. B i } ¥ Brooke creck ___ Bmoke & Garfield. .| Chan. Kritzer__ 6,000
Gableereek.______...._. Claon, _____________ . R, B 12,000 Chidester creek. Bridgeton .._._.....[ W. 5. Barton____ . 8,000
Bast branch of Bear cre B et oo " d Williams creek Bheridan, Sherman
. Sickels creek . Brownstown LA — 8,000 * and Brooks. ... .. Andrew Gerber.......| " 13...____
Boyd's creek.. Marilla q : Helster ereek. . ._....______. Dayton . __..__ b 5 - 18,000
Pepples creek .. s 9,000 Black ereslc_.._________ Dayton & Denver ..
Huddleston cree! vl - R Eemp or Big Gully creek_. Sheridan..____....._
Sickels creek ... Brown e cceeeeeee. i 9, 8,000 Loutier creek_______... Dayton ___
- Odell cresk .. " 18,000
Marquetle: Cole cresk. __ - e iemmmmman 13
Bilver creak.____ Ishpeming Geo, A, Newetit.______ Hatches croals ___ Albert T. Wightman.} Apr, 4. ____._._ 6,000
ke Sally__ Tilden. " 20,000 .
North Jake. _ 1 " \
Greencreek. _____.___._____ | Town 47. .. M W .
Pijiki river. _.__. John C. Fowle _. 15,000
Laughing F.sh creel _ Horatio Beymou
Dead river. ... 1 L 20,000
Chocolay river., .. “ ‘“
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Brook trout plcmts; 1891—CONTINGED.

Counnty and name of waters.

Qakland:
Ontlat to Walnat lake
Buckhorn creeke ...
Qutlet to Long and
Farmivgton brook (...

Morers spring and tribntaries_,
lnds;an Ggrdafu lake and brook.

Oceana:
Sand creek.....
{lob-moo-2a crel
Cunningham creek

Ogem.

gﬂ:ubbnrd [ )

. South branch of Klacking oreek
Headwaters of An Sable river ..
E. br. of Tittabawassea river. ...
Arnmond creek
Cold creek. .
Sonth branch of A% Sable river.
Mackies ¢reek _ . .cerommcceannn-

Osceola:
Big 8tonecreek, two branches..
(‘hippewa ereels
Beavercreels ...
Desey’s oresk. .o ypeemmapmanmnnm-
‘West branch of Clam river.._..

. Middle Br. of Muskegon river..
Brooks oreek and tributariea...
fylvan creek and tribataries ...
Finney creek and tributaries. ..
Comstock creele ... ..o
Brooka creek and tribataries_._
fvlvan creek and tributaries. ..
Finney creok. o ovorooocuaman--

Crela
Big creclk-
Biiver ¢reek . ouovamrmroccaenmne

Oiregro:

Weat. Bloomifield ...
Bloomﬁeld T

S. Alexander..._._...

-
==k ]

228

[

Weat anch...___-.

5528

8, V. Thomea..e--
V. Thom =

Q;Qﬂ(ﬂﬂ‘

Lummmgs &KI'k'g
Gogdar.....,_...._.

238

[ -]

g
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[y

Evart and Hez:aey -

. W Brigh
. S.Yeveran, M, D.._
Dell Roberts _.______.

g588

g

o0 1 O o O St

Stacey creok. ...
East branch of Sturgeon creek.
West branch of Stnargeon creel.
Qutlet of Bradford lake . ..
Bianch of An Sable river. . ._
Esst Branch of Stargeon river..

Otfawe:
Branch of Rusgh creek
Milk cresk .
Black cresk .
Branch of Ru
Branch of Big Crockery

Presque Inle!
B VI U N —

Rogcommon !
Robinson creek . ooooocauan

8. Clair:
[SHETTCV-T.) SR —— .

8t. Josepk:

Mill creek __cmnecememcamaee

[543 w3210 ) R —
Tuscola!
Sueker ereslt .. __a.car.
White creelr ..

Butternut craek.....,,,--.--.-..

J. A. Waggoner.

. Allegan:
B.E.Green ...

Frnr;llcia J.’Bc!l‘ege,

Scott creek ...
Manllue cresk

.| Hiram Huight__._
Chester...__.....| W X

Big creBk
Bellingham creek . __
Baeley pond tail race.__
Clifforg oreek

‘Wm. A, French ......

Alpena;
Hugh Stevenson.

Smith cree

Antrim:
Flowarﬁeld [ thanty creek

Baloon creek .__.
Inchan Fields and

Hotly's brook

Orr creek ... -

N. and 8. branches Jordan river
Arenae:

Braoch of An Greariver.______

Deap Tiver oo maieo..

Jim’s cresk |
Sncker's creek .
West branch._
Wnlf creek .__
Bilver creek _
MeGeon ererk ...
South branch of Biack 1 rlver -
North branch of Black river, ..

Duncan cresk

orwegian creek

Gun Plaina.___..... Ed. J. Anderson__

Lee and Casco George Moore ___
Manliny_ __ .| Clinton B. Conger
Wayland ___ -1 Elias {:has .......
Trowbridge (. Engle ..

Murtin,; -| ¥, D. Helley.
Orangaville ., o Yoo
Trowbridge & Gteago .| Conrad Brothers..
Oteego oo, John N. Perkina _____
Hopkine . _....... Charles W, Button__.
Alpena .____. Christ, O, Hammer __
Green D.D. Hanover.._.__

Addmo(;\ Silverthorn .

G 8. Campbell. . .....

&. R. & 1. 8. R, agent

Tarner . oeeo J. A, Walker, __....__.
Deepriver.. .. . .. A, C. Maxwell

James R. Conway____

0.‘ ‘W Hl?l.ly __________

County and name of waters. Town. ’ Depositor. Number,
Von Buren! .
Hayden's ereslc________ .- Almena. {Feorge Langdon._____ 6,000
Tributary to Paw Paw rivel Antwerp James W. Ulark__ 8,400
Sink brook . Almena_. . A. Spragana £,000
Barrett cresk Hamilton . Milton Barret 6,000
lr;f’ecreetl'{__ i 3@ (I)-I ﬁrvung R 12,000
tternut creek . LG I .
Cedar creek. .__ w o8 - 16.000
Spring brook H. P. Waters.___ 12,000
Washtenmow ’
Honey ereek . ________._._..... Ann Arbor... John F. Lawrenca 9.060
Private pond.. Ypeilanti .. John Gilbert. . 3,000
Noname..._._....... I Doxter_______ V. N. Gregor. 6,000
P e o
airghild'a ereek_________ . .____ D. F. Diggins ...
North branch of Pine river. wagme - 12,000
Slagal creel . ... B. Coolay.. 6,000
Harris Jake and creek. Hiram HMarris.._..... 9,000
Downing creak.___ 8. Br. & Henderson.| Chuttenden, uerrlck &Col
Hozxey creak 12,000
bl e et e e e ren e ma e o 2,500,000
Brook trout plants, 1892,
County and name of waters, Town. Depositor. Number,
Alrona:
IV:cllll aEttan t}:{mek Philip O. Partridge.. 18,000
Sprmg f!ll-'(:‘;ik Ambross Thompaon_- 15.000




. - 199
LTENLIH REPORT—STATE FISHERIES. L APPENDIX,

Brook tro(ut lants, 1892.—ConTinUzD.
Brook . trout plants, 1892—Coxrivusn, » '
- unty and name of waters. © Town. Depaositor., Date, Number,
Coanty and namwe of waters, Town, Depositor, Nomber, Connty
— EE— - ’
nand Traverss: )

Barry: . . ! G’Payne ereel ... ___ Faradic & Fife Lake] T, M., Wilson____. 10,006
Yunkee Springs creek _________ Yankeo Springs___.[ A. C.Hont 9,000 Knight erask 2777 u oo o - by
White creake . .____.._ -| Thornapple creek_-| Jonn MeQuean 10,000 : : ‘Pributary to Platt river Long lake.__._____. J. M, Thomas -__. 10,000
Leonﬂrd cl.eek __________________ . L _— L at - ¥ i t

Gratiof!
Berrien: : ine creek . __._____ Sumner__.._.._ ___|J. B.Tacker.._______| Mar. 2.
. Farmer'sbrook_ _____ . ___ Pipestone - Charles K, Farmer. 10,000 %em-is creek Fuorris, Montcalm
Pipestone ereslc Sodus & Pip L. T. Burndge. ... . - R BT Y| - 18,000
Bronson creek .. " f - “ i . 15.000 ) Pineriver .___.._______________. Megasta, Montealm, *
mond's crepk._ " ” 4o ool * . Gratiot and Mid. ' “ i
Chadwiek croek . S u 4o v ; . land Cos, .. ____ “ Y ... J
enterbatih creel. Berrien..__________ 7| Walter Keaphart, 15,600 Hiflsdnle: "
ickory creek ,__ Oronoke and Take.| Lavi Redden . _ Freenshaw’s spring Hanover ____._____.| G. . Greenshaw..___
Townsend creglk._. Berrren.,______ H no 10,000 amedoll spring, _ N " - " 10,600
Daye's brook Buchanan . " o ! Skinner's ereek . 777" " [
T Watervieit & Hafie| | '
il ereek and tributaries. ... alervleit ain- Tosro:
" bridge _____.. __. A, N. Woodruff, ____ 10,000 3 Vaughereele ... _________ Warren 5. Hodges.__.| « Ll N 18,000
ase; . )
Kensey’s oreeK.. .. ___.___ Howard & Jeffersonj B. D. Bhaw. _._.__.__ 10,000 . 3 Isabellg !
to McDonald creek.. _.____.______ Allen MeDonald . __, R [ 15,000
Calhoun ;
Dizoncreele ., Marshall Ionia:
Beven Mile creek . Bedford _ Steel ereal.. _______.______ H. L. Bailey._.__..___ 3,000
Wabnacon creel . . East ¢resk . t . '
Gulf.stroam H . Dack croek .. Sampel W. Bart__ 12,660
Cox brook Emmet - : Clear cresk .. U. J. Maynard.._ 10,000
Pratt broak | Bedford __ 7 25,000 ; Church creek .| A. W. Hontlay__ 15,000
Minera? Bprin Battle Creels - Hawn ereelc . __J__ 77T i M e '
T e Bodford .
artridge Spring brook. edford _| Jackson !
Helmer brook . Emmet _ F;fmerg’ creelc __.___._ . L. N. Kaeler___.______ "  ——— 10,000
Newiman's broslt Bedford ., " 77T . Millsereels _____. 72770 C.B.Bush__..__ "7 A {1 15,000
Mt Jack Spring Newton and Leroy [ O. B. Lowall 10,008
Hinkle's creek. Marghatl ____ 7 7" J. F. Garwood 10,000 Ealkasha:
. Telmadgs brook_ R ) " - ' o South Br. of Boardman river...| South Bogrdman._| 6. B, & L. R. R. agent 15,000
. irs Nortn Br. of Boardman river.. . Kalkasks__ . oo o 15,000
Chavlevoiz ; Repid river...________. . Leelgville __ " woom 15,000
N. & S branches of Boyne river! Boyne Falla.._____ |G R.&LR. R. ag't..| “ a8 __.____ 30,000 -
l ’ Kalemozno:
"Chebougan Daviagreek ... . .. Cooper ... -1 Bd, J, Andersen._..__
Piﬁck cree-]l: - ?ent!ey ............. gverettJJ.goos — 10,006 Travis creek .. ~ h“p - " lIZ) \ Ad“ - 10,000
~edaroreek_ - 1NBCATOTA _ . _ -1 deary J, Graves. : wler creak . Charleston - Dele Adama__
E. branch of Tittip 8t . Burt and Ejlis . ol H 12,000 . g‘;gmne:r cl;eek_ imatock " H 10,900
Clark creek Ellis.________ W. H, Morritt.__ 10,000 . : Pareel croek . . .| Prairie Rond: Henry L. Allen__. &,000
Lillian ¢reek Mentor u wo LI " arrison ereef 7T " . !
. ' ) I Mill ereale . __ T2 277707 e Johu E. Pabat___
s Cigre: Bhutes creek .___ “ N B e 6,000
Tovwn Line creek. . Frort .__.___._____|W.W. Green, . _____. 25,000 Crooks ¢crepk . s “ AR
Littlefield creek._. . Farwell __77777" F. B, Presley .- . ™" 9,000 Lanes crosk . | Portage ______ ! Charles 8. Bolleg. " 6,000
Clinton. Teakes cresls IS)ch:'q t‘faftd- - " "
Arton ! : Black river ... Tatlie nde._ .

Spring brook..__.. . Eagle._____. ___.__, Cassing Alexander._. 10,000 . Boles or Stanley oreslt 8,000

High bank cregk Lebanon ___ John Betts, _____ 15,000 : Qoliier creek ________

. Huyworth creal.” Begex . . 77" 0. D. Cnsteriing . 12,000 ' North Stacey craek. . 10,000

Behoc soetion crask Maple Repids -| George Randolph 7. 15,000 . Bouth Stacey cresk. . - - "

. Moore's oreek . .| Duplain ____ A. M. Birminghgm - . Piereon's eroel..._. 7T Lovi T. Fox.__. 6,000

Braice creek. ___.__ TR . " " - 15,000

" West, branch of Mapls river.. . o s - | ' Rent
Curtis ereelk __._______ i A.B.Cobb__..... .~ 15,000 . -Haoleyereele .__._______ Sparta, Arthur A, Place
: English cresk_ . H ' " 12,000
Crawford: ) Camp creek ___ " iy
An Sable river.__..__._____ D. H. Fitzhogh .__._| “ L T 10,000 ; Mot eracly J__ Hilbert Moffit, . 6,000
: . " Clear cresk _.__ -| C. C. Darling. 1,000
Eator ; ' ) : Mink oreei_. . Frank Baird . 3,000

Bull’sereek ____.___ : B.J Miller_.__,_____[ « 10,060 Buck cresic . Foming ....._..__| A. A, Urippen, 3.000
andstone cresl | J. Carliste Holmes...| * 10,000 Bilver creak . " B ... H. W, Davis__ 3,060 .

Brone coal creelr Richard Lawson. .| “ 10,000 Buwar Bush or Oakfeld, —_ 177777 A, W. Stevens._____ . 5,000

Newkiri creal ___ E. A, Marvin___ " 0,000 Muoro’s pond. .. Algoma.,__ ---| Homer B, Stevens. ___

Spring brook .- G, W. Bherwood._ i 12.000 . ; Newman's pond O — . hA 9,000

Batternut ereel * Y s H o Anderenn’s pon Courtland . 4o “

Allen ¢resic. _ Algoma_ . ___ 77

Emmet; . Auatin'a brook Algoma & Courtl'nd 12,000
Bpringereek _.__._____ . Maple river ____ E.L. Lyona.._______ 6,000 : Clear creek .. Usmeron ... __
. Big creek__. T - Carp lake._ J. C. Schmalzpsid. 6,000 + g Haotehing's eres. Algoma __. 7 77

Tnbutury t0 Maple river. Maple river W, Fitzeerald.. " 10,000 ; Crimion eresk __ Gourtland, Oakfeld .

Mapie river. ____ _ . evering ___ G. B. &I K. B. agt,._| 16,000 i and Spencer.____._| Fresman Addia.______ 10,000

Curp piver 17T Carp lake,, _____".77 i i L 15,000 Morriecreak._____ IS\Ieljsun W, ‘H. Wheeler______. 10,000

ring creelk . olon. ... .. . A -
Sgnd graek . Grand Rapida J.P. Wilgon 7777 5,000
4 . ;
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Brook trout plants, 1892.—CoNTINUED, Brook trout pfa,nts, 1892, —CoNTINUED.
Couaty and name of waters. Town. _ Depositor. Date, Number. County and name of waters, Town. Depositor! Date, Number.

Lake: : Muskeqon;

Danaher creek ... TN AW, . ] 10.000 Crockery ereek . ____________ Moorland & Casnovla_| B, T. 8locnm 10,000
North Br. of Pers Marquette Chase. ... [ 20,000 Little Cedar creek Cedar Creek. ... ___. John Dagen__ 15,4U0
Baoborn ereeke _______ " __ .| Nirvana, [ 20,000 Cedar crealc ._ Holton ..... Stephen 5 5. Bk 0,000
Baldwin creek. . Bnldwm- 6 10,000 Skeela creok.__ e o 26,
Avery creek_ - 8 10,060 Norris creek. Fruitport C. C. Tuzbury._ 15,000
Kinney ereek -___._.._.______| Y et 1 15,000 Duack cresk ___ Fruitland - B, D. Magoon__ 15,000
Mosquito creek. .- Eggleston . 0. L. Gunn ,____ 15,U00

Lapeer: ) Belleview trent creek Fraittand _ W. O, Waige _____ - 5,400

. Guatehes creals ..________________ Almont.. . .c..._...| F. P, Andros__._____. Mar. 2._____. ] 7,600 Dalton cresk _._._____ 77777 Montague ___ George Klatt.________ 6,000

Leelanaw: { %Vewuygo
Branch of Cedar ran.__.._____. Solon. oo ceeeen--.| Jamos G Johnson____| Apr.  4o.oo_.. 12,000 Chidester creek....._________. Bridgaton .____ ____ 10,000

g Hatches creek Barton ... 4,000

Livingston; o Williams ereek Sheridan, Sherman
Beachererlt ..., o . _______ Hartland ... -e----| B. 8. Holdridge___... 6,000 and .
Appleton creek Genda . C, B. Cushing__ 12,000 Hester creple, _.______._..______ Dayton 18,000
Walker creelc . o R ’ Black creek .. i

Bgultlwr criek "

Lenaiwee ! ell ereel “ 15,000
Grave creek __.. Clinton .___ .______. . D, KRFBH smtamammen 15_|000 Cole ereel_.._________ T A *
Bmnulley creel . Frauklm&.(}]mton H H. Halladay . |
(i]eaann craek . Madison, i‘a]wyla} Myron J. Pierce. 12,000 Cakiand :

2 Meadow crea and Ugden..._._ " " y Moyers spring and tributaries..| Oxford ... _____ 15,000
West branch of River Ralein._{ Rome .. ... John H. Combs . 10,000 Outlet to Long and Gilberi
Bean ereek or Titfin river ...___. Hudson [ J ames B, Thorn 15,000 Bloomfield _.______. 15,000
Hilledale creelk. ... ._..... PR * AN Andras creel Highland _. ) 2,000

" b . FPleasant Valle Milford ___________ 12,
meomb
Smith'sereek. .\ .| Broce. ... F.P, Androg ... . - I— 7,500 Oceana: )

Waniat Egggm crele{k gve%nwctmd [ %tegh%'x Sk Skgela___. " i ________ 5,000
unistee; ; r creak. entvwater . Wiclklan . v
Gabloereek. ___.._.......____._. Copemish ... ._____ W. R Bmlth...-.--... ol 15,000 Annly creek .. o o h 15,000
Enat branch of Bear creelt - 25, Cob-moo-sa er Farry and Hlbridge.| Jease Walker _________ “ 4 10,
Beaver craplc . Maple Grove -} J. A, Higgins.] 10,000 deresk .. _JZJ 17T Otto ... ... C E.Covell ._7777" g 10,0
Fowler'acreelk Manistee . .. .| G- R.Fowler ._ 6,000 X
Clearbrook. ..o . Brownstown .......| Loren Pearce 8,000 , o% aw:

0 ead:vatl;ers of Klacking creek, Klack q
aron ! south branch ___.___ . lacking ..........| Harvey C. Leonard ..| “ 23 ____ 18,000
{arr Settlement creek Lake and Branch _.| B.'F. Barnet .._._____ 10,000 Headwaters of B, branch & 7 0. Leon 0 ’
Swan creek o .._.... Riverton and Eden_} P. F, Harley ___ .77 6,000 Bable river_. _______ Goodar __.. __._..__| John O'Connor..._ ___ e 10,000
Buatlar creek__ Riverton & Mason,.| Harmen & Hewnberger _ s Meckia's creelk . Weant Branch_ .. .| J lames Maclio. NER 10,066
Pardy creek __ " " ' " - 12,000 oname.____. T. 22 N., range 2 . Thomoe . g4 5,000
Cedar crasls, __ " H " ¢ - Cold creek._____ Goodar . Charles Tolea. - N 5,000
Erne stream, ... ... Bherman James R. Barnes.___. South branch of Sable river. ... o - ----| Albert H. Carter _____ " 5,000
Cook creek ..__. . - . 3,000
(s}mson creed{ N }‘)‘ - 5.000 Oﬂ(gti'uda-.‘ brook .

pricg creek. . mher..._ - g Glennia brook. ... ____ . .__ Cummina oJ h Sollivan, .___. " SR 8,000
Two inlets to Round lake...._.| Sheridan . . 3,000 Bast branch of Big creek..... _| Atherton B?:\?v];rt. Gorton n 1,
Great Savle river  _...._______ Bachellor .__. 15,000 West brzﬁ)ch of Big cresk. _{ Mount Pindus s i 18,000

g ereelc ...l

Uecosta:
éhnton cresk i Hin?on and Morton( C. M. Helmee o%:;ozu

immone crea . est branch of Clam river.. ..

Milla cresk _._ Deerfield.._._.___. " 25,000 Middle Br. of Muskegon river.. g lg:ggg
Hibarger cresk_ Deerfieid & Austin. :: Chippewa creek and pond.____.. F. 8. Sovereen, 10,08
Fetterhoff .. inton Deacey’s pond aud creek..._... James Deacey . 000
Band brook. Deerfiold . James G. Boyd .- QComstalk creek ________ .. R Peter (Gomatalls 16,000
Quigle creek o " 15000 Hofmeyers creek .. -| Osceola and Sylvan| J.J, Reik

Handy creek .. . o mgmeme- Grindstone creek, - 71070 Sylvan & Hartwick "

Buckhorn creek Green .. Michigan Fish Com.. 20,000 " TFhorn Greele.____ 7T TTTTTTTTTNC Osceola and Evart . “ 25,000
Cheney ereek _______ . .. s b ' " Bylvaneroek.. .. - TTTT7C Plvan ... ____.___ 1 !

i . ' Eol%? creek.lé__ vart .. " .

{araukee ! Oy croak______ e e mman . 7,
Wallie areole. ... Loke....—........| G. W. Crosby....._.. Feb, 25...._.. 6,000 ® hioy ereo Lo Roy-ooeeemnoo. G R.&LR. 15,000
Headwaters of W, Br. of Mua- 3 " Otfawa:
kegon river ... ...  mmeernee.| James McGiness...__. - R 16,000 Milkereok.__. _____._.____.____ Jamestown____. Francie J. Buege.
Montmo ' %lack cree T i - ) wos 12,000
onimorency : " X . agner creek_ _ .{ Polkton ___ . A8 Ad
Beaver ereek ... _____ Philip Kiein ..______. Mar. 6. .| 12,000 Whipple creek_ K Georgetuwn o .AEirazéﬁglyg-?;t‘:th e g %
Hardwood creelt. Silas B. {*ohoon.._ I 1 I 12,000 Big creek..._ Tt Jamestown and
Btony creels..... 1. 07 Conrad Weingarth__. 16 . 12,000 ‘ T Georgetown ... | Geo. F. Richardeon._ ;
Gerrett's ereckc._._.___,_ _______ Jamestown.______._ b " - 8,000
Montcalm;
Dickson ereele__.._.______...... Douﬁhigs. S]ldnay . 1L Phel " Ofsego
and Fairplain._ ..} T. L. elps. ... Btace; A i R i [
'(f‘]ean cl'eBE._.._ Maple Veltey_..__. W E Jones :: ::’333 E br. yogrggmgeun 1'1?91' - [ D"H. szuhugh il B 20,000
anes creek. - m. R. Jones... a0 ey WL, T e TTTTTTTTL 0 megenee e I m h "
Biaclk crealr. ___ J. A, Dockery........ " 10,000 w. T R

26
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Brook trout plants, 1892.~CONTINUED.

County acd name of waters. Town. Depositor. Number.
Otsego—Cont’'d !
let of Woodin -and Berry-

O%glfa !gkea '““-En}:’""-""fa Corwith . _...-......| Thomas C, Woodin... - 15,000

ko) branches of Pigeon an
%T:Ek rivers & ' and Dover. 25,000

Lake—no name.._... | Town 29N, R. 4 W..

Outlet to Bradford lake Otsogo Lake ... 95 008
‘peder to middle branch of Au v
Sable PIver. ..o cceammmmmrmnane Town 28 N. K. 4W.. " e

Pr e Isle:
(et Presque Iale_.. ... Wrn. C. French _____. 12,000
Rogcommon !

TDanham ereel, .. oo omeaee Nesbor._ _ romoeemnnn 8, V. Thomoa_ . ... 8,000

8t, Joseph! :

Spring TOD - oo - oooweaom o emme| Flowerfield. _| CharlesRice .. ... 12,000

%pril?g creel.. - :: Chalr‘les N. P]"I&tt. ...... 12,000
acky river. . _.----—. S

Boring crefk n-mev-um- Nottawa and Colon.| L.a, Clapp e 10,000

Trib, to Spring creel. . . .-..-- W .....| George Keecls........ 10,000

Tyuscola.:
flontague croek. .. .| Indian PFields.___.. F. B, Wheat ..o -
Goodwin creek .. Millibgton and 10.0080
Watertown . .___.. v L

PButternut cresk Indian Fieids. T, H. Howell..

Sucker crealc _ o - W 12,000

White creek.__ " IO B e

Van Burgn:
Maple eg:teek and branchea..._..| Bangor & Arlington| Wm. Brodwell, jr...- 15,000
Eatternnt cresk Genosd ... aemee John . Merson,
Coadar cresk. e ——— i e 15,008
Mill ereel.. N e " [
'Wéashtenawic - 8 o, 4 Yosi
B80T BEOOI. .o oo nimmn upevior and Ypsi-
i lantd oo oo oooe H, J. Knepp.._... ... 10,000
Btony oreek o oomaoo e eeen Avgusta oo ooiacan . H. Barnom - .- 10,00

Wayne*

WAL SO0 - v oemmmmeen Van Buren...-...._. J.B. Gowdry..___.__. 10,000
Tarmington brook. oo~ Livonia ... cccoe. L, Walker. ... 12,000
Wexzford! L.
Fairchild’s creeK. ... -—-cou..-..| Chexry Grove....._. D. F. Digging _....... 16,000
North branch of Pine river " o B “ e §
Blagal creek toocmeoooovu-- Boon .__... B. W, Cooley_........ 6,000
Posts’ creok .o ccauro—o 21 N.9W._. NHamuel D, Milla.____. 6,000
Downing creek Bouth. Branch and ]
- " 5 HehndeBrabn T Ctgt.tenden, Herrick
0xey Creek. . iicvmronoeunoo-] SOLE ranch an [ N, -
' Henderson .....—. Chitéanden, Herrick 16,000
v PR Rppsp——
North branch of Pine river ._..| Hobart.... ..cc.--- G. R. & L. R. B, agent 15,000
Tribs, to Manistes river.__.... Manton.....coocooee- N N 25,000
TIORAL et s e e e e e amnim e e 4 Mmmmm Sl 4 dma mmmmam s mmma s s oo s 2,252,000

Brook trout plants, 1892, Jrom Sauit Ste Marie station.

APPENDIX.

Gounty and name of waters,

Alger:

Baraga.:
Blate river

Chippewn:
Sault Bte Mz‘lirie river
i

Brown's ereel______ ...
Houghton;

Sweed Town cresk

Otter crealt.

Pilgrim cree

EIm creele __. .

Salmen Tront

Marguelfe;
Chocolay eresk. .
Dead river __
Huron ereck . .
Green creck.
(Gold creek

Han_gock I

Chocolay
%ﬁgrquetta
shpowing and Ely.
Town 47 & v

Tilden

Town. Deposttor.
An Traie . . j
O o Haoratio Seymour..__.
Avon . ... Charles M. Tnrner
Baqilt. B‘go Ml}‘rie Cace Robotham

LT T T

o

Mieh, Fish Com... .
George Brown

Brown troul plants, 1891.

County and name of waters, Town, Depositor.
Alcona!
Block Honee ereek ..________.__ Potte .. ... J. W, Morin
Alpena: ) V
Spring lake and creek..________ Alpens .___._______. Jas, R, Conway.
Charlevoiy T
Hoffroan or Branch lake. .. __. Hudson,..........._.{ Timothy Carter

Chigpewn
L%e and Big Rapids
Crawford !

An Hable and E, br. of A Sable Fraderick..

Au Sable river_

womemmnemnnnans | Grayling. 27T BUH. Titzhogh,
Mﬁcoslm H e
uckhorn craek i
Hemioy aml c,_ G“{’?n [, Mich. ish Com
Cat ereek and triba.._ .. wo N :: ‘“ "
________________ \ -
Oté)eg(i:
utlet to Bradferd lak
Branch of Au Hable river. 1. e ?itgﬁ; ns‘?tcr; uhmber co.
————— e m—- an
Pal-fsﬁueﬁl':le: o
A6 BOAO. .o . o....| Presque Iale_.._.__.| Wm. A. Treach
Roscommon

Robingon cresk

__________ Bault $te, Marie___,| C. Robotham

Elijah Flagg

April 17

April 8
R V)

"
“

"w

o'

n

Mar.,

B8
258

58

g

SO en

[y
4

2

=
S
<«

888
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Brown trout plants, 1892. Plants of wall-eyed pike, 1891. .
County and name of waters. Town. Depositor. Date. Nomber, County. Name of waters. To whom detiverad. Date. Nambar,
. s i = - Lae L Bolla lake
Urf’;végiﬁa UL R —— Grayling_.. ... D. H. Fitzhugh......_ Mar. 16..._... 2,000 Aatrim ________. 'g Five lakes . ... }H. T. Cookecemnnno.n. May12. _..__ 225,000
LB’;I : " Baldwin W.F. Potter ... April Ti_____} 20,000 Bay. oo Baginow bay. .. ...........___.| Mich. Fish Com..._____. R M 5,525,000
AR OTORK - oo B 5 %Egar anlh {alﬁe _________________ Wnll’tef Blurling “ %gg,%
; " " “ BITY e e ornapple lake. . . P. Cola. " 20,
Héf-g:t Sable mver ... Bachelor ...} " " L 4Q,OOO . Lake Ogeasa _____________________ . = 225,000
: L4
L . Horss Bhoe lake. . ____...______..
o m crosk Mar. L......| 10000 Benzie.... ____. { Ayera lake.._. Melville 8 Pratt.______.| * 12...__| 100,000
8. br. of Pere Marquette viver..| * ... * % . P A ? Pearl lake _____“707TTTTTTTTT
. Reslarlake ... . ___.......__.__ F. F. Hosglin .. __ " 225,000
"y A
o e.g’é?igatt’?ru of agouth branch Of Goodar " | 3. 0'Conner Mar. 2% ... 15,000 Calbomn......... { Mineral 8pring lake..._...___""| Chas, R. Harris .. " 180,000
An Sable river .. o.coeeaas Bl e :
(| Cook'slake...._____..____.._.... E, Barlow Ji Il “ oy
Horsey and Bvart | Mich, Fish Com. .| * 4| 40000  aEer ] e oo oo LR Bavlow Jewell.... . 8. ____ 225,000
Osceolos . . " “ R 40,000 Indian lake.. . N arlow Jewell... A
Trib., to Muskegon river...._..- Hersey and Bvart .| Mich. Fish Com, Bt R TS . 80,000 Bairlake ____. ‘| E. H.Jones ..., .| = 19 295,000
Hersey oreek ._.. .icuvenner---of LdncoOID oo Driskel lake... -
Casa____..____. - D13;nond lake.. . o & Se— 225,000
Osﬁ%%ifnom (L) S POt -cmmsnmennnn s J. Sallivan .| % 16,500 }aglém]i“]l‘;ﬁé:-- - . %g::: 5,50:%
E.and W. branches of Big creek 8. Gorton e[ 25,000 Pleasant, Jake_ R L 130,000
Big oreek oo mmmmmmmmmmnee ’ || Eagle lake AR T IO 180,000
O ir to middle branch of Au Hullot loke. oo “on 450,000
'eeder o mi T " 25,000
ves| Henry Stephens 22 " J
Sable rl.vet____.._-_-----‘- ----- WNAW. ... enry Cheboygan . ... %mﬁn]ﬁs‘;“ James A, Barry ... ... ¢ 12 225,000
e 271,500 | Sitver lake. )
POl e e Clinton..__..______ Ford ke, .o .. T W.Cartis «__.__.._._. A I 185,008
MeCormick lake ., ___._._.___. “
Goneses RBegel lake . ____ i %.B. House .___......... 270,000
Yo e (eneses ... Lobdell lake._ ____.. ‘W, H. Johnson. * 135,00¢ .
Argentine mill pond and lnke...| G.G. tButherland " 135,000
Lake trout plants, 1892, from Seull Ste Marie station. Gledwin. ... Rame not given ........... ...f F. L. Prindlo.___...___. R B 450,000 -
: Grand Traverse. J | Cleardake . _______ . Samnel D, Mills._._.___. I - 180,000
ot Name of waters. Date. Number. i Fite lake,.___________ [ 77777777 James Monteith - 7. 12, 225,000
ounty. Ingham { Mud lake Mahlon H. Bray._.____.| * 12______ 135,000
. . 50,000 “mmre=m=s+ 3| Pinelake Jason E: Niehols______.f % 12..2777 225,000
- 12 o i
Marquoetbo. i csamnnrr e Sawyer 1ake .. —oeenenan d Isabella __......... La Strange laks _ AW, Hurst ... “oea 225,000
Ontonagon ' e e Lake Gogebie.........._._. * 2o 80,080 (1 F 11 lalk @ T b “ 0,000
LR e T 1145000 Swains laka W Bpmme e el L 1a0000
ORI PP EWE e e oo Luko Huzon. ooo-......--- - e Swatns lake. Frank McKenzie .| * 185,000
Cranberry lali .
204,000 Jackson..____.__. 4 ! Batteoss lake
White lake . George B. Beebe ._..__..| "™ 25.____. 225,000
Pleasant lake_
' Brill's lake _
. L] Grass lake,_ __ C.W, Akin oo " 180,000
. (| Bawson's lako. ... Thomas Hewitt.__...... “ 180,000
Sk e p
4| Sugar Lioaf lake . A, o )
Ralemazoo. ... Gourd Neck lake o 135,000
Goord Neck lale ___" """ AL, " 225,000
Sherman lake. ____ 277" W. S, " 225 000
. \| Sugar Loaflake . " 77T""" " 180,000
I
Sealley lake _....________.... ___. Y14 285,600
Hent__._____.._. { Garp lake, ____ " 225,600
Bilver lake i 225,000
Ealkaska ________. Teland lake ... _,..____.___._ <12 13d|090
Lake ...____..._..} Crookedlake. . . ____.__________ Jamea Armatrong “ 405,000
..
: 1
1
t
] L
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Plants of wall-eyed pike—CONTINUED.

Neme of watera,

To whom deliversd.

Number.

Tampeer ... ...

Livingaton ...._.<

Macomb._ ... {

Missankee, ...

Montealm __....-

n)

-

Turtle 1ake e oeeeecvmm e
Zieglerlake, .. __
Mumford lake._ .. R
Devillalake, o

Big Fishlake. ..ol man
Pleasant lake _

Pickerel lake No. 2..
Brigga lake.___
Zukey lnke .
Zukey lake .
Myers lake. .
MeLain talte oovvenaee ccarvcn -

Cusic lake.
Nowlin lake ..

Lineoln lake ..
Pers Marqnette lak

Brady lake. ..o aiinnn-
Olear lake - corveacccoececamn-

Muekrat Jake. .o eena
Baldwin lake. ... e

Burgess lake.
Fatal lake _.

*Dx
Crystal lake __

Big Brooks lake
Little Brooke la
Big Broolks lake
Pickerel lake...

Little Marl fake
Big Maxl lake

[} Mace Day Jake ___._cecuweeoooann
Thrae Mile lake_
Oricn loke...... -
Stony lake. .
Wing lake ..
Cooley lake___
Lakeville lala._
Elizabeth lale. .
Cranberry lake ...

Brigga lake.
Hicks

Otsego lake o aicaan
Finnerylake . cuoveimnmramemoene

!
E
:
|

Blake. e

Porcapine lake_ ... i

Melville S, Pratt_. .. ..
J.BAllen oo
Peter Wallrath

George G, Winans.._____
Jobn F. Lawrence ...

|
}
§
s

J. W, Lawson. cneeomeee
. G. Russell._____.__...
Jacob Seabolb. ...

Charles E. Hiscock:

J. E. Martenis __..._.....
R.B.Owen...oo....._._

A W, Graham____ _. ___.

Wellington Jones._..,.---
W.d, Bloss____________

Frank B, Cornwell.._...

R.B.O

John H. Green._........
A. B. C. Comptock ...

Lawrence H. Goodala._.

T. 1. Phelpa. . eeeeeeo .
AT . Call ..o

. M. Rugglea.. ...

W.H.Eritzer __..--.- ..
Will Conrtright.___.___.

100,000
225,600
185,000

565,000
450,000

223,000

900,000
185,000

225,000
360,000

450,000

155,000

450,000

180,000
350,000
225,000
315,000

135,000

180,000

225,000
225,000

225,000

295,000

225,000

450,000
405,000

225,000
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Name of watora,

-

e

Little Clam Jake
Big Clam lake._

Demijohn lake.__
Little Inke____
Clear lake ___.
Fiahers lake __
Pleasant lake.
Gray’s lake __
Crosaman lake
Thomeon lake
Johnson lake.
Hog cresk inke

Three Mile lake
Huzzy 8 Jake. .
Cory._
Huzzy s lake.
Baolkrong {ak
Gravel lake

To whern delivernd.

Gaenrgo Keech
Charles Butler

James 8, Pearson ._
Jay G, Wait

C. Engle

EE. 7. Elliget
R. 3. Armstrong

}J’. . Mosser

C.F.Dey... ...........

235,000
225,000
225,000
180,000

405,000

27,045,000
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Plants of wall-eyed pike, 1892.

To whom delivered.

Namber.

Ualhonn ______ _.. .

Cheboygen ... ...
~Clinton ._____. ...

Isabella ... ..._. {

Tonia oo oL

Jackson ______ .

Xalamazoo ...

Croolked Yake .. ___________..

Sprmg lake ....... [,

J. M. Shepard
‘Worden Wells.

}Wm. H. Murphy

F.F. Hoaghin ..._..__...
H.H. Pike. _.aou ..
W.H.Rose___._.__._._._..

Dan.J, Gahan...........
}2.C.Tavlor. ...

Bepjamin Hall ______...
Charlie Van Scholel ___,

Gourd necl lake

Rawson's lake.__
" Howard lake ._.

|
{

Charles Hillefer._._._. June 3
J.C. Bennetb...._______.
N.A. Parker ...
Edgali{ Wetherhee_______ -

John S, Harrison. ._....
John E. Pabst.__
Thor‘nus H«?yutt

A. M. Fellows.__
N.V.Jones ....c.....

400,000
400,000
700,000
200,000

1,000,000
200,000
200,000

400,000
800,060
000
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Counnty, Name of waters. To whom delivered. Number.
Read’s lake_ Mich. fish com, _________ 950,000
grookjedklalc Henry F. Hastings______ 640,000
ong lake .
Willceraon’s Joseph Cramer._________ 800,000
Kent ... ... Round lake. . X
Crooked lake - L. K, Madison___.,______ 1,260,000
Pineisland lake. .
‘Wabasia Jake _____ Gearge L. Btavens. 400,000
\| Camp lake.__..__.__ -2 11100 C. C. Darling _..... ,000
Wampler's lake ... ________.__| M.J. Pierce....... 2,000,008
Lenawee . __ ____ Evar’s lake 8. 'W. Demuth_ 200,000
wmnmevececneeeeoo-| H. H. Halladay 200,000
(e ——
10We, BEO__ 1 s
Livingston.__._. Pickorel lake _ C.E. Coshing.......... 4,000,000
|| Worden lake __ s
|| Brophey laka____________TTTTTTTT ‘John M, Callen ..____._. 406,000
Moson .._...._____ Gun lake. .. C.AToby. ... 200,000
Blaea lake ... C. F Covall. 400,600
Cowden Lake. _ Stryk@r - 400,000
Long lake .____ Asa Pllce . - 200,000
Muskegon ____ __ 4 ]B3uldwinllsal(ke__
urgess lake .
Fatal lake .. T. L. Phelps........_... 1,200,000
\| Chromo lake _______. .27 727777"77
[ Fremontlake. .._.__.___..._____. \
12,3, and dth Taka. Frank Cole..... ... -1,000,00¢
ramont lake.
""" A, Gerber ___,_______..__ 1,060,000
Newaygo ._._.__. s :ﬁ; 3I§I'c1;1 _%t'.h._li}fa ‘
Rans lzka_ _ 8. D.Thompson_... ... 600,600
Bill’s lake .
Pickearet la E.J. Hewes .__._____..._ 400,000
Oceana, ______.___ i Crystal lake ____ Tred. J. Rossell,________ 400,000
f| Davis lale.__. . 1T
Big lake .. EF G Eby L 1,200,000
ggo]ey ngkel. % -| . Sloan Cooley. 400,000
rea mile lalke
Srott's lake. N John 8. Gray..._ 800,000
Oskland..._...... | ¥ 2oa | E. H. Stowell . 400,000
Orebard lake . __ - aylor_.. 2,060,000
Mace day lake (‘hul les Burton._ 800,000
Cags lake ... . R, Freemun - 400,000
\f Loonlake .__ """ ""7T7 77T DR Shaw. 0T 400,000
3t. Joseph___..__._| Demijohnlake ._.___._____.__ __ George Heech ___..._____ 200,000
. Lake 8, Clair Mich. fish com.__._______ 000,
8t. Clair..____.__{!| Corey’s take __ .i ©Chas. Rice.,._... - 1,000,000
R o J CoNPrats_o 17 ,000,
Paw Paw inke . 400,000
Three mile lake. 400,000
Pogaley’s lake.____ Fmd elsborrow 400,000
VauBazen____.__ -i (Scboo] ]aecbmn lake . Joff Chaffes 400,000
tory lake _____. __ .
Huzzy luke _ n-n FC.F Doy 1,600,000
| Bankrons lake..__. - 210000
Upper olam lake ____ . __ e ) Mmh fish eom,___._____ 8,600,000
Wexford ... { Pleasant lake_ .- . .77 E, L. Metheany .._..___ 400,
DO e e e 57,300,008
27
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Distribution of carp, 1891.

£

County. Depositor. Location. Date. Number.
- § s,
H. H, Goodrich..__ GADERS e e e Bept., 25._.. 5
Allegan____._. .. 4| J. A, Newmapn . __ Hopimrtown ¢ . 35
Dr.C. W. Androws ... ... _.._._| Wayland ________________ *oo2 25
John A, Bacheller ... __. aimby oo ... - 25
Barry. .oooonoeen § | F G Baehelle -, Qein ool 25
Berrien . ._.._.____ G.D. Brownell ......c..........| New Buffalo.u......._....0 25, 50
0. R. Harris.__.... Battle Creek. oo oo 0 22 100
- Calboun......... 1 & Conrer: Albioni o e BT 160
Edwin Hayward f‘asnovia e 25
Fred Jones . .. .o dJones. - 10
Cass J. Fred. Merzitt . Wulmmston - — 25
""""""" Geo. W. Bows _ Jones_.___...__ - 25
| | John Bickie w T o 2
|} Daniel Ladwig. oo oo Nowbhary . ovveccemmemann 15
W. H, Merritt Rondo. oo 50
Cheboyean ... { Frederick Lautz. .. Trowbridge ____ . _____ 25
Clare ._.._....._... O;ivar Beomer ..__ ... Glere .o caaeee 25
Robert Hubbard - Chester____._____..._._____ 23
Benjamin Haighti_. .| Varmontvills., 35
Wm. Tinker, Jr. A PimeRan_ . ... B
D. @, Chandlex . Traverse City ..o 50
(George Argent | Swmner .. .. 25
Jos, Loeberl._ Sherman City . . 30
Nathan J, Com Ruasell 20
Tonia .ooooeenno.. | Ho Hitoheoek ... Liyons v A I 25
Harvey H. BabY.oemremeeeeeaes Norvei! : R 50
Fackaon... ... | §F Bumh by | N T w29l 25
Kalamazoo..._.....| Nathan Spicer. _______‘ .. __ Halamazoo. .ov.ocowmeene| B2 200
Grand Rapids - . 60
Ad; cmem = v 25 ___ 50
Rockford .00 M 22 __. 125
Lapesr.........__.| Anthony Williame_______________ Attiea e eae R b
Lonawes com oooe | S B ANen oo Devil's Lake ... R SO 25
Livingston ... ___. A Sharp oo | Howell oo Y 28 5
Mas80n cooe oo oe C.A Toby.oooneo | FreeSoid "2 .. 25
Monroe.___.._..___. Franklin Ford. ... DBON . voeccn e mmmm e T 30
Montealm ... ... Edward Dnnn.....uoocveurancuna GOWOL - o ocoeoemveccaee - B A
Muskegon, . __.__.| G X GUBD (oo Muskegon oo N M. 50
Rewaygo .aceneeooo BE. Q. 8haw e NOWAFRO —ccamee o e a5 T 50
%]L Herlljmgnsway .............. Ovid..___.__. - gg.-.. -';g
omas Tean .
Opkland...__.._.<| 3} Coryetl. ... ... - - 50
JoF, Bailoy . omeaercnmmeanevumnae v . 50
Qceana._.........| W. H, Gh_aaa _____________________ - b
Osceola..._.......| W.J. Mellwain .. ..caee oo D 17
Otaego.eeeue oo | B Ry Agent_ .. Otsegolake .. ... ... v 160
Sanilacv. . ...._.. J.D.Eastman -, ..o aaoee Brown City voo oo o 28 .. 25
Jesse B, Parker ... ... ... Inﬁngsburg _______________ b S 5
Bhiawasges ...... { Marcus Wilcox oo eaeee Coranna .o RO I [ {1]
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County. Depositor. Loeation. 7 Date. Number.
J. H. Howell ... ... Sapt. 22.‘-.. 25
Tomcola ... { M. O'Brien......_._-02TTTI 2
Wllba(.)mgoti:ng_______‘___._____. “ 3!'5?..._ 35
5 h o 35
Van Baren.. ..__ y . April 20 20
James Enrighto. ... oo .. Mpy 10 20
Philip Blum.___ Bridgewater.._._._____.___| Sept. 25.___ 25
Washtenaw.__._._ { Azro Fiatcher___ Ypsifanti. .-l ___T I T S 25
B ) N 2,281

Distribution of corp, 1892,

County. Depositor. Location. Dato. Nuarmber,
Barry .. J. M. Rogera. Hastings . _.ooooooenooo| Oty I7.. 50
Branch _________._.| WillCoville .______._.__... Union City.. 50

r %ﬁdsop%iab ]E:Iigi.ng Coa__. Gassopolis - gg
Ldgar Wetherbee ones._....

Cans . ... ... J. K. Bowers. ... v 50
George Detrick . _ .| ¥andalia 50
Bylvaster Griee ... __..__.....| Summerville . ___ %
Zacharlah Little. snrourvreono....| Barlington __.____.._.... 50
Calhoun __% , C. Courter____ - iong.._ - a0
i o Hoaglin. ... ... ... " [ 50
Clinton ... ._______ A.Bchenck & Son.___._._ . .. | Blale .. ... ... .. 50
Crawford ....._....| L. Strutzenberg . ________.______. Appenzell .. ____________._ [ T 50
Jobhn Hoytaleiviez . oo v oo Parisville ... ________.___ N - 50
Huron '“"‘"‘“{ Williamn D, King ___0___ 77777007 Pionnbog ____ ... D ¥ 50
Tonia__.__....._._.] Daniel Spire._______________.____ 100
Fred B, Lane. .. _______.._...... 50
EBalamazoo ... F.Rawson. ... .. 50
Joseph Mipp. ... ... 60
C. B. Ccmger_________,,..,-.,“_, Grand Rapids___. .___.___| Sept, 28,___. 100
Kont ... ._...... Neal McMillan..._. Ruukfoxd.__ Qet, 12.____ 50
Fohn Caelyle. . e RS & 50
Lenaweo ... . ... L.P. Butehinson...___________. Addison ... A & S 50
Manistee.... ... ... William Kaiehoo .o voeooeee oo Manistes ... oo........| Sept.28.__.. 200
R —— e S e——— N 100

ohn Phiilipa__ itford __.... - S
Oskland......... . Alexander Birmingham _ - 200
A.R. Bood.___. Holly. B8 0
S8t. Joseph._... ___. H, Young. e Three Rivers. ... .o...... ¢l 50
Van Baren ... ____ T. Broadburst ... ___._____...._ Decatar . o.ooe.._..| July 29 ____ 50
Wexford ... _____.| John Copper . ..ou_.o_. Hobart.. ... Oct, 17_____ 50
B 2,026
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Eel plants, 1891.
Counf.y. Name of waiers. Depositor. Date. Number.
Scoth !ake_._.__-__.__._......... J. A Nowman ._...-..—. 5,000
Allega.n __________ Hutchins lake W. I, MoCormick R 5,000
NO DBMG. oo smimm = mmmmmiam W, H. Whitbeek _____.. 6,
Anteim ... ._..| Ssndlake e Q.7 8mith.________...-_| June26_..__ 3,
Barry. oo Will Carpenter__... ... b 3,000
‘Walter Burling. AL SO 8,000
Branch, . ... W, R. Mandigo. ... -.- > T 3,000
W. H. Holcomb, ....____ [ 3,000
Calbonn .. “"{ N, A, Osgood.con---- [EN D T SO 8,000
Wm. Murphy. . . S 3,000
Caes ——conme { 5. Witherbes. i w35 3,000
Crooked lake _aau-ccomcoceioaans .
Cheboygan ... .-4| Casalake. ... - 1+ Wm. Fitzgerald. ____...] LI S 6,000
Douglass lake. R h
Kile lake.. L, C. Huxley. . _counn- L 3,000
Oraword..... § | Kilo Jake: 3. 6. R R. Agont.. o 3,000
Eaton oo ae Long Iake. o uucimmrcceccnannns ‘W. L. Freemire., 2o 9,000
Geneses ... :..| Bingham oveek .. .. ..._.._.i B D, Bmithe. ... July ... 4,000
: ' Pinerun..__. Stephen Qstrander.._.._.| ** 3. 5,000
Gratiot ... .- - § | oBmn iake John E. Martenis.. ... I 3,000
Hilledale .. ....| Head of Hillsdale creek ... Edward Joughin__...... L T 5,000
. ko 1/ P,
L $| P pond- 13050 L S 11,000
Michigan Centre ponds.........|
Vandercook’s lake... Rl
J‘?‘}'oj}m‘?n]]? ka. .. . jGao. E. Beebo. . ... | June 24 ____ 3,000
ulf's o _.
Jackeon ... .4 | Gillat’s lako
Wolf lake___ R. Hookway.. o 3,000
Clear lake... F. "A. Bhowerman “ 8,000
. Grass lake.. Geo. D. Burton. . " 3,000
Kalamazoo ......-.; Sherman lalce. H, Dale Adams_ ... o 8,000
Kalkaska__.__.....| Mud lake_ o iccamnen- George Ines__ ... AL S 3,000
. gﬁ:ﬁg 11311{‘:_'" s-eermmmeommeeeof 0 G 0L Bignell July 8....: 8,000
i) T 4! Noname.._. . .-|  W.C. Bowman .| June 26_ 3,000
Camp lake...__._. .| ©.C, Darling.. Y28, 3,000
Thorpapple tiver . o verereme H. Bsiley. July 4,000
Bropson 18Xe_ . .eeeceocenn- R. B. Qonklin..__.oeue| ¢ 5,000
Lapear ...o......4{ Noname..__ John D. Brown.._ « 5,000
Noname. - eeveccmccmeccemm - Clark Linabury.._.. " 5,
Livingston..._. ..| Long lake. oo lin John W, Lawson__ " 6,000
Lenawes . ...... TRaisin Tiver.. . ocoeae oo A.C. Schleman. ... I FO 5,000
Monroe...... ...._..| Haron river.. John Strong. . .ccccouoa- L I 5,000
Rock lake. . R S 4,000
Montealm . ..... Cedar lake.. " g ..... %.833
Montmorency ... § | FEokRd J8Ke- oo f Allen Briley-ooooeoo Fumet...nf 300
Muskegon. . ... Tin 1aKe8. - o oo e eememmcce .. Albert Page ____......_. - 8,000
Missankes. _.....| Maskrat 18ke .oooooocouciemn.---| D. Reeder oo RS- T 3,000
Haaa lako o ieeeceecemnee Will H. Shrim, R | T 3,000,
Nowaygo ... AR Y S —— Alburtne And | July 3 2,000

APPENDIZ.

Eel plants, 1891.—ConNTINUED.

213

County. Name of watera, Dapositor. Date. Number,
White lake.. .. C ERE N
Oaldand . ..._.._. % Woedhull lake. -0 __ 1 T John NTW&E&E’_ """"""" g‘ggg
Big laXe................._"7| F.@&. El 000
3 O 1
Usceola .. ... { G%'EE?:;B [ﬁii'e: """""""""" - }Jobn Carman. .__._._.__ 3,000
Nield's lalke. . E L Potiti
Otsego ... . ... § Poreapine lak J gg]els}{‘ eGI’L?J}.‘ ggg?}
Big lace Alfred Savage 3,000
B .
D o Johin, B, Martonis. .. 560
T mme===Y + Bhiawaeses piver.
Corunne mif! pond Roll E, Keleey. _.._.... , 8,000
Bt. Clair._.___.__._ Pineriver and tributaries.. ... John Huber, .. _. ... 6,000
St. Joseph._._._____ Bi. Fomephriver...______...____..! Charies Riee_ ___ _______ 3,000
Clark’s Ia]ce‘._-_._______________. Lewi
Tuscola..... .. { Cass river..___ PBE]BVFE‘?J‘:I‘&?Y.:::: g:ggg
Lamphere pond L.D.
v J’ ﬁaka Ci“i:{h 0 Harrison._..._.... 3,000
n Baren....._. uzzy lake C.¥.
Bankrous laki H. Doy rva-o ) 8,000
|| No pame Parsons & Baldwin.._.. 5,000
Cavanangh lake_ ____..___.__. .. E. L. Negus 5,000
Cavanangh lake._ - T West.. .. X
Washtenaw_ ____{ %nnﬁfordiﬂke., B, West-oroooon e 8,000
ork pond... . R i
Fork pond... . %E R.Aldrich.___..___._. Jaly 8.._.. 12,060
Wexford-,.u.. ... Clam lake. o oooooooooee. . Enoa Clark_________.___. Jane 2..... 8,000
Total ... L T s 273,000
White bass plants, 1891,
County. Name of waters, Dapositor. Date. Number.
Qoguac lake.. ..
Calhoun......... { Gourd Neck lak 3::: ggg:%g
Livingston ........ Clearlake ..o " “ “ 9 300 Ul
..... J— 8
Qrehard leka. .. ... v " "
Oaldand. ... R et I TN v I 114
Van Boren ________ Gravel lake. .. ... ... " " R " 9 360,000
[ . 5
B - Y N 2,500,080
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Total plants of brook trout im fourleen years.

15,097,900

The above ia a statement of the plants of broolk tront made from. the Paris station from and including
1879, the year in which the trout work of the commission was removed from Pokagon to Paria.

Total plants of whitefish.

1,582,000 | 1884, 37,750,
,211,500 1885, 40,000,000
4,:310,000 1888 81,620,000
8,001,000 1HBT 72,984,000
12,620,000 | 1888 s 712,965,000
14,645,000 1880 63,000,000
10,695,000 | 1890, - 109,700,000

,000,000 1891 - 101,000,
18,170,000 | 1892 from Detroit atation . . 65,500,000
23,735,000 | 1892 From Baunit Ste. Mariestation__.___ 4,724,000
____________________________ 740,965,600

1120,
2.040,000
1,806,256
, 250,600
11,482,000 _—
Total .o e e et e weamemme e m e m e mee 170,723,250

Tétal plants of carp.

1,008 | 1839.._ 3,400
2,048 | 1890. 5,768
2d2u | 1091 2,231
2843 | 1892, 2025
" B 26,868
e o ‘ :
Total plants of Atlantic salmon.
18T ciicmmeeee 21,850 BT 189,000
' 160,850

4 000

16,000

475

83,475

17,350

Total planits of Loeh Leven trout, '

8,000 | 1899_ 30,000

5,000 —_—

43,000

Total plants of brown trout.

20,000 { 420 G 156,000

60,000 | B892 . evaim et maeains 271,500
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Total plants of lake trout.

L O 215,000
1886 . ..., 480,000
1834 (two years old) . 13,000
180 W e A 46T

1592 (from Sault Ste. Marie station). .. 204,000

Total plants of California salmon.

45,900 73,000
419,040 215,246
328.000 575

297,000

Total plants of eels.

265,000 I 1883 286,000
405,000 | 1855 325,000
317,000 I FE 273,008
90,000 e
_________________________________________________________________________________ 2,211,000

Total planis of black bass.
180 e 3500 1 1888 L. s 1,560
. 7,000 | 1890 Il TTTIIT il 186
e VOO T Y

Total plants of white bass.
£ 2,500,008

TEMPERATURE OF WATER.
DETROIT STATION.

30’I‘f§1§}.}erature of water during whifefish hatching season from Nov. 8, 1890, fo April
, .
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DETROIT STATION.
PAEIS BTATION.

Ttlagg)lferature of water during trout hatching season, from Sept. 29, 1890, to May

?

Temperature of water during whitefish hatching season from November 6, 1891, to
April 23, 1892: :

1889.
1892, : 1892,
P R L Sept. 23. TeB Bt 36°
29-31 TTIEE - - Ot 3 Tk
_____________________________ 1

N

14-15__

SAULT BTE. MARIE BTATION.

Temperature of water during trou$ and whitefish hatching season from October 20,
1891, 1o May 16, 1892.

91, 1891,

Jan.

Fab.
18

Mar.
April 1-14
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PARIS STATION.

‘Fomperature of water during trout hatching season from Sept. 26, 1841,
1892.

1892,
51° | Jap. 18-20 ... _ieeeeo

N 50
Oct. A8 -
- P SRR -
i

80-81....._.

1892. o5
B E X S PP ST
2~

to April 28,

INSURANCE.

DETROIT STATION,

On hatching honss___.
On antomatic jars

1,600 00

On new hatehing honse.___ - e e e
On old hatching house. ... 11T
On superintendent’s residence
On superintendent's barn
On wagons, harness, te
On overseer’s residenes .. . _C 77T
On trays, troughs, etc.. in new hatching house. ... ... .. 350 00
On trays, troughs, ote,, in old hatehing house

Qo eamp ontfita

............ 200 00

__________________________________ 300 00

On office and shop.. . 17T 200 00

On office furnitore and fixtnres and tools in slop 100 6O

Onecarbouse ... L T T I 125 00
———— $6,125 00
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Treasurer’s report.—CONTINUED.
Special necount.

Octl. 1 s Cash on hand %gg:’z,‘ ég

From Wallich___. —

B e ] At ety ]
Dec. 3 ... Balanee ... . cciogemiaaann-

N 997 46 $007 46

‘Ta.nj:slg} ..... Cash on hand (oo B £206 05

Cash on hand . %gg 8?

Cash 0B hand - . oo cmmeamii mrmeeeaa e 206 %8

(‘ash on hand - 4206 05

Sept. 30

Vomehara DRIG - oot oo oo e
Aoccount closed.

LIST OF FISH COMMISSIONERS.

- A list of the namnes, addresses, and termination of appointments of the Fish Com-

missioners of the various states and territories of the United States.

ALABAMA.

{Firat commissioners appointed in 1871.)
Has no comm issioners.

ARIZONA,
V(First commissioners appointed in April, 1881.)
W, JLHill, Belmont . ..o e e e cmmm e e (4]
Hd. Schwartez, Pheenix_ . __ i Fl)
T. W, Otiis, Prescott .. . e (1)
ARKANSAS.

(First commissioners appeinted Jenuary 25, 1876.)
Hag no commigaioners.

" CALIFORNIA.
(First commissioners appointed April 25, 1870.)

Joseph . Redding, 37 Chronicle building, San Francisco, president... ... _...__.__ 13
H. L. McNeil, Los Angeles, secretary. . oo oo iicemeaic o2 {1
William C. Murdoch, San Franecisco, treasurer_ ... .. _......... e e e 1)

) COLORADOC, ,

(Pirst commissioner appointed February 9, 1877.)
No return.
CONNECTICUT.
{First appointed September 11, 1866.)
R. B, Chaiker, Saybrook_ ___ . ieiimciie oo ....June 20,1893
James A. Bill, Lyme____ ... .. e e e e o2 JAnguet 26, 1893
William 8. Downs, Birminghawm____ ... Julyl 1804
Commissiqners of shell-fisheries.
{Commission authorized April 14, 1831.)

W. M, Hudson, Hartford. .. .. o e e July 1, 1883
George (. Waldo, Bridgeport ____ e emem e oo oduly 1, 1895
Charles W, Beardsley, Milford. __ . . . .. . i .._._July1,1895

Frederick Botstord, New Haven, clerk.

(48] Holds office at pleasura of governor.




224 TENTH REPORT—STATE FISHERIES.
DELAWARE.
(Hirst commissioner appointed April 93, 1881.)‘
James Milligan, Delaware City .. - oo ____Auguset 13, 1896
"FLORIDA.
: (First asmmissioner appointed ———)
J. H. Smith, Tituevilie____ ________________.___ e e e e April, 1893
Y. H. Sellars, Pengacola. o o i oo e mmmmemmememm s April, 1893
M. Moseley,, Palatlta. o o e e e e e e e e e July 15, 1895
GEORGIA.
. {Commissioner of agriculture made ex officio fish commissioner, 1876.)
Dr. H. H. Cary, La Grange - - oo iicaccee e 1894
Hon. R. T. Nesbitt, Atlanta . .- 1894,
IPAHO
Has ho commissioners.
ILLINOIS,
{Firat commissioners appointed May 20, 1875.) .
N. K. Fairbank, Chicago, president_____ __________ .o July 1, 1894
S. P. Bartlett, Quiney, secretary.__._. ... - oo SR e mnn July 1, 1893
Gaorge Brenning, Centralin. ___ . . eean July 1, 1895-
INPIANA.
_ (First commissioner appointed September, 1881.)
*W. T, Dennis, Richmond e (1)
, I0WA,
(First commissicner appointed March 30, 1874.}
T, J. Griggs, Spirit Laké . e U April 1, 1894
) ' KANSAS,
- {First commissioner appointed March 10, 1877.)
J.B. Mason, Burela . .. oo e cen ce e e e e e e e - S ADTEL 4, 1893

EENTUCKY.

(First commissioners appointed March 22, 1878.)
" Has no commiesioner.

LOUISIANA,
No roturn.
‘ MAINE.
Commissioners of fisheries and game,
(First commissioners appointesi January 1, 1867.)
TE. M. Stilwell, Bangor s December 31, 1894
H. O. Stanley, Dixfleld ____ s December 31, 1895
Commissioner of sea and shore fisheries. .
E. W. Gould, Searsport. - o oo e oo eee . April 14, 1804

(11{Pleasum of governor.
* Resigned January 10, 1898,
¥Died January 15, 1898:

e

SR e
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MARVLAND.

(First com&.isaioners appeinted in April, 1874))

Richard T. Browning, Cakland ____ . - March 2, 1894
John 8. Sudler, Manokin ... aiiieciieceeoecw..._.March 2, 1894

MASSACHUSETTS.

Commissioners of inland fisheries and game..

{Pirst commissioners appointed May 3, 1865.)

Edward K. Lathrop, Springfleld ... . .o ......June 30, 18H

Edward A, Brackett, Winchester____ ____ . _.._..co.no.....--October9,1894

Isaiah C. Young, Wellfleet ____ . ... . . . ___..._.___..._October 23, 1894
l MICHI(xAN.

(First commissioners appointed April 25, 1873.)

Joel C. Parker, Grand Rapids_ .. ... ... oeiieeieaen.ooo.....January 1,1893
Hoyt Post, Detroit_ . . . . i iiaiiccieciasceee-.__JBDUATY 1, 1895
Herschel Whitaker, Detroth. . . .. i cainan = January 1, 1897

Officers-—W. D. Marks, Detroit, superintendent.
George D, Mussey, Detroit, secretary.
William A. Butler, Jr., Detroit, treasurer.

MINNESOTA.
(First commissioners appointed in May, 1874.) I
No return. :
MISSESSIPPI.
No return.
MISBOURI.
(First commissioners appointed August 2, 1877.)
H. M. Garlichs, St. Joseph . elo_ January 20, 1893
Jackson L. Smith, Kansas City. ... . .eoeceoecooooo o o.io._._Jenuary 20, 1893
Edward Cunningham, Jr., St. Lowis ... ... . __________.___.January 20, 1893
MONTANA.
Has no commission.
NEBRABICA.
(Firat commissioners appointed June 2, 1874.)
No return.
NEVADA.
) {Firgt commissioners appointed in 1877.)
George T\ Milis, Carson Citiy. . v oo e e e oo e (1)
NEW HAMPSHIRE. .
(First commissioners :ippointed Angust 30, 18686.)
E. B. Hedge, Plymouth________________ . ____________________ .. __Junel, 1893
Willard H. Griffin, Hennilter. _.. . .. e cemaee June 23, 1893
Nathaniel Wentworth, Hudson ... oo e oo e e e e o December 2, 1897

{1) Term of office four years.

29
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NEW JERBEY.
(F‘irst.l commissioners appointed March 29, 1870.)

Commissioners of fish and game.

George Pteiffer, Jr., Camden, chairman. . oo 'igg?
R. D. Foote, Morristown, Becretary . . o aemmocmccmomcmomnamam e 18
Parker W. Page, Suwmmit_ e

Thomas Maskell, Morristo:y, fish and game protector. .. ..o
‘ NILw MEXICO.

H: fish commission as such. The legislative act approved Febguary.lé, 1889,
enti;:ll!:at{l 2An act to provide for the protection and propagation of fish, provides gh%g
the governor shall “appoint fish wardens in each county of this territory who shall ho
their office during the pleasure of the governor.” Under this act 44 wardens have been
appointed, | ‘ N

. NEW YORK.

(First commissioners appointed April 22, 1868.)

L. D, Huntington, New York, President.
- Bdward P. Doyle, New York, Secretary.

W. H. Bowman, Rochester.

A Sylvester Joline, Tottenville.

D. G. Hackney, Fort Plain.

Robert Hamilton, Greenwich.

-

NORTH CAROLINA.,

(Pirst superintendent of fisheries appeinted April 2, 1877.)
No return,

NORTH DAKOTA.
i >
Hag no commisgion.

OHIO,
{First commissioners appointed April 1, 1879.}

C. V. Osborne, Dayton, President.
James-A. Henshall, Cincinnati, Secretary.
. D. Potter, Toledo.

J. H. Newton, Newark.

Wm. R, Huntington, Cleveland.

OELAHOMA.
No return.
' - OREGON.
{First commissioners appointed April 1, 1879.) i
“R. U’ Campbell, Rainier_ ___. . e s-om oo March, 1893

P. C. Reed, Astoria, president .
George T, Myers, Portland .o oo e e

March, 1893
March, 1893
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PENNSYLVANIA,

{First commissioners appointed April 15, 1868.)

H. C. Ford, Philadelphia, president..._______.__________-_________. .. .. __June 1, 1893
H. C. Demuth, Liancaster, secretary @ June 1, 1893
George II. Welshons, Pittsburg, corresponding secretary. ____ ... ________ June 1, 1893
W.' L. Powell, Harrisburg, treasurer ... . .. .___.____. e e e June 1, 1893
8. B. 8tillwell, Seranton_ . ..o June 1, 1893
Louis Streuber, Brie. .. __________._ ... T Tune 1, 1893

RHOQDI. ISLAND.
(First commissioners appointed in 1868.)
Commissioners of inland fisherdes.

Henry T. Root, Providence.. ... ____ ... ... o ___June 20, 1895
William P. Morton, Mneyville_ ... __..____ . T Juna 20, 1895
J. M. K. Southwicky Newport. ________________.. .. o June 17, 1895

Comweissioners of shell-fisheries.

James C. Collins, Providence, commissioner and secretary ... _._____A pril 22, 1894
James M. Wright, Foster Centre, Asst. commissioner.. . ____..__ .. .. _April 29, 1804
Goorge C. Cross, Ctharlestown, Asst. commissioner ____ . _____._____A pril 22, 1894

SOUTH CAROILINA,

(Firat supserintendent of fisheries appointed December 23, 1878.)
No return.

SOUTH DAKOTA.

Has no commission.
TENNESSEL.

(First commissioners appointed January 14, 1877.)
No return.
TENAS.
{First commissioner appointed Septembar EG, 1879.)
Has no commission.

UTAH,
(Aotion regarding tish calture dates from 1871.)
No return.
' VERMONT,
(First commissionera appointed in 1865.)

John W. Titcomb, Rubland._._...___._______ . .______ o a]] 1808
C. C. Warren, Waterbury .. _______________________ T ] 1806
VIRGINIA.

(First commissioner appointed in April, 1874.)

John T. Wilkina, Bridgetown..___._____... . __._.._______._..." ___January 1, 1803

~ WASHINGTON.

(¥irst commissioner appointed November 9, 1877.)

- No return.
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WEST . VIRGINIA.

. (Wirst commissioners appointedl June 1, 1877.)

C. 8. White, Romney, president____ ..o occocesrmmmcamm oo o oo “April 17, 1804
F. J. Baxter, Sutton, treasurer. . .acoooorocaooooeimsmomioooomooes Apnl 17 1894
N. Q. Prickett, Ravenswood, BeCretary - oo wmmmccem oo April 17 1804
WIBCONBIN.
) {PFirst commissioners'appointed March 20, 1874.)
Phile Dunning, Madlson, preaident. oo oo e cocmmeomemm oo A ril 1, 1897
A. V. N. Carpenter, Milwaukee. .. . o -ooouoooaaia oo Apr\l 1 1897
C. I». Valentine, Jamesville, secrotary and ATOBBUTOT - wommcemamem e o= April 1 1893
Mark Douglas, Melrose. - - o oo wxomcmcmmrwmm oo sz ems oo April 1 1893

Calvert Spensley, Mineral Point. . G S

T, J. Hogan, Lie CIOBSe .. oo oo iiie oo comnmmmm oo mr s o oo

The governor, ex oﬁceo..us
WYOMING.

(First commissioners appointed December 13, 1879.)

-April 1 1898
April 1, 1898

Gustave Schnitger, LArANIe oo oono o e opoliiun e e mas oo mooens 1

(1) Pleasure of governor.

e




