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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 snbmits its tenth biennial report of operations.
The period covered by this report is from Oectober 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 recollection of persons now living, the progress that has been made

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

The first exppriments were niade 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 scientific

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

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

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

government as well as that of many of the states.

"~ Of all the states of the union 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 advantageoualy located .to reap the
fuliest benefits of such work, with her extended fresh water coast line and

her nnmercus 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. If isin this class of work particularly that great
output with relatively emall 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
meang of greatly reducing the cost and labor attending the care and
hatching of the eges of these classes of fish, so that where before thou-

-sands 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 gucceeding four
monthe to attend to & 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 a 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 natnrally expect to be only
just beginning to reap the benefit of the great plants that have been made
Bince 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 unanimous in the conviction that the work done by this
Board in that line has resulted in great benefit to the fishing iuterests.

Tt is the subject of congratulation for curselves and the State that we

have.at last succeeded in faking and fertilizing sufficient whitefish ova to
fill 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 fo obtain sufficient 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 Seult 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
season. 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, best
arranged, best equipped, most economical and most efficient in the world.
No other has begun to compete with it in output, and it is a source of
much gratification to us that this season we have succeeded in filling every
jar in it with fertilized epgg.

Tt is 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
to call and inspect it. It 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
hatch is at its height the talk of milliohs and hundreds of millions is besi
.appreciated, for their numbers seem like the leaves of the forest o the
sands of the seashore. o '

1f 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
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were willing fo do it, the question of restocking these water, i
proper legal protection, be solved; but there arge many thinlgs“i,:zu%)% ‘::Vcl)ilallf
sidered. The most difficult part of the problem is to obtain and store the
fish in a 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. DBut 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 to hold the fish in the crates -
after they are caught. In many localities it is impracticable to do any-
thiug more than to strip such fish as are ripe when caught, while in the
enclosed water of the Detroit river all the fish caught can ;)rdinarily be
safely kept alive in crates until the eggs are ready to come. Still even
there many difficulties aud 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 circumstances, When
any one exhibits as the resulf of a season's work upwards of twelve hun-
dred jars of well impregnated whitefish eges, 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 Iazl U::::t c;f thein th:)‘re és in them, without injuring or destroying the
. ans much patient, persisten : isag

wo%g{,' oI Wﬁll aahmuchlij rien c’zfskill. t and hard, cold and disagreeable

is within the range of possibilities to make every acre of :

productive of suitable and healthful food for the gm:rcjai ra(g‘?l?ern;n a?é;
acre of fertile dry land. Thiuk for a moment what this means to s State
sitnated' as Michigan is! We hope the time will come when it will be
thought extravagant and wasteful, and be made unlawful, to kill any val-
uable commereial food fish during the spawning season; until after it shall
have given up its eggs to be fertilized and hatched to take its place in
replenishing the waters from which it was caught. If all the eggs of all
thed fish taken during the spawning season were impregnated and hatched
::1111 restored to the waters, and at the same time the culpable and wanton

estruf?:}il:mn of half grown and immature fish were stopped, within a few
zfegzlua% lxzaﬁt:f would teem as of old with abundant supplies of all kinds

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

wastefu] capture of immature ﬁsh,gor the work is aTqmost 5133 badnzlsoilh?iglg
away. The State cannot afford to hateh and plant fish fry to have them
seized by greedy fishermen before they have half attained 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 fisl ought to be allowed to be taken, killed, or sold on
the market until after it has reached an age to have cast its firet erop of
eg%é:vghll_ch m.etalgls EILJ 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;uitable laws shoulgl rbléyegﬁc:}ég
and enforced for the protection and maintenance of the whitefishing indus-
try; that the;e laws should be such as to disturb as little as possible and




10 ‘'TENTH REPORT—STATE FISHERIES.

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 accomplished by a law fixing the gize of the whitefish that might be
lawfully taken from the waters and sold 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 measnre that has the cordial support of the fishermen
will be more easy of enforcement than those that meet their hearty
disapproval. . :

The question of a close season for whitefish has been much donsidered
and is & 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 -

Board, 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 ag little annoy-

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

 gistent with the thorough and efféctive 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 off was less than in any other state in which whitefish are
extensively propagated.

The evidencés of the success of all fish propagating efforts are morte
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

- fish to one in which good trowt fishing is abundaut, aud a reputation for

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

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

for sport, which attracts thonsands of tourists every season within ita

borders, the results of trout work have been to add many dollare 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 today are num-
bered emong 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 sre hundreds of such streams in the State which may be said to
almost teem with brook trout, as & 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 inspection
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

TENTH REPORT--STATE FISHERIES. 11

‘Esdgaénsaid, while with the commercial fish that inhabit only the wider
.absolu?:gper v;aters, it is not so easy, in the nature of things, to brin
ot mekptrr?)ouf, 507;1; 111: stands tg reason that if tHe relatively smaller outpugt
) k 1 tave produced such satisfactory results, the milli
upon millions of whitefish and wall- i e dae i one
1m§retsﬁ'lon on theé commercial ﬁsheiié:yed pike must have mado  marked
ut the commercial fishes have never had half a cha i
7 he nce. Th
ﬁgreacga;:;,h:él%a ﬁg?gdﬁs}lll hlnlvfh lieen 50 improved, and the ﬁsehiflgléin;::
| 1 sell a at comes to their nets, that b
fry planied are allowed to reach i i Dt o o e
: } thing like maturit T
two thousand miles of nets ﬁsheéuily Mi %1 o ol e e
0 aonsand mies of nets fAshed nt ichigan waters alone, and nearly all
oL I the market. Yet 1 i
this, and the disposition of fisher o . et ae
» 8 ] men formerly to poke fun at scienti
-experiment, the increase of fish from artifici 1y Pation hoe boeam oo
manifest, and has 50 impressed them 1;]:11-1:I _tcga D e o8
e, and has 5o impressed them, at it is the rare exception now that
1 ¥ the great work. The evide i
-overy year, and the witnesses are volunteering their te:i?i;ugi;?i;ﬁﬁgef]?g

opposition that ; .
d?e% st ak once was so vigorous and persistent has almost entirely

MEETINGS OF THE EOARD.

Meetings of the Board are held m '
2 ; ) onthly, generally at the offi
ﬁgz;ﬁ] IgI; :3:%2151’ ali);lﬁl ocgaqlongliy ‘28 t(]ile’ dema.ndsyof the zgrkciegiﬁiikg
. : ) e Paris station and elsewher i i
for the consideration of the matters i S Eime.” At oneh moatimg
erg in hand at the time. Ateach i
reports of the work done and pro d iffer e Anring
o Dagt month oad e a1 progress made at the different stations during
: quirements for the future a bmi
considered. These meetings are nearly al oy T fall o
the mecretary and superin%endent B‘ur 317a by ot B
records are kept in substantial b K ol T oDt ey ull
‘m%]s for futli)re refgrence and insggcfic?lf.au the transactions of these meet-
wo members of the Board act as an auditor i
| ; v commitiee t
2.2(:;1;151;2% a;dM‘t;ﬂl‘%’i)jfgi: paycrlnhe%t.P This Jitl:;lrm:nit-tee for thee ;?a:f E;g;ee:l};
. rand Mr, Post. bills are induph
PO T by the et s are in duplicate and must
( ¥¢€ in charge of the work. The Board hassince i
report inaugurated the plan of making all : e 1ot o
of the claimant, which are si R ey By Sa i S
he ) gned by the secretary and tl
auditing committee who i Rt o of the
a t passes on the bill. Receipted il
required of all disbursements exceedin g racter where
eding one dollar of & ch
f)%(i-léh‘:;gg]?fr: Iitrec;iz;seonably obtainable. Requisitions are gggzﬁgdv‘c’)}%e;?
'inflﬁarge ¥ theywork. quence, to bs approved by the member of the Board
e supervision of the different branches of the work i 3
e 4 > rk is allotted
ji?iiﬁ?%ﬁﬁzlfggf gcgoflheﬂ:}l)urpesebof dls’i‘ributing the respconosibeiliizzi;JIl ZEE'
; g the members. This is usually d t th
meeting, but at the last June meeti h it o TR
Fon i e e e ing no change of distribution was made.
( tation at Paris has been i
Parker, the whitefish stations l;.t % i Ste Marie o et o
, troit and Sanlt Ste. Marie i
Mr. Whitaker except that durin thi %t s el 1o
. € a g this last fall Mr. Post has ai i
work of the Detroit station, and the carp station at Glenwogtsi ilr?ffc}axlalin?lll? '

ation of i ci
PosE 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 1891, At Detroit, January 30, February 97, March 27; Paris, May, 2
Detroit, June 26, July 31, August 28, September 95, October 30, November-
97 and at Grand Rapids, December 30.

Tn 1892. At Detroit January 29, February 26, 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 a-
whitefish hatebery on the Upper Peninsula, 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 city water supply and to donate
The use of a small store building for the period of two years ending
August 1, 1898, It became necessary for us to ask this, since no appro-
priation was made "beyond the amount_required to e uip and run the-
Tatchery on the most economical basis. It was regardeg 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 Lake Superior and vicinity. The-
experiment has corroborated the views of the Board as to the utility and
necessity of such a hatchery. The offort 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 hatch came on and was over before the jee in Liake 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 hatching of salmon 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. Kvery reasonable offort was made. In addition
to making such provisions as opportunity afforded in the immediate vicinity,
nets weré"purcha.sed and set in Torch Lake and in that neighborhood, and
the fisberies 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 succeed in obtaining eggs enough that season at

_ Detroit to fll 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 strong and vigorous fry. The temperature and
condition of water there is all that can be desired for hatching either the
whitefish or brook trout.

Tt is deemed desirable to continue tbe ex ériment for two years longer,

but to do so it will probably be necessary 1or 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 community, whose means are small, that it shall-

bear so large a share of what ought to be a common burden. ' During the
eoming two years the Board expect to make further investigations s0 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 per
) ; : manent hatch
._,i;homewherel on the Upper Peninsula, which shall be 01? a scale suitaf)leeg
antzl v:lc-)orllit rquclllred,dancfl mc]-,nlulfillq an %quipment for hatching both whitefish
. nd ponds for holding t 3 i
no?[‘grepﬁ’redﬁaﬁpresent Dold g the necessary gtock fish. This we are
. The whitefish eggs which were put into this hatchery la
st
'F}?rﬂy from Tahquemenaw bay, partly from Torch lakeyand pzftalgr %i;nn?
i ]:?engﬁh shmée of Lake Michigan and in the mneighborhood of Detour.
Loo eal mon trout eggs were mostly taken from the neighborhood of
There were brought to this station in 1891 o
' ¢ ne hundred and fifty thou-
u;q.:gfezrook trout eggs from Paris, of which 135,000 were hatc]’fed a(.)r?d
An in-teresting experiment was ‘made at this i i '
' ] sting ' station with salmon trout
?gﬁg W1;1: a jar, the report of which by W. D. SBargeant, overseer, i as
“In regard to the experiment of runnin in a j
< g salmon trout eg
November 24, after being on trays twenty-five days, I pla.ceé.I SiLnaa g::'"ﬁc:;
fquar{is of salmon trout eggs. I also on the same date placed the same
}El}lllm ﬁr of salmon trout eggs on trays. After placing eggs in jar I found
_a}tl the 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_frc}lper v, 8o I connected the tube with the upper feed tank, gefting a faﬁ
of five feet from faucet to bottom of jar. The jar in this position r%quired
.S?:ven guarts per minute to run i, while it takes but four quarts per min-
lle tc];. run a jar of whitefish, and twenty quarts per minute to run a
rough containing 200,000 salmon trout eggs. I had no trouble with the
A‘-eggsldnil1 jer in any way, and the “ringers” as they would break
Ivou‘ ave no effect whatever on the other eggs, and I would have
(')f 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 conlnmer_xced to hatch, and placed them on trays, and found there had
'ineer; 3:[3)55 mfthe jar of 23 ounces, or 14§ per cent, while the correspond-
B&EJ . date?’]’: of egge on trays had lost 32 ounces or 20 per cent up ‘to the
Tbhe number of salmon trout e i i
) O gegs put in this hatchery last
ggg;,o?voasfo wtélcgleBOL,)%OO gm}:le li‘latched and planted. T}lrle ﬁsrsg eti.ligewgg
&g n October 20 and the last on O :
rurarxif 5 o e Tt Man 18 ast on October 28. The first hateh Feb-
& number of whitefish eggs put in this hatchery in 1891 wa
80% l?;f Evhicil 3,72?,000 were Il\lléjtched or a loss of 19 %e? cent. was 12,004
first take of eggs was November 5, th
ha&?}? ltn o e o r e 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?owumt‘oﬂ?::z
where it remained without variation to exceed one degree either way until

April 20, and from then till May 15 it did not go above 40,

DETROIT STATION.

Since the enlargement of this station in the 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 repairs have been neces-

pary 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 extension 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 at & rental of two hundred dollars 2 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 premires July 1, 1895, 1897, 1899 or 1901, on giving the lessor -

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

gince the present leass was made, and was considered by the board as a. '

very fair rental, and much more profitable than to atiempt 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 & sacrifice in value in
that respect. o

It is manifest to the Board now that it would have been good ecomomy
in the first instance to have made a little larger outlay and purchased a.
location, instead of renting. The present localion and the present build-.
ing and equipments, with the expenditure of enough 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
ecgs, 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 80, 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 esch locality. '

In 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 appendiz shows date, amount and place of each plant.

In the spring of 1892 there 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

TENTH REPORT--STATE FISHERIES. : 15

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 experded upon it. Itis
a8 commodions and convenient a building for the purposes for which it was
designed as exists anywhere.

In the latter part of Mareh, 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 hole at the foot of the waste ditch and the bot-
tom of the large race thaf runs under the railroad. 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

ap the bluff was graded and sodded. In repairing the waste ditch the
walls were lowered and the banks rounded down to the top of the walls
and 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 & long screen during the spawning season so artanged that it
could be moved at other times. The plank walls were removed and sloping
walls 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 wegon road, and the corners were also
rounded, These improvements add to the tasteful appearance of the
ponds and the stone walls are found to be both better and more permanent.

There was no adequate provision made in the new hatchery for office
room, the office having before been kept 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 com-
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 new refrigerator for the mesat house and a new floor were also
built. * Other improvements and repairs consisted of painting the wind-
mill and water tank, and building a tegister on the water tank. The car
ho%e 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. +

An opportunity came to the Board to exchange some of its cleared land
adjoining the stalion, and which did not border on the streams, for a forty
acre lot through which Buckhorn creek runs, and which it was desirable
for the commission to own for the purpose of controlling and profecting
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 sizteen (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 (2) and ten (10) in said
township, forty-six rods north of the guarter post, and running thence

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

links to the railroad tight of way; thence northerly along the west side of
said right of way to the section line; thence west on the section line tu
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 & 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 desecription 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 J anuary-28, 1892, bb more.

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

January 12, 1892, the stand pipe under the water tank froze, and 1t
became necessary to put a stove in there and to keep up a fire on all very
cold days. During the season of 1892 a 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
earlier 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 4283 females were
handled 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 a losa
in hatching 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, Missaukee, 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 hatched and planted, showing a loss in hatching of
13,500 or 8.14 per cent. The brown trout fry were distributed in thirteen
streams in nine counties. ' .

During the fall of 1890 there were caught with a seine in the Buckhorn
and Cheney creeks 2,186 spasvners, 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 September
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 2,600,000, total planted
9,418,000. The first plant was February 8 and the last April 28, 1892,

The whole number of brown trout eggs taken was 287,000, of which
975,000 were hatched and 271,500 planted. The first hateh was January
95 and the last March 24, 1892. The first plant 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
1o control 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 canght.

The cateh of 1890 in the river was somewhat smaller than in former
years, 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 nof show
up well, though it is likely if they had been continued some whitefish
might have been caught. It hasalways been a difficult thing to control
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 mnets caught and were
torn, letting the fish escape. After the grounds were well cleared a reason-
sble 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-.
tion 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 sny 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 small tug or stéam yacht “May H” was chartered for the seasou 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
pecessity, a8 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 250 fish were 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 to take whitefish eggs, and spent all his time until November 16
in the search, going to every available point from the Sault. 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 120,288,750

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
«quality 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, (rassy Island, Mama
Juda, Stock Farm aud Red S8hanty. 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 4,689 were stripped. The reason of the discrep-

“ancy 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
commenced 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 31. 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 Shanty, Stock Farm or Craig's this season, and the Fast
Point fishery was abandoned in the height of fishiug on account of heavy
winds and cold weather, the men refusing to go out. The heavy wind and
roily water also prevented the usual catch at the Fort Wayne fishery.
Herring fishing was almost a failure this seagon, thb total catch not exceed-
ing 20,000. : ; '

The total catch of whitefish at the différent 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 Juda 543 females, 943
males; Stony Island 80 females, 58 males; total 2,607 females and 5,740
males, of which there were stripped 2,203 females aud 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. S. fish commission. The whole number of eggs taken was
73,858,800.

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

Sehufert and Cahslan 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 currentseason 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 sesson, 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 becamne more and more necessary in orderto
obtain the requisite quantity of white fish ova, and has had more or lesa
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 puf upon the board the risk of the finaucial success.

.of the venture.- A portion of the equipment aud outfit had been accumu-

lated béfore, 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 Mama Juda fisheries below the-
city.

_ %he work of repairing the outfit, boats, nets, docks, platforms and
grounds began as early as October 3. One new seine was bought and six
old ones'repaired. At the fisheries on Belle Isle the platforms, spiles and
everything are required to be removed at the end of each fishing season
and replaced before the fishing commences. The steam tug 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 East 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 Jnda no fish were caught till October 27 and the fishing
continued there eighteen days ti}l November 13, the catch being 854 or
315 females and 539 males. On November 15 this crew was taken to the
‘Willis 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 Jegse, 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 Bast Point the fishing continued 21 days and two nights, the largest

. catch in one day being 887. 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 here 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® ten
.days and nights,. The best run on these gronnds was between midnight
and morning. The number of fish caught here was 5,636, making a total
canght 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 any consequence at night. The largest day’s catch was 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 egga 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 caught at all the five river fisheries wag 13,074,
The total eggs taken from these fish was 4,744 quarts or 142 bushels, mak-
ing 173,680,400 eggs. Of these 625 quarts were packed in boxzes ‘and for-
warded to the hatchery at Sault 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 & larger 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 ot the sales of the fish will not
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
nct have obtained the quantity of eggs we did. On the whole we are very
woll satisfied with the policy of doing our own fishing. .

‘ WALL-EYED PIKE.
In the season of 1891 Mr. Orr D. Marks, overseer of the Paris
- atation,. went on April 8 to Bay City to gather wall-eyed pike eggs
at the mouths of the Kawkawlin and 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 females and 98 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 neta. . ’
The first eggs were taken April 11 apnd the last on April 24. There
were taken in all 64,531,400, and hatched and planted 27,045,000. They
were in the jars 26 days before hatching. There were handled the fish
canght 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 o 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 getting:
some.privileges from some of the fishermen, He handled fish from eight
strings of nets (32 pound nets) and gathered about 28,164,000 eggs. The
catch was very. light and the fishermen began taking ont 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 caught in seines and crated, There was an extra good run 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 fungnsed 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 292,184,000 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 138 to 19; the eggs taken on St. Clair river were put in
the jars May 4 to 23, and hatched May 24 to June 7. The first
plant was May 25 and the last June 12

INTERNATIONAL FISH CONFERENCE.

. Growing out of & 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. Roogevelt of New York,
was: “Protection, preservation and propagation of food fish in the great
lakes.” None of the members of our board were able to attend this meet-
ing, but a committee was appointed at this meeting to meet at Bochester,
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, Mr. Post attended the meeting at Rochester. This

committes meeting was presided over by General 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 ¥. Danforth, State Senator Donald McNaughton and Frank
J. Arsden of the Cheap Food ¥ish 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 lakes, and Canada, for the
protection of fish and game. Incidentally there also came up for dis-
cussion a resolution upon the advisability of turning over the maimn 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; end that there is abundant field for the concurrent action of the
bordering states and of the gsneral 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-quarters of a pound; also recommending to congress the importance
.of authurizing and directing a full and careful biological survey of the
great lakes under the supervision of the United States fish commission;
.also recommendinyg 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, Whiteker was present, Of this meeting
Sensator 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 climate, on different prevailing modes of leg-
islation and of administering laws, forbid such uniformity, bui 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 svailable 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 itsel! and within
itgelf, its members holding office only by good conduct, and having a head to
-direct and a working force at all times prepared 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, s . .

The resolutions adopted at the Rochester mesting 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 he requested to urge upon COngTess

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

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

o \
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This mesting adjourned to meet in Detroit on the first Tuesday of
Qctober, 1892, but when the time came, & postponement until after eloction
was deemed desirable. .

The final meeting was held at the Cadillac hotel in Detroit, Michigan,
on December 20 and 21. There were present at this meeting, among
others, Samuel Wilmot, of Ottawa, Canada, Superintendent of Fish

' Culture of the Department of Marine and Fisheries of the Dominion of

Canada, Edward 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 S, Hampton, Michigan
(Game and Pish Warden, C. M. Keyes of Sandusky Salt Fish Co., A. G.
MecDonald of Buffalo Fish Co., James Craig, 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 8. R
Kingsley. Mr. Whitaker was made chairman of the meeting, and Mr.
Amesden secretary. '

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

.cient and uniform system of protective laws, by a paid Fish and Game Department, on
‘the general basia 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
w&ith the laws and their defocts throughout the ontire State where they may hold
-office.

“Axp WaEREAS, By virtue of their knowledge of the general requirements in a given
inatance being greater than that of the laity at inrge.

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

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

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

“Regolved further, That where in any case from lack of intimnte knowledge of the
habite and tne 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 to its effi-
cisncy, until such investigation has heen made as will enable them to give intelligent
recommerdations on the subject.” :

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

# Regolverd, That in the judgment of the conference, there should be a close season for
"bass, and that such season should be batween 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

Aekes, after considerable discussion developing some differences of opinion,
s committes 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, E. W. Gould, C. M. Keyes, R. O. Sweeney, A. G.

MecDonald, Herschel Whitaker, with Samuel Wilmot as consulting B

member:

The committee reported as follows, and their report was aecepted and.
adopted, viz.:

“1. That all small 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. .

9. That no strings of pound nets nsed in the lakes shall extend more
than four miles from shore. - ‘

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

“4, That all whitefish taken of less than sixzteen 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 vear be made a close geason

for whitefigh, herring and salmon 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 pogsession.”

The following resolution was also passed, viz.: ‘

“ Resolved, That the law should authorize the seizure and destruction of nets used in:
riclation of law.” , . o ’

The members of the conference went, on the Invitation of the Michigan.
Fish Commissioners, to visit the Detroit hatchery, and on the invitation 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 ot
Northville, but' as this necessitated remaining over another day, his court-
eey had to be declined. :

On the evening of December 21 a banquet, which had been tendered to-
the conference by the citizens of Detroit, 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 agsistants, went to the Hudson river,
near Troy, New York, to get silver eels for planting in Michigan waters.
The car made twe trips, 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 apeistants awaiting him at Detroit. They arrived at Troy June
11 and found the old grounds where they had taken eels before, 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

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

willows, the same as the eels were caught in, into each box, and lost no-
more. June 20 the first load was taken to Michigan, as it was found the
sels would not live if kept too long in the floating boxes. Two men were
left to continue the catch. The frst load was planted 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 & 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 interest is being taken in the raising of these

- fish; in others no particular attention is paid to them. It seems quite pos-

gible that in the near future carp will become a staple upon the fish mar-
kets of the country. The following, taken from the December, 1892,
number of the American Fish Culiure, published at Alliance, Ohio,
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 overfiow and breaking away of pouds, the stocking of streams by fish com-
missioners with surplus carp from the hatcheries, the carp have worked their way into
Lake Erie, have multiplied end thriven until, during the fishing season just closed,
quantities of them were taken in the pounds as well as in the gill nets of the numerous
individuals and companies who make a business of fishing in this great lake, which, hy
the way, isa the great fishing ground in the chain of lakes, and is peculiariy the
whitefish lake. What do these fishermen do with the earp when they have caught
them? This is a pertinent question and its answer is of great interest to all those per-
gons who have been raising earp. All fish taken are assorted and each kind, when there
is enough of them, are put into hoxzes which hold two hundred pounds, and these hozes
are then taken to the fish warehouses of merchants who make a specialty of shipping
them to retailers, ete. Waell, 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 heen considered the best fish in the lake. For instance, when the

“warehoussman paid six cenls a pound hy the hox for whitefish, they then paid six cents

a pound by the hox for carp. In this connsction 1 wish to say that many of the finest
restaurants and hotels in 1his State today have German carp on their hills 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 horn of German
parents, in this counfry is a German. Thay are American carp. Among the many
restaurants in Ohio that have the carp regularly on thair * bill of fare’ is the Stranna-
han restaurant in the Arcade buiiding in Cleveland. This ie one of the hest 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
thore, 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 hringing 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 carp can he supplied regularly and in suflicient 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 he well rewarded.’

4
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. ’ WHITE BASS,

On May 21, 1891, Mr. Walter D, Marks, the superintendeut, 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 ihe 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 T.ake 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 and
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, Heset 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, ail 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 hatch was made. In
water at 60° they hatched in 46 hours. He managed to set up & 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 500,000 that hatched in a
box, owing to the screen being too coarse. The eggs and fry are so small
it is difficult to retain them in any screen. He also lost about 200,000 by
the bursting of a fine screen 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 sach, and
brought to Michigan and planted: They were put into 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 Calhonn county; in Clear lake,
Livingston county; in Gravel lake, Van Buren county, and in Orchard
and Black Walnut lakes, Oakland 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 mests annually at different cities.
Its membership is composed of persons engaged or interested in fish cult.

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

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

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

a wide range and treat of almoat 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 is known or has been
done in the progress of the art. Its meetings have been entertained by
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~papers and discussions from the most learned specialists, and from those
-of the broadest practical experience and knowledge. It has for several
Fears numbered among its members the fish commissioners of the several

states that have taken the greatest interest in the subject, to whom it has
been an_invaluable aid in disseminating the experience and knowledge
acquired by each among them all. At the last meeting of this society
he?d 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 heen

connected with the society and make it & 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 wers 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 appendiz. 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
success which had heen heretofore attained through fry planting alome,

-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 aroused 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 & paper read by Mr. Hoyt Post 6f our Board. The latter
paper appears in the appendizx. 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 heen made to suffer the state 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 put under
‘the control of the United States Fish 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 laboys of the aforesnid Mr.-

C. A. Chamberlayne; buf was again presenited in a slightly modified form

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

of these papers was the unanimous adoption 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 figh, aud in the regulation and protection of the Hsherims in

~the several atates. That the jurisdiction over fisheries withip the territorial boundaries
-of each State belongs naturally to that State. That there is an abundant field for the
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codperative action of the State and of the general government in the propagation and
distribution of food and game fish, and anything which would detract from the State's:
interest in this respsct will be detrimentsal to the end aimed at of restocking the waters:
of this country; and we recommend a course which will epcourage and stimulate-
greater interest and larger expenditures in this great work by the several States, and at-
the same time increased mterest 1n the matter by the United States. And be it further-

¥ Resolved, That the purposea and aime of this society are in direct antagonism with.

any business which leads to the depopulation of the waters to eprich 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 thres miles of the shore, at low °

water mark.”

Dr. 4. C. Parker of our Board was vice president last year and as ‘such.
presided over the last meeting.

The next meeting will be held at or near Chicago during the World’s-

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

EXAMINATION OF WATERS,

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

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

which we have the reports in bound volumes.

_The reports of there examinations are the same as are fully described in:
our last report, They are of uniform size and are bound in volumes and
indexed. 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 surroundings, 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 canght and their condition
and what they are feeding upon, the kinds and quantity of tish' 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 hottom. ‘

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

The work in 1831 commenced May 28 and ended September 5. A
double crew in charge of W. D. Sargeant and six assistants accompanied
by Prof. Jacob Reighard, and his sssistant, Mr. Fill, and a botanist, W. H.
Rush, operated together in the central part of the State, in continuation
of the regular examination. The force inclnded, besides the overseer, four
men, H. H. Marks, . 8. SBargeant, M. W. Gibbons and T. 8. Dixon, to do
the sounding and fishing, two working together in a boat—a second boat.
usually being hired at the lake—a cook, Charles Miller, and a teamster,.
John McKerlie. The 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, .

rof, Reighard and his aessistant, Mr. Hill, and the botamist, Mr. Rush,.
from the University of Michigan, accompanied the crew with books and.

TENTH REPORT-STATE FISHERIES. 29

microscopes and a 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 animalcules and the food and habits of the
fish and the fish food and the fish parasites and the contents and character-
istics of the waters generally.

This party vsually selected a good camping ground near some large lake
where they would remain & 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 & 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 23. The work was in charge of W. D. Sargeant and his-
.agsistants were J. P. Marks, Dwight Lydell, J. W. Powers, H. J. Sargeant,
-(. Miller, the cook. 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 microscopical investigation. ‘

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

* 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, habits, enemies, organism and characteristics
of fish, in the effort to make the.pgreatest success of fish cultore. 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.

Mzr. Charles H. Moore was appointed statistical agent of the commission
to gather and compile the statistice of the fisheries of the State for the
seeson of 1891. Statistics 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 successive seasons
may show a decided increase or decresse when compared one with the
other, they are of no apecial value when we take into consideration the
varying eonditions of season. One sesson 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 comparison can be made. It is
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pecnliarly the duty of the department of fisheries, therefore, to see that

proper data is gatheréd from year to year from which at th i
; t : e end of :
term it may be fairly predicted whether its work has been ;c:eszfﬂvinr-

not.
If, upon such information, the work is found not to have been successful

information is often gained from which to determine the causes of failure,.

and means can be taken to correct the influénces which
ans en 1 prevent suc L
tthsle individual testimony of candid fishermen in different localii?:: in
e ; tate indicates that the plants thus far made have been measurably suc-
cessful, and where they have not been the report of the agent furnishes
‘m%)ginatlon as to the causes which have contributed to failure
convenience in instituting comparisons in the future s to i
or decrea:sg in the value‘of thé fisheries of the Stdte, it h;s’ ﬁZetIT :;1}11?)?813?:
best to divide the coast into districts which are fizxed as follows: g

DISTRICT HO. 1.

> g%ﬁe?t Detroit river to State line between Michigan B.pd 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 Strgits of ﬁ?cmliio;fws.‘

DISTRICT NO. 3. .

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

~ around the north shore of th i i ' 8 i i
ground the north & e of the Straits of Mackinaw to Detour, including

DISTRICT NO. 4,

West ’ .
Detrf)?t ﬂi:;—f of Liske 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'b H i
tical Agent, I proceeded under o e
car]_g.rass of thel entire lake coast of {l?grStﬁz?mctmnE o make n completo

y personal interviews with the fishermen I sought to learn ev i
Fexitammg to the fishing business in the different lgcalities.' I enggf}(]:rgg
tﬂ earnﬁas 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 m
;egort would ' give as nearly as possible a full showing of . the ﬁshing
{jn u(sitI]-ly of the State. This has never been done thoroughly since 'the
do:.r 185 been in existence. It is a matter of very great importance in
}:E: ermining what should be done to protect the planting of fish to restore
the great lakes to their former wealth of fish food. In many respects the
?Icni]li of gathering this information has been pleasant and interesting, and
1S shows that the commercial fisheries are & most valuable industry to the

tate. The amount of fish food taken each year from the great lakes

TENTH REPORT—STATE FISHERIES. 31

upon 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; 1 was compelled to follow the shores of these lakes to a great 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
carTying on his business and their value, also the number of men employed
and wages paid. 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 appear in the tabulated statements connected herewith.

I began this work December 1, 1891, going first to Monroe, following:
along down the coast of Lake Erie to the Ohio line, then back to Monroe
and o the mouth of the Detroit river, thus completing the canvass of Leke
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. Thers are no gill nets.
fished on this shore except by J. N. Dewey & Co., of Monroe. The catch
consisted largely of herring, sturgeon, whitefish and pike. Next in:
importance come catfish, sucker and ted 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 September and
October. It was better however, than in 1840. .

There is no longer any doubt as to the good results obtained from the
planting of whitefish here. Near Mount %l'easant 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 was fair again and it is the opinion of all the fishermen in this
Tocality that. their reappesrance is due to the work of planting by the fish
commissions. ' :

The east shore of Liake Michigan or District No. 2 was the next gronnd.
of investigation and I began work in this district at New Buffalo. On my
arrival I immediately began inguiries for fishermen and to my surprise
found none actively engaged in the business here, peither 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 fifteen years ago whitefish along this shore from Michigan City
to St. Joe were abundant. 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, only a few
seattering whitefish and sturgeon and some rough fish, such as suckers,
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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 cause of the decay
‘was brought ebout 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 St. 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 al 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 valuable fish since the curing of their meat
by smoking hes been introduced. This has brought their flesh into gen-
eral use, it being preferred by. many to smoked halibut. Caviare is also
prepared from their ova and is guite valuable, being worth this season
twenty to twenty-five cents per pound. There were about seven thousand
pounds of caviare put up at this place in 1891 21l of which was exported to
Hamburg, Germauy. There are five steam tugs fishing out of St. Joe with

gill nets. They run 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
#8id 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 faken in the same nets with the deep water trout.
Here is also found a most loathsome looking fish called by the fishermen
“lawyers” or eel pouts. They have but little commercial value. A fow
find sale, however, in the interior of the 'State, being shipped as bullheads
and ere skinned and prepared for market in the same manner as bullheads.
In appearance and form they resemble it, but are much larger, reaching 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

spawning beds and feed upon the eggs of the trout there deposited.: ‘Many
«of the ligts\, of these tugs which I saw while at-St. Joseph consisted of one-
-qquerter 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
blace each year, now not one pound. ~ Again the use of small mesh nets is
‘witheut doubt the cause. - :

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

Only pound net fishing is done here and by one man. The prineipal
-catch is sturgeon. The meat is shipped to Chicago, and the ova is made
into caviare for the German market, -

Mr. Charles P. Paxton, who carries on the business at this place began
‘hig career years ago as a fisherman in the waters of lake Erie, then went
1o 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 quite
certain upon this point. This fact is conclusive proof to me of the great
benefit derived from artificial planting. The whitefish had almost entirely

- disappeared from this locality and have only returned since the work of .

planting began.” )
’ Sauggtucli 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
and about the mouth of the river. In a southwesterly direction some
foyr to six miles distant is a large whitefish spawning ground which is
known by all the fishermen along this shore. The botfom is gravel and
porous rock formation and is covered by two to four fathoms of water.

Tocated at the mouth of Grand river is the enterprising city of Grand
Haven. * The varieties of fish caught here and the manner 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 ceught 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 mede this season and the caviare
obtained amounted to about 1,500 pounds. Deep water trout, * long jaws,
“hlack fins,” and perch are the prineipal kinds taken. Only 1,000 pounds
of whitefish are reported to have been caught 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, has 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.
yE’There 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. Only 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. “Liong jaws” and perch compose the greater part of,
their catch. A few whitefish and sturgeon 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. ] .

Holland, located at the outlet of Black lake which empties here info
Lake Michigan, is of littleimportance as a fishing station. A few nets are
in use here, both gill and pound, with a light catch thisseason of lake
trout, sturgeon, whitefish ahd 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
congiderably lighter,

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

quette river, well known for ite 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 used to
be very abundant. For the past few years, the catch of fish at this place
has been ingignificant 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. “Long 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
importance. 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 pounds, 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, taking in both arms of Big Traverse bay, then
south from Cat Head Point to Leeland, Good Harbor, the TFozes, and the
Manitdus and Glen Haven, the fishing is carried on largely by Swedes and.
Norwegians. Pound nets and seines are principally used in the bay and
along the shore between the islands above referred to and along the main
land. Even at the north Fox and south 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, 1 found the pound
nets with their small meshes carrying on the work of destruction to the
young whitefish., Here, algo, 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 season, 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 ab 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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: same weight. At this season of the year, the catch being large,.
;E?clga tglr%p off andga large proportion of them are frozen and put into cold
gtorage for the winter trade. The freezers on this shore are _c_:wned 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-
-nentf re of the catch. ' _
Folﬁ)ﬁliln the shore up through the Straits of Mackinaw and down lake
Huron to Hammond’s bay the fishing is mainly done with pound nets

" except at Indisn village and Cheboygan. At the former place, indians

i ilboats and gill nets do some fishing, but of no great iniportance.
Wléhr';:;l%?llage, ongce one of the best whitefish stations on this shoreis.
now of little account, pound nets baving fished it to death. The best.
calch of whitefish for some five years past was made this season at Wango-
ghence point and Hammond's bay. The kinds taken here are whlteﬁslll,
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 Dfitour being the 3d district was the next

ivisi ken up. I began at Menominee.
dn%?ll;) Elf: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 tbey have been used in the destruc-
tion of small whitefish on this shore, and wall-eyed pike in Saginaw ba{r,‘
is much to be deplored, giving & serious set back to these two m(_)sti va ;
uable kinds of fish. The catch of the pound nets consists mmpuy Ot
whitefish, herring, wall-eyed pike, sturgeon and suckers. The g1d n];a
catch which is considerable, is principally done out of Mar}’lathue and t (:
Beavers, and consists of trout, whitefish, and “Menominees.” The lélges
catch of herring this season on this coast was made in Green bay. ogar-.
ing a distance of 45 miles from Menominee north towards Escanaba, i 'y
pound nets were set, the agpregate of the catch being1,500,000 pounds. tli
a gquestion in my mind however whether or not some of these w.ver%[ no
small whitefish. I could not see for myself, being there early in May,
after the seasou had closed and the fish shipped away.

The next herring fisheries of importance in this division are between
Point Aux Chene along the shore to Gros Cap and to Pointe St. Ign}?ce‘
The catch here this season was considerably less than at 'Greend lg_y.
Wall-eyed pike in this division are caught principally in Little and Big
Bays De Noquette, in considerable numbers and fair size; sturguispn_:rg
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
noﬂgnflsflgss 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 here drives

three large saw mills. The sawdust from these mills®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 froin the mills here, it may be stated that it requires the consiant
work of a 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. FromallthatI can Jearn of the pastand present history of the whitefish,
I am inclined to believe the most extensive and prolific 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, Manistigue,
Seul Choix, Mille Coquin bay, Naubinway, Epoufette, Gros Cap and St.
Ignace Yhave 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. James were of no small im portance. 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 Cheboygan and thence to Rogers City I began work in
district No. 4, embracing the west shore of Lake Huron south from Ham-

mends 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 af 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 principal 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 Alpena, Au Sable and
Sand Beach and report good catches for the season of 1891. A large pro-
portion of the fish taken were trout. There was a fair amount of whitefish
of good size and quality. : .

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 catch 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 shameéful manner of fishing,
not ongv here, but in many other localities, nntil they attain a spawning
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. L
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i ' 1li i isties in fishing which
i bay and river preseht peculiar cliaracteristies in ; wl
areS ;11%11:1] fﬂg;mf 3zf;lswvrht31~-«=: in the waters ofI téle}se gregt %nket% sTeEseoEr(l)lz’ul%%llr
3 il 3 e
catch here is of what are termed “rough fish,” and for {1891
i i The kinds taken are wall-eye
exceeded in quantity 6,000,000 pounds. Is tak o wall-eyed
i ike, herring, suckers, bullheads, catfish and perei. 1
Iél];]:;i%i;assi If);We,Whit'eﬁs% are caught, the most 1m1?011~ta131t k:l;xgl_ coﬂﬁl)ggzts?}ll%
i i i ] ing
the catch here is the wall-eyed pike, its commercial va uia peing ebout the
that of whitefish. Tons of this fish find a market in
2?“? ° :f]d ?heosouth, standing long shipment distances better tha.nblany
otggr kind of fresh water fish. Pound nets, fyke nets, drive nets, gao lers,
and-seines, numbering something over 500, are fisked in the bay and river.
The twine used is two 1o two and one-half inch mesh. b fshing has
So much has been said concerning the manner in which fis 11f1g 5
been conducted in Saginaw bay and river for years past in 'Orn‘;it
reporta ‘that it seems hardly necessary to go over the ground again,

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

i ] | that it is a mat--
e not sold by weight, but by the dozeu, I fee )
:Ie]f E)Ehfgoﬂrlr‘mch importz{nce lo be passed bydv:i]thout ?hwgfrc};.helgﬁigci 81;};2
fall and winter season the Saginaw river and the mon fhe Bhiawagses
i letely lined with small ponnd nets, fykes and goblers. 1 A
ﬂnlrietl’;lgr;iigapas thg fishermen call them, seeking shelter in the I:flv%r durlng
this season of rough weather are caugh{; ‘byd tI}e tons. thringggintriggg :}I;B
left on the ice, being too small for any kind o use.f Hero again rises tho
ity of some well considered law efficiently enforced for the p '
?if)(:fisfl{hic; valuable fish which is nearc%y, }:fh 11101: quite, S%qual in value to
itefish, and which are propagated with less expense. . ,
th%‘ﬁ)ﬁmf’;‘t’ .fillllstin to Forestville gill nets are principally fished. From
there on to St. Clair river pound nets. Their catches being rout, herring,.
: hitefish, pickerel and perch- . . .
Stl?ﬁl:rgc?r?anf,f’z)vrtlHuro’npto' Marine City about inel%]un'cll‘lt'lgd gkigg;; tgggiznt ﬁg
3 it . Lk ks " S
‘each boat, are engaged in “bobbing” for pickerel. 18 ns the
f to July. One dealer at Por
last of May and extends through Jume in o dealer af Bort
ht thing over seventy thousand pounds caug L his
Eal.lyrci)nn tgzusiﬂsoilofwufeltﬁf Some 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 St. Clair river seines only are used. Pickerel and suckers comprising-
thicleilflzhétretched across the north channel bczlﬁ)w] Algogi?i Wtilz}é 2?1(1):;11 ]?5
%)eef;ig:t(:ggh £cc)1011;;0 B;;Iljnaéﬂl:il:alil:tl)oig arlt;%g.rg]e?ioili),ﬁ;e? 31?1 Ei}‘:‘]:v: %0%1?’2; 0:1-:;31] garigirc;
isc!)ﬁ :&?)jlllgocfvﬁtfﬁéﬁg ﬁgﬁll;ieggdpé%l;g&ilfg E;thi'ce h%cél;eélo tbho%ir ps(]:;E di: 22‘
gﬁ;éﬁefn%os?géo ngﬁid?&a }éam%'wg%ﬁi%%% fcéol?gitrhé’i poiat in 1691
of ];glt(:]ﬁngll;ﬁl I;zf;l::rgsgﬁgozg tgn EiI?:I}r. pnlglea_r J:El}é% ln;Vc;lglghseci)i eglillton river-
o e thoro ot Lake Bt. et o Windmil point. fishing i3
carried on mainly with poun;l nitist.eﬁihaen Ea.icl(;};r‘tiasgg largely pic

su&‘kﬁzg S’ﬁ:ﬁtel;ilgg];i c]?:ecl}f: Slcs);lejv Fort l\ngne,FMﬁnérgg; mJi :s(,iibcr)’n ?Iizo;lhye ?a.lﬁ
s(i;ii? fisll'ﬂﬁias;éfp%%grggegr%%;g? glsggégzgo; Ei)nly, as the whitefish are-
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'izs;z;{;ngb lfil;leir wafy up the Detroit river to spawn. The catches are not
] o Dlzaetrgit g;relgt Slmpoz&s:nce in stocking the hatchery whichnci)s
e 8t whiteﬁ"sh. aves lhe expense of going further away for the

The last division of my work comprises the Sault. Ste, Marie river and

the coast of Lake Superior, known as district No.5. The fishing is carried

‘which are found, however, in shoaler w i
‘: , T, ater. The siskowet a ;
gggucflscl }1]1;Jts :ﬂl. for_ as much on the market fresh. Whan saltgeinzﬁlgh lfni?:neF
T 5 Ie p&'lce. The cateh of fish on the Sault Ste, Marie rizer ang
ahiong b ]garﬁ s at the head of T.ake Huron is brought to Detour £

. oth gill end pound nets are used. and the ¢atch consist{.s gff‘

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

-order named. The muskalon i
-ord ! 8 ge, once so plentiful is i
Sﬂcﬁd{ %isappeared. The best catches I())f wh}ltegghthiﬁ Ii;i:izr’l hasl.%lmost
ade a > ilJcnsgaph_ and Drummond islands. ooy e
vory 0;1 g:rcloo()f()gél%eof‘lﬁ]]ldat j!;he 1ﬁfm]t Rapide with dip nets and skiff wag
ca%&hes o 0 . 1890.5 or the year 1891, and exceeded somewhat the
- Liocated at Whitefish point are th -
| 3 8 most producti i
ia]?ylxg}étleri lfig;aeffouil;lhd on Lake Superior. A better ca::h v:v};gigggrirc? 1];];;18
s, ihat or the two or three preceding years. Four tugs fish 'lei
By outof 1s station, their catches being largely of siskowetg d o
tha ggnd %}Iyru}kluﬁ of whitefish. and ot
. : arias, Huron bay, Grand island, the .
“1;1;?1 izilglﬂig Eresents a"b0u1t the same features, a’s to nt%eeng-;:l;;;r]}g%rﬁugfate,
E catch?a Ssocf:allilll&. w%ﬁ:ilil ﬁ:]lh nets, rigs and pound nets are used.swlilil;ﬁ
:sixEs'ai}Ilboats o oo , wh 8n, nerring and siskowst. Three tugs and
_ Hight pound nets and two seines are fish
. ) 0 sei) ed out of M ich i
igup%tgﬁsg sa};; ) It)?is}ung station oa the coast of La]?e Su;?%?oe: te{-a\;ﬁ:m Hit.
rodnot sk T 0&2}1;.6 rigslsko%vft, trout, whitefish and hen"ing are ni?]:}fe
Do of . e amount of the. cateh being in the order
‘neth‘I'gF; i ;&‘nlse, at the head of Keweonaw bay to Kenwée;na;v point ‘ d -
Jots ar ﬁshnf: y used, except at Portage Entry, where a settlement, ¢ fp O}}‘lp
oo B neze:f;ggfo%lsallb?aﬁs equipped with gill nets. Some oc!):' thértln_
fish. . e i ity i
‘he&‘lﬁn% alzd ne:lzt o last!y?af;r% ut.m this locality is largely of whitefish,
e best catches of whitefigh i i i :
WG:EB ? ok o Earaga ot Beet;h Glxﬁsghm neighborhood for the year 1591
Keweenaw bay and the shore lvin : i
. ying on th ]
Efem;z ;3 E\:vie_lltidapted to the use of the pound neet.eaSGtoglld?:aE:fth e\;_’einaw
re 1 the fall season at the Manitou island, which is bﬁi(; slll'?ll'i
i ; . \ e a nat i
f;;);::ld iu;- them. No s:skowe't are reported in the catc}ill:sull;:lx-esp? winiﬁg
'ceec'led, fmuplzﬁx_se, that the sailboats do not go far enough out. in e
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considerable importance} and then on to the Morﬁ:rg:.lﬁ:}i]\::rg S:ﬁgc;nilg
) ?
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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. Pound and gill

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

All the coast fisheries have been visited except those of Tsle Royal,
which are accessible only by boat from Duluth. It was thought best not
to go there, on account of the long distance and the expense it would
involve. 1 learned, however, that the fishing was carried on there by
partiesiving at Duluth, and the information sought 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 2
personal interview. L 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 nnder-
stood and more fully appreciated by an examination of the tabulated state-
ment herewith submitted 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, quelity, 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 depletion
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".
CuarLEs H. MOORE,

Statistical agent.
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DETAILED REPORT. OF DISTRICT NO. 1.’

Fish caught, Pounds. Valne
Whitefish ____.___________ ' ;
B 144,356 | 88,398 36
Plke'pa,rch ______________________________________________________ 8 2—,5366_ .___é-ééé-éf)
Stelﬂ';':gn- ...... 335,400 3354 (0
POTBEOR oo oo eI 22.%) 1,018 50
Baugers T % o0
Porgh 77T T e e 2000 o0
T S ol |
Gaviare .7 TTI I TIIITI I T e e el I
All other kinde.,____ [ 1 TTTT TTTTTIem oo S B VT 84 00
- i L EE ¥
Lot e . 52,236 | $17,422 06
$40,550
11,805
5,925
i $58,280
Nets Vin nse. Number. Fathoms
Gillmets ___.______.________
Pound nets_____ . ______TTTTTTTTTmooe
Seines
Total o oo 190 96,195
Stéamers.__.______ Boats. in use,
8ail boata e e e T e :
Pound boate ... 1T e e 3
Skiffs 1T I e e T %
Total e e e e 55
" Number of men employed ... ... _____..__ . e 106
DETAILED REPORT‘OF DISTRICT NO. 2.
Fish eanght. - Pound;;. Valne,
ﬁ‘féﬁ"t}‘iﬂt e T 1098402 | 853450 31
Lake brout...___ T T T 2,962,060 | 120.506 90
Bike perohy.__.____ LTI 10,492 735 18
Ferriog. ... LI 1846400 | 44875 50
turgeon . T T I 170,110 8,766 90
R 6,610 318 40
Deroh....._.. TN £8.950 1,482 00-
e 262 | saih o0
Allother kindy -1 | T2 L s b
Lot e e 8423476 |* $250,006 64.
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Amount invested.

Valueof mete. . e L $138,830 50
Value of boats . 8,699 00
Vulue of lands and buildibge. ... 58,263 00
otal o o o e e e e e e $295,792 50
Nets in nee. Nuimber. Fathoms.
Gillmets o e iiun 18,665 1,006,681
Pound meba___ e e 501 48‘222[
© BEINeB L e e e e e 39 L6T6
Total 1,055,628
Bteamers ... ... 40
Sail boata . . 157
Pound boate .__ ._ 67
Bhiffs ... ___ 69
Total 333
Number of men employed 384
DETAILED REPORT OF DISTRICT NO. 8.
Fish canght. Pounds. Valne.
-

Whitefish - 1,669,790 364,431 85
Tiake tromb. ... oo e e e 1,020,410 35,727 15
Pike perch ____ .. 121,200 4,835 00
HOrTing oo e e e 1,828,600 28,840 25
BT O0M - o e e e e 89,586 3,159 58

BB e e 800 42 50
Saugers . ____ i e
Perch s 500 7 50
Suckers .« e e 74,400 846 75
Catfieh e
Caviare ____________________ ) SOOI IS
All other kinda_... T e em e e e 330,700 9,708 25

Total e e i el 5,135,986 | $147,607 83
Amount invested.

Valueof mets.____.__._.__________ e e e e e e e $96,061
Value of boate____ .. ______ e e e e e e e e o 26,289
Value of lands and buildings . e 52,816

Dot e o e e e e e e $175,166
Neta in ase. Number. Fathomas,

Gl Bets e e 5,887 332,624

Pound mets _ .. e 415 74,396

Beines o e e L2 _ 167

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

DETAILED REPORT OF DISTRICT NO.'4,

Fish canght, Ponnds. Value,
Whitefish. . L 377,940 $17,473 65
Lake trowb .. ... ____ . ____. .. ____ Tt 1,378,800 63,398 50
Pikeperch ________ .. LT 2,414,353 76,233 57
Herring__._____ . . T 3,459,500 36,203 50
Sturgeon. ... ___ ____ . ____._______ T . 454,650 |+ 17,883 50
Baes T 86,458 4,025 90~
Seugers___ ... . _______ T 50,150 924 50
Peroh. ____ T 1,943,350 19,552 256
Suekera.___.._____._______ e e e e mmm 1,125,000 14,742 50
8:5?:h ____________________________________________________ 1§3,290 3,327 55
- T e e e e el 1,336 8,180 60
All other kinds ,________ 01T TTITTTT T 567,300 6,353 60
Total oo oo . e e 12,032,127 | $268,209 62
Amou'm." invested.
Valueof nete ________ .. ____________ e o e e e e e e 748 00
Valuweol boate..______________ T T TTmmmmmTmmemmm s 51:L‘Ei:'a;,,éﬁl 00’
Value of lands and buildings ___________ _____ T 145,732 00°
L $354,331 00

Neta in use. . Mumber. Fathoms,

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

- Boats in use.
L [ 3
Sail boate .. ____ ... T e e -. 88
Pound boats... ________ T T T I
Bleiffe . 384
N 582
Number of men employed. ___ 1.464
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DETAILED REPORT OF DISTRICT NO. 5,
Fish caught. : ‘ Pounds. Valne.

Whitefieh _..__.._.. e e e e e e 4,819,900 | $207,603 50
Taalte trout. . o o e e 3,772,600 146,569 50
Pilte perch .. . o e e e e 153,243 7,429 16
HerTing oo e o o e e e e e e 353,000 4,087 50
Sturgeon .. . o e ool 95,000 3,360 00
BEEB . o e e e e e 500 30 00
Baugers e oo oo e e
Porcheas . o o e e 4,500 150 00
Suekers . ool 34,500 390 00
CatBiBh . o e e e e e e e e e e e
Caviare - e oo e e e
5,222 00

Allother kinds_ . ... 137,900

Total - . o e 9,371,043 | $374,692 26
Amount tnvested.
Value of mets e $102,871
Value of boats . o o e 79,590
Value of lands and bBuildings __ . . . 58,930
Total L e e 241,301
Nete in nae, Number. Fothome.
Gillmets __ ..l 6,828 682,473
Poundmets_ ... e e 218 28,199
Selnes _ e 9 783
otal: o o e e e e 7,055 711,425
R Boats in use.
SbeameTs .. e e 17
Bail boats .. e e e e e 156
Pound boats _ o i el 56
£ < I 58
Total . e e e 287
Number of men employed ____ . e 1,673
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SUMMARIZED REPORT OF ALL DISTRICTS.

Fish canght, ' Pounds, l Valoe.
E;J:Lige&zl‘xﬁ--_n__ e e -—| 8110387 | $35L,196 67
i -mmm mmmseesssessoesoooe - 9,132,770 376,202 06
Herrigem e - 2,791,188 92,623 51
fom Bg..,...-,_----.. e e e e e e v e e 7,822,900 117,319 75 |
Ba.ssg o U : 831,606 34,188 48
Saug-e-r;“ e A e e e e e e ————— 05,318 4,472 00
o e e e e —— 70,150 1,124 50
e L 2,017,300 21,191 76
oS- - e e e e e e e e A i e e e e 1,392,150 17,132 50
e == = o o 2 2o o e el e oo 169,280 3,699 65
A e e Eindn T TTTTTiTTTITTommmmesossseeosooosseeoooas 58,990 13,383 50
inds.___ LTI 1232810 | 26494 15
Total....._ e e e e e e e e A A e ma — e e i 33,714,868 1$1,058,028 41
Amount invested. ) :
Value of mete_. ... __________...____ :
R oot 00
Value of Jands and buildings.._. . _________T_TITTIITTITTTIIITTT 3910666 00
, .
;‘otal _____________________________________________________________ §1,101,960 50
‘Nets in nse. ‘ Number. Fathoms.
Gill nets___: ‘
e o oo e A e e e i e e e o . 34,486 2,369,309
Pound nets -~ 17T T { 2,028 298,431
_ SO . 90 8175
Tobal. .. o o e e e e ‘ 36,604 2,675,915
‘ ' .
Boats in use.
Steamers
Hail boats
Poupd boats
Slkiffa
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The interest in the fisheries is principally a public interest in a cheap
and wholesome food supply. ‘

Nature has stocked these inland seas for the use of man. They do not
require cultivation at his hands for the bounteous gsupply 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
propen-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 rpawned, 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 themgelves, 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 but mere
waterways for the passage of our lake commerce, their valuable fisheries

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

Outario. .

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 & 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 gshould be
willing to be governed by just and fair laws for the protection and preser-
vation of the fisheries.

Let the fishermen understand that the public 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 rain the industry he follows.
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SCIENTIFIC WORK.

It bas been well said by a recent writer in the ;
 bas y C entury Magazine that
“scientific study has so richly increased the content of humangknowledge,
it is so praotmal_ in its results and so fascinating in its practice that ite
;Ié%’&lﬁgs” 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
0 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 hes accompanied -our men
to the fisheries durmg_ 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
E?;: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 & percentage relatively of
these eggs fail to hateh, and to devise a remedy. He has also conducted
experiments to determine the period of vitality of the milt, 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 the summer of 1891 Prof. Reighard with an assistant, Mr.
Cbarles 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
fc?o‘cil: a&nd the characteristics and contents of the inland lakés which were
visited.

It was ascertained during this season’s work that the condition and char-
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 without 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 Michigau, jointly with this Board, to fit out a small movable laboratory

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

., did mot 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, weas to have an assistant of Prof. Reighard; viz., Mr. H. 8. Jen-
nings accompany the examining crew and take and preserve specimens,’
particularly of the stomachs of the fish caught, and their contents, for
futeresareful microscopical investigations.

Prof. Reighard, in addition to the work in the field, has each season
taken home with him to Ann Arbor a quantity of eggs, both of white-
fish and wall-eyed pike, which he hashatched 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 legislature that grants them.

LEGISLATION.

We desire to urge prompt action upon the appropriations for the sup-
port 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-
guent delay in our plans for the season’s work is very damaging, and at
times nearly half the spring labor is retarded or even has to be abandoned
through doubt of the outcome.

It has at times been matter of snrprise 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 upon 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 cotdially invited to investigate this work
and are furnished 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 aquatic 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 until September
5. The grayling were caught in the Hersey river and the brook trout,
brown trout and mountain trout, were bronght 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, 156 large brown trout, 25 two years old, and 60 one vear 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, were black bass,
white bass, rock bass, swamp bass, pike, pickerel, catfish, bullheads, stur-

fgeon, suckers, sunfish, dogfish, sheep head, shiners, perch, turtles and
TOZS8. * i

The aquaria consisted of tin tanks with glass sides so arranged ag 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 attention 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, aiid 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 next year, when they were again brought to Detroit and
exhibited at the exposition of 1892, '

The Board had made all caleulations. upon making & like exhibit at the
State fair of 1891, and was prepared to do so. But when the superinten-
dent visited the grounds st Lansing, on September 1, to prepare the
aquaria, he found that through some misunderstanding, the space accupied
by our exhihit the year before had been let for other purposes, and the
water pipes and connections, and waste pipes and plumbing, had been
removed, and it was not feasible to make an exhibit then without consid-
erable additional expense and trouble in Btting out, for which there was
scant time, and 8o the matter was dropped for that year.

A similar exhibit was made during the Detroit expoeition 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 was found to
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iy with the breakage of glass which before had given some trouble,
Evc})]ﬁg?{brdught the ﬁshginto iﬂl more clear view, and the fish Esee;ned tg
do equally as well as before. Some very pleasing rock-work eilects wcir
produced by plastering furnace slag upon board surfaces bmlt in 1ﬁregut 1&1‘
shapes to resemble natural rocks. The exhibit did not seem to pall on 13
taste, but was constantly surrounded by interested crowds w111o sIefm-e
never to tire of watching the movi?hments alad actions of the fish. was
L ular attraction on the grounds. ]
th%nrci%sg:E%OSery satisfactory exhibit was also made at the'Stated f{)n; B.t—.
nsing, where it excited as much attention and interest as it had before

) ?t;ﬁﬁe'gxposition and at the State fair of 1890. We believe these displays

i i i i hat they are

t al teresting and attractive to the public, but t ‘

ﬁ?t;fl]llfinaegﬁga“:inng the p%ople as to the habits of the fish and the m-ethodb-

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

HISTORICAT.

COMMISSIONERS.

. f

nder the act of 1873, George Clark of Ecorse, (teorge H. Jerome o
Nirlis,dgnd Gov. John J. Bagley of Detroit, ex officio, were the ﬁrlséﬁ ?g%-
missioners. They held their first meeting and organized May 12, i ]
George H. Jerome resigned June 15, 1874, to become secre 31:3; aﬁnlcl
superintendent, and Andrew J. Kellogg of Allegan was appointe Ot :
the vacancy. This board was done away with by the reorgamization qctod

1875. Under the act of 1875 the Governor, on April 24, 1875, aéal(a}om e
Eli R. Miller for two years, Andrew J. Kellogg for four years, an1877eorg(sl:
Clark for six years. Iili R. Miller was reappointed January l,H s anll

retired at the expiration of his term, January 1, 1883, and J ?1hnt N 1ss<ie
of Detroit was appointed to succeed him. Mr. Bissell retired at the e_x;; eri
ation of his term, Jan. 1, 1889, and Hoyt Post. of Detroit was app?il87"
to succeed him. Andrew J. Kellogg’s first term under the act o HD‘
expired January 1, 1879, and he was reappointed for six years. e

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

i 1 1, 1885, and . he

inted to fill the vacancy. His term expired January 1, ,
ig.g?:a;pointed for six years and on the expiration of this term, ﬁl a{l8.7'%,
1891, he was again reappointed for six years. George Clark died Oct. 14, ,

‘and Dr. Joel C. Parker of Grand Rapids was appointed to fill the vacancy.

i i inted for six years,
i expired January 1, 1881, and he was reappoin :
aHnlc? :fmthe Ie)xpira.tion of that ferm, on January 1, 1887, he was again
reappointed, and his present term expires January 1, 1893.

SUPERINTENDENT.

H. Jerome was acting snperintendent from the first organization
of(iﬁgrgc?mmisﬂon, May 12, 1873, until June 15, 1874, when he Eeslgneg
as commissioner and was regularly appm'nted superlptendenthan fser\ée&
as such until September 15, 1879, when his term expired and (E[ISE use 1
resppointment. James (. Portman of Watervliet was appomte(1 upe}-1 n
tendent, September 15, 1879, to succeed Mr. Jerome, and s,zel."g::i as BMr
until September, 1882, when he was succeeded by Oren M. dlqse.L'tt]é
Chase served until November 11, 1883, when he was drowned in In

, 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.

SECEETARY.

Geo. H. Jerome wag 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 until
June 1, 1884, when he resigned, and Andrew .. 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
appointed and has served ever since. :

RAILROAD COURTESIES,

There has never been a reportof the Fish Commissioners of this State
since the work was first inabgurated 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. -
roeds 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. But for the aid thus generously extended by them
during ell these years to the work of our Board, the same measure of suec-
cess could never have been attained with the means which wore 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-
mont to the commissioners, but have saved the State many thousand dol-
lars annually.

Should they withhold thess generous courtesies and require payment of
the customary mileage for transportation, it would so much lessen the
amount out ofy the annual appropriations shich could be devoted to the
expense of producing the fry, and unless increased 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 exceépt for purposes 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 if.
Our car has been attached to and hauled with pagsenger trains, on Tequest,
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.

Bapecial thanks are due the followin roads, viz., Grand Rapids &
Tudiana, Dotroit, Northern & Lansing, (;ghicago & West Michigan, Mich-
iganr 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 LAEKES 1891
ALLEGAN COUNTY.

i tson township: ‘

Bl%elzggﬂ,vf‘;:ﬂe; width, EI.’;ﬂnile; greatest depth, 36 feet. b
Shores high, wooded, mostly sand and gravel beach, some marsh.
Bottom, soft and muddy. ) .

Inlets and outlets, none; fed by springs.
Bﬁﬁ‘gof examination, June 1, 2 and 3.
" Weather, clear. ; 79°: bottom. 64°
ure, surface, 12°; bottom, 64°, _ _
%‘ie;ﬁptfif;n, black bass, bullheads, suckers, bluegills and perch.
Fish small and stomachs empty. )
Would recommend for planting eels and native fish.

G lake, Leighton fiownship.
r]ig]rllgth, 14 migles, width, 11 miles; greatest depth, 68 feet. 1 .
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, none; outlet, branch of Ral}blt river.
Dates of examination, June 2 and 3.
‘W eather, cloudy ?nd r’?érgy.b ttom 40° _
ture, surface ; bottom 40, ] ]
'%ie:ﬁptill?eir i)e?-ch, rock bass, blue gills, bullheads, pickerel and black
e 11 large, hard and fat, '
‘e all large, hard and fat. ) -
%}'l(fu?g}:;evzgigmend s%,l;non trout and wall-eyed pike for future planting.

ig lake, Wayland township:
Se}_llierx?;gth 1 mile, 3rv:\ridth 1 mile; greatest depth 37 feet.
Shores mostly high and wooded, sand and gravel beach.
* Bottom hard clay and marl.
No inlet or-outlet. ‘
Dates of examination, June 3 and 4
‘Weather cloudy and cold. -
Temperature, surface 64°; bottom 44°. "
Figh taken, perch, bla.c&kfbf.ss, bullllheadslandebluegl 8.
[ ¢ hard and fat; perch very large. )
%su?gge:gglmend Wall-eyédppike and eels for future planting.
McDoagal lake, Watson township: ‘
Length 4 mile, width 1 mile.
Shores, a low tamarack swamp.
Bottom soft and muddy,
No inlet or outlet.
Date of examinatior}ll, June 4.
Weather cloudy with rain. .
Temperature, S{erace 67°; bottom 44°.
No fish taken. .
No recommendation as to future planting.

x
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Miller lake, Watson township: .

Length 4 mile, width % mile; greatest depth 30 feet.

Shores, a low tamarack swamp nearly all around.

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

Date of examination, Juune 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, soft, 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, wi%th $ 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 60,
Fish taken, perch, bluegills, sunfish and rock bass,
The fish were hard and the perch large.
Would recommend eels for future plenting.

Cli{r lake, Lee township:
ength 80 rods, width 40 rods; greatest depth 18 feet.
Shorés, a low, muddy beach. '
Bottom soft and muddy.
No inlet or outlet.
Date of examination, June 9.
‘Weather clear, water cloudy. :
Temmperature, 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.

BShore low nearly all around, except on east side.
Bottom muddy. v 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 14 miles, width 14 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, 7 and 8, ] .
Woeather, 5th, 7th and 8th eclear, 6th cloudy and cold.
Temperature, surface 66°; bottom 44°,
‘Water, clear. ' ’
Fish taken, pickerel, large mouth black bags, perch, bluegills, grass pike,
sunfish, rock bass, dogfish and suckers. .
The pickerel were large, from 7 to 10 pounds; bullheads large, all other
fish small, ) : - ,
Would recommend wall-eyed pike and eels for future planting.’

Emerson lake, Trowbridge township:
Length # mile, width } mile; greatest depth 32 feet. -
Shores high on north and south sides, low on east and west ends.
Bottom, muck.
Inlet, one small creek.
Qutlet, one. '
Date of examination, June 10.
Weather clear; water roily.
Temperature, surface 70°; bottom 527,

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

Length # mile, width § mile; average depth reported to He 12 feet.
Shores high, exdept around inlet; beach, sand.

Bottom, sand. . )

Inlet, one from Scott lake; outlet, one into Black river.

Date of examination, June 9. :

Weather clear, water clear.

Temperature not taken.

No fish taken.

No recommendation as to future planting.

Minkler lake, Trowbridge township:
* Length § mile, width 100 rods; groatest depth 45 feet.
Shores high on north side, the balance low and marsh; beach, sand and
marl.
Bottom, sand and marl.
No inlet ot outlet.
Date of examination, June 10.
Weather clear, water roily. )
No fish taken and no recommendation as to fauture planting.
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Bage 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.

" Bottoms, sand and mar],

D

Inlet, one small stream.

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

‘Waeather clear, water cloudy.

Temperature, surface 72°; bottom 46°.

Figh taken, black suckers.

The figh taken were in good condition.

Eels recommmended for future planting.

uck lake, Cheshire township:

Length 4 mile, width } mile; greatest .depth 30 feet.
Shores high, sand and marl beach.

Bottom muddy and soft.

Inlet, one from Muskrat laks.

Outlet, 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 4 mile, width § mile; greatest depth.
Shores low and muddy on the beach; high and wooded fifty feet back.

. Bottom muddy..

Inlets, two coming from Baee Line and Eagle lakes. .
Outlet, one large stream into Kalamazooo 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°, o

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:

ength 11 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.
Outlet, one, into Swan lake.
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 bass, rock bass, dogfish, mud bass
and sunfish.
Fish in good condition, hard and f{at. -

Clam lake, Helena township:
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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.

QOutlet, one, into Black river.

Dates of examination, June 13 and 14.

Weather clear, water cloudy.

\%“e gperatura, surface 72°; bottom 61°.

igh taken, perch, black bass, rock bass, speckled baes, bullheads and
guckers.

Fish in good condition, large and fat,

Eels recommended for future planting.

ANTRIM AND GRAND TRAVERBE 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 Elk 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 south; east, low and marshy; west, sand and
ravel.

Bcﬁstom, 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, Ang. 5, 6 and 7.

Weather warm, water clear.

Temperafure, 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.

(irass 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. .




56 TENTH ‘REPORT—STATE FISHERIES.

Bottom, Liard clay and gravel in center; north and south ends, soft marl;
east and west sides, clay.

Inlats, 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.° :

Fish 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.

Eels, bags, and wall-eyed pike recommended for future planting.

Interr};tediate lake, Center, Lake, Echo, Kinney and Forest Home town-

ships: ‘

Length 7 miles, width  mile; greatest depth 22 feet.

Shores, a cedar and tamarack swamp from 10 rods to 4 mile in width
surrounds 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.

Tnlets, eight; one on the north, four on the east, and three on the west,
none o? which are named. :

Ontlet, 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.

PEels 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 ¢lay, marl and black muck.
Inlet, none, fed by springs.
No outlet.
Dates 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 5 °.
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 outlet, fed by springs.
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Dates of examination, May 30 and 31 and June 1.

‘Weather and water clear. ‘

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

Fish taken, black bass, perclh, bullheads and bluegills. ' )

The black bass averaged #; 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 laks, Thornapple township:
Lepgth 2 miles, width } mile; greatest depth 58 feet.
SHores high and timbered on west side with sandy beach; east side
mostly low. ‘
Bottpm hard clay and marl.
Tolets, two small streams.
Outlet, one into Thornapple river.
Dates of examination, June 22 and 30.
Weather and water clear.
Temperature, surface 77°; bottom 42°.

No fish taken.

Wall-eyed 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.
Bottom goft 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 4 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 72°; bottom 65°.

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

Eels recommended for future planting.

GENESEE COUNTY.

Bilver lake, Fenton township:

Length 1 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, August 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 future planting.

Lobdell lake, Argentine township: :
- Length 11 miles, width § mile; greatest depth 65 feet.
Shores high with mostly sandy beach.
Bottom marl, gravel and black muck.
Inlets, three small streamns. . .
One large outlet lowing into Shiawsassee river.
Dates of examination, August 6 and 7.
. Weather and wat%r clg??ag'é hottom 42° _
ature, surface. i bottom . . .
%?Ep‘i;kei, perch, black bass, bluegills, sunfish and bullheads. All
were small. . :
Wall-eyed pike recommended for future planting.

lake, Fenton township:
L%i’gngth_ 3 miles, width 1 ll:?lile; 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 examination, Aug. 5, 6, 7 and 8.
‘Water and Weath?r cle';li'. bottom 49°
perature, sarface 74°; bottom . .
%?ﬁpz;;n, pickere]]i,1 g}%ck bags, bluegills, sunfish, perch, bullheads,
’ ike, and speckled bass. ' : )
T]:%améié)h \sere,si:ngll except the bluegills, which were large and fat, feed-
ing on crustaceans. S .
WalEeyed pike and eels 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

and marshy.
Bottom marl 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. B
Eels recommended for future planting.

4.,

\
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IONIA COUNTT,

‘Long lake, Orleans township: - .

Length 1} miles, width 3 mile; greatest depth 52 feet,

Shores high and wooded, mostly sand beach.

Bottom marl, sand and black muek.

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°,
18h 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 streain.
‘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, bluegilis, sunfish, bullheads and dogfish.
The fish were small and. poor. '
No recommend as to planting.

EALEKASHEA COUNTY.

-Round Iaﬁe, 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 between Round and Elk lakes.

Dates of examination, July 23, 24 and 25.

Weather 23, warm and still; 24 and 25, cold and windy; water clear.
‘Temperature, 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,

EENT AND OTTAWA COUNTIES.

“Cranberry lake, Wright and Alpine townships:

Length # mile, width § mile; greatest depth 27 feet. )
Bottom soft and muddy. ‘

Inlet, one emall stream on east end.

QOutlet, one small stream -on west end.

Dates of examination, June 22 and 23.
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“Wabasis lake, Onkfield township:

Tength 1% 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 and pickerel.
. \ A} the fish were in good condition and showed large growth.
Jall-eyed pike and eels recommended for future planting.

Weather clear; water cloudy.

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

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

No recommend as to planting.

EXENT COUNTY.

Muskrat Jake, Grattan township:
Length 3 mile, width § mile.
Shore on west and north low, on east side, beach.
Bottom soft and muddy.
No inlet 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 strearm. .
" Qutlet, one large stream into Wabasis creek.

Date of examination, July 19.

Weather and water clear.

Temperature, surface 74°; bottom 42°.

Fish taken, berring, rock bass, suckers.

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

“Woodbeck lake, Qakfield and Spencer townships:
Length 4 mile, width 100 rods.
Shores high.
Bottom marl and sand.
Inlet, one large stream from Lincoln lake.
Ontlet, one into Horseshoe lake. ‘
Date of examination, July 20.
Weather clear, water muddy.

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

No fish taken.

No recommend as to planting.

‘Blue lake, Oakfield township:
Length 4 mile, width 1 mile; greatest depth 52 feet.
Shores high.
Bottom mar] and sand.
No inlet or outlet.
Date of examination, July 20.
‘Weather and water clear.
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.
Inlet, one small stream.
Outlet, one, into Muskrat lake.

- Dates of examination, July 14 and 16.

Weather and water clear. :
Temperature, suface 75°; bottom 49°.
Fish, black bass, speckled bass, bluegills, sunfish, bullheads.
The fish were in good condition. .
Eels recommended for future planting.

Seram lake, Oakfield township:
. Length # mile, width 4 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. , :

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.

Myers lake, Conrtland township:
Length 4 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 4 mile, width } mile; greatest depth 20 feet.
Shores high with sand beach.
Bottom soft and muddy with some sand.
No inlet or cuntlet.
'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.
Shores high. | . -
Bottom mostly hard gravel with some sand and marl.
- Inlet, one small sffeam. .
Outlet, one into Lincoln lake.
Date of examination, July 22.
Weather and water clear. '
Temperature, surface 78°; bottom 44°.
No fish taken. :
Wall-eyed pike and eels recommended for planting.

Lincoln lake, Spencer township:
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.
Qutlet, one into Black river.
Date of examination, July 22.
Weather and water clear.
Temperature, surface 73°; bottom 42.

Tish 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 4 mile; greatest depth 28 feet.
Shores high except on south and southeast sides; send beach.
- Bottom eand and marl. .
Inlet, one from Clear lake.
Qulet, 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 townsbip:
. Length £ mile, width 4 mile; greatest depth 60 feet.
Shores mostly high with sand beach. ‘
Bottom marl and sand.
No inlet.
Qutlet, one into Rogue river.
Dates of examination, June 25, 26 and 21.
Weather and water clear.
Temperaturs, surface 80°; bottom 42°.
Fish taken, perch, bluegills, mud bass, black bags and bullheads.
The perch were large, and all fish were fat and in good condition.
Wall-eyed pike recommended for future planting.

Cehuplake, 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.

Qutlet, 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 townsbip: ‘
Length § mile, width } mile; greatest depth 68 feet. .
Shores high on north and west sides, with sand beach; low and swampy
on south 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.
Temperature, 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 marl and mud. -

No inlet.

Outlet, one into Thornapple river.

Dates of examination, June 29 and 30.

Weather clear, water muddy.

Temperature, surface 74°; bottom 45°.

Fish 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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Fisk lake, Grand Rapids township: .
. "Length % mile, width 1 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 Reed lake.
Outlet, one into Grand river:
Date of examination, June 30.
Weather and water clear.
Temperature, surface 70°; bottom 45°.

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

Pratt lake, Lowell township;
Length 1 mile, width 1 mile; greatest depth 14 feet.

Shores high on morth side; low and marshy on south side.

Bottom, muddy and soft.
No inlet or outlet.
Date of examination, June 30.

*
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No inlet or outlet.
Date of examination, July 11. °
Weather and water clear. ‘
Temperature, surface 71°; bottom 68°.
No fish teken and no recommend as to planting.

Crooked lake, Grattan township:

Length 1} miles, width 1 mile; greatest depth 40 feet.
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Shores high except on north side which is low and marshy, beach soft

and muddy, except on east and south si ich is '
o mudey mgddy, h side, which is sandy.
1njet, one from Round lake.
Onptlet, one smull stream into Seely creek.
Dates of examination, July 9, 10 and 1L
‘Weather clear; water roily.
Temperature, surface 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.

+

Temperature, surface 76°; bottom 68°.
Weather clear, water cloudy and dark.

No fish taken.

Slaytou lake, Grattan t ips=
No recommendation as to future planting. . raftan township:
%

Length # mile, width } mile.

Shores high and wooded, sand and gravel beach.
Bottom hard sand and marl. '

-Inlet, one small gtream.

QOutlet, one into Secley creek.

" Date of examination, July 10 and 11.
Weather and water clear. = -
Temperature, surface 738°; 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 14 miles, width # miles; greatest depth 60 feet.
Shores high bluff on north and south sides; low on east and west.
Bottom, marl, sand and mud. y
Tnlet, one small stream on the east.
Outlet, one into Fisk leke.
Dates of examination, June 928, 29, 30 and July 1.
Weather clear except on July 1 when it was cloudy.
‘Water clear. .
Temperature, surface 72°; bottom 557,
TFish taken, pickerel, perch, gunfish, black bass, bluegills, dogfish, bull-
heads and speckled bass. ) :
The fish were in good condifion, large and fat.
‘Wall-eyed pike and eels recommended for future planting.

- . Silver lake, Cannon township: : )
Length 1 inile, width } mile; greatost depth 40 feet.
Shores high, sand and marl beach.
Bottom, sand and gravel.
Inlet, one small stream on each side.
No outlet.
Dates of examination, J nly 11 and 12.
‘Weather and water clear.
%@nﬁpiriture, surface 74°; bottom 68°.

ish taken, black bass, black suckers, bluegill '
e s rs, bluegille, 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 1 mile; greatest depth-75 feet.
Shores high and clear, gand beach, ‘
Bottom sand and marl.

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

No figh taken.

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

Length 1% miles, width 3 mile; greatest depth 78 feet.
Shores mostly high and timbered; beach, soft except on east side.
. Bottom, sand and marl.
Inlet, one.
Onutlet, oge 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 water clear. .

Temperature, surface 73°; bottom 43°. .

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

‘Wall-eyed pike recommended for future planting.

Round lake, Gratian 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.
QOullet, one into Crooked lake.
Date of examination, July 13.
Weather and water ole%r. bottom 43
Temperature, surface 73°; bottom 43°,
Fishptaken, plickerel, bh’legilla, sunfish, bullheads, speckled bass and
black basgs. ' :
Fish in.good condition, hard and showed good growth.
Wall-eyed pike recommended for future planting.
s .
LAPEER COUNTY.

ipissing lake, Elbatownship:

Length 1 mile, width % mile; greatest depth 24 feet.

Shores high with sand beach.

Bottom soft and muddy.

No inlet or outlet. s

Dates of examination, August 12, 13 and 14.

‘Weather clear, water roily. . .

Temperature, surface 77°; bottom T1°. | )

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, Evex:,qreen township:

Loon lzke, Hvergreen and Crystal townships:

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

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

beach. _
Bottom soft and muddy. -
No inlet or outlet.
Date of examination, August 24.
Weather cloudy and reiny, water cloudy.
No fish taken, and no recommend as to planting.

Length £ miles, width § mile; greateet 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°; bottom 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.
Inlet, one small stream.
Outlet, one large stream into Fish creek.
. Dhtes of examinalion, Aug. 24, 25 and 26,
%ather, 24th, clear; 25th, rain; 26th, cloudy.
‘Water clear. .
Temperature, surface 77°; bottom 49°, :
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Fistt taken, pickerel, small mouth black bags, large mouth black.

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

Bagg lake, Richland township: ‘
Length £ mile, width 100 rods; greatest depth 11 feet.
Shores low, with muddy beach.
* No inlet or ountlet.
Date of exemination, 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.
" No inlet.
Qutlet, one flowing into Fish creck.
Date of examination, Aug, 26.
Weather cloudy, water roily.
Temperature, surface 73°; hottom 64.°.
No fish taken 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.

Qutlet, one flowing into Flat river.

Date of examination, August 29.

Waeather clear, water cloudy.

Tempersature, surface 76°; bottom 54°,

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

; low on east and west, with sand.




- TENTH REPORT-STATE FISHERIES. TENTH REPORT—STATE FISHERIES. 6%
. Woeather -clear, water roily.
. Temperature, surface 66°; bottom 64°,

No fish taken, and no recommend as to plantihg.

.Big and Little Turk lake, Montecalm township:
Length 1% miles, width 4 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.

Muskallonge lake, Maple Valley township:
Length 14 miles, width § wmile; greatest.depth 37 feet.
Shores high and covered with dead pine.
Bottom soft marl and sand.
Invlet, one sniall stream.
Qutlet, one, flowing to Lincoln lake.
\ ?ﬁ;e of examination, Sept. 1.

]

Olifford lake, Douglass township: '
Length 13 miles, width % mile; greatest depth 50 feet.
sshores high, with sand beach.
Bottom hard clay.
No inlet or outlet.
Dates of examination, August 28, 29 and 30.
Weather and wat?r clerzrai-é bottom B°
emperature, surface ; bottom . .
%ishptakenl; black bass,’perch, speckled bass, bluegills, sunfish and
pickerel. _ .
Fish in good condition and feeding on crustaceans,
Eels recommended for future planting.

eather and water clear.
emperature, surface 65°; bottom 52°.
o fish taken. :
Walkeyed pike and eels recommended for planting,

Cowden lake, Maple Valley 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

Derby lake, Sidney township: '
Length 1 mile, width 4 mile; greatest 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.

Temperature, surface 73°; bottom 42°,

Weather and water clear. .

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

ngl-eyed pike and eels recommended for future planting.

Tamarack lake, Kato township:
Length 13 mile, width £ 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°; bottomn 60°.
No fish taken and no recommend as to planting,
Bix lakes, Belvidere township :.
Length lake No. 4, 4 mile, No. 5, # mile; width, No. 4, 100 rods, No. 5
4 mile; greatest depth 35 feet.
BShores 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.

Baldwin lake, Eureka township:
Length 1 mile, width 4 mile; greatest depth 34 feet.
Shores high and wooded; sand aud gravel beach.
Bottom mostly sand, some soft mud.
No inlet.
Outlet, one flowing to Flat river.
Date of examination, Aug 31.
‘Weanther cloudy, water clear.
Temperature, surface 65°; bottom 57°.
No fish taken.
.Eels recommeénded for planting.

5

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 examiuation, September 3.
Weather and water clear.
Temperature, surface 656°; bottom 55°.
No fish taken and no recommend as to future planting,

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

Botitom soft and muddy.
One inlet and no outlet. .
Date of examination, Sept. 1. -
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ﬁotinlt;t oT outlet,

ate of examination, July 1.

?[‘Veather and water clear.y f
emperature, surface 74°; bottom 73°

No fish taken and no recommend as to future planting.

OTTAWA AND MUSEEGON COUNTIES.
/Spring lake, Spring Jake and Fruit Port townships:
Length 5 miles, width  mile; greatest depth 47 feet.
Shores high and sandy with sand beach. :
Bottor clay, sand and gravel.
Inlets, five, five streams, also & number of springs slong the shore.
Outlet, one which empties into Grand tiver.
Dates of examination, June 19, 20, 21 and 22.
Weather, 19 and 20, cloudy; 21 and 22, clear.
Water clear.
Temperature, surface 72° bottom 62°. :
Tish taken, wall-eyed pike, perch, blue ills, sunfish, bullheads, suckers,
" gpeckled bass, large mouth black bass, sheephead and rock bass.
The tish were all hard but small, except wall-eyed pike and gheephead
which were large and fat. :
No recommendation as to future planting.

EXAMINATION OF LAKES, 1892,
MECOSTA COUNTY.

Y?Ejmg’s lake, Graut township: '
Length § mile, width § mile; greatest deptb 20 feet.

Shores high on h i
ores. Si(gie. north and west side, low and marshy on the east and

Bottom soft, on th i
%)nlets,  soft, ¢ east and south side, hard clay on west side,
utlet, one, flowing into Musk i
, flowir e .
Date of examination, Septembelg (ig e
TW eathertcleb.r, water dark. .
emperatire, surf °; °
o perature, nce 62°; bottom 60°.

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, cloudy.

‘Water clear. , .

Temperature, surface 79°+ bottom 60°.

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

Could recommend nothing but eels: .

Foger lake, Chippewa townshi
, Ch ; ship:
Eength # mile, width 60 rods; greatest depth 48 feet.

Shore mostly low, wi
hore most )l;eac};.WIth muddy beach, excopt north side, which 1is high,

Bottom sand on north ‘
Nottom san out]exg. rth and east, balance muddy.
Date of examination, Sept. 16,
E];Weather clear, water dark.

emperature, surface 61°; 51 °
No T teben. | ce ; bottom 51°.
Eels recommended for future planting.

Pickerel lake, Grant and C
: : oalpacks townships:
éﬁgﬁgh‘% ;Eﬂ:;;zzldtth % mile H greatest dept}llpZQ feet
gh, on nort i ich 1 .

i e o En southfeasiasiti g.lde, which is low and marshy; beach

ottom, mostly mud, some clay.
One inlet and one outlet.
%&tet{:])f extla.mination, Sept. 17.
“Weather clear, water dark.
No fish taken. r etk

Eels recommended for future planting.

~Crockery leke, Chester township:
Length 1 mile, width } mile; greatest depth 53 feeot.
Shores high, sod growing to water's edge.
Bottom hard, marl and send.
Inlets, two small streams, one on the east end and one on the southwest
side; outlet, one on west end flowing into Crockery creek.
Date of examination, June 23. . . ',
Weather and water clear. )
Temperature, surface 75°; bottom 45°.
No fish taken.
Wall-eyed pike and white bass recommended for future planting.

l TOE;] ]Ec;lilne lake, Big Rapids and Coalpacks townships:
Lo gth % mile, width } mile; greatest depth 50 feet. '
~ Shores mostly high with sand beach. .

Bottom soft and muddy.

Inlets, two small streams: i 1 i
IR S aiey Sse’p ?u{}?e'at, one flowing into Muskegon river.

_Finnessey lake, Talmadge township: -
" Length # mile, width I mile; greatest depth 10 feet.
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.
Temperatare, surface 67°; 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 examivation, Sept. 1.
Weather clear, water dark.
Temperature, surface 62°; bottom 61°.
No fish talken, and no recommend ss to fature planting.

Horsehead lake, Martiny township: ‘ Co

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

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

. Temperatunre, surface 63°; bottom 54°.

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

tion.
Wall-eyed pike recommended for future planting.

Evang lake, Chippewa and Martiny townships:

Length 13 mile, width § mile; greatest depth 49 feet.

Shores mostly low with soft, muddy beach.

Bottom, clay marl and mud.
‘TInlet, one; outlet, one flowing to Chippewa river.

Date of examination, September 20 ‘

Weaiher clear, water dark. v

Temperature, surfaca 62°; bottom 48°.

Fish taken, grass pike, lurge mouth black bags, rock bass, bluegills and.

perch. | .
Wall-eyed pike and eels recommended for future planting.

-

Clear lake, Martiny snd Sheridan townships:
Length 3 mile, width 4 mile; greatest depth 25 feet.

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

heach.
Bottom hard near shore, muddy in center.
Inlet, one; outlet, one flowing into Chippewa Tiver.
Date of examination, September 20.
Weather and water clear.
Temperature, surface 63°; bottom 61°. ‘
No fish taken. Eels recommended for future planting.
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GhIinpe;v]: i%ke, 1Ghippewust ‘township:
eng 1 miles, width 14 miles; atest ‘
Shores mostly high, with %and bea%';? oot depih 38 feet.
Bottom bard clay. r
Inlets, two small streams.
%uglet, for:ue, flowing into Chippewa river,
ates of examination, September 1
Weather clear, water d:':rkI.) or 19, 16’ 1 18, 19, 20, 2'1.
%@nﬁ%eli?ture, surface 63°; bottom 61°.
ish taken, small mouth black b i salico b
bluegills, perch, suckers and difgsésf.r "53 piko, calico bass_, rock bass,

The fish tak in fai iti i
e larvaB: en were in fair condition, not very large, feeding prinecipally

Bela recommended for future planting

" Round lake, Morton township:

Length 1 mile, width $ mile; gre
) : ; atest depth 43

Shores mostly high, with sandgbeach. P foet
Bottom marl and sandy. s
Inlet, one.
I(;utlet, ?ne, flowing to Long lake.

ates of examination, September 21
Weather and water, c,learI.) er 21 and 22.
Temperature, surface 65°; bottom 49°.
%}Se? Eaé]lile]? Erass pike, bluegills, sunfish, and perch.

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

Long lake, Morton township:

Length 13 mile, width  mile; great

; ) W . ; t depth 47 feet

Shores mwostly high, with ' beach: lo : i
Bty hard{‘,la. ;ga n,dwé:ltari.sand beach; low and swampy on east side.
Inlet, one.

Outlet, one flowing into Little Muskegon river,

- Dates of examination, September 21 and 22.

‘Weather and water clear.

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

The fish : i iti i ‘
Eon.s 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 ; atest depth 50 feet
Shores high all aro d, exc 5t on west &1 :
}301&011] o mali-tll.( , except on west side, sand beach.

nlet, one; outlet, one flowing into Little ¥ i
Dates of examinu’tion, Sept. %2 and 213. ® Muskegon river.
Weather and water clear. I
%@mg%e?:‘ﬁure, surface 62°; bottom 52°.

ig g i ! i

percah-en, grass pike, large mouth black bass, bluegills, bullheads, and

10
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The fish taken- waere in good condition, hard and fat, feeding on shells

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

Foz lake, Dalfon township:
Length # mile, width 60 rods; greatest depth 12 feet,
Shores high with sand beach all around.
Bottom soft mud.
No inlet or outlet.
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.

Wolf lake, Egelaton fownship:
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. ‘
Figh 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.
Bottom 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 beach.

Bottom soft and muddy. ~

Inlet, one small stream.

Outlet, one, emptying into Lake Michigan.

Date of examination, July 26.

" Weather clear, water very dark.

‘Temperature, 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 iake.

Dates of examination, August 2, 3 and 4.

Weather cloudy on 2d and 4th; clear on the 34d.

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, six, the principal one being Black creek.
Outlet, 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°.
PFish taken, large mouth black bass, calico bass, bluegills, suckers and
gar pike. _ . :
The fish taken were poor and small.
No recommend as to future planting.

Twin lakes, Dalton township:
Length 13 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 lake, Dalton townghip:
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 tb]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 suckers..
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 rods; greatest depth 6 feet.
Shores high on west side, low and marshy on east side.
Bottom soft and muddy.
No inlet or outlet. ,
Trate of examination, August 5.
Weather clear, water dark.
Temperature, surface 73°; bottom 70°. )
No fish taken and no recommendation as to planting.

Crooked lake, Holton township:
Length & 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°; bottdm 70.° .
No fish taken and no recommendation as to planting.

- Round lake, Holton township:
Length } 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 feet.

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

Bottom hard marl and clay. ) o

Onme inlet, and one outlet which flows into White river.

Date of examination, Aug. 6 and 7.

Weather and water clear, .

Temperature, surface 74°; bottom 52. i

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 3 mile, width 40 rods; greatest depth 22 feet.
Shores high with sand beach; bottom soft and muddy.
No inlet ot outlet.
Date of examination, Aung. 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 Jake, 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 ag to future planting.

Little Blue lake, Blue Lake township:
Length 1 mile, width 80 rods; greatest depth 11 fest.
Shores high with sand beach; bottom very soft mud:
No iulet 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 Lake 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, Aung. 11.
Weather and water clear.
Temperature, gurface 76°; bottom 69°.
No fish taken.
Eels recormmmended for future planting.

W’hit‘}a1 lake, Fruit Land, White River, White Hall and Montague town-
ships:
Length 5 miles, width 1} miles; greatest depth 80 feet.
Shores high, with sand beach.
Bottom covered with sbhingles 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 bass, perch, bluegills,
calico bass, sheephead, redhorse, dogfish, and gar pike.
The fish taken were in good condition and feeding principally on crusta-
ceang. Wall-eyed pike recommended for future planting.

Duck lake, Fruit Land township: -
Length 2 miles, width 2 mile; greatest depth G8 feet.
Shores high, with sand beach.
Bottom mostly hard clay and sand; soft and muddy on east end.
Inlet, one large stream called Duck creck.
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.

Sa.:Ed la.]}s;cz,i1 Pielrson township:
engt. mile, width £ mile; greatest depth 32 )
Shore hi‘igh and mosi:lj‘f clear. 5 P 52 foet
Bottom sand, mud and sawdust.
Inlet, none. ‘
. Outlet, Duke creek.
Date of examination, July 1.
Weather cloudy, water very roily.
Temperature, surface 68°; bottom 56°,
No fish taeken and no recommendation as to future planting,

Bass loke, Pierson township:
Length 120 rods, width 100 rods; greatest depth 30 feet.
Shores high, with oak grubs and send beach. ‘
Bottom clay, sand and mud,
No inlet or outlet.
Dates of examination, July 29 and 30.
Weather and water clear.
Temperaturs, surface 71°; bottom 62°.
Fish taken, large and small mouth bass, bluegills and perch.
The fish were in good condition, the bluegills large and the bass and

porch small, but fat.

Small mouth bass and eels recommended for future planting. NEWAYGO COUNTTY.

Horseshoe, or Baptist lake, Ensley township: N
Length 4 mile, width § mile; greatest depth 62 feet.
Bhores 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, ralny and cold; 3, clondy and cold; 4, clear.
Water clear. T
Temperature, surface 67°; bottom 59°,
Fish taken large mouth bags, bluegills and mud bass.
The fish were large and fat but soft.
Wall-eyed pike, smsll 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 partly cleared, sand beach.

Bottom mostly hard and sandy with some mud.

Three inlets and one outlet which empties iuto Little. Whitefish lake.

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

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

Water roily.

Temperature, surface 66°; bottom 56°.

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

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

Smeall mouth bass and eels recommended for future planting. Oonover 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 ontlet.

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 42°.

Fish taken, large mouth bass, 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
plentiog,

Little Whitefish lake, Pierson township:

Leugth 2 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,

Outlet, Alley creek which empties into Tamarack creek.

Dates of examination, June 80,July 1 and 2. .

Weather June 380 clear, July 1, cloudy, July 2, rainy an{ cold, water
roily. ‘ i

Temperature, surface 67°; bottom 53°.

Fish taken, pickerel, bluegills and perch.

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

‘Rels recommended for future planting.

+ Pettit lake, Croton township: .
Length 3 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.
Tnlet, 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.

Inlets, 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.

Bills Lake, Croton township: ‘

Length 4 mile, width 100 rods; greatest depth 74 feet.

Shores high on the east side, low on the west side.

Bottom hard elay and marl, also some sand. .
Inlet one, Spring brook.

Qutlet the head of Rouge river.

Date of examirnation, July 8 and 9.

Weather and water clear.

Temperature, surface 76°; bottom 577,

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 month black bass recommended
for future planting.

' 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.

Weather and water clear.

Temperature, surface 76°; bottom 45°.

PFish teken, pickerel, large mouth bass, bluegills and perch.

Hish were in good condition, hard and fat.

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

Kimbal Iake, 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, surface 77°; bottom 50°.

No fish-taken. '

Eels recommended 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.-

Qutlet 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 planiing.

Pickerel lake, Garfield township:

Length 1} miles, width 4 mile; greatest depth 65 feet.
Shores mostly high with sand beach.
Bottom hard clay and sand.

Inlet one, from Kimbal lake.

Qutlet one, into Muskegon river.
Dates of exemination 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 fufure planting.

’

Big Twin lake, Everett téwnship:

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

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

Inlet one good sized stream.

Outlet one, which empties into Muskegon river.

11




82 o TENTH REPORT—STATE FISHERIES.

Date of examination, July 12.

Weather and water clear.

Temperature, surface 77°; bottom 58°.

No fish taken and no recommendation as to futnre planting.

Fourth lake, Sherman township: :

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

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

Bottom muddy.
Inlet one from Pecl’s lake.

. Qutlet one into Third lake.

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

Third leke, Sherman township:

Length 4 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 lgke.

Qutlet, one into Second leke.

Date of examination, July 15 and 16. .

Weather clear, water dark.

Fish taken, bluegills and perch.

The fish were in fairly good condition.

No recommendation as to fature plaunting,.

Second lake, Sherman township:

Length 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.

Dadte of examination, July 15.

Weather clear, water dazk."

No fish taken and no recommendation as to future planting.

Peock’s lake, Shermen township:

Crystal lake, Sherman township£

Length 4 mile, width 60 rods; greatest depth 75 feet.
Shqaes high with gand beach on north side; low and muddy on south
side. o
Bottom soft and mnddy. -
No inlet.
Qutlet, one into Fourth lake.
Dates of examination, July 17 and 18.
Feﬁth%— 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 % mile; greatest depth not given.
Shores high with sand beach ge.ll 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°.

Tish 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.

BiE Bass lake, SHerman township:

ength 4 mile, width 30 rods; greatest depth 38 feet.
SBhores 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 datk.
Temperature, surface 77" ; bottom 55°.
No fish taken and no recommendation as to future planting.

w

Length 14 miles, width 3 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.

Temperature, surface 73°; bottom 43°.

Pish takeu, 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-eyed 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.

Inlets, 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, tock bass, suckers, gunfish, bullheads and golden
shiners.

Fish were in good condition, large and fat.

Waell-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, Ang. 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 4 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 Twin lake.

Outlet, 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 T'win lake.
Dates of examination, Sept. 6 and 7. '

Temperature, surface 68°; bottom 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 récommended for future planting.

Pickerel lake, Barton township:

Length 4 mile, width § mile; greatest depth 45 feet. '

Shores high on the east and west side, with “sandy beach; balance low
and muddy. : '

Bottom 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 eels recommended for future planting.

Diamond lake, Lincoln township:

Length 1% mile, width § mile; greatest depth 35 feet.

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

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 teken, 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 4 mile, width 4 mile; greatest depth 15 feet.

BShoreg 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 lgke, 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 teken 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.

Weather 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 teken and no recommendation as to future planting,.

Crystal lake, Heart township: :

Length 2 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 ontlet.

Date of examination, August 19.

Weather and water clear.

Temperature, surface 75°; 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 sonth side. '

Bottom sandy.

One inlet, and one outlet which empties into lake Michigan.

Date of examination, Aug. 22

Woeather cloudy, water clear.

Temperature, surface 76°; 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°. '
Figh taken, large and small mouth black bass, calico bass, pickerel and
bluegills. ‘ '
The fish were in good condition, large and fat, feeding on larva of flies
-and vegetation.
Wall-eyed pike recommended for future planting.

Campbell lake, Leavitt township: -
Length 1 mile, width § 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 stream, Beaver creek, which flows to Pere Marquette
river. :

Dates of examination, Aug. 29 and 30.

Weather, 29, clear; 30, cloudy and rainy. Water clear.

Temperature, surface 72°; bottom 51°. -

Tish taken, calico bass, bluegills, sunfish, rock bass and bullheads.

The fish were in fair condition, feeding principally on small crustacea.

Eels recommended for future planfing.

Mud or Cob-moo-sa lake, Leavitt township:

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, waler dark.

No fish taken and no recommendation as to future planting.

McLarens lake, Newfield township:

Length 14 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 snd 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.

Gilhert 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 future planting.

Bchool Section lake, Jolfax township:

Length } mile, width § mile; greatest depth 20 feet.
Bhores high on north and east sides, low and marshy on west side, with
sand beach all around.
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Bottom soft and muddy.
Inlet, none. ‘
Outlet, one, which flows to Pere Marquette river.
Date of examination, Sept. L
Weather and water clear,
' Temperature, surface 72°; bottom 65°. . ‘
No fish taken and no recommendetion as to future planting.

J. C. PARKER,

HERSCHEL WHITAKER,
_HOYT POST.

THE RIPE HGGS AND THE SPERMATOZOA

OF THR

"WALL-EYED PIKE
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Ky

JACOB REIGHARD

Professor of Anitmal Morphology in the Undversity of Michigan
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{ ANS.Q" J‘JM"‘\.:
S

INTRODUCTION.

The writer bas been engaged at irregular intervals  during the past two .
“years in the study of the phenomena connected with the early development -
of the eggsof the wall-eyed pike. The observations on the egg cover the -
_time between its extrusion from the body of the female and the appearauce -

.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 it,
. ‘most of the observations vefer to the egg of that species. In & few
-particulars the observations have been extended fo the living eggs of other
apecies, 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 plready recorded in the publications of the State Fish Commis-
"..gion. . In order to make the pi¢ture as complete as possible; and in crder
"to 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: .
¢ larger phrt of the paper and 1t is belisved that it is precisely these that
.are of the gréatest interest to the practical fish culturist. o
‘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-.
-taine the names of men eminent in science in all countries, and their
% 'published writings make up no inconsiderable part of the literature on
‘fishes. These writings are scattered in thepubﬁcations 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 remaing 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 e recorded, ix the

conditions under which it is possible to conduct certain operations of fish
culture, and yet these very facts are frequently wholly unknown to the men
who are conducting these operations. Other facts which may seem.fo be

. at present wholly irrelevant are nevertheless necessary to an understand-
ing of what is and what is doing in the operations of the fish culturist.
Ha should study to understand the nature of his materials and of the
processes that go on in these materials under the various conditions to
which he subjects them. He will then be better able to' meet new condi-
tions, and when new difficulties arise, instead of submittin% them to the
whims of the fickle Goddess of Cut and Try, he will be able to attempt
their solution by legitimate deduction from observed facts.

Tt ig for the purpose of dissemin ating a knowledge of some of the facts of
interest to the fish culturist, that the following account was written. It
ajms to make clear to the understanding, in so far as our present knowl-

- edgg permits, precisely what takes place in the egg of 2 bony fish between

thei:ime when it is expelled from the body of the mother and the time

when the first segmentation furrow appears. It aims to do this first, in
the conviction that the anderstanding of the matter is in itself practical,
and having done this, it points out the more obvious particulars in which
the art may be advanced by this understanding of the science. The paper
necessarily takes into aceount not only certain portions. of the life of the
egg, but also the corresponding perio s in the life history of the spermato-
zod, 1, €., its history from the time it is extruded from the body of the fish
until the first segmentation furrow is formed on the egg. ~Whenever the
observations of the writer have been incomglete they have been freely
supplemented from the work of others an acknowledgment has been
made of such indebtedness. On those points on which the observations
‘herein recorded appear to be new or at varianee with previous observations

their exposition has been followed by a historical and & eritical review of
the literature bearing on the points in question. '

In order to make some parts of the paper mote intelligible to persons
not familiar with the details of modern biology, itis preceded by an intro-
ductory section dealing with the coll structure of sanimals and more

p&rticﬁla.ﬂy with the details of structure in the individual cell and with

the process of cell division.

PART L

&  THE ANIMAYL CELL AND OELL DIVISION.

It is well known that all animals are composed of minute units called
cells. Theso cells are the elements of structure of which the animal is

built up end bear
in a building bear
size and are by no meansall alike.
used in the construction of a buil

to the building. The cells are usually microscopic in
TJust as the bricks or other materials
ding must be adapted to the work that
they have to, and must therefore differ from oné another, so the cells
composing the animal body are adapted to the work to be done, and differ
from one another in accordance with the adaptation. Just as in the con-
_ struction of & 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, go i l i
; , 1 , 80 In thf-,‘ construction of th i
w?)‘;i l;(f)nfhge%slgdwhich have to do with the formation ff ?Illlemlginbofc}imwe
myf e iy gl s whict mor tht Fwmewok il
A / ) of the muscle ce
diﬁcg-z ;?afiitg})sugsid lélh the construction of a building }Jlliy be totall
different from on ?oh er, as clay in the brick of the foundations ang
oo in the we 3 of the superstructure. The substance composing th
pells or un 1:hse in the construction of animal bodies is onpthe gth N
o i {t iEet}f;a.me for all sorts of cells. This substance is calledo o
foplaem. It is t e ]E)_rotoplasm of a bone cell that forms about itselfptrli‘_
gard lime- cellothw;: ich the bone is composed. It is the protoplasm %
the muscle coll ih contracts. It 1is the protoplasm of the nervepcell thof
staris or mo coes e impulse that causes that contraction. Ever wh ;
the mater IELE‘mmpfosmg,r the cells of the animal body is protoplasm Y T}?ri :
the protoﬁ?lasm og aanélrlxlflescc;lgllcizuclrenusg e e o wome ~Wa.y Ero;
anr% hy‘:et, jutst that the difference, is %1;' ;gmmil;;g lci}.:;.‘f e work that it does
e rﬂg?sgﬁ)dasia?og%osing_an animal cell appears under the microscope
as 0 semi-solid o erlﬂ, havmg very nearly the physical properties Fo)f
et e lt us changes form readily unless inclosed withi
2 specla onvel pe or cfel_ \yall. I!; is transparent. 1t is denser than wat Ny
%0 that when & mggs of it is examined in water, it refracts the light m e
not appear entlilrIzlal;nl%n‘ivfiEs; a;;d;:ﬁ?if ppeeg'stbrigimer. o commgnly dg;g
0 iforn ) ure but rather appear
p %i%t?)fp 1&:.1 Scrl[nlaar r%atﬁ{:ml in which are seen numerouslir%i?;?inteo Egncolm-
verg oD licatggo ably always occurs in the form of a cell and ag cellu' ca
Tery com %hat te h:;atss cc{f protoplasm. The shape of the cell dependsli:
o orors o it has ho' o0, but we may take for purposes of illustration th
spherical fort ,lw nlcl: is that common to most egg cells. If we exami o
s centraf denr;a cell {Fig. 1} under the microscope we find it com ogncllm%
a oniral mwler portion, which is usunally also spherical and vghi(?h i
s e dieus fSnlu.). Its substance we may call nucleoplasm. We m v
Suppose the, tﬁ?i ?i ofofe nucleus, as often lLappens, to be about conaéay
gt o the :31 o e protoplasm whichk' surroands the nucleus anci
peseie: Mg ghy of the cell is called the cyfoplasm (cyt.). Outsid
the aTiopaen a.S the cell wall or cell membrane (m.cl.) which inelo ee
e ioplasm sin a sac. The cell wall is not always present and is . 153
I theeBS?IH:I%I part of the cell. It may be looked upon as sor];O
fing outside ] beb,bi)rmea by the cytoplasm as a protection to itselqt'-
A8 It ogeurs in ifti'o ably all egg cells it is of importance in the presen£
(ocusaion, but it ﬁengllngﬁgizaﬁsg enéer finto an account of its structure.
tel;i‘ef)ietéli gr(ﬂliifst %)mportancepfor ou?llp11?p£}slgsnu018118 i, however, a mat-
: cell has been stained with solutions of i
ar s been of such col
o smuléJ}? ;)1;1 {locglzir]fo%, it is found that the nucleus does not gglif ﬁlailgf)iilsﬂas
e poh & mucier 8 ti examined with a high power of the microscope they-
deep purple or ?egd cglooig];c:gogl?gg t&)r?:ﬁds tw‘hiCh clll ave bocome of & ve:;
deer \ e stain used. (Fig. 3t
o), i eyt O e ssindy oo
o : 3 or. Some of th :
theln}f se(erxi]{gw%u)le 0%1?;; ix;psg f%nebthat it drequires g?égtacﬁ'goi?ol Sc?ei?enc%
L ear to be united with i .
way a5 to form a network, but it is possible that the tﬁ?eea?llslcgﬁj 511(')1?1:1:&?31;
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anite with one another, but that the finer ones ¢ross one another or lie over’
ome another in such & way as to give rise to the appearance of a network.
The threads are called on account of the readiness with whieh 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 a

solid body, more or less spherical in form, and usually with & 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 i8 attached. When drawn on paper the nucleus is rep-

resented as a cirele and the chromatin threads appear to occupy the whole:
aren of the circle. (Fig. 1.) Inreality the threads lie for the most part
upon the surface of the nucleus and only a few of them extend into its:
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
nucleus and lies everywhere between the chromatin threads both on the
inside and at the surface. The achromatin itself is not structureless. Lt
consists of fine colorless threads suspended in a colorless fluid, and in it
are commonly to e seen ong OI more small gpherical bodies which stain
differently from the chromatin and ate called nucleoli. In what follows L
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 nucleus is & membrane, the nuclear:
membrane. (Fig. 1. m. nu.} It bears about the samé relation to the-
nucleus that the skin of an apple bears toits contents. Itsstructure is not
thoroughly und erstood.

One may répresent the structure of the whole nucleus a8 here described
by means of an apple. The white flesh 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’ as represented by numerous branching threads lying
beneath the skin of the apple and Tunuing for the most part over the sur-
face, but sending processes here and there into the interior.

The nucleus lies within the eytoplasm so that it ig surrounded by it oo

gl sides. 'The cytoplasm (Fig. 1, cyt.). whether seen in a living cell or in
a cell that has been stained and prepared for the microscope, appears com-
ased of two substances,one Jiquid and the other more solid. The more
golid portion of the cy%plusm.appears to exist in the form of very fine
threads, which appear 0 anite with one another so as to form a network.
The threads, which will be spoken of as eytoplasm threads, run in all
directions and unite with one another to form a network which is thus not
unlike that formed by the strands of a fine sponge. One may form a very
good notion of the struciure of the cytoplasm by examining with a mag-
nifying glass & gmall piece of ordinary bath sponge. 1In 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 cytoplasm. Tt is neces:ary also 1o remember that the
eytoplasm threads muast be wagnified probably a thousand times to appear

a5 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 contained in the sponge
meshes. It usually appears under the microscope as & homogenous, trans-
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| E:Iia(?]]tsaggl‘go}or(l)tass fluid or sen;i-ﬁuid, but may contain small granules of
arions, ts. On account of its transparency it has been called & lo
P Ssm, ut is also known under a variety of other-names ot ates
inc}gzzguiréd:;g the cytoplasm there is a membrone (F{E;'. 1, m. cl.) which
incloses | dif:’EerEsl; isna(z;ens.[‘cl)lfed;%eerrnbli':ane‘ 15 not prqsent in a’ll celle; and its
noi inigorta.nt ii] o conuection.en sorts, so that its minute structure is
n the cytoplasm there is a bod i
. y probably of great i
f)?lc;;nlfzzlgnt(l)f It:;ned cell, but the nature and bzhavi:orr aofm*.lv%(;z% nhc;v;nbggg
but not,‘sty' a (eiout: T:h]S is a very small spherical body which usuall
does not ¢ ?:iﬁa a;nucﬁlt:;c};ulgf:bclose agla.;.nst onle side of the nucleus on B‘Ehg
: 1 rane. is ecalled the cenir i
g}lllé)-nu cllta ﬁ;eql_lﬁ‘.lntly lies in a depression of the nucleus Zflici ri)?o‘n:: (S()I‘;:lg.a b
the mucleus w1h_ an apple it may be thought of as iying in the de re’sg' on
of the %Ir) ew h1ch receives the stem. The cytoplasm threads a.p e 1(})(11
radiate ct)llfattt };3 centrosome. Tl_lis is the case in cells that arelzl.%o?.lrt t;?)
'starte& 0 that 1 e ap;;e‘a.rance is then precisely as if each cytoplasm thread
e oiamn tebcen rosome and passed thence in a radial direction into
pCANt e ?;hee Z(;ﬁn:;teg ghneilghbor}ilng threads by crossing strands.
- el hole we have then th i ‘
e(1 lli‘gige FIM)].(1 At or near the center is the nucleus, which h?is icln]léoxg?g Efa I:S
apple and t]ﬁecgﬁgﬁasgﬁ T?l‘; :;lxgoe“ipr:s _of trflattfarial, one more solid and readill;
\ _ ists in the form of fine b ing 1
gl?ilghisr?};]efgr hj:he qust part over the surface of the nucleI;': Psﬁl;ﬂ%hgll'] Eﬁdg
R makez ;‘;ﬂ;ﬁemé :g:tmll;ulllkes :fbetfilween t}he threads of chromatin [u:d
! es o e nucleus. Tt i
inclosed within a nuclear membrane, which sel;:ra?g:;ol?t n?:cl):r:lmtﬁ:.

" eytoplasm,

" Surrounding the nucleus is the ¢ ;

: ling ytoplasm, composed in i >
:.?:{:}ldo?l:t;r;i ?upge form of a network of threads I:;he cyttﬁg;;;s;uizrgcf&:
and of & mote ’}‘ l material the Ayaloplasm which fills the spaces between
these throads. 1ed clzyj:oplasm is thus like a sponge flled with water
In the ¢ }i7s t% 8 fn ying usually ageinst a depression on one side of the
nucleas is cyi g;?&:glsorge flﬁ')m which the cytoplasm threads appear to radi-
ato. The nally is inclosed within a membrane, the ceil

o . 7 .
he whole structure may be represented diagrammatically as follows:

Nuclons { achromatin. -
Nuelens composed of § chromatin threads.
nuclear membrane.

%[ ' iytciplalsm threads.

aloplasm,
. Cytoplasm composed of 4 cgn‘nosponiléz1

le'ld somletimes inclosed

The entire cell is commonl i o siso: oz o e

BXCTPﬁJtiDD. t? Sell 1s o a.monré {;I;)ifm;cll;croscoplc size; ege cells only are an
e nucleus is a governing center for ma i
¥ ] ny of th riti
ggltlérﬁ?gggl&ggfthe cy}:{oplasm in most of its funztions, eﬁ?ﬁ? 11?111?11?11:;:12?1‘;
orm taken by the cytoplasm; it governs the movements of .

{.
o

The cell composed 6f{4
-

8

=thle cytoplasm; it governs the formation by the cytoplasm "of the cell wall

13
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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 eytoplasm 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 shounld contain
+the nucleus 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 meke out the relations existing between the nucleus and
the cytoplasm. : ‘
' Tt has been found that neithier the nucleus nor the cytoplasm can exist
alone. The cytoplasm nourishes the nuclens, furnishes it with foad, 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 a nucleus separated from ite 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 inclade with the nucleus the centrosome, since it has not been found
- possible to separate it from the nucleus experimentelly and since, in the
forms ususlly. 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 size it divides into two, the cytoptasm falling into two parts,
. each containing half of the centrosome and half of the nucleus, I
‘seems probable that that portion of the cell nuecleus which gov-

erns the cell and determines its-character is the chromatin. If this is
_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. Tt is probable
moreover that the threads of chromatin oceurring in any one cell are not
jdentical, 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 necessargsto an understanding of the phenomena which
take place in the egg of a bony fish during 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 centrosoms is found to be donble (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 centrosomes lie at ‘fivst near one another and it is seen that the
oytoplasm threads* now radiate from both centrosomes so that there are

"% In spenking.of tho fibres or ruye about the centrusomes as cytoplagm threads "the writer does
identical with the cytoplasm threads of

not mean to 6xpress Aoy opinion as to whether they are ar are not
the resting cell. te
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prodnced in the cytoplasm two star-like or sun.like figures
formed by radiating cytoplasm threads and each with ugcentr(oafgr?lr:)’ 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
gronped together in such 2 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, oue 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 seme time that the cenirosomes are dividing and the cones of
ccytoplasm 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 mereTy
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 sets 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
‘;1:;1‘)71}'79381011 where ’:{Jle cenftrosomfesﬁ;re, while it two limba pass thence in a
course near the surface of the nucle ‘ y i
ppseite he seatronommon us, to end freely on the side
A single chromeatin thread (Fig. 2, crm.) may be represented in this
stage by drawing & 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 a 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 usnally 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
Whl‘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 nucleus, 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 to 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. Tt is probable also that a definite number
-of chromatin threads exists in the resting nucleus, but that this fact is

ob d b ; i
; ifﬁgigival.y the finer threads and only becomes apparent npon their
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Another 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
attoched to one another to make the chromatin thread. These p:_irtmles
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
coius 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 nucleus, so that one 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 nucleus. After this change of position 18

‘effected g line connecting the two centrosomes forms nearly a right angle*

with a line drawn between them before the change in position is effected.
"(Compare igs. 2and 3.) The two cones of cytoplasm threads have become
_meantime larger and the individual threads more prominent. Owing to
the change in position of the centrosomes the axes of the two cones no
longer 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. 3, sp.) which
becomes 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 takm%‘pla.ce in the-
chromatin loops. They become much shorter and thicker (Fig. 3.) and at
the same time lose their wavy outline. Fach loop becomes thus U sl_mpegl..
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 loops into which each splits may be called daughter
loops. The two daughter loops derived from each mother loop lie close
against one another and arallel to one anotherso that it requires a careful
examination to see that the splitting has taken place.- Each daughter 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. . .

Another change noticed in this stage is the disappearance of the nuclear
membrane. Its position is represented in the figure by a dotted line. It
becomes gradually less distinct and finally disappears, but it is not cer-
tainly known what becomes of if. The nuclear material is thus brought
snto direct contact with the cytoplamm so that it is possible for' & 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 & considerable number of these
threads, as many as sixteen or twenty, passes to one ot 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 18 attached
by the cytoplasm threads of one cone to one of the centrosomes and the
other by the cytoplasm threads of the other come to the opposite
cantrosome. :

* In thie and some of the following figures the microsomes are not, _repreaant.ed and only _t\lwns

chromosomes are represented. This is in order to make the figares less complicated.
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In the pext stage (Fig. 4.) there occurs a contraction and consequent
-ghortening of the fibres composing the two cones. The result of this
ghortening must be to pull npon 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 to pull apart the daughter loops composing each mother loop and to
bring one of them toward centrosome a. and the other toward centrosome
. 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. It is only in a
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 daughter 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 tﬁe pull exerted by the shortening
of the fibers passing to one centrosome, the centrosome a, for instance,
{(Fig. 3) is stronger than that exerled 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 5. 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 @ and b and into & plane at right angles to
the line connecting @ and . This is what happens. The heads or closed
end of the loops are at 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 accurately together,

and since the cones are exactly alike, they [orm 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 equatorinl plane
and in it lie the chromatin loops, while the spindle fibers extend.
in opposite directions 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 daughter 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 centiro-
somes and that the opposite constituent is attached exclusively to the
opposite centrosome. All the daunghter loops attached to centrosome ¢ lie
consequently on that side of the equatorial plane which is turned toward
centrosome a, 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 mass 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




102 TENTH REPORT--STATE FISHERI‘ES.

from the end of the spindle, 1. e., along the line joining the two centro--

gomes, 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. ¥rom 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 s the mother siein stage.
As soon as the chromatin loops are brought into the form of a mother-
 star, the bond or force, whatever its natuve, which has previously united
the daughter loops into pairs, is overcome by the pull of the spindle fibres.
The result is that the two daughter loops are pulled apart. One is drawn
toward one centrosome (as ) and the other toward the opposite centro-
come (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

first at their heads (Fig. 5.). The head of one daughter loop of each pair -
is thus seen to be drawn toward a, while the head of the opposite loop is.

drawn toward b, and at the same time the free ends of the loops remain
united 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, 1 and 1" and 2 and..

2') are united to one another ouly by their free ends.

From the time when the heads of the loops begin tc separate until the-

loops are entirely separated the stage is called that of mefalkinesis (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 metakinesis 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-
fibzres, so that very socon 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 next the centrosome.

while their free ends pass out from it and extend toward the equatorial

lane. . ) . :
P When one 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 a 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-
sequently the daughier star stage (Fig. 6). It lasts from the time the

daughter loops separate from one another until they have taken up their

position about the centrosomesy. @ ) . )

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 skein 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 -s0 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 membrene
(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
nucieus but smaller.

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 & constriction about the cell
body in the equatorial plane (Fig. 7). The constriction makes the cell
dumb-beli shaped and each of the ends of the dumb-bell contains one of -
the daughier 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 be due to the

" formation of a trinsverse double partition wall {Pigs. 7 and 8§, prt.),

which is continuous with the cell wall on either side of it. The two layers
of this partition wall then separate and each forms a part of the cell wall
of the cell of itsside.

The result of the whole process of nuclear division and of cell division
is that each of the daughter cells is precisely lke 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 ils part of the original
centrosome, of the cytoplasm 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 small quantity
of a colorless somewhat viscid fluid. If a mass of the eggs is allowed to
stand in & cylindrical vessel this fiuid 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. Hepsen (’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 egegs 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 .

show a smaller percentage of fertilization and are regarded as not fully
ripe. - ‘

pRyder (’82) has suggested that this fluid, which occurs generally in
Teleosts, serves in 'the cod as a lubricant during the passage of the eggs
from the body. This is'doubtless true. That 1t serves also another pur-
pose will appear under the head of fertilization. Ryder adds:—*“In other
cases it serves to glue the eges together in massés or bands orto cause
them to adhere firmly to fixed objects in the water.” The substance which
causes the adhesion of the egg of the walleyed pike, to be mentioned
presently, is not the fluid now under discussion. It has been shown that
this fuid possesses no peculiar adhesive properties, either by itself or
under the action of water. The true adhesive substance of the egg of the
wall-eyed pike lies beneath the fluid which bathes the eggs and forms the
. onuter egg membrane, B .

The eggs 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 prineipally in the oil drop. .

' The eggs vary considerably in size in different individuals, but those of
the same fish are nearly of asize. 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
gpherical in form, but are indented and Hattened by mutual pressure so as
to be somewhat polyhedral, like so many putty balls closely packed
together. _ . .

When the egg is examined under a low power of the microscope in the
fluid which covers it naturally, & number of parts may readily be distin-
guished in it {Figs. 9 and 10). These will first be enumerated and then
-deseribed in more detail., ' X

Making np the greater part of the bulk of the egg in its present condi-
tion and lying at its center is the yolk (yk.). It is spherical and transpar-
enf. 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
:sphere and lodges a spherical, homggeneous oil drop (o. d.). The outer
surface of the oil drop projects somewhat from_the excavation beyond the
level of the surface of the yolk, forming thus a sort of low, rounded eleva-
tion or boss. Olose against the surface of the yolk is a 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 dise and becomes much
more pronounced in later stages. - Still outside the cortical layer and close
ageinst it is the egg shell (%, 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 egg
and corresponds to the cell protoplasm of other eelis. Tt alone is seen in
later stages to 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 cortical layer has the appearance ofpa clear material like the white of
en egg in which are imbedded numerous 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. Resides
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 surrounding protoplasm I have called them corti-
cal drops. They are entirly homogeneous and free from granules and are
80 closely set over the surface of the yolk that they commonly appear to
be in contact with one another (Fiz.'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
eggs that have been preserved either in Hoffmann's fuid or Perenyi's
floid. Tf eggs are stripped from the female 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 mAay remove
the cortical layer over about one-third the surface of the yolk, 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 kigh powers of the microscope.

When it is examined with an ordinary lens it appears as & thin walled
sphere. Tis walls are of nearly uniform thickness, but on one side there
is seen an irregular accumulation of its substance to form the germinal .
disc. The germinal disc may be triangular, square or nearly circular, and
has a diameter equal sometimes to only about one-eighth the circumfer-
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 disc 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 out
radiating bands, ‘ ‘ :

If a thin piece of the cortical layer be stained and examined under a
high power of the microscope, it is easy to make out its structure. 1t con.
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 )




106 TENTH REPORT—STATE FISHERIES. -

formed by the network of cytoplasm fhreads is probably nowliere seen
with greater clearness than in the cortical layer of the eggs of bony fishes.
Tn the same preparation may be seen the cortical drops (Fig. 22, c. dr.).
They appear spherical, but most of them have shrunken slightly under
the action of the reageuts 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 no longer appear
fluid but are solid. They are no longer transparent and homogeneous but
each is made up.of a large number of very minute spherules (Fig. 22)
and is consequently opaque.

The chemical pature of these drops is a matter of interest, and
in order to determine it approximately pieces of the cortex were
subjected to the Berlin blue test as follows:—They were first laid
in a solution made by disiblving one gram of potassium ferro cyan-
ide in 20 cc. 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 609 alcohol. The alcohol which is removed from the pieces
after the third washing is tested by dropping into it a few drops ofal%
golution of ferric chloride. If any of the potassium ferro cyanide remains

in the aleohol there will result a precipitate of Berlin blue. 1f a blue .

.color i 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, It 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. aleohol, . Other sub.
stances give up the ferro cyanide 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, ig 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. It is thus possible by this test to distinguish 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 albnminous. Tests which attempt 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 18
gufficient 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 &n accurate
quantitative analysis. As 1t seems possible to do this I have not attempted
to decide the question by less mgrfect methods and "have not had the

. opportunity to decide it by chemical analysis. ,

1f one examines more carefully a preparation msde 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 cytoplasm which lies between the cytoplasm threads,
i e, in the hyaloplasm. The effect of the reagents used in preserving
the eggs is to cause & precipitate of fine granules or spherules in the hyal-
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oplasm. These grannles resemble closel ;
¥ Tese v those that appear und
same treatment in the cortical drops and occupy the spuI():Ie)s in ‘;11:19 gets}}lzi

 work of cytoplasm threads. The granules are s small that the blue color

of a single one of them is hardly to be made out at all by th
5 C 3 e use o
microscope. It is only when a considerable thickness of tge cortic?ﬂ fn;l;i
15 examined so that the blue granules are present in large numbers and lie
above one another in several layers that one sees the distinct blue color in
the cytoplasm. Tt isimpossible under such circumstances to make out with
certainty 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
aniline dyes). 'The matter will b taken up again presently.'b
‘fT{]le cortical drops occupy the whole thickness of the thinner portions
gerf;n ?n(étlnat}cal laye;r, fbl;,f] in thle thicker portions, 1. e., in the region of the
isc, most o em lie uear its r ace
CI%SR? agu.instdfélhe st of them (Fig?%l), its outer surface and consequently
e may add somewhat to our knowledge of the cotica :
examination of thin sections. These sections should not bel Jligceﬂerb}‘éhgﬁ
one five-thousandth of an inch. Some of those used were made from
- aﬁﬁzsoifl ethe cortext t‘hatdh;d been subjected to the Berlin blue reaction
rs were stained, first i i i i ’
walrds o Trexe stanec a’.ng ;t in a solution of gentian viclet and after-
n sections made from pieces of cortex subjected to : i
process there is little additional to learn with réé;u.rd to tthhee d]?gialsmthk;l;?
selves (Fig. 18). 'I‘hp blue color is seen, and the fact that drops are made
ufp of little granules is perhaps more evident than before. The position
ohthe drops comes out very clearly, aud it is seen that in the regions
where the cortex is thin each drop occupies its whole thickness. At. first
sight it appears that the drops are not covered by cortex on their imner
surface, but lie directly against the yolk; but an examination of sections
:ﬁgfv;i,e E‘?Ill') ;]:551 COIItIi':E_lryi };hat the dcortical drops are covered on their inner
e cortical layer an ; i it fr
thiun;i}frlying yo}:k (Figsjf ., andlaé')e. thus entirely separated by it from
nother point that strikes one in these sections is that tl :
plasm that covers the outer surface of the_cortical drof);ea.lsge;e(;)faiﬁg;
them from the egg shell is extremely thin (ig. 22). Itis hardly possible
to imagine a layer of protoplasm thinner than this ome. The cortical
grops are thus almost in contact with the egg membrane, and the slightest
orce would seem to be sufficient to rupture this thin layer of protoplasm
and allow them to come into contact with the egg shell. This thin layer
of cytoplasm appears, when examined in surface view, to consist of cyto-
pl%sm threads arranged almost in a single plane like the meshes of a net
f one examines sections that have been stained with gentian violet and .
o;a.nge, it'is found that the cytoplasm threads have taken on the blue color
of the gentian, while the hyaloplasm occupying the spaces between the
cytoplasm threads, has taken the orange stain. The two substances are
thue sharply differentiated from one another. Very much 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 cyellow by the
orange stain. Thus the statement that the material composing the cor-
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tical drops is nearly or gnite 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 gpherical cavities in the cortex filled by

the flowing into them of the more flnid hyaloplasm which lies 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. Omne cannot
deny the fact that there may be in the cortical drops chemieal substances .
different from those found iu the hyaloplasm or vice versa, buat all that is
here insisted on ig 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 exists 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 dise,.and that from the disc streamer like
. thickenings 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 eytoplasm threads inclosing an albuminous fluid, the
hyaloplasm; that it contains also numerous spherical cavities filled with
an albnminous material, probably identical with the hyaloplasm, and that .
' this materiel exists thus in the form of drops, the cortical drops; that the
cortical drops are entirely surrounded 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 8o much doubt has been thrown on the accuracy
of Hoffmann’s observations of other phenomena described in the same paper
that one hesitates to accept his statements on the point in guestion. Agas-
siz and Whitman have described the nucleus in tertilized eggs five min-
ates after fertilization. The writer has not undertaken to find 1t 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 spin-

-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 a foreign body, with-
out producing any eifect on it. 'The ends of the spindle where the cen-
trosomes should be are not surrounded by suus or spheres of radiating
cytoplasm threads, snch as are nsually present. About the equator of the
spindle, as described by Boehm, are about a dozen chromosomes, and each
i rod-like and distinct (Fig. 34). As the history of the nucelus in
the fertilized and unfertilized eggs is identical during the first hour or a0

- 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 st&. In other words the egg, when it
leaves the body of the parent fish, hag already gone part way through the
process of cell division. It passes through the remeinder of the process
ot a somewhat later stage in its history, but the earlier part of the process

must be gone through with before the egg is laid, while it is still in the

ovary. :The writer has not examined the eggs of the wall-oyed pike while
they are still within the ovary, but such eggs have been described by many
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writers, and by all of them the nuclens has ) i
]  and been des , :
ﬁ.oildn%h%lﬂfmn but ag apparently in the resting staggflb%\(}hisnﬁ?lgtnge}-
[2id the ];;aotlzgss of karyokinesis is found to be already well advanceflh sg
that the o er 1e]1'esl;age‘€s1 of this process must bé gone through with j’ust
Teleost eggggrhaaész;r 1&2'{’1{1 ;);tuih%?ve&rlif p oilgt.)nges tn the nuclens of the
Eom © yc:lk e ol h . e not yet been investigated.
g k (yk. gures) of the egg of the wall-eyed pike i
N 1 > egg ed pike =
deai};: esa;gnn}a;kcfd ﬁn_one side by a somewhat more th:{m kll)emislglfgilgl
depression nnzov:l tnct llgshthe oil drop. In the freshly laid egg which has
T o oo ac Klt water, the yolk is so concealed by? the cortical
Grope Whenethcatc eis] a glimpse of it only here and there between the
(rops. Wher de ﬁ-gg as lain a moment in water and the cortical drops
nave dis ppIt Ire b 1e yolk is seen to be transparent, homogeneous aJIJJd
colorless. 1t (_)ot s like o little sphere of pure glass. It is of » fluid or
A g s;ls ence and is readily pressed out of shape by the weight of
the ce %cid 01){ 5 e prgi?sure'of adjacent eggs. Under the action of ?)icro—
aodtic acid or erirllyls fluid, the yolk becomes cartilage-like in texture
vor e ?b ﬂ'ct 11011 of most mixtures containing chromic acid it becomes
very hard an ri t% When such yolks are examined either by teasin
them travef‘) e(cieg with needles or by sectioning them, thiey are often foung
fo Be tr ahdszl L ¥ s?mlllnlcanals which radiate from the center toward the
e e c:y i) ngt ich end in the depression which contains the oil-
op. | hes: sena 2}10 en give to the yolk a radially striated appearance
i (fnthe e;x;ﬁl(x)ln tl(]);- fiesh “yolk and am inclined to think that
de%rgbedt]:tl)y Reichost (o) in b giizagent. Similar canals have been
en the cortex and egg membrane ‘are ruptured, so that t
S&rrrllgf;nso ﬁ;é)ntactTv]r;mh water, it immediately breaks 1,1p into ffa rl;?zﬂfislulftlrg agé
Pt & c1))Scores. 1 ese spheres are very small even under the high power of
the microsc pe, and they adhere together into a viscid, stringy mass which
s di changé(zi rael?;}%x;?svg%eﬂla :lte ;.; donc_el l:;mﬁz}%'ed over any object. The yolk
th . L milk white instead of transparent as for-
mielll'})};. bﬁtv%rly Sm"rllllcl' quantity of yolk added to water suﬂic}?aaé :c]:l ?:kfaogt
ik, but f’c mﬁ iness disappears npon adding tofthe water a small
%‘he ! gruﬁﬂ 5111) ilt us showing the solubility of the yolk in salt sclution
1he yleeleo;ﬁse rz:-}jvhmr of the yolk toward water is common to the eggs of
A, ts. lratt:rmt?::t?:t v:l};liet egg is ,};Elo injured that water gets access
inJ"i‘1111-ed Qfddead e Whiteneses;. 80 that one of the surest signs of an
o oil drop is inclosed in the excavati i i
Lo ! ‘ ion on the side of the yolk.
colrgfgeilfsogslag('il _t;agsparent and of & yellowish, golden or recld};S%Jks&1;:[t1:0}§
color. 1t dc_) }1t1 ity in ether, its blackening in osmic acid, and its floatin
on et thr?t '}:}? e b]}n]at it is oil. The oil drop is the ]ight,:est part of th%
upo,n 0 fhat ! en'ltde egg is placed in water and is free to move, the side
upon which | & 21 rop is sitvated is always turned uppermos,t There
are subst.‘ancg (?f :gve \;;aglyl{srxlrégil itz;l drofps gituated around the Iurgér one in
theTyha.re tl.(])io small to be of practic:flgoic;%qurlejglfél mamber is veriable and
o c?r{gx ar}:gs bEel:{ spoken of as though it were entirely separate from
the coriex ar n}11ere ¥ 1n contact with it by its outer surface. This appears
fo be tha 011;3 when one sees how readily the cortical layer may be rempoved
from th yh 1nheggs preserved by certain methods. An examination of
shows, however, that the plane that separates the yolk from tl?e

.
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cortical layer is not a definite one; the cortical layer rather merges gradu-
ally into the yolk, so that there is no plane upon one side of which it cfm
be said there is yolk only while on the opposite side there is cortex only.
Tf one examines a thin section passing through the germinal disc and the
underlying yolk, it is seen that the meshwork of cytoplasm threads is
coarser 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

becomes coarser 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 & lesser degree of itsrelation to the cortex else-
where. Tt is possible that the network of cytoplasm threads extends quite
throngh the volk and connecis the cortex of one side with that on the
opposite side, but this has by no means been proved. We may thus think
of the superficial layer of the yolk {and possibly of the whole yolk) as
resembling Lhe cortex. We may think of it as cyloplasm with its threads

“greatly reduced inwolume and their enlarged meshes occupied not by the . -

isual hyaloplasm, but by yolk material. Whereas in the cortex the cyto-
;lasm t%realgla aro equa{ {0 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 to
be in a freshly laid egg that has not come into contact with water. But if
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 be treated with various
reagents and if 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. Lot
The egg shell (z.r. Figs. 9, 10, etc.). The egg membrane or egg shel "Od
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, it 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 disappeagance of the cortigal drops from the
egg and at the same time leads to the enlargement of the perivitelline
space, 50 that the egg shell is more 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 jn 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
mumn. 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 whicl appear inoptical section asslight pointed

. elevations of the surface. Tf the surface of the external membrane is
examined in a dim light or as an opaque object, and particularly if one
looks obliquely 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. Tt looks very much as though the outer membrane might have
been at first larger than the zona radiata, 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. From this fact and from the smoothness of the inner
surface of the outer membrane it may be concluded that these are not
wriukles but merely irregular ridges. They make no impression on the
zong radiata.

Actual sections (Figs. 18 and 19, e, m.) of the external egr membrane
show nothing more with regard to its structure. It does not readily stain
in the stains that effect the zona radiata. From its adhesiveness it is
probably a mucous layer.

The zona radiata has e thickness of about .012 mm. As seen in optical
cross section in the living egg (Figs. 9, 10, 11, 16, z. r.} it appears smooth
on both its outer and inmer 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 radiata. Tt is not
possible to make out the nature of these markings in an optical 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. Tt is to themn 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 15
and 30 degrees from a right angle. The size of the areas over which a
regularity of arrangement is distinguishable is small and variable. Six to

ten pore canals may be 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 o 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. Hach 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 :
:é)rgicircle, and it often happens that a large number oft :such(.1 sg;m;
circular boundaries follow one ancther in such a way as to produ
Squ}Sl(;.l\i gggizn 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?dsectltori)s‘;
Queh sections should be made in various directions, and s 01_1f no.b1
more than .005 mm. thick, and some of them should be, if possi i
" thinner. They may be stained in various ways. If one exa}rlumes tsuFl
sections after staining with gentian violet it is found that t Ei ma erliaIl
‘between the canals is stained a deep blue, while the ca.x;a § rema
unstained and appear in a tangential section as colorless circular %rea;tOP
a 'dark blue background. If one stains with gentian violet anh_la &1-
wards with orange, it is found that the canals are stained yellow; whi eth (;
matriz or material between the canals is blue as before. Two t 1111;J,ras|ﬁuu(.i
become apparent, first, that the canals are not empty tubes, blut a(ri@ff et
or plugged with some materisl and, second, that this materia 1s1 ifferen
from the matrix which lies between the canals. The j,rellmvalg_l co Tl: g1ve§1
to the contents of the canals by the orange stain is not suificiently pfh';,
nounced or sufficiently precise to enable one to determine by its use ‘
exact form and course of the canals, and there is so far not e\ﬁm tiny e;ré
dence to show that the so called canals ore actually suclltll. ue rdu Ea
.precise results are obtained by subjecting a piece of t ellpona ra mto
together with the underlying corticel layer and the perivitelline Slc)lai’eom
the Berlin blue reaction. When pieces thus treated are exaﬁmne , r)it
the surface or by means of tangential sections (3. e., parallel tolt esu ll;'imeth
is found that the contents of the canals are colored a deep blue, E_v ile : ?c
material between the canals is unstained. By the use of the genb ilan ‘l;]C:l E
there are obtained colorless spots (the ends of the canals) or 3 due %lué
'ground, while by the Berlin blue reaction there are obtaine | deep lue
spots (Fig. 19b.) on a colorless back ground. By tl}us. iammtgined
contents of the canals while leaving the rest of the zona 1§d1a & Uns aG d
it is possible to make out a number of things hitherto obsculi-:e. ) ro
sections of the zona radiata 7. e., sections made at right angles qdl 3 5.1;;
face pass lengthwise of the pore canals and enable one to get a :1 te‘ 'wht
of them. Such sections (Iig. 19a.) show thatthe canals are no s‘fmlg ;
- but that each takes a spiral course from the inner to the outeﬁ' snriace ii?h
the zona radiata. ILach canal starts at the inner surface of the zona 1W th
a broad hslf spiral turn and then-continues in a  parrower, clos

spiral through about two-thirds the thickness of the zona. Ii then

‘ ird i ibre

ewhat abruptly to not more than one-third its former calibre,
:gflrggst?gl?es to the ou{)ers’]surface where it ends 1 a trumpet-like e}irpﬁnf-l
sion. Bach canal is thus divided into a-thicker inner portion (Eln) anc
more slender outer portion (ex). The spiral turns made by the m’i‘l}?g
portions of the canals at starting do not all pass in the same du:e.ctlc‘)_l_l.
Tesult is that they overlie one another, so that unless the section ls'ii veg};
thin they obscure one another so much that it is not possible to .ms;l e c')th
their exact course. If the inmer ends of the canals are examin® tv;rl 2
care it is found that the blue material flling them {Flg._l%)lcl-,z pv. t. is
directly continuons with the blne mferial filling the perivite IEB‘ Cslspa(::[ >
In other words, the material in the canals is the perivitelline fiui o
some specimens the fluid is found to have passed into the 1]1]:}1191‘ e(I;l. u?ens
the canals withouthavingentirely filled them(Fig 19¢). Insuc specime
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some canals are 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 eggs preserved by Hoffmann’s
method (Fig. 19¢) it 15 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 egx membrane lies cloge

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 Hoftmann’s fluid, the pore canals are readily followed to their outer
ends and there is an accumulation of perivitelline fuid 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 the same time it lessens the
size of the sphere formed by the zona, so as to bring it down c¢lose against
the cortical layer and cause pressure on the perivitelline fluid. 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 fuid and force it into
the pore canals so as to completely fill them. The pore canals are not only
thns filled and rendered visible but some of the flnid 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 zona
radiata and forms an artificial space (Fig. 19a. pv. £).

If oné examines sections made parallel to the surface of the zona
(Fig. 19b), one sees that in cross section the canals are circular. If the
section passes near their inner ends it is found that they have a diameter
of belween .001 and 0015 mm. and than the distance between them is
about one-half their diameter. If the section passes through their outer
ends (the section shown in 19b is near the midcle) 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 canals at their outer ends
is several times their diameter. This is due not only to the smaller calibre
of the canals bnt to the greater area of the outer surfuce of the zona as
compared to its inner surface. -

By the arrangement now described by which the perivitelline fluid
passes into delicate canals which traverse the zona 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 fluid of the subzonal §])ACe OVer an area
many times greater than the egg itself. A little later it will be shown
that this increase of surface of the perivitelline flnid bears an important
relalion to its probable function.

It is not the intention here to discuss the question of the structure of
the egg membranes in bony fishes, The writer has not had access to all
the literature on thesnbject 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 is 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 slight evidence.” The
fact that the structures called pore canals 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 Lepidosfeus are pene-
trated by the root-like prolongations of the villi composing the outer layer
of the egg membrane. From thus geeing 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 apperently iden-
tical with it and we see this fluid under cortain 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 as describing in the

. zona radiata of the trout tooth-like elevations of the walls of the pore
canals due to the presence of ridges on their inner gurfaces. The observa-
tions were made with a one-twentieth Reichert immersion lens. The
spiral course of the canals in the wall-eyed pike gives rise to an appear-
ance of teeth.along their sides as shown in Fig. 19 a and ¢. The writer
has worked with a 2 mm. Zeiss apochromatic with compensation eye pieces

. 8 and 12 and hes had no difficulty in determining that these apparent
teath in the wall-eyed pike are due merely to the spiral course of the
canals.  He has not seen Stockmann’s paper and does not know whether
the teeth described by him are the structures seen in the wall-eyed pike.
Stockmann is further quoted as deseribing fine canals running in the
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
matriz. No evidence was obtained of their existence.

Subzonal membrane. The existence of & subzonal 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, ome may often see appear-
ances that are due to the presence of & membrane ‘befween 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 appearance produced
by these folds is that of irregular bands or lines running through the per-
jvitelline space near the zona. These bands are sometimes straight, often
curved and freguently 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
no other way than as folds of a structureless membrane. I do not know
whether they oceur in all eggs,as my attention was only attracted by them
at & time when there was not an opportunity of Bxamining meny eggs and
when the few that remained were not in the best condition,

The same appearance may be seen in e%gs that have been treated first
with picro-acetic acid and then transferred directly to a mixtnre of equal
parts of glycerine, aleohol and water. The first effect of the latter mixt-

-
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ure is to canse the egg membranes to colla : ‘
! I pse, but after i i
;E: ﬁ};ﬂ; ;E:nrtnirﬁgrs‘;?iiigﬁlin become distended. Eggsatﬁﬁgr;rt;?;?vég
o 93 , the ne space remaing clear and th |
of ;v]:;z };;v;lg e%?hls Eore nearly preserved than by any ce)tl?g'pi)ai'?;gg
anowr tome. gnt ese egps are examined entire one sees lines which
s tn};f‘ o a8 produced by folds in a structureless mem
rane. 1 gf tfecfoﬁ% 1{)1;9 :;ﬁ;?:;aﬁe in ’;his way or 1I:hat one may change the
char > 1em to run in the direction of
fen rssg?é.neThtflle?lg membranes may be removed and pieces of th%tsﬁll‘)i'?zgtlz
membran tg bee &gﬁvggg f;oﬂr; c{hi?olnrgﬁr surface_lof the zona. Such pieces
up easily. : icr
-:clfliiﬂ ?}Il)éaear hoﬁl?gene(_)u_s and between .(?Ol andy.'OOZUrziE.utlfi};ek a.r:cllctlzg?rzopg
with the 1g;-;mu albprempltate.from the subzonal fluid. T was uncert;(ia
Jhether t se(];]:'em ra?e contained pore canals. The same membrane maIl
o foem 1n 8 11?Ts of eggs preserved by other methods. It appears h A
structurel 8, at least I_cannot. see pore canals in it, The folds se "t
DY tﬁzwg::s] ipr}:ﬁl in soctions. Sometimes the membrane liés. e;io:el
zo%a st the ¢ i8¢ or cortex, while in other places it adheres to the
casel.wrf ﬁﬁgebs ]11;(% dméb_t as to the existence of this membrane in this
case. I hav mg Ic))unf it in unfertilized eggs protected from contact with
Dater, an Jm ¥ 5 1?rmed by the ogg under the stimulus of fertiliza
S er of wate l11' n the other hand it may be separated from the zom;
Pota tnde le galiahe conditions. The matter needs further investigation.
the oo Inﬁ;ﬁ efls hf opening through which the spermatozoon enters
hooge: o 4 tBh reshly laid egg of the wall-eyed pike it is difficult
fd 1t v wat}ér tﬁ addition of water. When the egg has lain a shor(z
o i rate tel:'e may be seen on the side opposite the germinal dis
and direct gf x;e;‘h e middle of the dise, & savcer-like depression on thc
Jpiber, surf bet: e egg membranes (IMigs, 9, 10, 16, my.). From the m'de
(o of the ];) qlzl of thls_depress.lon may be seen a funnel shaped exca\lr A
the zona radiata. Ti s the micrommi Ty rrnoout lf woy thigngh
the . ar fannel g, 98, . £
-cana%p(::hi(;i the fur:iel there proceeds a delicate %auah 1&1):3 Ifn%croFr(l)aT-
oo , whio in}:])f;:ess th rougllté‘lthe remainder of the thickness of the zorpg to
T A e inmer 1 ; ace {Fig. 23, my. ¢.). The micropylar canal opeus at
eaon of n Inﬁca. brojection of the zopa (Fig. 20, my. e.) and in so
e el 1ah ave examined it seemed to expand so as to end i e
Sight | th’ile'% aped enlargement. It is difficult to be sure of the am .
o etz o patom: Befersthe eg has toucled the waiorthe con.
1 . ] ) micro is i
in the germinal dise (Figs. 9 and 10) and ca11)1¥1311:‘ Slf':r? lbc;ps;l:nls Tfl’zeexc'l %ﬁg

* egg has lain i i
2g lain in water for three or four minutes the zona radiata is raised

3 Ele)nfer;trl? itguz gglfﬁce of the germinal disc by the accumulation of water
o e and, g conical micropylar elevation is pulled out of the germ
ctady tho o ] I45: readily seen (Fig. 16). No attempt has been mgd to
oy ! secti:)cl;:?fy e 1n sections, but I have come upon it once by cha.:alceo
dintenssection if Wa_?i seen that the zona radiata was thinner for a short
b e On o y side of the micropyle than elsewhere. Doubtless this
to the sa.ucer-li?igoc]lJ:ﬂ::sg]i]c?n%;?; gfnvzllll?hséhfe Iﬁicl‘?pyle o aorresponds
o . rfac ivi
this section the micropylar funnel and canal wer«ae‘.ric:aibtlg,e bﬂzlﬁiifggiae&}f
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ance was the same as in the living egg.  The micropylar elevation did not
appear. . .
ne may get a crude notion of the micropyle by punching a hole in a’
- plece of cardboard with some conical imstrument, such as the point of a
Jead pencil. The cardboard represents the egg membrane and the open-
ing the micropyle, and it will usually happen that on the side opposite that
againgt which the pencil is forced, the cardboard is thrown up into & coni-
cal elevation, at the top of which 1s the hole that has been made. ~This
elevation corresponds fo 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 (_EFi g 9), is o soft, irregularly spherical, yellow-
igsh body one-nineteenth of an inch in diameter and bathed by a small
quantity of an alkaline albuminous fluid. 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 cottical layer and yolk is not sharp.
The cortical layer is thickened on ome side to form the germinal dise.
Tt consists of & network of cytoplasm threads inclosing hyaloplasm and
incloses numerous albuminous cortieal drops. The germinal disc contains.
the nucleus which is in one 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, gtructureless, mucous, external
egg membrane. The pore canals of the zone 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 canal, the laiter opening ‘internally at the top of a conical
micropylar elevation which is received into a depression in the germinal
dise. .

Such an egg may be compared to an ordinary cell. It differs from
other cells in its great size, which is probably thousands of i{imes greater
than that of any other cell in the body. This difference is brought abeut
by the presence in the egg of the yolk, the food material upon which the
developing fish must be nourished until it is large enough to care for
itself. 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,
since a fow cytoplasm threads are to be found in the superficial layers of

. the yolk. The cortical layeér moreover is thickened on one side in the
region where the nucleus is, and this thickening, the germinal disc (Fig.
9, 2. d.) doubtless owes its existence to the presence of the nucleus. The
nucleus (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 (2. 1.). %t is possible that the outer egg membrane is also a part of the

" cell wall, but this is uncertain. We may thus compare the egg cell point
for point with an ordinary cell-and see that its peculiarities are to be
referred to {he work that it has to do, the work £f’furnishing food and

. protection for the young fish.
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B.—BEHAVIOR OF THE FRESHLY-LAID EGG UNDER THE AQTION OF WATEER.

‘When the eggs of the wall-eyed pike are placed in wa
chhqnges are visible to the naked eye. The elégs idhere totea]fﬁ; ol‘tl)?;g:)?:ii?}f
which they come in contact. The adhesion ig at first slight, but if the
-ﬁggs 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 it. The adhesion is undoubtedl
due to the action of the water on the external egg membrane. The Watg
agﬁea}'s to gradually harden the external membraue which thus looses its
% esive qualities. 1f the eggs are kept continually in motion so as to
reak up every slight adhesion as soon as it is formed, they may, after an
hour or s0, be left to stand without fear of their again adhering. The eggs
adhere more firmly to a smooth surface than to a rough one probab,ci,r
‘becuuse smooth surfaces afford larger unbroken surface of contact Thajg
the adhesion is due to the action of the water and not to any solids or
gases d1s_solyfad_1n the water, is shown by the fact that the adhesion is just
f}j %rﬁat 1};1 distilled water as in lake water and is the same in lake water
waai;er.as een vigorously boiled to expel gases that it is in unboiled lake
A second effect of water visible to the unaided eye, i
rapidly looses its irregularity of form and softness g;le(,l ﬁesggltestliﬁrsgf
regularly spherical and hard to the touch. This process is called “ﬁlli;g”,
of %Iige egg am;l is due to the absorption of water, so that during the process
%Sf -1es'.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 physigafl
px"opertle_s of aball of putty. An egg after it has been for balf an hour
El mor% in water is hard tothe touch and elastic. 1t is almost impossible
fco crgs it by compressing it evenly betweeu the ball of the thumb and
ﬁtﬁ'e nger. If thrown it bounds like a rubber ball. The egg after it is
ﬁd ig therefore much more difficult to injure than before it was filled
e 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?mparlgon of sections and other preparations made from eggs before and
a 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
-3 & 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 Iiftet)i
.on the point of.a scapel and shoved about in the watch glass by the same
means, but they should not be grasped between the jaws of & pair of for-
(i:I?PS' zllor c?ubJected to any olher pressure, lest the cortical layer be
]Jme‘ and the yolk escape. When the egus are arranged the watch
% };liss 1Cisd_p1_aced under the microscops, an egg focused and water added.
th'e addition 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‘:w.:i to egg 1n any row and to locate any egg by its number in the row
E.}l;l s0 be able, to find it readily again. The eggs were studied b):
e use of Zeiss’s 16 mm. apochromatic lens, with various eye pieces
N?I‘ ﬁovgr 1;glal.lss-u was found necessary. e P .
_ The first change that attracts attention is the disappearance of th
‘ﬁlcal drops. The drops disappear rapidly so that alipthe end of tgvocoorr
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 distinct, tﬁe drop itself
becomes paler and fades from sight. From the time the border of the
“drop becomes indistinct until it has entirely disappeared is usually abont
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-
mearance of the drops is due to the action of the water. Whether they
iwre dissolved in situ by the water or expelled into the perivitelline space
and then dissolved is difficult to determine. In one case by focusing o
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
obgervation, so that it is probably to be exzplained by supposing that in
this 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 lake water, but if the water used is very slightly alkaline the drops do
not disappear.

From the sbove facts, the disappearance of the cortical drops only upon
actuzl contact with water that is not alkaline, 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. See-
tions give some further light on the subject. .

A second effect visible in the living egg under the mieroscope is that the
perivitelline space is enlarging, or one might say it is forming, since before
the addition of water to the ege the space is a 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 through
the egg membranes and its accumulation in the perivitelline space. It was
observed by Bansom (’66) that the water passed in 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 woutd seem to be a physical impos-
sibility for so much water to pass through so small an opening in so 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 perivitelline space
appears over the whole surface of 'the egg at about the same time. It
often happens that it appears a little later in the: region of. the micropyle
than elsewhere.

Calberla ('79) 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 apace and formed a uniform layer every-
where between the zona radiata and the yolk. , He then traneferred
the eggs to pure water. If now the water p&éed in through the

’
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‘micropyle, the result must be- either that the blue 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 radiats, 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.

It has been said that the disappearance of the cortical 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
phenomena 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 pheuomena. 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. Im such cases there is no formation of a perivi-
telline spaca. On the other hand the character of the water may be such
that it does not dissolve the surface drops or digsolves only part of them.
This is true of water that contains a trace of an 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-crystalline 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 egz. This examination was made for the purpose at first of
seeing wiether it was possible to detect in the subzonal space the presence:
of numerous spermatozoa as they have been described by Kupfler (*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 rpermatozoa that were seen lying outside the zona radiate. These
granules were in motion moving here and there and at the same time
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oscillating so that the motion resembled vefy 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-
foroe for a long time inclined to think these granules the heads of

spermatozoa. 1 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 fo have reached from the
micropyle, so that if they were spermatozoa they must have penetrated the
zona radiata 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 sfermatozotn, yet some were larger and few several
times as large, led me to doubt as 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 spermatozoa, 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 wey escaped into the perivitelline space. Their
movements 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 any 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 forthconiing presently.
It undoubtedly dlso serves to transmit from the surrounding water to the
cortical layer the oxygen gas which the epg 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 guestion riow 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 finid are removed from
it? In the eggs of most bony fishes it is practically impossible to remove
‘the shell and the perivitelline fluid 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. Lven when, in slightly later stages, it
ig 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 cortical 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 teres) 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 experimeat in which this was donea is as follows: The
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egos were taken on April 10, 1892 at 11:30 4. 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 finid were then removed from
a number of eggs which were then put into a dish by themselves in 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, but the eggs werenot removedfrom
theshell. 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 unopened 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 voluntury movements were
detected in others. These embryos coutinued to develop normally nntil
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
agsumes, 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
albuminous 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 nuder the egg shell canses the latter
to be raised up aud to be stretched and thinned. In the freshly laid egg
the shell lies close against the cortical layer and adapts itselt to whatever
form the contained yolk may take. Both shell and yolk lack elasticity
and may be moulded within certain limits info other forms than the
sphere. The shell is not thrown into folds, as it is commonly stated to be
in other bony fishes. When the shell is distended by the accumulation of
the perivitelline fluid the distension is not to be thought of as a mere
expansion of the originally collapsed shell, snch 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 aud enlarged so that it becomes thin- -
ner in the process, as does a rubber bag when inflated with air. The
stretching and thinning of the shell, once brought about, is permauent and
the shell retains the size and form given to it. 3o fdir 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, stretch and become thinner and the

bladder eularges. 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. It is the same with the shell of the wall-eyed pike egg.
Stretched and thinned by the accumulation of water in the perivitelline
gpace it retains the form thug given if, and if punectured .does not again
collapse. ) :

It is difficult to determine quantitatively the amonnt of thinning of the
membranes during the process. Sections made of the eggs preserved in
Hoffmann's flaid before the formation of the perivitelline space give a

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 first measurement, since it causes & 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 determined at least once by projecting with & camora 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,
is the increase in size of the germinal disc. 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 an optical section of the egg (Figs. 9 and 10) the disc is a
crescent-shaped thickening of the cortical layer and appears to cover cne-
third of the circumference of the egg, though this great extension is no
doubt due in part to the radial thickenings mentioned above. Two minutes
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 cortical layer into
the disc so as to increase its volume. It is possible that the cytoplasm
contained in the yolk contributes slightly to this increase of volume. An
examination of the cortical layer stripped from & preserved egg at this
time shows that the thickenings whieh radiated from the edges of the
germinal disc have been withdrawn. They have doubtless beéen taken up
1to the disc. .

At the end of seven minutes from the time the egg touches the water
the germinal dise (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
(I'ig. 13) the perivitellins space has increased to a width about.cne-third
that of the oil drop, but the germinal disc remains of the same size &s
before. When removed from the yolk it hus now the form of a seucer or
a watch glags, the concave surface of which is fitled egeinst 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 ome-half that of the oil drop and the germinal
disc has changed shape. Its breadth is now, diminished by about a third
and its thickness is nearly doubled. - It is no longer concave on its lower
surface like a saucer, but flat, while ite free surface is arched like & 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 disc. At its.
borders the surface of the dise 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 taken together is nearly a circle (Fig. 14)
and the disc forms scarcely any projection on the purface of the yolk. The
disc thus has the form of a part of a sphere, the, radius of which is only
glightly-smaller than the radius of the yolk.

tthe end of three hours (Fig. 15) the perivitelline space is.of the
same gize as at two and a hall hours, but the germinal disc has changed.
It still has the form of a portion of a sphere with one flat side, but of &

;)
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sphere whose radius is somewhat less than two-thirds the radius of the
yolk sphere. The yolk is flattened on one side as before and the germinal
disc, 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-
tuberance on the side of the yolk, a protuberance large enough
to be seen with the naked eye. The surface of the germinal 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 at the edge of the germinal dise (Fig. 15, gr.).

The bulk of the germinal disc, 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 layer (compare Figs. 9 and 16).

1t is to be noted here that this formation of a germial disc does not take
place unless the cortical drops are dissolved and that it takes place only
imperfectly when only a part of the cortical drops is dissolved. The rea-
gon for this seoms to be that the protoplasm is burdened by the presence
of ihe drops and when loaded with them is not able to draw itself together
into & ‘digse. Thus the solution of the cortical drops becomes a matter of
great consequence for the future welfare of the ege. Eggs in which any
considerable number of them remains undiesolved 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 s0 many ofher eggs (=ee below),
from the solution of the surface drops. While the whole egg is increas-
ing in volume by the sbsorption of water, the cortical layer and its con-
tents, the yolk, are diminishingin volume. The substance of the cortical
drops passes from the cortical layer into the perivitelline space and the
volume of the cortical layer is diminished by 80 much.

There is no evidence that the egg of the wall-eyed pike contracts or
shrinks through any vital activity of its protoplasm. The whole process
seemsg 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 average
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
is an apparent shrinkege with which it has possibly been sometimes con-
founded. Before the egg fills, the egg body when it lies on a flat. surface
is forced to bear its own weight, and it consequently flattens somewhat,
just as does a sphere of soft putty or dough when laid on & hard, flat sur-
face. Such an egg examined from above appears to be larger than it really
is, since its diameter parallel to the surface on which it lies is greater than
its diameter vertical to that surface.

When the perivitelline space is formed the egg body mnearly floats
in the albuminous fluid which fills that space. It is supported on
all sides, and only & 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-

1
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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 followin
changes, due to the action of water:—The disappearance of the cortica
drops, the formation of the perivitelline space, the thinning of the egg-
shell, the increase in size and the changes of form of the germinal disc
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 present the
cortical layer has a thickness equal to the diameter of the drops (Fig. 9),
but now that they are absent the cortical layer has a thickness which is
not more than one-third the average diameter of the cortical drops (Fig.
16). To this reduction 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 solution. If this precipitate be
subjected to the Berlin blue reaction or if sections showing it 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 carlier 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 albumen 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 strands extend-
ing from the cortical drops into the, perivitelline space (Tig. 18). The
appearance is as though the fluid 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 properties 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 get evidence of the thinning of the zona
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 sectioms 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
thns be briefly summarized. It causes the external egg membrane to
become adhesive, but this power is lost after s time. It penetrates the
egg membranes and dissalves the cortical drops, usually in the course of
three minutes. The albumen of the cortical drops is carried by it into
tbe perivitelline space and remains there in solution. This solution passes
into the pore canals of the zona radiata. The water continues to accumu-
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 egg membranes
are stretched and rendered thin and tense and the whole egg becomes
hazd 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
a 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.

After the material of the cortical drops has been dissolved in the water
of the perivitelline space we have in that space the albuminous perivitel-,
line fluid, and it has been shown that this fluid serves to keep the egg
membranes tense and so protects the egg, but it has not been shown how
the fluid acts to do this. Tt 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 whife 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 gide of
a dialyzing membrane and places ou the other side a solution of salt in
water, it will be found after a 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 1hat the water passes most rapidly
onto that side of the dialyzer on which there is the denser solution. Thus
if there is a golution of egg albumen on one side of a dislyzer and
water on the other more waler passes over to the side on which is the egg
albumen than onto the opposite side, and there is an sccumulation 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 mannér 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 ingert a2 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
since the albumen is & much denser solution than the water a much larger
volume of water passes through the shell membrane into the egg than
passes in the opposite direction into the cup. The result is that the
albumen is forced up the tube and overflows 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 enteres

When the ecolumn has risen thus high, an equilibrium would be estab-
lished and maintained. A similar result may be obtained in a different
way. Omne 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 goés on uutil the distension of the bladder
produces within it sufficient pressure to force out as much water as enters
and thus as equilibrium is established and maintained. If one presses
atrongly on the bladder water is forced out in excess of that which enters
and the bladder partly collapses, when the pressure is removed water again
passes into the bladder more rapidly than out 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 albumjuous fluid, The water consequently passes by
osmosig 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 be
forced out but the albumen remaine within and as soon as the pressute is
"removed the water re-enters and the egg again becomes hard and tense.

The function of the perivitelline fluid then is to 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 being in the position in which it is between the
egg which needs oxygen and the water which contains oxygen must serve
a8 o carrier of oxygen &and of carbon 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 surrounding water to the egg body (to
the protoplasm)-the perivitelline fluid is greatly aided by the currents
which are circulating 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

the egg..
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by Calberla ('77). This exchange of gases or water betweeu the perivi-
telline fluid and the external water must be greatly aided by the
enormously increased 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 fluid 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
ouly is the surface thus inereased but the perivitelline fluid is thus
brought into much 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 running water it may be that this
increase of surface is uot necessary and that an area equal to that of the
zona radiata would be sufficient for their purposes. If the eggs are
bronght into unfavorable conditions, into stagnant water containing little
oxygen, the increased surface afforded 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
is changed but two or three times daily.

The external egg membrane is of different chemical composition from
the zona radiata, and from its behavior toward water is probably a 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
preservtion of the egg. In one such place it could be seen that the fluid
of the perivitslline 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 outer
water. It is known that mucus is a subgtance 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 external egg membrane of the.wall-eyed pike is, as it seems
to be, mneous, it would serve the same purpose in warding off decay, and
in protecting the egg against 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 egz to an elastic and resistent sphere, that it
can scarcely have failed to attract the attention of the earliest observers of
these eggs. .

Bathlce (’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 itself together into a sphere and is
separated from the shell over most of its surface by a fluid c¢lear as water.

Von Baer (’35), three years later, in Cyprinus describes the increase in
size of the egg (to twice its former size) as due to the swelling in water of
e thin albuminous layer (zona radiata) which covers it when laid. The
surface of this swollen albumen then hardens to form the egg shell (zona
radiata), while its deeper portions become Huid (perivitelline space).
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Von Baer wes 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, eince he was not able to canse 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 ill a small space between the zona radiata and the cortex,
it is difficult to understand how it could do more than this, since after a
small arsount 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

ill 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 (Esox) and added the important observation that the fluid yielded
a precipitate upon the addition to it of nitric acid. This is the first proof
that the perivitelline fluid is not water.

Ransom (’66) gives-the first description of the cdrtical drops. He
describes them as droplets of a yellowish color and less refractive than oil
placed near the surface of the egyg, and says that they render the unim-
pregnated egy more opagque 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 water
alons but only when milt is added to the water. The meaning of this
probably is, as pointed out 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
nilt to the water in such a way that- it becomes permeable,

"Boeck (’T1) seems, according to Kupffer’s account, to have seen and
described the cortical drops. ’ :

Owsiannikow ('72) noted the filling of the egg of Coregonus lavaretus.

Oellacher (12) describes the filling of the egg of the trout and

attributes it to the passage of water through the pore canals.
His ('T3) in the salmon.(Lacha) describes in the cortical layer certain
bodies which he believes to be nuclei, but which are later described by
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Henneguy (’88) as vacuoles filled with an albuminous fluid, and are there-
fore the cortical drops. He considered the perivitelline fluid to be water,

Kupffer ("17) describes the surface drops in the herring under the name
of Dotterkoerner or yolk granules, as small, very refractive, glistening,
homogeneous spherules forming & layer on the gurface of the yolk. When
the perivitelline space is formed these spherules disappear, and Kupffer
says that he is nnable to describe this disappearance otherwise than as
solution.

At the same time that the perivitelline space forms the yolk contracts or
grows smaller as Kupifer 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 Kupfler believed that the surface drops dissolved. It is
clear from what Eupfler says later that thia is not what he has in mind.
He describes a great increase in the hyaline portion of the yolk, and eays
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 water into thie 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
e%g. He believes that the composition of the perivitelline fluid is altered
about the tenth hour by the dissolving in it of spermatozoa 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. Kupfler is unable to explain
thig difference between his own experiment and Boeck’s. The explanation
may be as follows:— ' :

The cortical drops are soluble in 49 salt water hence the egg fills in
such water. They are not soluble in fresh water or in .39 salt water,
hence the egg does not fill in these. By adding to the .89 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. In either case it seems to me the explanation depends rather upon
the solution of the surface drops than on the rendering permesble of a
previously i{mpervious 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 nueleus, but is inclined to doubt this from the
fact that they do not stain.

Hoffmann (*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 beliove 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) sttributes the imbibition of water in the cod’s egg. to

17
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osmotic action. “The tendency of the membrane to assume the full or
temse condition is doubtless due to capillary action of tle 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
portiens of the cortex and stained them and from the fact that the drops
did not stain concluded that they were compoged of some indifferent
liguid, but not of oil since they were insoluble in alcohol or ether. Later
(’%3) he describes the perivitelline fluid of Ameturus albidus as filled
with numerous, free, highly refractive bodies which obseure the view of the
embryo, but disappear in Iater stages.

Still lafer ('85) he describes cortical drops in the shad (Clupea

sapidissima). ,

Owstannikow (’85) notes the filling in Osmerus and seems to have scen
surface drops in other forms.

Kowalewsk? ('86) describes the filling in two Teleosts and speaks of a
thinning of the shell.

Solger (’86) found that the perivitelline fluid in Leuciscus ruftlug
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 yolk elements. He
regards these 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. '

Ligt 8’87) 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 agEs. ‘

Henneguy (’88) notes the filling of the egg 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 %’88) is known to me only from the abstracts in the Zoologische
Jahresbericht and in the Journal of the Royal Microscopical Society and
the referonces in the paper of McIntosh and Prince (’90)., He studied a
lerge number of pelagic ova and states that. the perivitelline fluid is
albuminous. He thinks that the food yolk formerly entirely filled
the - egz membrane and 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 numerous diffi-
culties in the way of attributing to the perivitelline space any phylo-
genetic meaning. Beard (’90) has already given cogent reasons 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
comparative anatomy and embryology. The arrangoment 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 & 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 occurs 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 cnse why not in the others? It 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 & medivm like the amuniotic 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 under the action of water either with or without
fertilization. . _

Agassiz and Whitman ('89) in Clenolabrus describe the cortical drops
a8 minute refractive spheres on the surface of the yolk. They render the
yolk opaque but disappear with astonishing rapidity under the action of
water and the egg ia then transparent. In some instances the fertilized
eges 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. .

§k[cIntosh and Prince (’90) do not believe that much water gains 2CCess
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. 1t 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 fluid has been usually considered 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 its
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
bas any proof been offered of the cause of the filling of the egg or the
funetion of the cortical drops. )

The review of the literature ‘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
explanation offered of the phenomena in the wall-eyed pike to all other
Teleosts. We may say that in all 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 an%i at the same time a small perivitelline space
filled with an albuminous fluid. This space then rapidly enlarges owing
to osmotic action through the egg membranes. The egg membranes are
thus stretched and rendered thinner and tense, so that they afford protec-.
tion to the egg within. ' '




1392 TENTH REPORT—STATE FISHERIES.

It is most likely that the statements made with regard to the structurs
of the zona radiata in the wall-eyed pike apply equally to all Teleosts, bnt
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 Ascaris megalocephala. Other instances are cited by
Solger (’86). ’ ‘ i

PART IIT,
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., Tt has a distinct 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 notb-
ing like progressive movement, although it is possible to detect a slight
rolling movement of the heads, which may be physical.

Each spermatozodn (Fig, 17) consists, as is usual, of three portions,

- head (hd.), neck (nk.), and tail (tl.). The head is bean shaped about

twice as long as broad and with e distinct notch on one side. It is diff-

cult to measnre it exactly in the living milt, but it is very nearly .0016 mm.
lorrllg and, as stated, half as broad. g Y Y
he neck is hemispherical and has & diameter not more than one-fourth
the length of the head: It is less refractive than the head and is difficult
to see. It’ is attached by ite flat side to that side of the head on which
the notch is,about half way between the middle of the head and the 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-
zow of the Rhine salmon. - I have not succeeded, although using the same
methods as Miescher, in demonstrating any structure in the head ‘of the
spermatozosn. Whatever method of staining was employed, the head
appeared always homogeneous. i
Spermatozoa are single cells, as has been shown repeatedly by their

* Miegcher found thie finid in the salmon to contain no alb inci i i -
B A vl e no albemen and principally inorganic selte. (Her.
2
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development. The head corresponds to the nucleus of an ordinary cell
and the tail to & part of the cell protoplasm. The head may contain some-
thing more than the nncleus 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 i laden 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 tekes on the form that
best adapts it for moving throu%b the water. Its nucleus is reduced to a
very small compass and becomes’ the head. To this head is attached only
go much protoplasm, ih the form of a vibrating teil, as is necessary to
move the head.

B.—BEHAVIOUR OF SPERMATOZOA IN WATELR.

Tt has been said that 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 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 towel more particularly aboutthe vent, so aa 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 a block of ice. A slide and cover glass should be made ready and
a drop of water placed on the slide. Then with any small instrument such
as the end of & glass rod or the point of & tooth pick remove a very small
quantity of the milt from the bottle and mix it as rapidly ae 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 as gunickly as possible. .

The spermatozoa will now be found undergoing the most vigorous move-
ments. They dart here and there with such rapidity that 1t is at first
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
slower and then one can see that they are caused by the tails which are
moving back and forth in & sinuous course not unlike the movements of
the body of a water snanke 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 head or a moving tail, while occasionally

a spermatazosn moves rapidly across the field of the microscope and
stops. At the end of & 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 these
spermatozos before and after the action of the water on them. In
examining the spermatozosa of one of the suckers common in Saginaw Bay
in May, the water was found to produce such striking changes that they
eould not fail to attract attention. Like spermatozoa of the wall-eyed
pike those of the sucker become motionless after a stay of a 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 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 egg and
the function of the cortical drops and the perivitelline fluid, ia 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 Ascaris megalocephala., (ther instances are cited by
Solger (’86). : 4

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 doer 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 spermatozoon (Fig, 17) consists, as iz usual, of three portions,
- head (hd.), neck (nk.}, and tail (tl.). The head is bean shaped about
twice ag long as broad and witbh 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 more than one-fourth
the length of the heads If is less refractive than the. head and is difficult
to see. It is attached by its flat side to that mide of the head on which
the noteh is,about half way between the middle of the head and the end.
From the middle of the comvex side of the neck projects the very delicate
taik. 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 aceurately. 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. ' T have not succeeded, although using the same
methods as Miescher, in demonstrating any structure in the head of the
spermatozodn. Whalever 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 albumen and prineipally inorganie salta, {Her-
menn, Handhoeh der Physiologie.)
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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 spermatozoon is to be explained a8 an
adaptation to the work it has to do. The ovum is large and unwieldy by
reason of the food material with which it is laden for the nourishment of
the young fish. The ovum and spermatozoon must unite in order to pro-
duce a new fish, and since the ovum is incapable of movement, the sperma- .
tozoom must go to it. The spermatozosn therefore takes on the form that
best adaptd it for moving throug}l the water. Its nuecleus is reduced to a
very small compass and becomes” the head. .To this head isattached 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 said that 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 to -
observe the movements aud 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, 80 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 s small glass
dish (solid watch glass) with a close fitting cover or into & homeopathic
vial which should be afterwards tightly corked. The miltshonld 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 & block of ice. A slide and cover glass should be made ready and
n drop of water placed on 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 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
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
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 head or a moving tail, while occasionally
& spermatazotn moves rapidly across the field of the microscope and
stops. At the end of & minute all signs of life have usually disappeared
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. In
examining the spermatozoa of one of the suckers common in Saginaw Bay
in May, the water was found to produce such striking changee thdt they
could not fail to attract attention. ILike spermatozoa of the wall-gyed
pike those of the sucker become motionless afier a stay of a few peconds
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in water (the exact time was Dot 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 become 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
enetration of the water into the milt and see its effect on the spermatozoa.
ne then has in the same field spermatozos 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 a 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 micropyle of the ¢gg. - If the spermatozoa of the sucker are of such =
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 sgg of more than
a single spermatozodn. By the time the first spermatozoén 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 canal, even
although still in motion. .

The spermatozoa of the wall-syed, 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 eggs 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 many in each lot had been fertilized. The
result was as follows: '

) Per cont of
Fortilized. | gorfiiyeq, | Injured, | Uoiniured
unfertilized.
L
Lot 1 __ 13 | 4 8 24
Lot 2 . 13 ]' 5 7 28
Lot 8 ..l 15 7 3 32
Lot 4. e o 0 ‘ 19 6 100

f The eggs wers arranged for the experiment in rows in & watch glass, as
already deseribed. In order to do this it was necessary to handle each
egg separately, which accounts for the considerable number of, injured
eggs. The table shows a steady increase in the percentage-of unfertilized
eggs, as the length of timeincreases during which the spermatozoe have
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been subjected to the action of the water. Omitting the injured eggs,
which cannot be counted in the experiment, the fourth column shows the
percentege 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 a single egg is
fertilized. Other experiments of the same sort gave similar results, and
the conclusion that the effect of the water is not 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 eggs
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 is possible to criticise this and similar experiments by say-
ing that the fact that the spermatozosa 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,
whereas if they could be brought into contsect with the egg they might
still be capable of fertilizing if. 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 therefore made
to determine by means of the. methylen blue reaction whether the motion.
less spermatozos were really dead. Living spermatozoa 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 stains deeply dead nuclei, so that the fact
that the heads of spermatozoa stain instantly in methylen blue may be taken
as evidence that the spermatozoa are dead. If they stain veryelowly they
are probably living, though possibly not in motion. A comparigon was then
made between the rapidity of staining in methylen blue of spermatozosa that
had ceased to move on account of the action of water and of those that
bad been killed by the use of heat, or osmic acid or by other means. No
difference could be made out between spermatozoa 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 spermatozoa.,

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 active for about a half hour, and individual spermatozoa may
sometimes be seen woving 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 a long time and 1s made in imitation of the natural fluid of
the body, so that it is not surprising that the spermatozoa should live
in if, ' :

The fluid which bathes the eggs when they are lsid is one in which the
spermatozon 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 wus raised and water added to the prepar-
ation, vigorous movements were ot 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. This 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 error, as pointed out by Quatrefages, was
made by the older observers before the Brownian movement was known.

It is 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 aud that such motionless spermatozoa are notthen capable of fortil-
izing eggs, were known 1o observers in the middle of the present century.

They are therefore not presented here as new facts, but for the reason,
as 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 a8 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 (’69) states that he had found it impossible to fertilize the eggs
of the trout 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,
Leuciscus 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) wes the first person to determine accurately the
the length of life in water of the spermatozoa of fresh water fishes. The
resulis of his work were of the greatest importance and have not been sipce
materially modified, so that I 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 ai the end
of which the spermatozoa were all dead in water in the milt of the species
named.

Pike, 8.m., 10 gec.

Leuciscus, 3 m., 10 sec.

Carp, 3 m., 10 sec.

Perch, 2 m., 40 gec.

Cyprinus, 2 m., 10 sec. : ,

The time given is the longest time during which any spermatozoén was
found to he living, Half the spermatozoa of the pike were dead at the
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end of 2 m, 2 gec., 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 snflicient for half the spermatozon to become motionless.

The time given is only accurate where the milt'is mixed thoroughly with
the water so that tlie 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 alive in the center of these mnsses 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 & certain temperatnre 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 b m,

10.5° after 4 m , 55 sec.

22° after 1 m., 20 sec.

28° after 3 u1., 20 sec. *

38° almost instantly. .
For the carp at

12° after 3 m.

18° after 2 m., 30 sec.

257 after 2 m., 20 see.

40° after 20 sec.

65° instantaneously. .
At lower temperatures in the carp the following results were obtained:

9.50° in 10 sec. 4.5 of the spermatozoa were motionless.

8% in 10 sec 19-20 of the spermatozoa were motionless.

2% in 10 sec. nearly all the spermatozos were motionless.

0° there was no movement. :

The other species gave similar results, showing that a certain
temperature is necessury for each species and that any considerable
rdepa.rturoz: from this temperature shortens the life of {he spermatozos.
The temperature is moreover very ditferent for different species, so
that water in which the spermatozoa 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 spermatozon. 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 spermatozoa 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 jice. 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.

1. “From a large number of experiments which I am unable even to
mention it results that with certain fish, a 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 spermatozoa. 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 determine this very year for the perch
and Leuciscus, In these species the acts related to reproduction are
immediately dependent on certain climatological phenomena.”

2. “The extreme shortness of the life of the spermatozos -and the
influence which the temperature exerts upon them are certainly to be
numbered among the cavses which most efficiently hinder the crossing of
species and the production of hybrids among fishes. Impelled by instinct
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 bave 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 as the maxima of the spermatozoa
of Cyprinus. The latter spawing at very variable temperatures, and
being able consequently to ®ncroach upon the time of spawning of a
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 several 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.”
. * * * . % * * * *

5. “It has been heretofore quite difficult to fiud 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 scarcely 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
has 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 temperature
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. It
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
gncountered it.”
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Kolliker (°55) confirmed the observations of Quatrefages as to the
“injurions 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). He repeated the
-experiments of Quatrefages and found that the spermatozoa of the trout
-continued in motion for thirty seconds. The temperaturs 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 contact with water.

After fifteen seconds in water the movements of all 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 spermatozoa when
‘mixed with water, normal. Forty eggs were fortilized with this milt and
thirty-two hatched. Henneguy and Kélliker tried other experiments by
mixing 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
‘Hennegny 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 leiurus) indicate a much longer life of the
gpermatozoa in fresh water. - In one place he speaks of the spermatozos as
moviug 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.” TIn 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 perivitelline space
wmine hours after fertilization.

I have found no observations particularly directed toward this point in
those species that spawn in salt water. Casual references to the subject
by observers working at other points are likely to Le of little value
-owing to the liability to the error of confusing the Brownian or other
physical movement with vital movements. Only those observations should
be acvepted that show that the spermatozoa called living are capable of
fertilizing the eggs, and I know of no observations of this sort on species
:spawning in salt water, ‘

Hoffmann (°82) speaks of the spermatozoa of Scorpaena as dying very
«quickly in sea water and as not showing movements after thirty minutes.

Hensen (°83) says that the milt of the cod placed in water having &
saltiness of 1.99% immediately showed very lively motions 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 a con-
trivance, probably only one of several, for preventing hybrid fertilization.
That it is possible to fertilize the eggs 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 case cited by Ryder (85, p. 503) of
“specimens in my possession of youne 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
hours in water and of moving about, an opportunity would be afforded for-
their coming vpon 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 obgerved among fish it has been
found that the male and 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 is laid. .

Von Baer (*35) gives an account of the spawning of Cyprinus blicca.
“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 pursuit
of ‘a female that wheén 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 neat and going through movements
calculated to bring their bellies together and to expel the eggs.

Ruscont (°36, b.} gives an account of the spawning of Cyprinus gobio,
in which the fish are deseribed 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 Kuropean whitefish {Coregonus paleae)

“It is known that the paleé always spawn in pairs and that they announce’

their presence to the fishermen by leaping above the surface of the water
one against another. It is at this moment that fecundatinn is effected by
the simultaneous ejaculation of eggs and milt.

Cosié (’59) gives ah account of the nesting habits of the stickle-backs.
and relates how the male when he has prepared 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 oL Es,

Milner (*13) 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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Fromw these accouuts, and I have no doubt the literatnre 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 fact that
the eggs are laid in the presence of the male {and 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: “Duriog the
Spawning process the herrings are packed in o dense mass are in con.
stant and violent motion, move their tails rapidly, press and rub against
the nets, etc., all with the obvious.intention to facilitate the emptying 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.” '

Eurl ('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-
tozoa %escribed by them as moving were capable of fertilizing egus and
the account of Ljungman indicate immediate fertilization in the herring,

Ths evidence 1s therefore not suflicient 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 attained 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 would be of advautage 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 1Y,
THE FERTILIZATION OF THE EGG.
A—THE LIVING EGG.
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 produced by water in the unfertilized egg, A

second watch glass containing . water is placed at hand and & small
qnantity 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 forcing it out again several times in rapid
succession. The milt thus diluted ig 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 to 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 bronght 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 ses the micropylar

funnel and canal from the side throughout their whols length. It requires.

some practice to pick out quickly an egg in the right position for-
‘observation.

By the time this is accomplished the movementa of the spermatozoa
will usually have nearly ceased, but one may see here and there a feeble-
movement. It is now noticed that each egg is thickly covered with
spermatozoa, the heads of which appear under the power that can be used
.08 minute granules thickly studded over the external ogg membrane (Fig.
23 spr.). They are not usually in contact with the external egg mem-
brane nor are they held firmly by it, since a little gentle washing suffices.
to remove them, while the external egg membrane is plainly seen within
the zone formed by the spermatozoa ebout the egg. The spermatozoa
are held in place by the fluid 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 bappens the spermatozos are freed and may
be seen floating away. This fluid thus affords to the egg a means of
attaching to itselt 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.

It has been pointed out that the spermatozoa live mmch longer in this.
fluid than in pure water, and it might be expected that those spermatozon,
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 15 necessary to
have the milt very dilute in order that it may not render the water so.
milky ag to obscure the view of the egg. FEggs thus treated were watched
to see whether 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 is no-
evidence that contact with this fluid prolongs the life of a spermatozotn
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, a8 in this case, immediately afterwards removed from the water.

The layer of spermatozos that covers the -egg may be umiformly
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 elsewhers, 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 peint in mind
showed, however, that it was merely & 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.

Thero is one possible exception to this statement. In many cases it was
noticed that there was an accumulation of spermatozoa directly over the
micropyle. The appearance presented was as though a large number of
spermatozoa had rushed toward thie 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 oceur, but
occurred so frequently as to make it improbable that they were due to
chance. It is likely that they are formed either by the crowding together
of epermatozoa in their efforts to enter the micropyle or by the presence

* over the micropyle of a projecting plug of some material in which the

spermatozoa become entangled. 1f 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 (Fig. 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 tbat
it is always the case that the last point of contact between the zona radiata
and the cortex is at the micropyle, but that sometimes the changes are gone
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 unfortunately my
notes contain no record of jhe temperature at 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 eon-
tact with the ‘'germinal disc. At three minutes and twenty-five seconds
the micropylar elevation is entirely withdrawn from the germinal disc
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.
elevation 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 impregnation eminence make its appearance an
instant after the separation and at the very point on the dise which was in
contact with the micropylar elevation (Fig. 23). In other cases the
impregnation eminence i not seen until some little time after the
micropyle has separated from the disc and it then lies at one side of the
microple (Figs. 26 and 27). In either case it may be seen first as s very
slight projection (Tig. 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. 23, a). When fully formed it has a
breadth of about 020 mm. and is about half as high. The eminence is
theretore so slight that it is easily overlooked and in order to be seen it is
necessary that 1t 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 egg to egg
until a suitable one is found. If one finds an egg in which the micropyle
1 presented in profile as in Figs. 10 and 11, the impregnation eminence is
almost certain to show. After having examined many huandreds 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 first, 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 sancer {Fig. 27 and Fig.

-1la.). This zecond elevation is about ten tizies as broad as the lmpregna-
tion eminence and about three times as 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. 23 and 26), at least I have
often failed to see it, although it may have disappearéd before my obser-
vation was begun. It may be said with certainty that if it is always pres.
-ent, 1t 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 mnch more rapid than the appearance of the
-eminence. In one case the iImpregnation 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 eix minutes. The
granular eminence disappears at the same Jfime as the impregnation
‘eminence. .

I have in one case observed two impregnation eminences near-one
another on'the same dise. They were not borne on grannlar eminences
and were smaller than normal. "In another case I observed a considerable
number, perhaps a dozen, slight conical elevations of the germinal disc
scaitered irregularly over its surface and each much smaller than an
impregnation eminence and without a crater-like depressicn at its apex.
In this egg T did not find the usual impreguation eminence. Aside from
these two cases I have seen always a single impregnatiou 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 a granular
eminence.

The fact that the impregnation eminence appears at that point of the
disc which was in contact with the micropylar elevation, suggests at once
that it is causéd by the contact of the spermatozodn with the egg. Many
unfertilized eggs were examined to 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, although in other respects the unfertilized ege
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 the imprecnation eminence is due to
the contact of the spermatozoon. The spermatozoa are so small and the
egg so opaquedaring the first minnte 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
nse a very hizh power and they are therefore not as favorable for these
observaticns as many pelagic eggs.

Careful observation was made of the impregnation eminence to see
whether a spermatozosn could be found attached to it or whether sperma-
tozoa 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 spermatozosn 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 tle eminence,
which wasimmediately thereafter withdrawn. Without further data one
would have no hesitation in calling these granules the heads of sprrmato-
zoa, and in believing that the contact of the spermatozoén 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-
quently, the impression left on the retina by the path of a granule may
be so combined with the image of the granule as to give rise to the im pres-
sion of a very properly constructed spermatozoon. This is particuiarly
true if one has actual spermatozoa in focus in the same fleld on the outside
of the zona. An examination of unfertilized eggs that have been placed
in water without any contact with spermatozoa shows, as already deseribed,

‘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 dise
to accumulate in both at the same rate. There is one series of phenom-
eng 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 budies, and repeat that
80 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 1g about .0I12 mm. in breadth (about one-half the breadth of the
. impregnation eminence). It becomes gradually higher, and in the course
of from six to ten minutes is nearly as high as broad, and & notech has
appeared on either side of it. The appearance in the living egz is aa
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
it and the disc, so as to separate it from the disc. = It 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 a 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 s0 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, tlie
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. 1In 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 reacbed a height eqnal to that of the first ( Fig. 29) and in
thirty minutes it has separated entirely from the germinal disc (Fig. 33).
The second polar body is then seen to be different from the firstin a
number of particulars. It is somewhat larger and is less regular in out-
line, It cominonly appears in a side view to be of & truncated triadgular
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 c¢lear, like the
first polar body, but granular. It appears to be made up of a considera-
b.Ie number (12 to 24) small separate granules loosely held together (Fig.
"33). It consequently appears darker and less sharply defined than the
firat polar body, so that it is more difficult to see. _
When the polar bodies are fully formed they lie side by side on the
suriace of the disc. They probably eventually break up in the perivitel-
line fluid, but I have not attempted to follow this process. I have seen
the 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-
giz and Whltm_an) at one side of the middle of the disc (Figs. 13, 14, 98),
I have cxamined a large number of specimens for the purpose of deter-.
mining this point. TIn 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 eggs examined at the same time, the polar bodies
were decidedly eccentric in ten and appeare! to be central in four. One
who wishes to understand the conditions under which these determina-
tions were made, may take s 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 furning the dish about while still looking at
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 then makes a spot in the center of the
dish, he will see that bowever he turus 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 therefors
conclude that in the wall-eyed pike the polar bodies are eccentric in
position in both fertilized and unfertilized eggs.

It was shown above that the germinal disc about ten minutes after the-

_egg comes into contact with water has the form of a saucer with its concave

side fitted against the yolk. This form, as was stated, it retains for more
than an hour, that ia during the whole time during which the polar bodies.
are being formed (Fig. 13}. 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 dinmetfer 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
minutes 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. Duaring the
third period, extending from the time of intrusion of the secoud 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 dise accumu-
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 sball there-
fore draw mainly on the accounts that have been given by Agassiz and
Whitman (*90) and Boehm ('91) and shall refer to those of Kupffer. The
account given by Hoffman, for reasons previously stated, I shall not make
use of, and that of Blanc (’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 ten minutes after:
Jertilization he finds the nucleus of the egg in the mother star phase of
karyokinesis. It cousists of a distinct acromatic spindle with spindle
fibres and about the equator of the 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-
soma 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 minules after fertilization (Fig. 34) the achromatic spindle (p.
8p. 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, 1. ¢, it has doubled. “Each of the twelve chromosomes is as.
long as the original but only half as thick.

Thirty minules after fertilization it is found (Fig. 35) that in place of
twelve chromatin rods at the equator of the spiudle 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 d'lylded into two, and that we have now the daughter atar stage. The
‘twelve chromosomes near each pole 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 firat poler body which we have already studied in the
living egg. The outer pole of the spindie, together with the twelve
-chromosomes grouped about it is then pinched off from the germinal dise
by, a eircular constrietion which runs about between it and the disc. When
thus pinched off (Fig. 36, p. b.1) it forms the first polar body and liesina
depression on the surface of the egg so that its outer side is seen in the
living egg. : ‘

The twelve chromosomes that Temain 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
5pindle) has not been determined in Toleosts, When the chromosomes
have arranged themselves about its equator the nucleus is &gain in the
mother star stage, The twelve chromosomes then again divide each into

thus & new daughter star stage ( Fig. 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 {orms
which pinches it off together with twelve chromosomes about, it. There ig
thus formeq 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 time expélled from

1t by the obliteration of the depression and the two polar bodies then lie
8ide by side on the surface of the epg.

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, sach corresponding to one of the ¢chromosomes, This ia
-2ll that is left of the egg nuclens (Fig. 38, at crm.), It remains for a con.
siderable time gttached by some of the spindle threads to the bottom of
the d_epregsion in which the second pular body.lies,

It is evident that by the process of forming the polar bodies three-quar.
ters of the chromatin’ of thie nucleus of the egg is extruded. Half of it ig
-extruded in the firat polar and half of the remainder in the second polar
body. The mass of chromatin left in the egg 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 mags of chromatin thus
reduce_d by three-quarteis, but the number- of chromatic bodies or chromo.
somes is also reduced three-quarters. There are twelve chromatin bodies
(chromosomes) in the equalor of the spindle before the formation of the
first polar body (Fig. 34). No one has described & division of the bodies
in Teleos.ts, but what has been made out by Boveri for Ascaris and by
Rickert in sharks is probably true here also, namely, that each chromo-
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 19 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 chromosontes, which travel toward one pole of the spindls.
from the other twenty-four which travel toward the olher pole of the spin.

‘dle. The chromsowes composing each group of twenty-four are united

together in pairs so that there appear to be but twelve chiromsomes 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
geparate on the second polar spindle into two groups of twelve each {Fig.
37), 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 crm.).

In the meantime the spermatozosn has entered the egg. DBoehm finds.
that the micropylar canal containsa number of spermatozoa 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 mnutes 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.) mads up of radi-
ating lines in the ecytoplasm and indicating the presence of a centrosome,.
though no centrosome is visible..

One hour and i{wenty minutes after fertilization (Fig. #8) Boehm finds.
that the spermatozodn has descended iuto 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 geparate chromo--*
somes composing it is not stated by Boehm but we way assume that it is,.
s 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 addition to this the sun-like or star-like figure pre-
viously described as having its center near the spermatozotn, 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
{Tig. 38, as.).

Two and a half hours after fertilization the male pronucleus is at some-
distance from the central part of the aster (Iig. 39, mp. n.), while the
female pronucleus (£. pn.) is still in the region of the polar body and is.
still united by very plain fbres (f. p.) with the bottom of the pit in which
the polar body lies. Three lLours 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 body (p. b. 2).
and fibres (£ u.} connect it with the surface. The impression made upon
one at this 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 and they are at the same time bent toward one side. Both

* All the chromneomes are not visble in overy fignre since the deeper omes mre often concealed
by the more superficial.
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‘male and 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 characteristio of the resting nucleus.
‘This process has gone further in the male than in the female pronucleus.

Three hours and thirty minutes after fertilization (Fig. 41), the male
pronucleus (m. pn.} lies on one side of the aster, It shows now a distinet
-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, as. 2). These have doubtless been derived by the divi-
sion of the single aster of the earlier stage and each doubtless contains a
-centrosome. The female pronucleus (f. pn.) has 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 accesgory female
pronuclei. The female pronucleus shows a distinet chromation network
-and a nuclear menibrane.
 Five hours and fifteen minutes affer fertilization (Fig. 42) the two
asters have separated from one another by & considerable distance and
each is made up of a distinct set of vays (as. 1, 88. 2). These two sets of
rays coms together at the sides of the asters and midway between their
centers. In a direct line between the asters there are no aster rays and in
this position are seen the two pronuclei, The male pronucleus (m. pn.}
is now underneath (7. e., furtherest form the surface ) and shows a chroma.-
tin network and & distinet thick nuclear membrane. The female pronu-
cleus (f. pn.) has been drawn up against the male pronucleus so that the
two are in contset. It is larger than the male pronucleus with a distinct
chromatin network and with a delicate nuclear membrane. The ACCESROTY
bronuclei 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 pronuclens has scarcely
changed and lies as before, deeper than the female pronucleus, The
female pronucleus 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 aceessory pronuclei have disappeared dand 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 deseribed by
Boehm (Fig, 44} the male propuclens (m. pn.) above (i. e, near the sur-
face) and af the ends of a line pessing between them the two asters. :

A little later the boundary between the two pronuclei has dissapeared
and there appears to be but a single nncleus lying between 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 distinct
chromosomes and at the same time a spindle, the segmentation spindle
{sg. sp.), has madoe itg appearance between the two asters. The souree of
the 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 knowd ss the first segmentation nucleus. The number of

zhtomosomes 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 safely con-
-clude that in the trout itis the sum of the number found in the male
and female 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, 4. e., from the female parent and half from the sper-
matozodn, 1. e.; from the male parent. o

Very shortly (Fig. 46) it is noticed that the chromosomes have divided
each into two and are separating into two groups asin the ordinary process
of karyokinesis. Hach group would contain therefore {in the trout}twenty-
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 nncleus is in the daughter star stage,

The separation continues until the groups have reaclied 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 (f p.). Fach 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, nn. 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 nuclens 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 segmentation
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 Kupffer on Boehm’s author-
ity. I may add that T have made, in sections, obsexl'vatlons 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 thedisc and lie in the perivitelline space where they after-
wards probably go to pieces. Aftor the formationof the polar bodies a period
of one to two hours elapses during which the ouly changes visible exter-
nelly are the changes in form of the germinal dise 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, 8o that each polar body conianins a part of the egg nucleus. The
formation of the polar bodies s an ordinary cell division twice repeated
and differs from other cell 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 spermatozotn and its separation
into two portions, a chromatic portion the male pronucleus and an achro-
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matie portion the asfter. We have seen the aster descend into the ceriter
of the germinal disc and then begins the most astonishing part of the
process. The aster by some means attracts or pulls to itseif the male
pronuclens and at the same time draws to itself the remains of the egg
nucleus, the female pronucleus. Each 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 jt. 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 the asters and around its equator the twenty-four chro-
matin bodies, 12 from the father and 12 from the wmother. 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 disc 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
io me, my own observations throw some light. :
1. How mdny spermatozoa enler the egg?

It is now conceded that normally not more. than one spermatozosn
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 Imsecta, that in these forms
& considerable number of spermatozoa enfer the ege.  Only one of these
become converted into a male pronuclens while the fate of the others is
uncertain, but it is believed by Rickert 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 Hoffrnan (’82), by List ('86), apparently by Hensen (’82), and. by
André (°75).

Boehm (’91), has described the spermatozoa in the micropylar canal of
the trout (Fig. 85) in sections and His (’73) has shown such agreement
between the size of the canal and the head of the spermatozosén 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 quoted by Ruckert (*92) believed from the existence.
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of a number of impregnation eminences in the trout that more than ome
gpermatozodn entered the egz, but was unable to prove this by sectiona.
Blanc (*92) bas (gecording to Riuickert) deseribed the existencs 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 spermatozoén is not normal.

So far as the study of sections go then, they have shown that normally
but & 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 spermalozoa passing through fhe
zong rudiale, but saw them in the perivitelline space and in the yolk. He
saw them in motion and describes the motion as exactly like that of the
head of a spermatozosn. He did not see the tails with certainty. He
found that the spermatozos remained in motion in the perivitelline space
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 spermatozos.
Most of these granules are also identical in size with the heads of sperma-
lozoa and it 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 wsll-
eyed pike indicates the penetration of = single spermatozosn. By Hertwig
("87) the existence in the sea urchin of several snch eminences was found
to mean polyspermy, the penetration of a number of spermatozoa. Kupf-
fer is quoted by Ruckert (*92) as describing several such eminences in the
trout and as surmising from their existence the penetration of several
spermatozoa 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 n conclusion warranted by the facts so far observed, that
in Teleosts but a single spermatozosn normally penetrates the germinal
dise. That in exceptional cases several spermatozon 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 ag the point of contact
between the ovum ‘and the spermatornotn, :

Kupffer (’86) is stated by Boehm to have observed a number of emi-
nences on the germinal disc of the trout and 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 thiseminence 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 spermatozoa may penetrate, but elsewhere they are prevented from
penetrating by a secretion covering the egg shell. There is no micropyle.
Shortly affer 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-
zoa 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
#urface of the pronuclei. In it take place the phenomena of fusion of
the pronuclei and the formation of the first segmentation nucleus. This
“pole plasm ig believed by Boehm to be themore fluid portion of the egg
nucleus. The point of particnlar inferest 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 have access 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 portiona
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 as 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-
zodn 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 amphibis, 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 spermafozoa into the germinal disc as marked by
a depression of the outer surface. The spermatozoa may enter the disc at
any point over a 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 spermatozosn may be marked by a depression of the surface
‘protoplams or by both an elevation of the proioplasm 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
18 considerable there is no special accumulation of clear protoplasm {pole
plasm) and no speeial impregnation eminences have been described. In
‘the two cases where the area of the egg to which spermatozoa get access

is small (bony fishes, lamprey eel) there is an elevation {impregnation emi- .

nence) formed, and the size of this eminence is in ]propor!z'on to the size
of the vmpregnation areq. Thus in the lamprey eel the eminence (or the
'pole plasm ) eovers 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 a diameter equal to about one twelfth the circumference of the

u. g
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#gg. " The contact of the egg with the spermatozodn may take place ovet
-any-part of this area. In the wall-eyed pike on the other hand, thé
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
spermatozoa to get access. This area and this only is normally elevated
into a single impregnation eminence and the eminence bears at its top &
single small depression. This indicates very clearly that here but a single -
‘spermatozoon penetrates the egp.

From the fact that the eminence exists in the fertilized but not in the
unfertilized egg we may conclude that it is formed by the protoplasm of
the disc in response to the stimulus produced by contact with the sperma-
tozoOn. It may probably be interpreted as an attempt on the part of the
-egg 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 more than a single spermatozotn
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 spermatozodn
enters the egg at only one point, -the micropyle. Atitempts 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 spermafo-
zoon left its tail in the micropyle and thus closed it against other sperma-
‘tozoa. Boehm (’88) later showed that there is no micropyle in the lam-
prey eel, but that the spermatozotn enters at any point over a considerable
area of the egg and carries its {ail with . -

Hoffmann (*82) believed that he bad 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. PBut Agasgiz 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 myaslf. There
ie probably therefore no mechanical plugging up of the miciopyle to pre-
vent the entrance of a second spermatozon,.

Hoffmann (’82) has suggested that the micropyle may be closed by the
formation of 1he perivitelline space. The micropyle opens internaily at
the apex of an elevation of the zona and the formation of the perivitelling
-space must cause some pressure {0 be exerted on the inside of the shell
Any such pressure on the end of the micropylar projection would, accord.
ing to Hotfmann, tend to close the canal. = This one may illustrate by
punching a hole through a piece of cardboard with a pencil point or
-other éonical instrument, as already suggested. There is thus formed &
canal through the cardboard and like the micropylar canal one end of it is
a} 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 pressure against it to close the
opening formed. Tt was doubtless in some such way as this that Hoffman
pictured to himeelf the closure of the micropylar canal by pressure within
- the perivitelline apace.

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 overlvoked. He cut the ege shell of the
trout in helves 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
inside 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 foated entire ergs 1n 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 micropyle
is an open passage way.

In eriticism of this it may be said that it shows only that fluids pass.
through the shell in the region of the micropyle. The shell is thinner in
this region and might admit fluids here though not elsewhere. In spite
of this criticism the evilence strongly favors the comclusion that the
.micropyle is open. : ‘

There is oue other set of facts bearing on this question, namely, that it
is not pogssible to fertilize eggs of wall-eyed pike that have lain in water.
This is shown by the following experiments. Five lots of eges 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 fullows: . '

Milt added |Fertilized, i, e., TDufortilized, |Forcentage of [ Number in-

after segmanted. fertil:zod eggs. Jored.

Lotl. _______.___ 2 min, 10 15 40 0
A S 4 @ .8 15 17 7
A 6 « 2 18 10 6
“ o4 . g8 « 1 18 5 6
0 16 0 9

B - 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 totell whether or not they had been fertilized. The

experiment illustrates (what had been known since Costé) that lying in 7

water makes the 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 thers are two reasons why it cannot be so
accepted. :

If the micropyle becomes gradually smaller it would suddenly pass the
size at which it is possible for a spermatozoon to enter. If one were-
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attempting to fit & peg into 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 8. If
there were twenty-five holes of each sort the percentage into which the
Peg could be fitted would run: :

Holes, Percentage,
~ 1. .. 100
. 100
S 100
4. 0
5 S 0
6 and following . __.____. 0

In the same way if the micropyle is diminishing in size there must
come an instant of {ime when it i3 too small for the spermatozoa to enter.
Previous to that time the percentage of fertilization must be high, subse-
quent to that time the percentage is nothing. This is true if the sperma-
tozoon is regarded as a rigid body which cannot squeeze through an open-
ing of gradually diminishing diameter., There is no evidence that the
spermatozotn 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 mieropyle, 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 ferfilization 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 ('77) 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 beivg 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 it, if the micropyle does not close, that no more than one
spermatozodn 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 spermatozoén 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 dise.
By the time it has reached the germinal disc it is likely that the other
spermatozos 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 cdse of eggs 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 extrunded. In this fluid, as I have shown, the spermatozos live for am.
hour or more and there is therefore sbundant opportunity for more than
one spermatozodn to pass down the micropylar eanal. o

From what we niow know of the egge of sharks and reptiles it is by no-
means certain that the penetration o? more than one spermatozosn into.
the egg would do harm. The oceurrence of olyspermy as & physiclogical
process may be considered established by Rickert (*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 the 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 is néces-.
eary at the same time that the spermatozoén should enter it There are-
doubtless many ways in. which these two objects may be accomplished..
In bony fish the protection is afforded by = 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 spermatozodn, and the egg thus enjoys the greatest anfount
of protection while stil] meoting the needs of fertilization. The function
of the micropyle then is to allow the entrance of the spermatozodn..
Its small size is not a contrivance developed in order to Pprevent
the entrance 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 spermatozos does prevent the enirande of a second spermatozodn,.
is an accompanying phenomenon, which in the present state of onr 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 character of an animal is deter-.
mined by the cells which make it up and these in their turn are derived
from the fertilized egg by repeated division. In the cell nucleus it is.
believed to be the chromatin which plays the important role and deter-
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 derived
from the egg. This chromatin we now know to come half from the mother
and half from the father and we can thus understand 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 nome 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 a 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.

Wha{ 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 ) is 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 either parent and may be different from
both. Perhaps this may be best illustrated by taking the concrete case
of the egg of & bony fish as worked out by Boehm and combining it with
what hasbeen made out by Rickert (*92) and Boveri (’90). The case which
I shall suppose for the purpose of illustrating Weismann’s theory of the
polar bodies is an ideal vme, 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 contains
(a8 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 individuel pecul-.
iarities of the cell are dependent on the influences exerted on it by these
chromosomes. We may suppose that these twenty-fonr 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 it is. The egg cell and
sperm cell likewise contain each twenty-four chromatin bodies. Ifan ani-
mal were to be developed from the egg cell without fertilization, each of
ite 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 to 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 spermatozotn 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 spermatozodon 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 lias 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 and each cell of the young
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fish that develops from it contains also twenty-four, the number present in
the cells of both parents.

Polar body formation and the corresponding process in the spermato-
%00n is therefore a means of reducing the number of chromosomes in egg
and spermatozosn 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 egg and numbore 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 teke 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 epg will be chromosomes 1 to 12, in another, 13 to 24, in another
1,38, 6 79,11, 18, 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 Weismanu (’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 1s 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
Tises to 184,756, :

What is true of the eggsis true also of the spermatozoa, so that with
twelve chromosomes in the cell from which the spermatozotn is formed
there is, as & result of that process in the spermatuzosn corresponding to
the polar body formation in the egg, a possibility 8,074 different kinds of
:apermatozoa.

When the spermatozos 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-
gible 8,074 times 8,074 combinations, . e, 63,180,476 different sorts of
fertilized eggs. This means that the chromosomes in the nuecleus 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 Epecies.

In the formation of polar bodies we have then an explanation of the fact,
80 often observed that no two animnls are ever exdctly alike. The old adage
hlt}i it “As alike as two peas” but two © peas "’ were probably never exactly
alike. :

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 hﬁve the same meaning in all the plates:

.as,l aater.

as, my. f. micropylar funnel.

ast, % polar asters. nli nuuleus.py g

-&. dr, cortical dropsa. nu. 1, ) nuclei of the two cells formed by
cl. 1, % two cells formed hy the first seg-|nu. 2, the first segmentation farrow,
cl 2, mentation furrow. o. d, principal oil drop,

cn, centrosome, o. d!, smaller oil drop.

con, cone of cytoplasm threads, p. b, 1, firat polar body. .
-cv, cortioal layer or cortex, p. b. 2, second polar Lody.

orm, chromosome, : p. b. 1 and 2, first and second polar bodies.
eyt, eytoplasm, p. ¢, pore canals, '
6. m, external egg membrane. prt, partition walls between cells.

f, u, uniting fibres, - p. 8p, 1. firet polar spindle.

f. pn, femals pronucleus, p- 8p. 2, second polar spindle.

g- d, germinal disc. ) pv. perivitelline space.

gl, globule cloging micropyle. pv. f, periviteliine fluid.

.ET, groove hetween edge of germinal disc|sg. sp, tirst segmentation spindle.

. and yolk, ‘ 8p, spindle.

i. e, impregnation eminence. 8pz, spsrmatozobn.

m. cl, cell membrane or cell wall. 2. I, zona radiata,

m. nu, nuclear membrane or nuclear wall. | yk, yolk,

m. pn, male pronudleus. 1, chromosome no. 1.

my, micropyle. 2, chromosotoe no. 2.

my. ¢, micropylar canal. } 1!, daughter chromosome derived from 1.
my. 8, micropylar elevation. 2!, daughter chromosome derived from 2

The divisions ou the scales which accompany the drawings are tenths, hundredths and
“thoueandths of a m:llimeter (mm.) One mm. equals about 4 of sn inch, hence .1
mm. equals giy in. .01 mm. equals ¢y in. and 001 mm equals yziyy in.

PLATE I

Fig. 1.—Diagram of resting cell, original.

Fig. 2—Diagram of cell with nucleus in the early mother skein stage. Only & small
. part of the cytoplasm is Yepresented. )

Fig. 3.—Diagram of cell with nuclens late in the mother slein stage. In this and the
. following figures except F'ig, 8, the cytoplasm is not drawn in detail.

Fig. 4—Diagram of cell with nucleus in the mother atar stage.

Fig. 5.—Diagram of eell with nucleus in metakinesis.

Fig. 6.—Disgram of cell with nuecleus in the daughter star atage,

Fig. 7.—Diagram of cells just divided with nuclei in daughter 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 intc the resting
condition.

Figs. 2,3, 4, 5,7, are diagrams suggested by the figures of Boveri apd the diagrams of
Rabl.  Fig. 8 is copied from Waldeyer, a centrosome has been added in the
lower cell,

PLATE IIL

Fig. 9~Diagram of an egg a9 it leaves the body of the fish ({before contact with
- water) magnified sizxty dinmeters.
Fig. 10.—Ezg us it leaves the body of the fish and hefore contact with water.. The
. details are filled in over one-half of the egg. ’
Fig. 11—The egg sbown in Fie. 10 after having been fertilized and having been two
® ‘minutes in water, The yolk and the 0il drop are represented only in putline.
Same soale as Fig. 10. :

. Fig. 11a.—Part of the germinal dise of the same egg five minutes after Fig. 10, show-
11‘:‘1g til(;a impregnation eminence and the granular eminence. Same scale as
1g. 10, ’ .
Fig. 12—The egg shown in Fig, 10 seven minwuies after contact with water. In
this figure and in Fige, 13, 14, and 15 the zona radiate, 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 firat.
polar body 18 formed.

Fig. 14—The egg shown in Fig. 10 fwo and a half hours after contact with water..
Both polar bodies are shown, R

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 houra
twenty minutes after fertilization.

Fig. 16.-—Diagram of an egg in a 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 disc. Magnified abeut sixty diameters.

Fig. 17.—A spermatozodn.

The numeral attached to the scale of this figure should be .01,

The figures are all criginal and from the wall-eyed pike. Figs. 10, 11, 12. 13, 14,15,
were drawn from living egegs from outlines with the ADbbé camera under Zeiss’s apo-
chromatic 16 mm. Qcular 2, with the paper slevated considerably above the level of’
the micro3rps stage. Fig, 17T was drawa with the AbbE camera under Zeiss's apo-
chromatioc 2 mm. ocular 12, and was afterward enlarged.

-PLATE III.

Fig. 18—A part of the cortical layer near the edge of the germinal dise, together with:
) the egg shell and perivitelline space. ection.

Fig. 19.—Sections of the egg shell treaced by the Berlin-blue process. The canals and
tbe perivitelline fluid which are represented as black, are blue in the:
preparation.

a. Cross section from an egg preserved in Perenyi's fluid.
b. Tangential saction from an egg preserved in Perenyl’s fluid.
¢. Crosse section from an egg preserved by Hoffmann's method.

Irig. 20.—Diagram of the micropyle as seen in the living egg a fow minutes after con-
tact with water.

Fig. 21.—Cortical drops and small oil drops from the surface of the large oil drop in a
living egg, to show the difference in optical effect Letween the cortical drops

' and oil drops,

Fig 22—A piece of the cortical layer of a preserved ege 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 ege. The earliest stage is at the bottom (d). A part of
the zona radiata with the micropyle is represented in its matural position
above ihe upper figure (a). -

ig. 24—Part of the germinal diso with granular eminence and impregnation eminence
and of the zopa radiata with micropyle. An obligue view from the living
egg. Scale unknown. ] .

Fig. 25.—Sketch of part of a living ‘egp, showing the micropyle closed by a proto-
plasmic globule. .

Fig. 26—Part of & living egg showing the impregnation eminence five minufes after
fertilization.

Fig. 27.—Part of another living egg showing impregnation eminence and granular

. eminence, five minutes after fertilization. :

Fig. 28.—Purt of a living egg showing the two polar bodies.

Fig. 29.—Two views of the polar bodies in a living egg, o i9 a little later than b and
showa the first 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 Zeiss's apochromatic objectives with the asid of the

Abbé eamers. :

PLATE IV.

Fig. 34.—Part of rection through the germinal disc of an egg of the rainbow trout,
twenty minntes afler fertilization,

Fig. 35—Part of section through the germinal dise and zona radiate of the rainbow
trout, thirty minutes after fortilization.

Fig. 36.--Part of a section through the germinal disc and zonsa radiata of tbe reinbow
trout, one hnur after fortalization.

Fig. 36a.—Part of a section through the germinal diso 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 after fertilization. ' : '

Fig. 38.~~Part of a section through the germinal dise of the rainbow trout, one hour.and
‘twenty minutes alter fertilization. ‘

Fig. 88.~—Part of a section tbrough the germinal disc of the rainbow trout, fwo hours
and thirty minutes after fertilization.

Fig. 40.—Part of a section through the germinal diso of the rainbow irout, three

. . hours abter fertilization. ‘

g, 41.—Part of a section through the germinal dise of the rainbow trout, three hours
and thirty minutes after fertilization.,

The figures are all copied from Boshm ('91) and were four times the size of the origi-
nal figures, but have been suhsequently reduced by photography. The firat polar
body is not shown in Figs. .38, 33, 40 and 41, but may be thought of as Iying on the
surface of the diec near the second polar body.

PLATE V.

Fig. 42.—Part of a section of the germinal digo of the rainbow trout, five hours aqnd '

fifteen minutes after fertilization.

Fig. 48—Part of asection of the germinal diso of the rainbow trout, seven hours and
thirty minules after fertilization. '

HFig: 44 —Vertical section of the germinal disc of Ctenilabrus, showing the two pronu-
clei. Magnified 1120 diameters. N

Fig. 45.~~Vertioal section of the germinal disc of Ctenilabrus, showing the firat sog-
mentation spindle (mother star staga). i

Fig. 46—Vortical section of the germinal diseof Ctenilabrus, showing the first seg-

- _mentation spindle (metakineeis%‘
Fig. 47.—Vertical section of Lhe germina
. the firet segmentation nucleus.

Fig. 43 —Qutline of a vertica] section of the germinal dise of Ctenilabrus, after the
formation of the first segmentation furrow. The segmontation nucleus ie
divided into two.

Figs. 42 and 43 are from Boehm ('91) and were drawn four times the size of the origi-
nal. Figs. 44, 45, 48, 47, 48, are from Agassiz and Whitman and #re four times the
Aize of Lhe originals, except Fig. 48, wbich is romewhat smaller. These fizures have
been subsequently reduced by. photography. The nucleus in Fig. 45 is represented by.
Agagsiz and Whitman in a surface preparation, but is'shown here in section to harmon-
ize it with the other figures.

disc of Ctenilabrus, showing the division of

OLD AND NEW SUGGESTIONS CONCERNING ARTI-
FI1CIAl: FERTILIZATION, WITH A METHOD
- OF HANDLING ADHESIVE EGGS.

BY JACOB REIGHARD,

PROFEBICR 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 iu artificial fertilization. At the same time it yields
some 1ew facts that may be at once turned to practical account, and it has
regulted in devising a means of handling adhesive eggs that it is hoped is
-of practical value.

1. The milt {of wall-eyed pike or whitefish)} that has been mixed with
water for one minute shonld not be used in fertilizing eggs.

The reason for this, as pointed out in the preceding paper, is that a large
proporfion of the spermalozoa 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
also 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
-same place with the females. Milt could be then collected at some obther
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 waghed before being brought inte contact
with the milt. The washing removes the fluid which bathes the eggs when

laid and this fluid serves the purpose of attaching the spermatozoa

temporarily to the egg and of thus facilitating fertilization.
5. The eggI should not lie in water for any length of time before
fertilization. Tt 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 wall-eyed pike egg becomes
incapable of fertilization, . :

The eggs of the wall-eyed pike should not be allowed 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 disc and do not
atterward develop.

The following experiment will serve to illustrate this: A batch of
perfectly fresh egps was fertilized. & dozen eggs were removed at once to
a watch glass and washed and wers 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. C ‘

The remaining eggs were left in the diluted milt and were then washed
1p and left for twenty-four hours in clear water. Twenty-six eggs were
then taken at random and of these one was found developing normally.
The others were only partly “filled,” the germival disc was not formed
and only half the whole number of cortical drops was dissolved.

‘In another experiment the eggs 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 eggs in this bateh that were
not developing were found to be only partly filled, to contain many corti-
cal drops and only an imperfect - germinal  disc. They were kept under
observation for twenty-four hours and did not"develop 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 eggs 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 made 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 stand 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 showed 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 only one.1 per cent 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 oggs was less. " The only
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explanation of the matter that occurs to me is that the shaking causes the
germinal disc to strike against the egg-shell and so injures the impregna-
tion eminence. Since this eminence no doubt eontains the spermatozodin
its injury results 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 eggs into & 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 to 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 egga first to the water
and then add the milt. The advantage here is that the egg retains the
power of being fertilized longer in water than the spermatozotn retains
its fertilizing power. The disadvantage is that the albuminous fiuid cov.
ering the eggs 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 ome can work quickly enough, the second where there
is 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 eggs of the wall-oyed 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 e combination of both processes. It has been
shown that all of these processes are injurious.

It was therefore a desideratum to find a 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 WaYE.
1. Bome substance might be dissolved in the water, which, without
injrring the egg or spermatozodn, might still so act on' the external egg-
membrane as to destroy its adhesive properties. It is known that the
spermatozos live iu weak solution of varions 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, sodinm carbonate, sodium sulphate and ege albumen,
All the experiments were fruitlessand it is not necessary to defail 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. It might answer to allow eggs to adhere to one anther in a mass and
afterwards to separate them by mechanicai means such as passing them
through a sieve, This method has been pursued as I learn from Mr.
Btranahan, at tbe U. S, hatchery at Put-in-Bay, Ohio.

A trial showed that the eggs when separated are distorted by the mutual
pressure. Some are elongated, others are flattened’ and scarcely any are

spherical. About ten to fifteen per cent more of the eggs are injured.

mechanieally than by the process next to be.described.

3. It might be possible to add to the water some substance that should
get between the eggs and prevent their touching one another. It was
‘believed that the reason 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 are thug 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
confaining egg yolk in a finely divided condition. The egga 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 eggy 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 that the BEES
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 eggs was then fertilized and added to the
starch water and the work was continued until the pail containing the
starch water had been half filled. It was found that the eges settled 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 bronght suddenly into & 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 eges and
starch brought intg contact with the fresh water by a few twisting and
swinging movements of the pail. As the starch again settles the water
may be again changed so that without using fresh starch there is 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 eggs 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
ireated by the starch method. : :

TRIAL ONE.
. By the usual method. By use of staroh.
Segmenting_ . ._____________ 112 -83% 153 99
Injured . ___ - ____________ 2 1% 2 1%
Not segmenting_ __.___.____ 63 369 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 G 33 129,
Not segmenting_ . ________ 176 64 190 739

Total___.....____.275 100% 262 1009

The first trial shows a gain of 36 (almost double the average) and the

" second a gain of 15% by the starch method. Three other trials gave each

4 -gain of 15% and a fourth trial gave a gain of 23¢,. 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 eggs to adhere
:and afterward separating them showed a gain of about 5% over the waual
me%}];log,' 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 20% by the use of the starch method; so that the method
certainly merits & trial on & commercial scale. It s always possible to
handle & small number of eggs, as a few thousands, in such a way as to
‘secure & very large percentage of fertilized and uninjured eggs. The
extreme care in manipulation which is necessary to accomplish this can-
not be used where the number of eges is so greatly increased and where
‘the conditions for working are so unfavorable, as 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 it 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 th ree 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
same catch of fish or whether their subsequent treatment was the same,

Tthe1 matter needs to be tested by more extended trials under proper
control,




EARLY HISTORY OF THE FISHERIES ON THE
GREAT LAKES. ' ”

BY HERSCHEL WHITAKER,

Stretching away to the northward from the low Laurentian hills of
Kew York to the trap-rock oliffs of Minnesota, for a distance of sixteen
hundred miles, in a hydrographic basin embracing an area of one hundred
“and seventy-five thousand square miles, lie the Great Lakes of the north-
west, the largest bodies of fresh water upon the globe. Upon their bosoms
‘float vast fleets 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 sustenanse of man.

The vessels which constantly pass and repass are not freighted with ores
from the mines of Goleconda nor with spices from far Cathay, but carry
lumber from Saginaw, iron from Hscanaba, 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 terrfitory lying north of the St. Law.
rence and Ohio and west of the Alleghanies, these lakes have been the-

teat highway of intercommunication between the east and west. The
esuit missionary filled with holy zeal departed from Montreal, the seat of
French power in Ameriea, in his bark ¢ance, manned by his Indian con-
verts, for the trackless wilds of the far west, to raise the cross and establish.
His feeble migsion among savage tribes.
Following him came the fur trader with his canoe and courrier du bois,

gewgaws, beads and cheap merchandise with the Indian for the valuable
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, fortune and fame. Each of these in his own way has left testi-
mony of the bountiful wey in which nature has stocked these waters with
desirable food, and the belief of all concurred that there was an unfailing
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 pProper season of the
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ear to take fish for present wants aud for fature use. Intime these points
gecame 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.

Such localities as the Straits of Mackinaw, Sault Ste. Marie, Green Bay,
Chequarmegon, 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 & few of the earlier voyagers to give their testimony upon
the abundance of fish in these waters.

Hennepin says in his Travels in 1675 “There is & 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 (riffin lay -in the harbor amid one hundred and
twenty canoes going and coming from taking the whitefish which the
Indians catch in pets in from fifteen to tweuty fathoms of water and with-
-out which they could not subsist at all,

“At the Sdult the Indians subsigt by hunting $tags, moose or elk and
‘some beaver, and by the whitefish which is very good and is found in great
-abundanece, but this fish is very difficult to take to all but these Indians,
who are trained to it from childhood.”

- He says, on his returu from lis first voyage up the lakes, and after the
loss of the Griffin: “On reaching Lake Conti ( Lake Erie) near the mouth
of the Detroit river, the soldiers who were in canoes killed with thejr
Sworde and with their axes more than thirty sturgeons which came to,
8pawn on the banks of the lake.” . '

Charlevoiz, in his voyage t0 North America, 1721, in speaking of Lake
St. Clair, the smallest lake of the chain which lies between Lake Erie and
Lake Huron: “The islands in the river seemed placed on purpose for the
Pleasure 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 so little, but they can subsist
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 aftikumaig or whitefish, and especially the trout.
There are three sorts of these taken, among which is one of monstrous
Bize, and in so preat 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.”

In 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
Manistique river, which is 8 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 throughout the interior parts of North America, says: “Lake
Suoperior abounds with a variety of ish. The principal and best are the
trout and sturgeon, which may be caught at all times in the season in the-
greatest abundance. The trout in general weigh about twelve ponnds, but
some are caught that exceed fifty. Besides this a species of whitefish is.
taken in great quantities hers that resemble a shad in their shape, but they
are rather thicker'and less bony. They are about four pounds each 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 hers, and

' which may be taken with ease. 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 a.
most commodious 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 sbout the months of September and.

October, the whitefish before mentioned at that season, together 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 ag-
those in Lake Superior.”

Qarver arrived at Mackinaw at the beginning of November, 1767, after .

having been to the Mississippi river and up that stream s far as the Falls.
of St. Anthony. Ho says: “We passed the winter very pleasantly at the
Straits of Mackinaw. One of their amusements 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 as though they
were cured by salt.” .

This may properly be considered as the first authentic notice of preserving"
fish by the freezing process, and while it is crude it still is as effective.
as the work now done by the immense freezers found in almost every-
important town on the lakes.

George Heriot, deputy postmaster genera) of British North America, 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 1o five feet in length, some of which are seventy pounds in weight.
This fish is bred in Lake Michigan and is known by the name of
Mackinaw trout, and affords a most delicious food.” On Green bay he
says: “ There is a village composed of natives at the mouth of thiz river-
who employ themselves in fishing.” ,

At the Sault Ste. Marie, “At the bottom of the rapids and among their
billows which foam with cesseless 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 tront and pickerel are likewise caught.
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here. These afford a principle means of subsistence to a number of the

tive tribes.” o ) .
naﬁ[?al?o speaks of the method of teking the whitefish at this place in

"the rapids at the foot of the falls, which, singularly enongh, is followed by

the Indians to this day, and from its peculiarity deserves special mention.

i is own words: )

! g‘uﬁeohs;ua.ll degree of address as well as stréngth is employed by t}_lasltla-
pavages in catching these fish. They stand in an erect attitude in a bire f‘
canoe, and even amid the billows they push with force to the bot-torir;l 0
the waters.a long pole, at the end of which is fixed a hoop with a n'e]a:‘hm
the form of a bag, into which the fish is constrained to enter. : e{
watch it with the eye when it glides among the rocks, quickly ensnaring1
and dragging it into the canoe. In conducting this fishing much practice
is required, es 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 attracts to this sitwation 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.

“The Otter nation inhabit the rocky caverns on Lake 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 thnz
military post at Sault Ste. Marie, was the United States Indian agent a

- thig point. He was a man of cultnre and of literary ability, end one of

e most prolific contributors to the literature concerning the habits, char-

zl(lzteristicé) and language of t]:(l]e North Americen Indians. He says of the
i t the Sault in 1820: .

Wl}}?c? ;tllage in America has been so justly celsbrated as a locality for tak.
ing this really fine and delicate fish as St. Marie’s Falls. This fish resort(ﬁi
here in great numbers, and is in season after the autumnal equinox, anf
continues o until the ice begins to run. Tt is worthy the nttentl?nh'o
ichthyologists. Ttis aremarkable but not singular fact in its mati:nrﬂ.f 1119-
tory, that it is perpetunlly found in the attitude of ascending at th%se ) i-
Tt is taken only in the swift water at the foot of the last leap or esceni
Into this swift water the Indians push their canoes. It requires géeg.
gkill and dexterity for this. The fishing canoe is of small size an ﬁs
steered by the man in the stern. The fisherman takes his stand mT'i:a e
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 is
gseen below or alongside, he dextrously puts down his net and he_;.vm%
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 ';5 e
canoe is loaded, when he shoots out of the tail of the rapids and makes for
theshore. The fish will average three pounds, but individuals are sfoml_]ew
times taken two or three times that weight. It is & great rescurce o the
Indians and of the French, and of the poor generally at these falls,”W o
ent 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 a fish,

So fine in a platter, so tem pting a fry,

So rich in a gridiron, so eweet in & pis,

That even befors it the selmon must fail,

itud th:t Tuscious ban*ne bou*((:he of the land beaver’s tail.
* £ *x

'Tis & morsel alike for the gourmand or faster,
While white as a tablet of pure alabaster,

Its beauty or flavor no peréon can doubt

When seen in the water or tasted without,

And all the dispute that opinion ere makes,

Of this king of lake fishes, thia “deer of the lakes,”
Regard not its choiceness to ponder or sup,

But the beet mode of dressing and serving it up.

Sheldon, Disturnell, Strickland, Eohl, Hubbard and others all unite in
saying that nature here 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 gup-
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. Duoriug all this time the northwestern territory was looked
upon as a 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 t hem demanded.

Little is known at‘the early time of which T speak with reference to the

fisheries of Take Erie, because of its situation it wag but little frequented

by the explorers and fur-traders. Good reason existed for this condition -

-of affairs. The bloodthirsty and eruel Iroquois, the mést adventurous
-and warlike Indian tribe which ever inhabited the continent, held undis-
puted possession of ull that wilderness lying about Lakes Ontario and
Erie and adjacent to the Niagara river, which was a key of approach to
the latter lake, o )

The rivalry between the Dutch fur-traders of New York and those of
the French was exceedingly intense in their attempts to control the fur
trade of the northweat. The Iroquois were incited by the Dutch to throw
every 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 betwesn the further western tribes
of Indians, controlling in their own interests the fur trade between the
Dutch and these tribes, fiercely resented all attempts at interforence in fhis
trade by the French. As a result of their attitude the great waterway
communication between Montreal, the seat of the French fur trade, and the
great northwestern lakes was closed by the Iroquois, and communication
with the upper lakes wag ma:e by way of the Ottawa and French rivers
into Georgian bay and from thenge into lakes Huron, Michigan and
Buperior. '

Meager, however, as the information is that we have concerning the
-condition of the fisheries on Linke Rrie at thig early period, such informa-
tion as we have shows beyond question that fish were exceedingly plentiful,
especially at the Put-in-Bay islands and Sandusky bay. Dr. MeCallnm

of Dunville, Ontario, at a meeting of the International Fish Conference, .

held at Hamilton last winter, exhibited to the me:ting 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 Frie. 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, baving

" holes drilled through them by which they could be attached to each other

with thongs, the hook itself being barbless. Their form and construction
indicated plainly that if the aborigival man was compelied 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 commeraial fish. _ L

Blois speaking of the condition of the fisheries as early as 1835, in his
“Gazetteer of Michigan,” says: “Their quentities 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 diminntion.” )

Liooking at the matter from that period of time the writer was unques-
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 population 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 year. ) .

Michigan statissics show that in 1830 the quantity of fish marketed in
the State amounted to 8,000 harrels valued at $40,000.

In 1836 the whole numbers of barrels taken amounted to 11,4‘00. )

In 1837, to 18,500 barrels of the value of $125,800. Of this quantity

"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 Figh Com-
missioners show that the vaiue of the commercial fish taken in the State
was about $1,500,000 a{ wholesale price. o

In considering such statistics as we have, we must take into account the
uncertainty and unreliability that must necessarily prevail in 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 potent
factor. Severe storms may prevail one year, while the next year may be an
exceedingly favorable one, and, therefore, their reliability is much impaired
aud the basis upon which we must make comparison i3 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 increased until now the length of the gill-nets fished in Michj.
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, Tts use conclusively shows that it has been one of the most
destructive of fish devices, and ia responsible for the great decay of the
" fisheries which has been observable during the last twenty years.

Concerning the introduction of ths pound-net into the great lakes, I
am indebted to My, L. Anthony of Bandusky, Q., for the following facts:

. “Pound-net fishing wes first introduced by Messrs. Spencer and Court.
land, two Connecticut men, at Sandugky, 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. L. Anthony of Sendusky, 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 Toledo, O., and Port Cliston, Ofttaws
~-county in the same state, in a depth of nine feet of water., - The fish were

plentiful and the catch was remarkably large. He salted fifteen hundred

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. Anjhony, conceived the idea.
that this plan of fishing could be successfully done in the deeper waters

" of the lakes. The firgt attempt was made by Mr. Anthony at deep water
pound-net fishing, in the spring of 1855, at ]zelly’s island and Put-in-Bay, -
in Lake Eris, Qhio, with marked success.

In the year 18564 he did his first pound-net fishing in Lake Huron at
North Thunder bay, fishing in 33 fest of water; fish were caught. here in
large quantities, There has also been some small fishing done -nesr Lex-
ington, Mich., which was not successful. .

In the year 1856 Charles Ruggles and Capt. James Bonnett 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 ILake 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, Madeline island, Presque isle and Send islend in Ashland bay,
off- Bayfield Point, in Lake Superior, and these fisheries resulted in e
profitable investment. . .

From this date on the pound-net fishing increaséd beyond all conception.
It is not infrequently the case that pound-nets are setin gangs reeching
out from the shore & distance of thres or four or more miles, and the
destruction of fish by this method of fishing is immense. Ungquestionably
the fish so taken are superior to fish taken by the gill-nets because they are
preSﬁrved alive until the nets are raised, but ittakes everything, great and
small. ‘
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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 fuf:ur_e:._,s .

The iniguitous 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 velue 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, Yvhe;eas
if they were permitted to remain in the water to reproduce their kind,
artificial methods would be greatly aided. ) i

About the year 1868, Mr. William Davis of Detroit, patented s freezing
apparatus for the preservation of fish. In that yoar about sixty tons were
frozem 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 noeds of present, consumption, and the
only means of preserving them wag 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 1s the seat of a fishing
industry, there are today one or more freezers with varylong 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 thet now and for a number of
years pest fishing has been carried on in nearly every month of the year,
end is only interfered with by the rigor of the season when nature closes
the waters for perhaps a month or so. o

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 tone; 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 et hand tor the seyen 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 aro being constantly
taken from these lakes, we can better appreciate the serious inroeds which
are being made upon the supply; and when we add to this the wanton
destruction of millions of small and 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 fishculturists to restore’
-this great loss.

" MEANS OF ARREST OF WASTE AND REBTORATION.

If 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 years and is increasing, must be arrested. There
are two methods by which this may be effected: :
1. By s 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 fisheries. 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 to
fishculture, and with the small outlay of money necessary to carry on the.

work of artificial propagation, each State 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 hatched, 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

this 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
used to enforce them. ‘ i ' _

Most of these laws are inherently defective because of the attempt to
build up & warden system by counties, allowing the compensation of war-

.dens to be fixed by the boards of supervisors; who, asa 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
is gnre 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 a proper enforcement of the Iaws, whose compensation

should be sufficient to secure the services of good men who should be paid

by the, state. The state mightbe districted, bnt in that event each war-

den could exercise the functions of his office in some district other than

APPENDIX. ’ 181

the one in wich he resides, thereby Temoving him from local influenee in
the administration of his duty.

The states should make and enforce their own laws. No other power
can do it so effectually and well. Their legislatures are familiar with the
necessities 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 society, just at the close of the session, there
was hastily adopted a resolution, prefaced by four wheresses, upon a sub-
Ject matter which has since attracted considerable attention in certain
quarters, ‘ ' L

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, ity power to make agreements with
‘Canada, and its ability to enact and enforce regulations,” “andertake this
work with far greater results” than have heretofors 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 committee which met at the chamber
of commerce in Rochester, New York, on November 10, 1891, at which
meeting a series of resolutions were adopted; which were afterwards
reported to the final meeting at Hamilton, Ontario, December 8, 1891, and
there finally adopted. The portion of the resolutions which pertains to the
Tagtter under consideration in this article is as follows, viz.:

. “Hesolved, 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.

“That 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 .

. “That there is an abundant field for the coneurrent 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
end 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 this 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 earnesily approves of the action of
congress in making an appropristion for the establishment of & hatching
station on or near the St. 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 L.apham bill,
80 called (H. R. 5030), entitled “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 consts and shores of the
United States and adjacent islands aud in the bays, harbors and estuaries
thereof, but it contained an insinuating reference to the great lakes. Iis
evident aimn was to extend the jurisdiction of the federal government over
fisheries in waters which aré within the exclusive jurisdiction of the states.
Thie 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 unanimously 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 varions times for several
years. From a superficial survey of the subject it seems to
those not thoroughly informed, very desirable because 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 promising 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-
tion 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-
gsioners was held at Detroit, 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 Harper's Weekly of May 14, 1892, an article in which he
forcibly depicts the rapid decrease in the catoh of godfish, mackerel 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 -

buginess, 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 info 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 jurisdiction of the state anthorities, 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 live of decisions commences as early as 1823, with the case of
Corfield v. Coryell, 4 Wash. C. C., 371, and comes down to the recent case
of Manchester v. Massachusetts, 139 U, 3., 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-
.colrts a8 & property right, and ae an incident to the ownership of the

soil beneath the waters, which has never been ceded or delegated to the. -

United States, and it i 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 congress has been urged on the-
ground that citizens ofeach 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 a bill was intreduced at the first
session of the forty-ninth congress, and was numbered H. R. 4690, It
was referred to the committes on judiciary and 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 people, and it has the right to secure
the exclusive right of fishing in them to its own citizens by virtue of their-
common property in said waters, and that the citizens of other states
have no constitutional right, nor can congress confer any, to participate in

fishing in them.” This right of the state is treated a8 a property right.

and not a mere privilege or benefit of citizenship, _

It is worse than useless then to look to congress or to invoke the
authority of the federal government, o protect or control or to interfere
in any way with the regulation of the fisheries within the states. It has.
no power, no authority, over them, and cannot possibly acquire any short
--of an amendment to the constitution, which could never be obtained. I
is & state matter, and the state alone must be looked -tp for its proper
administration. The sooner this becomes generally known and recognized.

APPENDIX. . ' 185

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; bnt it is 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 epawning grounds, as well as the various and con-
stantly changing methods and devicés of the law breaker. 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 promgpt 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 more 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
against the repeated assanlis by reckless and unprincipled 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,
undoubtecly 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, practically-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 hers 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 mesting 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 the
beginning of this article. '
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FRY VS. FINGERLINGS.
'BY HERSCHEL WHITAKEE.

‘Much has been said and more has been written in the last two years
reggrding the desirability of planting fingerling trout as against the planf:E
ing of fry, as a surer and more effective means of stocking the streams 1?
the country. The idea, like all new ones, has found ready advocates w (io
have taken up the cry, until it has come to be believed that there 1% res.
foundation for the claim, and that it is a mistake to pursue further e ﬁorﬂs
along the line of fry planting. To those who have had experience in fish-
culture and are famihiar with the results of the work done for the past =te%
or fifteen years, I think the claim of the fingerling advocates do}is no
appeal very strongly, but with the unthinking ones it has met wit mor}?
favor than it deserves or would have received upon a full and thoroug
i igation.
m‘i?lstclggsidering this question we cannot fly in the face of past great Eiuc(i
ceogs 88 the result of stocking waters with try, neither can we d}srec\ig:.}ll'
the fact that if plants are made of fish at a fry age we have attaine : ];3
maximum of outputat a mipimum of cost. That the cost of raising tsl
to the fry age.is cheap no one can deny, and that it has been emulu}n y
successful is beyond refutation. This being admitted let us recal {)t_r 3
moment past experience and see what has been done qnd what has resulte

Jlants. ) . )
fr%uo fsrti'g)nger 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 decay to a
dondition where the fishing is profitable. This is emphatically the caﬁe
with some of our salmon rivers, and noticeably the Penobscot, where the
run of the salmon had almost entirely failed. The papers devoted to ang-
ling and fishing interests have shown that for the last three or four Jzieiiﬂ,
or perhaps more, the salmon are beginning to return to this river, an ke
spring accounts of the fishing at Bangor, made daily, show that t‘.]:ui1 _st?lc -
ing has been a success beyond all question, fish being taken as hig gis
thirty pounds weight. The solmon 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]grft oftﬁhe yelar. Notwithstanding this
iti things the results speak for themselves. .

cogglgi%hogs a brief statement Ic)>f 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 strears of the New England, middle and northern and northwest-
ern states which have been restored from a decimated to excellently
stocked streams, But let us go astep further. There never was a fairer field
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 trout was con.-
cerned. Fry planting has been going on under the efforts of the Michi.
gan fish commission for the last eighteen years, but it cannot be seid to
have been adequately dome in point of numbers until the vears following
1850; 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 thig
spring the. number of streams opened to public fishing hag been largely
increased, until it 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 Saritnac lakes in New York furnish another evidence of the success
of fry planting of whitefish under gomewhat adverse circumstances, the
lake in which they were introduced being filled with thejr natural enemies,
and yet from asmall plant made in this lake about the year 1885 we learn
that adult fish have been taken.

All fisheulturists who attempt to keep up their stock of parent fish by
raising a certain quantity of fry each year are familiar with the great
thortality occurring at the period when the young fish has finally absorbed

" his food sac, and is ready to take the natural food provided by nature. At

phis tii‘fne when he “rises” in search of this natural food if he dges not find

somewhat from fifty to seventy-five per cent. If the young trout at this
period of his existence were allowed io forage for his natural food this
‘mortality would be -greatly reduced, Thers are streams that are well
kuown 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
.s}}jown Iip well, and today withont further stocking afford good sport to
the angler.

Within the curreht month there appeared in the Detroit daily paper an
interview with a prominent ifishculfurist who took oceasion to say: “T
believe, and againat 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 ses
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 lefti 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 aloss 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 tgrom 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 the original plant twenty-five, ten and five
per cent for the three years, and we have left as the result of a 5,000,000
plant 193,753,125,

Now let us take 100,000 yearling trout: At the end of the first year after
plenting 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 cagt on an average of 250 eggs apiece.
Thie 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 pgr cent. loss for adult fish, 85,600,  One-third of
these being spawners, will cast 450 eggs, each amounting to 12,825,000,

FISH PLANTS, 1891-1892.

Whilefish planis, 1891, from Detroit house.

o

Deduct from this amount seventy-five per cent for mortality and we have - - -
left 3,206,250, At the end of the third year after having deducted five per Kame of waters, Where planted. Date. Numbar.
cent for loss we have left 81,225 fish. One-third of this number being females )
will cast on an average 900 eggs to each fish amounting to 24,367,500. Lake Michiaan A A ——— 1500000
From this amount deduct seventy-five per cent for loss, leaving 6,091,875. Lakese. (lair. Grosse Polnts 4,000,000
At the end of the third year we must .also teke into consideration the Take Michigan. - Huskegon .. 15000
fry hatched from the fish hatched at the end of the first year which will Lake Michigan. .. St. Josenh 4,000,000
have arrived at their first spawning age. This number will amount to T S — L S — N 4,000,000
. ) 1 -
1,875,000. . From this amount deduct twenty-five per cent for mortality Baginaw Bay - ‘| Bagumater.... 80000
and we have 1,406,250. One-third of these being females leaves 468,750 Lake Michigan. oo Grand Haven ... Sio0
Bpawners which will cast 250 ‘eggs apiece amounting to 117,187,500. Lako Michigun.. Whitehatl . 3,000,000
Deducting from this quantity a loss of seventy-five per cent, and we have Lake Michigan .- St Joseph oo 3000000
'left 29,296,875. The above amounts added together make the total result Lake Michigan__.___... Muoskegon. 8,000,000
of the planting of 100,000 yearling trout at the end of a three-year period Lnko Huron. ..o Sund Beach. ... 4,000,000
amount to 40,651,225 as againet 193,753,125 as the result of the fry planting Leke Michignn © | Tgee City - TS
of 5’000,00& . : Loke Michigan. oo T South Haven . _______ .. _____ 4,000,000
Considering the results, therefore, of fry planting, from which practicall ' Lnke Michigan T L 3,000,000
? ! p g, 1T prac ¥ Straits of Mackipac. Chaboyea 4,000,000
all the results we have are due, we must assume that it has been eminently Straits of Macking Mraiean - 500"
successful, and when we consider the cheapness with which this work is Wild Fowl bay ... Buy Port - 5,000,000
dore it would seem that the ample success of fry planting is simply Littla Traverse bay ....__: S Petoakey ___ 5,000,
incontestable ) Straits of Mackinac.. Mackinaw. . 5,000,U00
. Lake Huron ... .| Sand Beach 9,000,000
Detroitriver ___ ... . T 7" Detreit. . . 2,060,000
Total e e e e e 104,000,000
' - Whitefish plants, 1832, from Detroit house.
i Name of waters. Where planted, Date. Number.
Detroit river BelleInle . oo, Mar, 19.___._..[ 1,000,000
Lake Eris .. onros 25 — 2,000,000
N Lake Michig South Hav 2,500,000
Lake Michigan. Manistes ._ 2,500,000
Lake 8t. Clair._. ...._ Grosse Pointe. 3,000,000
Detroit river ... . ... . Gragsy Xaland ... ... 2,000,000
Lake Michigan. Ladiogton ____ 1,500,000
Detroit river .__ .1 Belle Iale._._ - 3,000,000
Lake Michjzan . -| Frenkfort. .. . 8,000,000
Lake Michigan .. ___.____. ... 77" Cheboygon oo e, 8,000,000
Lake Michigan_ Grand Haven. N
fake Michigan, Muskegon _ "
Lake Huron____ -| Sand Beach '
Baginaw bay . : Bay Uity __ M
Lake Michigan . ... """ "7 Pontwater “ LLLIA
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W hitefish plants, 1892, from Detroit houso—CoNTINUED. _ ) Brook trout plants, 1891—CoNTINUED,
Name of waters, ‘ Where planted. Data. Number., . ' i . . County and name of waters, Town. Depoaitor, Date, Nuomber.
Straite of Mackinac. ., Mackinaw_._ Aprilld....____{ 3,000,000 iyt Antrim:
Lake Michigan___.... Frankfort .. ol 3,000,000 Qrr creok....._. Banka._ _.____..__... C. 8. Campball_ Mar, 18 12,000
Lake §¢. Clair._. Grosss Pointe. o 4,100,000 - Cedar river. . .. Kearney and Man-| | T ey "
Sapinaw bay ______.___ Wild Fowl Bay__ ' 3,000,000 : celona, QOacar W. Kibby______ L 000
Lake &5t Clatr_____________ Grosse Pointe. ... .._.___ ... " 4,000,000 . Intermediate river. ... Kearney a W " " 16y
Torch lake ... _________._.. Elk Rapids ——————— 18 3,000,000 o Bhantyereek o .. _________| Chester-.....-7| O.W. Holly.. """ 1
Straits of Maskinas., Mackinaw « 19 000,000 : : | Bty ook --m-ooee- o 0., W- Holly... . 12,000
- LaleErie.__.._._... w2 1,000,000 . Holly brook... o “ow T “ '
“Lake Horon ... J LTI Sand Beach Lo i _ 3,000,000 ._ - ' Jordanviver.______.__.________.7 Chestonin . Mich. Figh Com. ... " 10,000
Arenac:
 Total___ . S 65,500,000 Y : Dot EIVOr 4ue oo ie oo Deep River A. G Maxwell. O I 15,000
Wells Creek. o nue oo . Moffat_._._ Rich, Ronnalli " 26 . 8,000
Bgf_'aga.' )
Botlr TP o -| W L. Mason 15,000
. . R Blate river__..._____.._______ . Avon._____...______| Chas. M, Turner. 15,000
2 Whitefish plants, 1892, from Saunlt Ste. Marie station. Bar
é:]mkee Spﬁings creek ... Yankee Springa __.. 3& \({r l:lllunt ........... 3.888
N . . . 3 ass creel. .. .. ... ‘ ‘ool J.W. Rogers..______.
ame of waters ‘Where planted. Date. Number. Coldwater eresk . 72177100 Woodland and . Olivee 7. %8 ﬂ'
: - iver J, Wait_ . ____. ,000
. . Spring. brook Jobn C. Baker.______. 6,600
Lake Superior ____ oo . ___ Marquette ... ___._._____ April2e._______ 1,500,000 . !
Lako Michigan 222 ﬂan(ilatique_- ______________ May 12,7777 B0 000 ' Whlker orantc Jehn MeQaoen. ... 8,000
e Superior arquetie. . * 1,51, [ Tt
Whitefish bay ____ """ Taq:llamenon_: RN IR - S— 3,500,000 Berrien: ' '
Banlt Bte, Marie xiver .___ 77777771 Baolt Ste, Marie.._._.. 18, 1,%24,000- » Modrun... oo Three Oaks,..___._.{ C. D. Brownell...___.
i 7 m ot 13 i ; 18,000
i ) Spring creels _ . 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.... " o b ol
. ’ Eastman creek .. " " o 4
Blue creek. . “ " “ i 15,000
Sund creals. . _ ' i o *
Pipestone creek . o " o "
Brook trout plants, 1891. : rGHEOR’s creek. “ " * N
Dagesg creek _____ Buchanan _._....___! Levi Redden - 9,000
- entine creel Galisn.___ L, Jelfries... .. - 6,060
Counnty and name of waters. Town. Name of depositor. Date. Number, Petarbangh creele . Berrien. Walter Kepphart. :
. Hickory creelc. .. e v o S S 12,000
Townsend creek. _____.__ . oL, " e R 9. ...
Alconn: Galien river and branches .____ Three (aks. Franeia V. Martin.. 18 ... 6,000
}Y;Viestk i-i)lranchea Dlt: Pine river gi!lma@mr _________ .:%:IV]\{’[ D];.I.suud & Bone __ IE.% Hilver Somotra creek ... . « W. Doagan e 8,000
lockhouse ores! otts ... . in - A : Cathoun:
Mill creek ... Harrjsvilte D. MeGregor._ e Houth branch of Mt. Jack creek{ Newton & Leroy._._| C. B. Lowell..____._.. 6,000
%?caie‘gggglﬁ i " o 25,000 ) - Miseroll's ereels ... .._.____ Burlington ... - 8,000
Wolf oravk .o Mitchell Lawrence R, Dorr. . - g?ggf §§’;;Eg brook.... 9,000
:?di]t(lfr creek - " " . i 15,000 d
clenn creek_____. -
Jim'sereek_......_._______""""| Haynes Addison Silverthorn. 4,000 } 4,000
North and south branches of b
Black river_ ;oo Alcona J. L. Sanborn 12,600 ) ’
Allegan; ’ i
North braneh of Rabbit river..| Wayland . Elias Sign ___.._.___.. 9,000 - T 18,000,
Button's brook. ... . Hopkins . Charles W, Button... 4001 i {
Brows creek.___ Otsego . J. Anderson. ..... 8.000 i
&)uncaa'creek&~ :: g P . mm— 1 g '{
urrick’s cresk. J. N. Perkina._ - . o 5" -
Watson creek. " B - . 9,000 Saven mile creek %r%r?e% """""" “ n “ 2.
Munn’s oresk ., Conrad Brother - . Di e by e “ . “ 2 18,000
Uhlem creak " " 2.000 Newon br'l(;uk i %darshali.ﬁ,af___&_. W “ 2 !
i - - Nooman broo t - "
Clifford creek . _.___ .- T " “ ! E_almer crkeek_ MH}FD: g :1“ o .- .Tl;‘ .(l, ™ " %
‘ ice creek.____ arehg) arengo 08, L, Cronin " 2. 6,000
B'aly' c?haal.:uf_c-fe‘ei::::: J-‘P' Ka‘liley - - 15,606 . - Gillet's creek.. . - Clarenee ... ___.____ F. C., Courter.. ...___. - LI 2,000
. Casg !
Alpena : . . : Tryon brook: Wa "

K ilaon _......_..._.| Henry Bolton ........| Mar. 26.__ 3| ... iimEed - Tryonbrook.._..._____.________ YR8 .. —__.....| E. Barton Jewell_ ____ 8. B,
e g;‘;?é’;’ka“"““:::: Henry Bolton ... 25,900 Kenoey's ereele 111171 Howard & Jefferson| B. D, Shaw_.._..._.. Feb, 1977077 9,%
E]gmg;l;g kcreak-- )é.lpana S %hrli)s. é:[) Hammer . 3.883 Oharlevois :

: Téen oDk &gg;%g o 15000 . HeHman's or Branch leke......._. Huodson ....______.. Timothy Carter...... Apr. 17 . 15,000
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. . - I
Brook trout plants, 1891—ConNTINUED. ) . ) Brook irout plants, 1891-—CONTINUED. |
County and name of waters. Town, . Depositor. Date. Number. RS . Z(}Qunty and name of waters, Town. Deopositor. Date. Nomber.
. .

Cheboygan: . Ionia countu—coni'd:

Cedarcresk. ____.___.... Henry J. Graves._.__. 10,000 - Alden creslc. _ .. North Boston .__... Chas, D, Pease ..._._. 2,000
Kast branch of Sturgeon Tiver.. u (L * . Chuareh creek Boston o _vnoe- .| &, W. Huntley R 12,000
Clark creek._ , -| Ell W. H. Merrits._ 6.000 : : Hawn craek ... " '
Lillian oreef .. o M e " ) ’ Tuabalana cresk Lyons .. 9,000
: Strable creek. ... .. wo

. Ohppewa L . Eaet Libhant broo! M

' Lu:tle and Big Rapide____...... Sault Ste. Marie.__.[ O, Robotham ... S S 30,000 . Lake brook. . Y e
o . - arphy's bro B .. 12,000

Qlave!: . . : Spring brook -

" Dock and Tom creek ... Hurr E. F. Rova,.._... Mpr.g0 ... 8,000 Hplres brook. e cmaa——

Mill creek _____..__ . (‘airna E. Bm:.th 1 6,000 Searney’s broo. e imana
Littlefiald ereek. . oo ____. B F.E. Presley .._._._..| *» 80.____ " 9,000 . Randall ereak Bosaton __ 3,000
o Mouks creek.. " - !
© Clinfon! X . ) Peer-lick broo North Plfins . . -
Monn creek.___._._._.-.___..... Ovid and Doplain..| A, M, Birmingham___| Feb. 26 _...._. } 12,000 : Popple creek . Randall..__..._. " " . .
Broice creek..__... Doplpin. ... " “ PO B - S 4 : Dugway-creek Lebannn and North 15.000
Scheol Section creelk_ . Beaex.. o ______. George Randolph ___| " w9 _________ 9,000 " ' - *
Spring brook .____ 05T 10 T, Carsing Alexander....| Mar. 5 .o.o..... 6,000 Carpenter’ screek _____ " " .
Toabulan’s ereok . veerovuue oo Lebaton..._._._.___ John Bette ____.__._.. OB 3,000 ’ Spring creelr. " . -
Noname. ... U.J. Maynard._ 8,000

Crawford: . Derby's cresk. H. [, Benschoter 000
East branch of An Seble river.. 15,000 Stasl creek.. Tonia ... H. L. Bailey.

Aun rable river_______._____ ' . Enst eresk .. . " o 12,000
An Bableriver .o mvicrarnenunen. 25,000 . Crystalcreel. _____._____ - ool " ool

Fotoh: Outlet of Cryderman lake__.___ Gao, D, Allen__ 12,000
rdenh. ! .

" “Bpring broolk. ) . 9,000 lsabelia;

Stone Coalereok...eu.ceeeeoo-..[ Oneida ____ . ... . I G 6,000 MeDonald ereek.. .. _____._._. Allen McDonuld.._-_. 6,000
Sand Htone cresk e \ 9,000 Bakar ereele, _______ J.H. Seeloy _....__._. 6,000
Newkirk brock [ o BLAL M 9,000 ﬁ Cedar ereelc _______._______. Geo L Granger 8,000
Bull'srun.... Delta ..o 6,000 ; » Juhnson ereek.____.___.._..____ Y v

Emmet: Jackdon !

Btg crenk. - Carp Lake.______._. 9,000 Farmera’ ereele ... __._____. L.N.Keeler________.. 6,000
v‘Pr'mg creg| Maple River,..____. . 3. Lyo ________ 9,000 Mill ereelk _ (. B. Bush - 6,000
illow brook .. _ Maple Rv. & Carp L. i Outlet of Gillets ake. Geo. B. 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 '
Kegomis creek ___. - " i 27,000 A
Paga creek. ____ - o e Ealamazoo!

. Harding ereek__. ¢ " Davigereek..___________.__..__.{ Cooper __.___.._._..| BEd. J, Anderaon.___... 8,000
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 - 9,000

Genesee! . Lt 1 Leeper brook.. “ u ' . - '

" Thread creek._ ... .ecocooo_ .. El J. Jennings... " 9,000 . Spring brook_, " " " oo R
Kersley crask____ tlnp - L L L ' ) Collier brook ___ Kalamazgoo ......_..| J, Frank Cargill _

Nickerson ereek_._______.____.. C, E. Brewster .._ " 8,000 : . North Stacy brook. Richland ... o o R 8,000
; Bouth Staey brook. * * .

Grand Traverse! ' Harrison's éreak. Prairie Ronde .t Thomas Hawitt _. 3,000
Mayfield creek, .ooooeooo_ .. Paradise ._____ C.E. Browater _......| * 9,000 ‘Whitford ereek., Charleston . H. Dale Adame.__ 8,000
Payns creek 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 tributariea. .| Whitewater ..._.__.| H. H. Noble. ... " 24,000 Auvgusta creek__...____ ... ROB8 . e eemnaen Chas Polley .owno.____ 15,000
Whitewater brook__ . .neee.._. I ' 12.000 o
Baker greek .. _______ . _...... o e " Kent:

. . - . Davis craek

Gratiot; Rum creek . __ 12,000
Pioe creek . e.uo cvucceoooooooo.s J. B Tuckal‘....-. N T S z_ 9,000 ' ‘Whitney cree)
Ferris creelt . omvneuceeo | Fardde ... %, "« 0T B S * S Allen creek..
) Austin cresk

Hillsdale: ! - 12,000
Slimper's creelt_ . ____ ... G. T. Groenshaw .____ . Clear creelr. .

Greensrhnw brook ' D 9,000 . Hutchings ere
Ramsdall brook . w Y e . Bowne cresk 6,000
Headwaters of the Kalamazoo, . Braisted cresk 6,000
and Grand rivers .._______.... Chas, W. Harris. ... 12,000 , Hendricka creo 3,000
Svring brook.._....._.________.| Hilledale Charles Morgan.._.... 6,000 it Cooley's creel. 3.0:00
No name_______ - . Sumpaon. . ___. 6,000 . Btowereek ... __.___..........) v LT DUPUHale Ll 8,000
Willow_ereek.. - R .| Hod, Gale..... 6,000 County Line ereek. 38,000
Spring beook .. _______ s " M e ' b S Muro's creek |
. ) : Neenan's pond | 9,000
' Torco! . . Anderson’s pond .
* VYaughn’s ereek, . ______...___. Plainfield_...___.___| Warren S./Hodgas.... - . S 9,000 Clearcreak .. ... T. 1. Phelps 15,000
: gVubgls creei»{k and lake._ i A ‘;;h A‘ Phi *
arta croe) bpar!.a, Su on &Mgnmﬂ ribar A.
..| Easton... H, L. Bailey..___..._.| Féb. 8.__.___ - $ilver cresk.. . oo ' 15,000
- Berlin o e L 20,000 B Crinion ereek | ___. 27771777 Cnurt]lmd. Qalefield
bit ol i e g 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 plants, 1897—CONTINUED. Brook trout planis, 1891—CowTiNUED.
Connty and name of watera, Town. Depositor. Date. Number, : %ﬂtﬁ‘ and name of waters, Towmn. Dapositor, Date. Number.
Hent county—cont'd: :
Clear creek. ... o——eeooeoCooae. Sparta.....—.—.__..| C.C. Dar]]ng___"____ 12,000 (,m Sethlement creek.......___| Branch._.__.________ B.F. Barnatt.. ... 9,000
Minkereok oo\ Alpine and Sparta..| Frank Baird 12,000 Genson cresk. Sherman . Jamea R. Barnes. ___ . 6,
Buckereok .. Wroming _____..___ A Crippen .. 15,000 Ernastream . an‘rton e ,Erne & H.umberge: - . } 2.000
Cednr creek ______ ___._ 177D A W . Holden. . 2600 Cook cresk ! - 9. ... '
Cedarcreelk ... N [ [0 - A N, branch of Little Habla river. Victory. Jaaper N. Glark._ N 9,000
Beeley creek . . C, M. Slaston __ 9,000 New ereeR . i;eo Amber__ .| George Sindear. R B8.000
:Snow creek. ___ - C.D. Pepso._.... Bpring craok_ A . Pennay _ .. v [ 8,000
Cherry creak. . K " W ﬁmnn creal ... .| Riverton . D O chkham B - TN 9,000
Eoptereek . . " wo T 10,000 ickerson ereek._____._.________ R, PRSP IR - S v
gh'gcﬁﬁmkéﬁ'ii """ T NhB O — 9,000 Mecosta,
ribu to Buck ereelr _.____. .Bouma.___________ 2
i " Handy creelc.._____________._._. Deerfield ... T.C. Boyd..oeooe.
Zake: N - « g Hond br°°"‘,;--- ----- w - o 15,000
- Bilver ereek ... oo iimneees ' Ja: rAgue. ... S 3,000 aigle creelc.___ . _____. . s 4
¥ Bpragne N teVens BEYeAM. . mee oo Winfield ... i e
‘Lapeer: Hinton creek.. . . ________.. Hinton and O. M Helms ___.____.
Gutchea oreek ... ¥.P. Andrus 5,009 Bimmone creek._. ... - B " [,
South branch of Mill cres Potor Holraes .~ M. P 12,000 Tellerhoff crealk _ Hinton ..o o u . 21,000
Hemmingway aud Elk cree John D. Brown. .. 2 9,000 Hiberger creek .. Deerfield & Auvetin..| S
.E‘ownsens reek. . .. ..., Metamora - Yra Reed .. _____. 8,000 Millscreek .__._....__. c-ceepa .| Dearfield " e,
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 ereelke __.________________ Green ..o James. Parkhill .. _ 12,000
Bear oreek____. ... Hudson . James B, Thorn
Tiffin river.______ " G v 12,000 Monicalm:
Hillsdale crack .. - w T woowou Two amall streams, no name. .| Montealm ____ __.__.| H. L. Bailey..________ 8,000
@eason brook. ... ... Medison, Palmyra ' Rieg cresk -| Pierson & Roynoids| S. V. Batloelk. 6,000
. and Ogden._____ -| Myron D, Pierce 6,000 Spring hroo Day 8. Froat . ____ 6,000
Gragg creek C. D.Keves. 9.0c0 Little Pine cr Fe;ns ‘and Crystal_.| J. E. Youndan 12,000
Bmalley creal _ Clinton &Franklm. i W g - Town Linecresl_ Winfield and
Smalley ereck . - H H Hallad 3,000 Maple Valley] J. A. Barry .._..__....] “ 5._______. 8.000
Little Baisiniver.. . ____ Ridgeway.__________ H. Temple. 6,000 Jones croek, Homer.... Wen, R, Jones 9,000
Private pond .______.. Rollin . H. 8mith.._ . 6,600 Brandy oree Winfield .. M, W, Kelsay......... 5 9,000
. Dickson cresk Douglass, Sidney
Ldvingston: . 3 and Feurp[mn T. L. Phalps .. 9,000
Appleton cresk Genon & Hamburg_; C. B. Cushing Wabasis creek_. Euraka, .. W, R. Holden . 5,000
Walker creek . .. A L N " 20,00 indian ersek_ . .. _____._ Reynolds ____ R, O.Donald.________ 15,000
West Woodreff creek “w w“w ,000
East Woodrnff cresk gk " Huskegon :
School ereek., .oooooueee .. Wil Cady e . 4 9,000 Musqnito ereelc. . ___.________. Eggleston ... C. L. Gunn.. 8.000
" Boyne creek or Spring brook... Norton ... (). P, Barens 6,000
Leelenaw: Dalton ereek ... Moctegue . George Klett 3,000
Branch of Cedorran. __________. SBolon_______._____._. James G. Johnson _._{ Mar. 16_._._____ - 15,000 Meck creek.__ Bdgerton .. W. R, Holde 4,000
Big Crockery creek. Moorland _ . ¢ B 4000
Aireomb Doek ereek.. . ____ Muoskegon ..__._____| B, D, Magoon _ 15,000
North branch of Clinton river. . 6.000
East branch of Stony creek ... e 8,000 Monimorency :
Bmith's creek..__ o 4,000 Coldereal’ _________._____..___.{ Rush E. H, Gillman____....
Wilson's ereek. -| Washington - T{_Apdrews and Stewart 9,000 Weber croak.__ i " Y s
No name Harrison .......___. “J. 8. Farrar __________ 10,000 Bolton creak__ M i Y 40,000
E ; Avery creak. .. " e " ——— - '
Mackinae: Qutlet to Turtle lnke ... o . Y e
Haurlburt lake St. Tgnaco....____. F. R. Hurlbart. Apr. 2.______.._ 9,000 Dollar pond .____...___. " " Y -
Hendricks .| M. Mulerome. L) 10,000 Hay Meadow creek ._. Briloy ...c.ocoeeeee.] W. Lo Leach_________
Holmes ___ . am _ 6 Stanager creek._______ borta _ooeooooo |0 18,000
" . . 6 20,000 Bargehrereek .__________ 1| Briley (T e w o TTTTOT
Bandigo creak " e ——— o " .
. Newaygo:
Manistee > ~ Freeman creek - )
Fowier's creek Manistea — G. R Fowler._______. Mar, 9.___.___. 6,000 Upper Pers Marquette river. Boaver .. 18,000
Beavercreelt_. : Maple Grove ...__.. F, A Mitchell - . 9000 Pickerel creek..________ TrOY . ooame .
Bpring creek.. - " } i Brooka creek ___ Bmoke & Garfield.. 6,000
Gableereek.______...._. Claon, _____________ . i 2,000 Chidester creek. Bridgeton .._._.....[ W. 5. Barton____ . 5,000
East branch of Bear cre L, oo " d Willinms creak Bheridan, Sherman .
. Sickels creek . Brownstown VAL - 8,000 N and Brooks. ... .. Andrew Gerber.......| " 13...____
Boyd's creek.. Marilla q : Helster ereek. . ._....______. Dayton . ________ b " - 18,000
Pepples cresk .. w 9,000 Black ereelc_.._________ Dayton & Denver ..
Huddleston cree Y. - R Eemp or Big Gully creek. _ Sheridan.. ... ._
Siekels creek ... Brown.ooooeeen.. i 9 8,000 Loutier creek__.____... Dayton ___
- Odell cresk .. " 18,000
Mdrquette! Cole cresk. __ - emmmnn 1
Bilver creak.____ Ishpeming Geo, A, Newett.______ Hatches croals ___ Albert T. Wightman.} Apr., 4. ___._._ 6,000
ke Sally Tilden. . 30,000 ]
North lake__ i " '
Grern ereek. ___ TN bawn 49000 . “ .
Pijiki river. . . John C. Fowle _. 15,000
Launghing F.sh creel _ Horatio Beymou
Dead river. __..... 1 L 20,000
Chocolay river.,... “ ‘u
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Brook trout plants, 1891—CORTINUED. Brook trout plants, 1891—CoNTINUED,
County and nams of waters. Town. i Depositor. Date. Number. Connty and name of waters. Town. ’ Depositor. Date. Number,
Ockland: fiold .| Freik Park: Feb, 26| 8000 Y i darin orelc Alma Foorge Langdo 6,000

Qatlet to Walnat laka Went Bloomeld - o Boteford. 1o Mar, il 8,000 Tributary to Paw Daw fve Antwerp J1 :meiaw Clarle. 210" 8,400
gg:ﬁ%ﬁ;i%?;and. Eloomﬁeld TIIIT| B Alexander..ZTTI0) v i 6,000 Sink brook .. Almé.nal-). I, A. Spragae .. 6,000
Farmingron brook ... Fﬂ{;‘(’)‘nﬂigwn and Lawia Walker ... woog 13.% B‘i’;g’gﬁ eg‘l'fﬂk Hamtlton . A{'];}”'i,ffﬁ,’;‘"‘ 13 ggg

------------ “ --- 2 - L
Morers spring and tributaries_.| Ozford . B ell “ £.000 £ eu(ti.:t;rgru.ég lt{:reek A J. G, Merson - 18,000
Indian Garden lake and brook.-| Milford .. .eomeeo- Soring brook H. P. Waters 12,000
. P. - A
Oceana: [ ¢ PO 6,000 Washtenmow '
O Nt B o0 T g Arbor... John F. Lawrance 3000
NOO-ER LLEOA wmrm o memesm= | Snwhiold | Horace Lattin._____..| * 18 . ¥ rivate pon .} Ypeilanti .. ohn Gilbert. . .
Cunningham creel . Noname..._._....... I Doxter_______ J. V. Nz.- Gregor, 8,000
Ogem 8, V. Thomes.........| * 15,000 Wexford:
bbard ereelt _____woeecoees ‘West Broneh.......| S, V. Rl ) ford: ..

Tt e R S 248 Noreb brnach aF Pine Fves D Diegine 1,000
Heedwaters of Au Sable river...) Goodar = G N, Ashford " 18,000 Slagal cresly e B, Coolay..... " 6,000
B b o L aseo T Or. - | g & KITig| Jorry, Ammond . . 600 Harris lake and orask. “| Hiram ‘h ________ 8,000
(,?i?ilg:?ee;ree Goodar......—...._. | Charlea Taglar .. :: 6000 Downing creels. __ L8 Br. & Henderson_ Chutenden, uerrlck &Co 12.000
Sonth branch of An Sable river.| _ * .. Albert H ‘-’Eim"* % 800 Hozoy creek i
Mackios CreBK _o.oer—rooccmmne- Weat Branch .. ___. James Maclkis

: s 000 B U 2,500,000

osjé?glgtonacreek two branches..| Evart and EEBBBY --| 4. W. Brighs o)) " 12:000 o
Chippewa ereels E.S. Hevera. kel PN 2,000
Beaver croel - Dell Roberts -ee—oo—. o 200,

DBCY'E CIPBK. -1 emmmewmmemmne ‘]fmﬁﬂ [_133“‘7 -- “ 2,000
g‘geg& 1br§nchf°§1 (‘lim rlver‘;é;_.. R 'De'abrlgfv" “ B,000 .
. Middle Br. of Muskegon river... . e
Brooks oreek and tributaries__. Jacoh J. Reick.. “ 12,000 . Brook trout plants, 1892,
Rylvan cree!.l:{anrclltén%u?;rma e " “ "
Finrey creak and tributaries. .. “ &,000
Comstock cresle .- ..o '?"t"r ('}°“ﬁ5t%i: “ ! Connty and name of waters, Town. Depositor. Date. Number,
Brouka creek and tribatariea_..| Syl acob J, Reic w 18,000 :
fvivan creek and tributardes... .o t “ “
Finney creok. - ooveeoeomo- saman=- A%ana, E .
an Ettan cree Philip O. Partridge.. 18,000

Osenla? . L J 18,000 Indi k. -

Big crock .| Lozerne ... Eteﬁﬂ{fo(g‘nﬁf:n I 12,000 s’;,,::g P Ampbroge Thompson. 15,000
Biiver 6reek ooveeee e Coming. oo oo : Jim'a ereek Addison Silverthorn 15.000
Oteego: %&mkeg ) crelzlek 18,000
%?cég creeill{._f_s_t..._- oy Corwith D, H. Fitshugh. ... 15,000 'W::?; c::éll: ol
st branch of Sturgeon creek.; " .o.iea-eee-- - . 15.000
Weat branch of Stargeon creek & Otsego % As-twig%%naf- 15,000 gilgq“e"u‘:'%ﬂ::“k - - 15,000
gutleti\ OfiBAmdsfof;li l;xlkvae T g&ggﬁz %&ki‘-- sp-| = Staphens.- 15,000 South branch of Black river ... 18,000
anch of An Sable rem . . - . o0
Eust Branch of Stargeon river.., Oteego - D. H. ¥itzhugh......_. 10, North branch of Black river. .. '
Ottawn: ‘ : Feb. 10 2,000 ki G E a
N e 19l Plaipa.___..... d. J. Anderson__.__.| " 5,000
Branch of Rush creek Georgetown ... B. E. Gree’,l"“' o s ' S(;)I;,ga(r:‘rs;ﬁa Lgenand Caseo (George Moore i 15‘000
Milk creel Jamestown.. Frapcis J. Bogge- } 9,000 Manlins creel Manlius__. | Ehintan B, Coné:a_r “ 18,000
%}-aa(ﬁt;?fﬁ% Georgotown . Hiramn Huight ... 2.%8 I'I;rmh l‘i\jranch of Rabbit river__ q\yaylang} - .1 Elins {:has ....... Feb 3.000
Branch of Blg Grockery Ghester...-...__..._..| W. R Holden 22" 1 ‘ BiE orem T M B8 e - fogle o " o
Presque Isle: : 25 15,000 gall]mghﬂmdmk oo 0 ‘: wo- :: 8,000
y ; o B P IR EEEE H aeley pon .- TR, rangeville . o 0 L

- Lake B8l ..ooerooomoeamaaeeen Prenque Lale ... Win. A, French Clifford ereek .u. oo . Trowbridge & Otsago .| Conrad Brothers.....| © 8.000

R . ) Yurnck"a ereal .. ... Oteego ... John N. Perkina _____ o“ 6,000
oﬁg{g?;:‘;mn ek THigaing ... . H. Woodraf. ... L S 12,000 Bntton's brook.me-.ao___ L. Hopking ... ...oaen Charles W, Button...| * 3,000

St Clair: . ' ‘ 00 Alpena; . '

Bilver ereelt .o —ovoeoneereerees 1 Grant e _esooooe- Hugh Stevensof...... Feb. 28...-...- g , formerian cree e ——— (hrist, 0. Hammer - Mo, {;:333

St Jnseph: ’ \ Bpring lake and creek_________, James R. Conway.___{ * 15,000

ML CTOBK - emmoemcccmamane Mottville.._._"__._.| Charles Rice..oo...... - } 12,000 Antrim

BpriDg FOD —wemeemooeoeeeee Flowerfield . . ... i Bhanty oteek ... oo O.W. Holly_________ Aprit
Tuscola! ’ ’ IB:Ia]?OD %-eekk___, W o ot 12,000
: “ “ “
Sroker oreglr ..o aian }]Igngt%p s amd F.8. Wheat -.oo...c Maz. 2. % 9,000 031&291,:“’3,_ . G 8. Campbail.._ ol - 15.000
White creek ... tdian Bleldsanc | . 1w o 6000 N. and 8, branches Jordan river F. R, & I, 8. R, agent] Mar. 5,000
- el LT EEEELEY “

Butternot ereelt. . oo o omoe-- Inclmu Tields ... J.H. HOW@H --------- B i drenaos
Branch of Au Grea river________ Tarner ... J. A, Walker, _...___. O | - 18,000
‘ Deep Tiver ... —oo<.cmaeee-...| Deepriver. _.______ A, G, Maxwell. . ... A | S, 10,000

v
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Brook trout nlants, 1892, —CorTiNUED,

Connty and nama of waters. Town, Depaositar,
Barry .
Yunhee Springs creel _________ Yankeo Springs____[ A, C.Hynt
White creak .____.._ -| Thornapple creek_-| Jobhn MeQuean
Leonard ereolc. 1 T TTTTT & [ Bt W
Berrien.: .
Farmer'sbrook_ _____ . ___ Pipestone ___ Charles K, Farmer,

Pipestone creal _
Bronson creek .
mond'a creek_
Chadwick creek -
enterbaush creel.
itkory creek .__
Townsend creegk._

Sor‘l‘ue & 1:"1'1.1l
1% " - " 113 -
“w w W w :
Berrien. ____._____"| Walter Kephart,
Oronoke and Lake.| Levi Hedden . _
Bermien., . ___ " "

Duye's broak Buchanan | N o * =
Eates hrook __ . 7 . - e o vl
Mill creek and tribotaries. .o Watervleit & Bain-

. bridge __.__.. __. A, N. Woodruff,_.___,
ase; .
Kensey's ereek... .__._._.__...| Howard & Jetferson| B. D. Shaw.._.______
Calhoun ;
Dixencreek. . __ . . Marshall

Seven Mila ereak .
aboacon creel
Gulf.stroam
Cox broole
Pratt broak |
Minera? Bprin
Auwstin braok .. —
Partridge Spring brook .
Helmer brook ..
Newman's broolk
Mt Jack Spring
Hinkle's creek.
. Telmadge brook.

Bedlfm:d -

Bedford __
Emmaet _
Bedford __, P,
Newton and Leroy [ O. B. Lowell
Marﬂhall ___________ B Gm‘-lwood

Charlevoiz:

N. & 5 branches of Boyne river! Boyne Falla.______ | @ R.&L R. R.ng't..

‘Chebougan :
Ptﬁck creell: - %entley _____________ ﬁver&ttJJ . é\‘.oos .-
‘edar ereek_, - NBCATOTA _ . _ - ory J, aves.
E. branch of Tittip 8t . Burt and Ejlis - i Tives
Clark creek Ellis.________ W. H, Merritt., _
Lillian creek Mentor " "

L. I Bux:pdge .......

Clgre!
Town Line creek._ Brot oo W W, Green.__.___.
Littlefield creek._. . Farwell ___ 777" F. B, Presley__ " 77"
. brook Tagl
pring brook.. .. __ wagle __ . ______. Cassins Alexander.___
High bank cregk Lebanon ___ John Betts, _____
. Hayworth creeir_ .’ Legex_ 777 0. D. Cnsterling .
ﬁchnn! soction creek Maple Rapids George Randoiph .-,
. Moore's creek ., —-{ Duplain _____ A. M. Birmingham ..
Braice creek. ___.__ TR o " N -
" West, branch of Mapls river.. . " s -
Curtis ereelk __._______ A.B.Cobb__....._ .~
Crawford:
An Sable river.__..__._____ D. H. Fitzhogh .__,__
Baton;
Bull’s ereek ________ 8.1 Miller_.__. ______
andstone crealt dJ. Carliste Holmes.___
Brone coal cresl Richard Lawson. ...

Newkiri creal ___
Spring brook .-
Butternnt ereek

E. A, Marvin___
G-.‘ w. Bhe‘z:wood.

Emmet;
Bpringereek _.__._____ . Maple river ____ E. L. Lyons____. ____
. Big ereek__ 77T - Carp lake._ J. C. Schmalzrsid,
Tributary to Baple river. Maple river W, Fitzgerald_. ..
Mapio river. " Levering ___ G. B.& L K. R. agt.._|
Curp piver 17T Carp lake,, _____".77 i w A

o

10,000
15,000
15,000
10,000

10,000
10,000

.
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Brook tra(ut nlants, 1892.—CoRTiNUED.

Connty and name of waters. Town, r Depasitor. Date, Number,
- ’
Grand Traverse
II;aynle creekk-._.__-._._..-..__. Fnrﬂdic&.F‘i‘feLPka T, M, Wilson___.. 10,008
night erask __ 7777 v * Yo :
'Fribatary to Platt river Long iake___._____. J. M. Thomaa ---. 10,009
Gratiof:
Pinn ereek, __.___._ Sumner.......__...| J, B.Tocker..._.__._| Mar. 2.
Ferris creek Ferris, Montcalm
10‘7-__ e 41 L] e L 2 ------ Iam
Pineriver ... __.____________. Mecosta, Montealm, ¥
Gratiot and Mid. : . i
land Cos, ... ____ " R, ¢ 2...... J
Hiflsdnle
Freenshaw’s spring Banover ____._____.| G.T. Greenshaw..___ "
amedsli spring, _ “ " " " 10,000
Skinner's ereek T " v
Tosro:
Vaugh creele .., _________ Warren S. Hodges._..| « | L M 18,000
Tsabella
McDooeld creek.. . ___.______ Allen MeDonald . __, R L SO 15,000
Tonia: A
Steol creek..._______.______ H. L. Bailey..._...__. 3,000
East cresk . A '
Duck creek. . Samunel W. Burt__ 12,000
Clear crosk _. U. J. Maynard. 10,000
Church ereek -| &. W. Hantlay__ 15,000
Hawn ereelc . __J__ 77T i R, '
Jackson !
Farmers’ creelk ___._______._____ L. N. Keeler.__.______ " [ R 10,000
Mills ereek _.__ - .  _ T 68 ush._.._______. " 0 15,000
Kalkoska
South 8r. of Boardman river.. . South Boardman._.| G. R. & I. R. R. agent| 15,000
Nortn Br. of Boardman river... . Kalkasks__ I oo " 15,000
Repid river...________._ . Leelsville __ " “om " 15,000
Ealamaezno:
Daviagreek ... . .. Cooper .___. -1 Bd, J, Anderson._..__ 10,000
Travie creek._ - o o ‘e - ’
Lawler creak . Charleston H. Dale Adama__ 10,000
Sumer creek_ omatock " H ?
Pareel croek . __ -.| Prairie Rond Henry I Allen__. 6,000
arrison creel . T 7777 " ! !
Mill ereele . ___ . T__777" L John E. Pabat___
Bhutes creek ____ “ i " 4,000
Crooks creplk _ ‘e o A
Lanes cresk __ Portage .__.__ ! Charles S, Bolles____. 6.000
Teakes crepk Schooleraft 227777 " N N
Black river .. ... ] Pratrie Ronda__ Thomas Hewitt 8,000
Boles or Stanley oreslt » * '
Uoltier creek _____ ___
North Stacey creek.. 10,000
Bouth Stacey cresk. . - o "
Pierson'’s ereelk_.__ T TTTT Alamo Lovi T. Fox___. 6,000
A aate oresk Spart Arthur 4, P
shateyereek .. __ ! Sparta rthur 4, Place
_:CEngliah cr?‘ek._ " " i 12,000
2amp creek ___ N
. Moflit crask ___ Hilbert Moffit, . 6.000
Clear creek ____ -1 C. C. Darling. 3,000
Mink oreek.. . Frank Baird _ 3,000
Bucl erevic - FOMDE .| A A, Urippen. 4.000
Bilver creak_ _ " - .| H. W, Davis__ 3,000 .
Buawar Bush cr Oakfield. - "7 777" A, W. Stevens._ - 5,000
nro's pond. . Algoma, __ ---| Homer B. Stevens. ___
Newman's pond e " o 9,000
Anderenn’s pon Courtland _ - ‘ “
Allen ¢reek. . Algoma_. TNy Coon._..._ .
Auatin'a brook Algoma & Courtl'ngd) o 12,000
Clear cresk . __ Usmeron ..__..__.__ L
Hntehing's erae Algoma . 700777 Y e
Crimion creei. Uourtland, Qakfieid .
and Spencer.____._| Fresman Addia.______ 10,000
Morriecreek._____ Nelseon W. B, Wheeler_______ 10,000
pring ereek - Bolon. oo !
Sund cresk __.T Grand Rapida J.P.Wilgon 7777 5,000
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Brook trout plants, 1892.— CorTINUED,

County and name of waters, Town. ) Depositor. Date,
FLake:
Dannaher creek ..o _ooueo ... J, B. Peter

North Br. of Pers Marquette
Buacborn ereeke ___________ -
Baldwin creek.
Avery areek_.

Kinney ereek .. oo _._____..| ‘e ve
Laepeer: .
. Gatches creakt ... .. Almont... . .co......| P. P, Andros__._____. Mar. 2._____. ]
Leglenew: o

Branch of Cedar ron._________ Solon. e caeenee--.| Jamos G, Johoson____| Apr.  4o...._..
Livingelon; U R

Bearh creek .o, __.o___.._..___. Hartland ... ceee--| H. B, Holdridge.__...

Appleton creek (Fenda C, B, Cushing_.

Walker creelk . “ “ e
Lenawee: i .

Graeg creek __.. Clinton .. _._____. G D, Hoyes .. veee--

Franklin & Clinton.| H H. Halladay _
Madison, i‘a]wyra} Myron J. Pierce
and Ugden._____ " *

Brulley creek ..
Glearnn ereek ..
Big Meadosw cres]

Wost branch of River Raisin._., Rome ... ......._. Jobhn H. Combes .

Bean ereek or Tithn river ..___.| Hudson ____________ James B, Thorn

Hilledale creek.____ ... _.__. O o Y e
Mocomb:

Hmith'sereek. . ..___._.| Broce. ... ... F.P, Androg.._._.___
Muniatee; ) )

Gabloereek. ___.._.......____._. Copemish ... ._____ W. R Bmith ...

Beaver creek . Maple Grove | J. A, Higgins..
" Fowler's areel Maniatee - __. .| G- R.Fowler __
Clearbrook. .. ... __. Brownstown .......| Loren Pearce ________

Masron!
(arr Settlement creek
Swan creek ...._....
Buatlar creek_.
Pardy creek __
Uedar craels. __

Luke and Branch .| B.'F. Barnet .________
Riverton and Eden} P. F. Harley - ... .
Rivlelrt.on & Mu‘s‘;un._ Haruun & Hewborger .

“ u - “ I

Erne stream, ... ... Bherman James K. Barnes..__.
Cook creek ..__. N .
Ginson creek ___ " -
Spricgereek.. . ________ Amber.____ -
Two inlets to Round lake._.._.| Sheridan - .
Great Savle river ... __ Bachellor .__.

Uecosta:

Hinton creek

Hinton and Morton| C. M. Helmes _______.
Simmons creak. K w o

Mills creek _._ Deerfield..__.___ - " .-
Hiburger cresk._ Deorfield & Auastin. " e
Fetterhoff inton "

Deerfiald _ James C. Boyd ..

Quigle creek

a

Handy creek . __ “ i oy mimeme

Buckborn creek Green .. Michigan Fish Com..

Cheney ereek _______ . .. ¥ “ " "
Misraukee !

Wallis creele. __ ... ____________ Loke v G. W, Crosby..._.____ Feb, 2b....._..

Hoadwaters of W, Br. of Mue .

kegon river ... . ____  eeerieen.| James McGiness..____ R S

Montmorency :

Beaver croek . onea_ .. Philip Klein . _______. Mar. 0___..___}

Hnurdwood creek. Silas B. (*ohoon.. I L SO,

Btony ereek. ..o

Montcalm; .
Dickson creek_ ... recuas Douglaes, Sidney
and Fairplain____| T.L Phelps.__.._....| "
Cleax oreek. . Maple Vulley___.__. v . I
Jones creek._ .| Home _._.,. ___ --{ Wm, R. domnes... '
Black creelk, ___ Maple Valley....___ J. A, Dockery "

Conrad Weingarth .. ** 16_______.

APPENDIX.

Brook trout pfa,nts, 1892,—CoNTINTED.

County and name of waters,

Muskeqon;

Crockery ereek .., _____.._____
Little Cedar creak_

Cedar creak ___
Skeela creels.
Naorris creek.
Duack creek ___

Mosgnito creek__.__
Belleview trent creek
Dalton cresk _._._____ 77777

Aewuygo: .
" Chidester cree

Hatches creek

Lontier cresk
Odell erpek

Cole creek_....___..0 717770

Qalkilgnd :

Moyers spring and tribataries. .
Ontlet to Long and Gilberi

Andraacreek _
Pleasant Valle

Oceana
Cusbm creck
Cedar cresl_
Annly creek __
Cob-maoo-sa cr

deresk . 11 T 8]

ema )

eadwaters of Klacking creek,

south branch ___._______
Headwaters of 8. branch

Bablariver . _______

Mackie's croek .

Qscoda ;

Glenpie brook ___________
East branch of Big creek. .
West branck of Big creek. -

g ereelc ...l

Qaceolu

West branch of Clam river._._.
Middle Br. of Musikegon river..| M
Chippewa creek and pond
Deacoy’s pond and creek, .
Qomstalk creek _______._..

Hofmeyers creel
Grindstone creak

" Thorn treek. ___ 2 -7 77TTTT"

Coles creek____

Le Roy creak..____ et e

Ollgwe:
Milk creek
Black crealr.___
Wagner creek__
Whipple creek_

Big creek. . 7T Ji

Moorland & Casnovla_

Sheridan, Sherman

Btephen S. Skesls
I.).l C. Wiclflland -

Klacking ... .___..| Harvey C. Leonard ._

Poter Comatall:

Osceola and Sylvun
Sylvan & Hartwick
Osceola and Evart .
Bylvaneroek.. .. - TTTT7C Byl -

Fra&cie I quage.

A. 8. Aineworth
Hiram Haight.___.___

Georgatown .___._ Geo.‘ .F‘ Richlz}rdaon._

D."H. Fitz"hugh .

26
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Brook trout plants, 1892.~CONTINUED.

Connty and name of waters, Town. Nomber.
Otsego—Cond'd:
Ontlet of Woodin -snd Berry- A .
ville 18Ke8 . voozeeseozee-nno| COZWith o Thomes C, Woodin._. - 15,000
Tpper branches of Figeon and
Black rivers v and Dover. 25,600
Leke—no name. ... | Town 29 N. R. 4 W._
Outlet to Bradford lake Otsego Lake ... 95,009
Feeder to middle branch of Au . v
Sable FIVer. .vorcccaicmcarmmn- Town 28 N, B 4 W.. '
Presque Isle:
Take BeA0a oo come o maem e Presque Iale__ ... Wm. C. French 12,000
Roscommon!
TDanham ereelt, .. oo ameaee Nesbor_ _ .occeemans 8. V. Thomas 8,000
8t. Joaeph! T
BHring TOO o cmcn e amm e mem e _| Charles Rice.o...c.-. 12,000
Bpring creel._ . .--—-- - Charles N. Pratt. 12.000
Rockyriver_ . ... - " " "
Bpring crefk . ... Nottawa and Colon.| L.A, Clapp __oaeeoo 10,000
Tlgib. to Spring creelt. . ... W .....| George Eeeck 10,000
Tuscole.” . .
Montegne creek. ... .| Indian PFields.___.. F. B. Wheat
Goodwin creak ... Millibgton and 10.0080 |
Watectown .. v
Butteront creek Indian Fieids. T. H, Howell..
Snoker crealc _ o - o “ 12,000
White cresk__ " IO
Van Burgn: .
Maple creek and branchea...___ Bangor & Arlington| Wm. Brodwell, jr..... 15,000
Eatternnt cresk (e T Y T — . Jobn C. Merson.,
Coadar cresk. L i e 15,008
Mill creel.. N
Washtenaw ; - c, .
Casey creelt. . oo Bupevior and Ypsi-
lantd oo oo oooe H, J.- Knepp 10,000
Btony oreek o oomaoe e eeen Avgusta oo ooiacan ¥. H. Barnwm 10,008
Wayrne: -
WILLOW IO oo eooomeccmmme e Van Buren...-...._. J.B. Gowdry..___.__. 10,000
Farmington brook ... .. Tivonia ... -oooo. L. k 12,000
Wexzford! L
Fairchild’a creelt.... - .vu...-.| Cherry Grove.. ... D. F. Diggins __....___ 16,000
North branch of Pine river " LR B w .- y
Blagal creek toocmeoooovu-- Boon .__... B. W. Cooley......._.. 6,000
Poits’ cresk . _ur-o- 2AaN.9W... Hamuel D, Mills 8,000
Downing cresk Bouth. Branch and
Henderson ... ....| Chittenden,
Hozey erek - —o.cvmerooonwn—mo| Sonth BEranch and 5 Co. I
' Henderson .. ..--- Chltéanden, Herrick 16,000
O
North branch of Pine river ._..| Hobart.... ..cc.--- &. R. & L. R. B, agent 15,000
Tribs, to Manistes river__.._..- Manton-...coomeeee- " 1 25,000
PORAL . oot s e me e amim e e 4 Mmmmm Sl 4 dma mmmmamms i mmma s s oo s 2,252,000

APPENDIX.

Brook trout plants, 1892, from Sault Ste Marie stalion.

Gounty and name of waters,

Alger:

Baraega.:
Siate river

Chippewn:
Soult Ste Mzﬁrie river
a

Brown's ereek

Houghton !

LT T T

Cace Rabotha
Mich, Fleh Conr..
George Brown

Town. Deposttor. Dato,
An Train . j
Gnoto ... 1121 17x7| Heknve Sovgone.....| My
Avon .. .. _____. Charles M. Tnroer... . 9

Bweed Tow
Otter creelrl.:l oreek Han_gock ST
g}lgrim tlz:ce o - - g‘
m creel . o !
Salmon Tront - Adﬂms ------------- glo
Mggquelife T i
ccolay ereek... Chocola,
h T,
]]};?% ;lgrenrnkn Marquette____ . _ ] R
(3reen creolk. . ITshpeming ond Ely. sq] --------
Gold ereek - 1T T b —— b
S RN I 1 T S L
Total ... ... ..
Brown troul plants, 1891.
County and name of waters
. Town Deposi
| . positor. Date.
Alé:?na.‘
ock Hounse creek Potts .
_____________ Boeiiieiaceceeo| J. W, Mori 2
Azspena : : . orin._____ Mar, 26....___.
pring lake and creek Al
.......... pens ... ___....| Jaos, R, C '
’Ohﬁ"gmix: Conway._____. Y28 .
offman or Branch lake Hudso:
e 31 PN i i
ot ---| Timothy Carter April 17_.____.
T . .
e and Big Rapids______.___ Soult Ste, Marie___,| C. Robotham
forfw_z;orgi S T D
u jable 2nd E. br. of An Sable] Fr i
nd E, br. ederick.., ii i
Ac Sable river._._____.._____ | Gragling. . . 07 E{lﬁ?%lé‘i%éﬁun April B
Mﬁcosltn. H Ty
uckhorn eraek.
Homes ore: __f_f'""""'"" Greaan e Mich. Fish Com s
Cat creek and triba..___. w7 N :: ‘“ o S S—
_______________ \ - “w
Ot{f)eg(;:
utlet to Bradferd lak
Branch of Au Hable siver. [L_.| | o 1o Eepbeng Lumber Cof 1T oar .
P’Esﬁueé:le: ¥ Stephens 19 ..
ake
Ao oo Presque Isle__......| Wm. A. French Mar, 26
Roscommon T

Robinson cresk

................. Higging

§3553




8, br. of Pere Marguetie river..
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Brown {rout plants, 1892.
County and name of waters. Town. Dapositor. Date, Number,
O e sivora oo Grayling........ D. H. Titzhugh....._. Mar, 16 .. 25,000
LB’faldmn [ ) Baldwin._.__.._ W. F. Potter .._...... April 11 _____. 20,000
Hreni Sablo rivor.......o...... Bachelor . ... O “ M| 4000
“rgliors oroa Mor| fooo| 1000

emaw
m:::ig:ggﬂrﬁag?i?}ffﬁffff GOOAT e e —omeee| J. OConOOT. oo Mar., 22._..._.. 15,000
Osf‘igtlfio Muogkegon river. ... .. Hersey and Evart .| Mich. Fish Com, .__.. " lé ________ %g,g%
Hersey creek ... . iccvenner-o--f Lincoln .. JONN D (I , %0,
Oseoda ! ' . " 1 10600
Buekhornereek . _.___ .. Pobts - oeocanmnnn o J. Sallivan ... % 16 X
E. and V. branches of Big creek B.Gorton...__[ 25,00
Big creek . ___ [,
5 iddle branch of Au i -
Fsgzggfeiig‘%; _______ fs_l?_(i ________ PN 4W. ..c.c.....| Henry Stephens “ooBe 25,000
. 271,560
10 USSP PR i’
Lake trout plants, 1892, from Sault Ste Marie station.
County. Name of waters. Date. Number.
Margootte._ ... _ ................................ Sowyer leke .. _.ceoonaa- May 1% ..o 80,000
ORBOBAZON & v ool eee ceen i e Lake GOgebioe oo LI | R 60,000
ORI PDEWR e o e et Lmke Huron. oo _oovceceaeeef " 1Blmeinos 1148006
204,000

APPENDIX.

Plants of well-eyed pike, 1891,
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Name of waters.

To whom detiverad.

Numbar,

—

Casa____.._____. -

-

Grand Traverae..{

lngham___.____..{

7

=

Telandilake ... . ..____..___.

Lne Lo Belle lake
Five lakes ._______.___ }

Saginew bay. oo wae o
Sngar Bash lake. ... ____.___.._.
Thornepplelake. -
Lake Odessa. . ___....._ 0. """

Horse Bhos lake. _____._________ }

Avyera lake ____
Pearllake ._______.. " .

Ingian lake ____
Baldwin lake.
Pleasant lake_
Eagle lake

Mallet lake.. . _oow ...
Loon lake
Twin lake
Fish lako _
Sitver luka.

¥ordlake______.._.___ ...

MeCormick lake ., ___._._.___.
Regel lnke . ___ .
Lobdell lake.._____
Argentine mill pond and Inke. .

R

Name not given ....____._.__ ...

Clearlake ... ______..___________
Fifelake.. .. -2 "777777C

Mud lnke
Pinalake

La Strange lake -

Farwell lake
Swains lake
Swains lake,
Cranberry lali
Batteese lake
White lake .

Pleasant lake_
Brill's lake _
Grass lake ,___

Rawson's lake__
Howard lake _
Woile" lake ___

Gourd Neck lake

Goaord Neck lake "~ """~ A. L,
Sherman lake. ____ 277" W. S
Sugar Loaf lake ___ 77777777

Sealley lake _....________.... ___.
Carp lake, ____
Bilver lake

H.T. Cook . _...._____.

Mich. Fish Com. ..____..
Walter Barling
P. Cole_

Melville 8. Pratt. ____..

F.F. Honglin .. __
Chas, R. Harria __

E, Barlow Jewell....___.
E H. Jones ... ___._..

James A, Barry ... . __

T W.Cartie ._____..____

Z.B, Hous® ...

Wm, H. Johnson.
G. G. Butherland

B L.Prindle____________

Samuel D, Milla, _______.
James Monteith _,______

Mahlon H., Bray.__._____
Jegon E: Nichola________

AW Huorst . ________
G. T, Greenshaw ....._..

W. H. Spratt _____
Frank McKenzie ...

George B. Beebo __..____

C.W, Akin oo ...

Thomas Hewitt..__.....

Charles L. Bollea_______.
A. M, Fell

225,000

5,585,000

135,000
225,000
225,000

135,000

270,000

135,000 .
135,000

450,000

180,000
228,000

185,000
225,000

225,000
180,000

180,000
135,000

225,000

150,000
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Plants of wall-eyed pike—CONTINUED.

Neme of watara,

To whom deliversd.

Number.

Lonawes _.._.... {

Tsapeer ..

r

Livingaton ...._.+

Mecomb..._.......§
Mason ... .. i
Movosta _......... o
Missagkee, -.......

Montealm __....-

Muskegon ... { D

HawBYEO oo E

|9

n)

-

Turtle 1ake e oeeeecvmm e
Zieglerlake, .. __
Mumford lake._ .. R
Devillalake, o

Big Fishlake. ... .o
Pleasant lake _

Pickerel lake No. 2..
Brigga lake.___
Zukey lnke .
Zukey lake .
Myers lake. .
MeLain talte oovvenaee ccarvcn -

Cosio lake
Nowlin lake ..

Lineoln lake ..
Pere Marqunette laki

Brady lake. .o oee e icun—-
Clear lake - cerveacccoececama-

Muekrat Jake. ..o _eena
Baldwin lake. ... e

Burgess lake.
Fatal lake _.

Crystal lake __

Big Brooks lake
Little Brooke la
Big Broolks lake
Pickerel lake...

Little Marl fake
Big Maxl lake

(| Mace Day Jake __ . cocuneeoooam-

Thrae Milelnke.
Oricn loke...... -
Stony lake. .
Wing lake ..
Cooley lake___
Lakeville lala._
Elizabeth lale. .
Cranberry lake ...

Brigga lake.
Hie i’.l lake. e

Porcapine lake_ ... i
Otsego lake i

Finnerylake. . uove imnmrnmemoene

!
%
:
|

Melville S, Pratt_. ...
J.B.Allen . ____.____
Peter Wallrath,

George &, Winans......
Jobn F. Lawrence ...

i
}
§
s

J. W, Lawson. cnaeaomeee
F.G. Ruseell _____._....
Jacob Seabolt. ...

Charles E. Hiscock

J. E. Martenis __..._.....
R.B.OWOD.ooo oo

AW, Graham____. . ___.

Wellington Jones._..,.---
W.d, Bloss____________

Frank E. Cornwell.._...

R.B.O

.Tuhn H.Green.__..._...
B. C. Comptock ...

Lawrence H. Goodala._.

T. 1. Phelpa. . eeeeeo .

AT Call . ..

E. M. Rugglea.. ...

W. H.Eritzer __..--.- ..
Will Conrtright.______..

100,000
225,000
185,000

565,000
450,000

225,000

900,000
185,000

295,000
360,000

450,000

155,000

450,000

180,000
550,000
225,000
315,000

135,000

180,000

225,000
225,000

225,000

295,000

225,000

450,000
405,000

226,000
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Plants of wall-eyed pike—CONTINUED.

Name of watera. To wher delivernd. Date. Number,

{{ Demijohn lake__ Goenrge Keach ; ...

Littlelake________Z7_ 2777707071 Charles Butler T i b
gleﬂr lakai_:: Charles Batier __________ R L 180,000
‘ishers lake v
} Eleaaaribﬁake Charles N, Pratt _______. 10 __. 225,000
ray's lake ___ L. H. "
,(I‘:{osaman{a]}:e K g (gr‘-;tvmm N - {32'888
oms “ 5.
Jchnsognla?c ae_a Jnmes 8, P.earson . 185,000

| Hog oresk take . 07TTTIITIIIT Jay @ Wait. . ... b 180,000

[t Three Mile lake .___...__.__. a
Huzzy g dnko .. | §C Engle L. A ¢ S 225,000
ﬁa 8 Co!t;.si{..

uzzy's lake. . P, o 22
gﬂﬂlﬂiﬂflskiﬂlx C.¥F. Dey.. ... 18...... 225,000
ravel Iake _ )

L Bt { B. 7. Bltiget.......__.... wORLL L. 225,000
Cavanaugh Iake_._____ R. S, Armstrong .______. R - 180,000
Little Clam lake_______

Big Clam Take 72777772 17, G, Mosser ... SN L 405,000
e e e 27,045,000
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Plante of wall-eyed pike, 1892.

T'o whom delivered.

Chsboygen . .......

~Clinton ._____. ...

Isnbella . ..._. {

Tonia ool oL

Xolemazoo ...

Croolted Iake. ...

Sprmg lake ....... [,

J. M. Shepard
‘Worden Wells.

}Wm. H. Murphy

H H. Pike__.ao_.__._.

} P.C.Taylor. oo

Gourd necl lake
Rawson's lake.__
" Howard lake ._.

!
L

Gha.'rlaa Killefer._______. June 3
J.C. Bennetb. ... __..___.
N.A. Parker ...
Edgali{ Wetherbea________

F.F. Hoaghin ..._..__...

W.H.Rosa_____...___..|
Dan.J, Gahan. .. .......

Bepjamin Hall ______...
Charlie Van Scholel ___,

George B. Beebe.. .. _.... 80,
S. Rhodes ..._...__, June 1.....
Frank McHenzio ... 1.,

John 8, Harrison. ._....
Jobn E. Pabst.
Thor‘nus H«?yutt

A. M. Fellows.
N.V.Jones -._...._...

200,000
200,000

400,000

APPENDIX.

Plants of wall-eyed vike, 1892 —CoNTINUED.
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Name of waters.

To whom delivered.

Counnty,
Kent ... .__......
L
Lonawee . . ___. 5
Livingston...... ‘I{
L
Meson ....... ___.
Muskegon ____ __ -[
.
¢
Newaygo ._.__.__. <
Oceans ... __ -

-

Oakland-.,‘___..-i

3t Joseph________.

Bt. Clair_.____._.i

Reed’s lake_
Crooked lal
Long lake
Wilkerson's
Bound lake. .
Crooked lake .
Pineisland lake. .
‘Wabasia Jake _____

Evan's lake

Bidwell lake._
Pickorel Jake _
Worden lake__

Gun lake..__

Blaea lake ...
Cowden Lake. _
Long lake _____
Baldwin lake__
Burgess lake_
Fatal lake .__

Pickeret lal
Crystal lake ___.

Davis lale.___
Big lake ___
Cooley lake. . .
Three mile lake_

‘Watkin'a Jake
Orebard lake . __
Mace day lake
Cags lake ...

Lake 8t. Clair
Go;py’s la‘]‘:e .-

Paw Paw inke .
Three mile lake.
Pogaley’s lake.____

School geétion lalke _
Cory lake .. __ e
Huzzy luke _ m—en
Bankrons lake. .. 721777

Upper olam lake ____ . __ e

VanBuzen ... __ -J'
l
Wexford ________ {

Pleasant lake_ .- _ .77

Camp lake ... __ - 10110
Wampler's lalke ... ..______.....

Oarlake ... ... __.

Brophey leka______ . _CTTTTT -

Chromo lake ________ .27 77777777

Srott'a lake. ___ N

Loonlake ... ______ 77707

Demijohn lake . ___________.. __

Mich, fish com, _________
Hanry F. Hastings______

Joseph Cramer._________

L. K, Madison___..,______

Gearge L. Btavens.
C. C. Darling ...

M.J. Pierce. ...
B. W. Domuth.
H. H. Halladay

C. B, Coshing.__________

O, F Covall_
Stryk@r
Asa Pllce .

T. L. Phelps........_...

S ¢Frank Colo.___.__.____._
A, Gerber ___.____.._..__

F.G.Eby . ...
Sloan Cooley.
John 8. Gray..._

E. H, Stowell .
aylor.._
(‘hal]es Burton_.
Freemun -

D. B. Shaw._.__ 727170
Goorge Keech ___________

Mich. fish com.__________
Chas. Rice.,._.__ .

CoN, Pratt___________°7]

Fmd elsborrow
Jeoff Chaffes .

.1,000,00¢

1,000,000
600,600
400,000
400,000

1,200,000
400,000

57,300,008
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Distribution of carp, 1891.

£

County. Depositor. Lacation. Date. Number.
- § s,

GORERS . e en Bept. %g_--. gg
Allsgen....... - « B 54
Johr A, Bacheller 25, . 25
Barry.oooooeno { H. Houghton ‘ * 5. 25
Berrien .. ..o C.D.Brownel} ..ooocoee oo Now Buffalo,.. oo 0 2. 50
0. E. Harris.__.... Bettle Creek. oo cevn) 0 22 100
- Calboun......_... 158 S ATDIOH oo TITITTD e BRI 100
Edwin Hayward f‘asnovia e 25
Frod Jones ... .. couwvemouwn| JoOnRS (. - 0
Case J. Fred. Merzitt . Wulmmston - — 25
""""""" Geo. W. Bows _ Jones_.___...__ - 25
| | Fohn Bickle .. wooTTIT = 7
|| Daniel Ladwig . ... _....__._. Newbars . ooovuccermnemann 15
W. H, Merritt Rondo. - cceomeaeeeoof Sept. 22 50
Cheboygan ... { Fredorick Launtz. .. Trowbridege .. ._.___ “ 2. 25
Clare ... O}ivar Beemer ..__ ... Clare .o " 25
Eato Robert Hubbard - Chester_ ... " 25
AT oo Benjamin Haight_. *| Vermontville.. " 35
Genesae.._..____... ‘Wm. Tioker, Ir. A PneRon_ ... ] "™ [
D. &, Chandler . Traverse City ...._....._| " 50
George Argent .| Sumper ... oo " 25
Jos, Loeberl._ Sherman City . S 30
Isabella.......... { Nathan J, Com Ruasell " 29 .. 20
Tenia .oooooeenno.. | Ho Hitoheoek ..o Lyons v cee e A I 25
Harvey H. BabY.oemremeeeeeaes Norvei! : R 50
Jackaon..___._-..{ C.B.Bush_ oo JackeORt e ... " 2. ... 25
Kalamazoo..._.....| Nathan Spicer..__ . ‘. .. __ Halamazoo. .ov.ocowmeene| B2 200
Grand Rapids - . 60
Ads emee = v 25 ___ 50
Rockford .S M 22 __. 125
Lapesr-.........__.| Anthony Williame_______________ Atties e e “ 25 i
Leonawes coe ceoe | S B AN oo Devil's Lake ... R SO 25
Livingston ... ___. A Bharp ..o Howell o] Y 28 5
MB800 oo C.A Toby..oonoe | FreeSoil .. "o 3
Monroe..o__..__.. Fraoklin Ford. .. ... DOON s veccm e mmmm L : T 30
Montealm ... ... Edward Dnnn.....ucocvecrancun GOWOL <o ccecemveccaee - B 2
Muskegon, . __.._..| Co L. Gunn (ool Muskegon ... ... [ - 50
Rewdygo .aceneeooo E.O.Bhaw e NeWAFRO —coeeee e e a5 T 50
O, L. HommiGgway oo coeemeaee Ovid ... - - 50
Oskland Thomas P. Green, : 20, .- 10
B oo --N 1 AL B, Coryetl o - - Vo B 80
JoF, Bailoy . omeaercnmmeanevumnae v . B0
Qceana ...........| W. H, Ch_aaa _____________________ - b
Osceola..._.......| W.J. McIlwain oo aeee D 17
Otaego.uauuee oo oo | BB Agent_ .. __ Otsegolnke .. .__..._... v 100
Sanilacv. . ...._.. J.D. Eastman -, oo o Brown City oo o 28 .. 28
Jesse E, Parker ... ... ... Inﬁngsburg _______________ b S 5
Bhiawaeses ... { Marcor WilcoX o ovee e Coranna oo oo . [11]

APPENDIX.

Distribution of carp, 1891.—CoNTINGED.
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Connty. Depositor. Loecation. 7 Date. Number,
Tazcola........... B e — Sept "“":::: i
Wllba(.)mgoti:ng_______‘___._____. :: 3!'5?..._ 35
- o 35
Van Boren.. ..__ y April 20..__ 20
James Enrighto. ... oo .. Mpy 10 20
Philip Blum.___ Bridgewater.._._.____.___| Sept. 25.___ 25
Washtenaw.._._. { Azro Fiatcher___ Ypsifanti. .-l ___T I R S 25
B SN 2,281

Distribution of corp, 1892,

Connty. Depositor. Location. Data. Numboer,
Barry .. J. M. Rogera. Hostings . .o | Oty I7.. 50
Branch ... .| WillCoville .______._.._.._ Union City.. 50

(1 Cadsopolis Milling Co._... Gassopolis - 50
Tidgar Wetherbee. .. Ones.... .. &0
Case....__...... J. K. Bowers. ... v 50
George Detrick . _ Vandsalia 50
Bylvaster Griee ... __..__.....| Summerville . ___ %
Zacharlah Little. snrourvreono....| Barlington __.____.._.... 50
Calhonn ____._..3| F. G. Courter.___ - ion . __ - a0
i o Hoaglin. ... ... ... " [ 50
Clinton ... .__.____ A.Schenck & Son.._....._......|Blele ...ooooonroeeo e 50
Crawford ....._....| L. Strotzenberg . ___.______. Appenzell .. ____________._ [ T 50
John Hoytaleiviez . ocewa oo Parisville .. ________.___ N - 50
Huron '“"‘"‘“{ William D, King .___2__ - 7777007 Pionnbog ____ ... D ¥ 50
Tonia__.__....._._.] Daniel Spire.______________._.____ 100
Fred B, Lane._ ..o 50
Ealamazoo ... F.Rawson.. ... ... __. 50
Joseph Hipp. . ... ... 60
C. B. Ccmger_________,,..,-.,“_, Grand Rapids__.. .__..___| Sept, 28,___. 100
Kent_ ... ._...... Neal McMillan..._. Ruukfoxd.__ ot 12, . 50
Fohn Caelyle. . e RS & 50
Lenaweo ... . ... L.P. Butehinson...___________. Addison ... ___..__._.,... A & S 50
Manietee..., ... ... William Eniebo___._...__....__.. Manisteo .. _.oo.........| Sept.28.___. 200
R —— e S e——— P S 100

ohn Phiilipa__ ilford . ... . R,
Oskland......... . Alexandgr Birmingham _ - 200
AR, Bood.___. Holly. R 30
8t. Joseph.. .. ___. H, Young. e Three Rivers. .. .o...... ¢l 50
Ven Baren ... T. Broadhurst ... _____...._ Dacatar .. ..oceuen._..| July 29.____ 50
Wexford. .. __.__.| John Copper . ..ouo_ooo_. Hobart... coeeceeeaeeaoo{ Oct, 17 50
B U 2,026
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Eel plants, 1891.
.Cm:m['.y. Name of waters. Depositor. Date. Number.
Scott !ake_._.__-__.__._-......... J.A. Nawmon.._. ... 5,000
Allegnn __________ Hutchins lake W. I, McCormick R 5,000
No name, W. H. Whitbeek _____.. 5,000
Antrim ...._.. ._..| Sand lake O.J. 8mith.________...-_| June26_..__ 2,000
Mud lake ) . .
B Loug lake. Will Carpenter__........ v 3,000
L Wolf Jake..... .
Sugar Bush lake . ___ Walter Burling. AL SO 8,000
Braneb oo Goodrich Iake ... W. R. Mapdigo. ..o .- R T 3,000
Nottawasepe creek W. H. Holcomb, ..._____ L - T 3,000
Calbonn .. ““{ No nama._l..) N. A, Osgood.con---- [N L S 8,000
Indipn lake. .. Wm Murphy.ocaecoee oo M . 3,000
€888 ——e.ome -~ § | Monlsay T8 - 1orororrs T - A B. Withesbee - w250 3,000
Crooked lake _aau-ccomcoceioaans .
Cheboygan ... .-4 | Casalake. ... - 1+ Wm. Fitzgerald. ____...] LI S 8,000
Douglass lake. R h
Hile lakea_. L, C. Huxley..—_—counn- v 3,000
Oraword........ § | Kilo Jake- M. 6. B R. Agont.. o 3,000
Eaton oo ae Long Iake. . uucuceeccecceannnn W. L. Freemire.. 2o 9,000
(Goneses ... :..| Bingham oveek .. .- ..._.._.i B D, Bmithe. ... Jaly 8. 4,000
N ' Pinerun.._.. Stephen Qstrander..___.| ¥ B..... 5,000
Gratiot ... """% McBain lake John E. Martenis....__ woog. 3,000
Hillsdale ... ...} Head of Hillsdale creek ... ... Edward Joughin__...--- L T 5,000
: Tn k Ao
L $| Frrg ek ponde 3: %: 1 PR RO 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
Kalamsgoo ......-.; Sherman lalca. H.Dale Adams. .. o 8,000
Kalkaska__.__.....| Mnd lake o icccamnenn George Ines__ ... AL S 3,000
o gﬁ:ﬁg 113115[:_'" N £ 35t 0. Bignell_____.-—-.- July 8...-: 8,000
Kent .. _.ieve-- 4! Noname... . .-| " W.C. Bowmnn .| Jnne 26_ 3,000
Camp lake. ... .| ©.C, Darling.. Y28 ,000
Thornapple tiver........cacevem- H. Bailay, ~aacee.- July 4,000
Bropson 1ake .. .eeeceocaoennn- R.B. Gonklin_____......| 5,000
Lapeer ..._.._...3 | Noname._._. John D. Brown..__ « 5,000
NoOName. . eevecemcmmeccmmnmne Clark Linabury._.. " 5,000
Livingston..._. ..| Long lake. oo lie Jobn W. Lawson.__ " 6,000
Lenawee - .oo... Raisin river.......cooooo- A.C. Schleman. ... .. I FO 5,000
Monroe ... .__._..| Haron river.. John Strong. . cocccouo.. L I 5,000
Rock lake.. Jay Gates. ... I S 4,000
Montealm . .,..-- Cedur lake.. Sidney Phippeny. .- L SO 4,000
Bailey. e . - S 1,000
Montmoroncy ... { | FEGoRpd Jeke--- - o] f allon By T
Muskegon. . ... Twin 1alees, oot Albert Page_____......_ R T R
Missankes. _.....| Moskrat 18ke . .o.oooocouciemn.---| D. Reeder ... “o2M... 3,000
Hoos Jal0” - e oooemnen Will H. Shrim R S 8.000.
Nowaygo . cunnr { Jaland lake. o ou.rescccmmeenen- Alburtus And: | July Bioaan 8,000
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Eel plants, 1891.—CoNTINUED.
County. Name of watera, Dapositor, Date. Number,
White lake.. .. C.E B N
Oaldand......... % Woodhull lake... -2 7 72000 Tobo N Waiter T 8.0
Big lake......icrceeeccanceeeee.| PR Bly L Iy
3 O
Useaola ___. ... { G%‘:;Eit;a]ﬁ];i'e: """""""""" - }Jobn Carman. ._.._._... 3,000
Nield's lalke. . E L Potiti
Otsego ... . .... § Pprcupine fak J gg]els}{‘ eGI’L?J}.‘ gggg
Big lace Alfred Savage 3,000
Byronmill pond. ... s
Shinwasseo Kanouse 1&1?& ____ John E, Martenis....... 5,000
“F mme===7Y + Bhiawaeses piver. .
Corunne mif! pond Roll B, Keleoy. . _.._.... , 8,000
Bt. Claic. ... Pineriver and tributaries.. ... John Huber, .. _. ... 6,000
St. Joseph._._._____ Bt Fomephriver...______...____..! Charies Rice .. _______ 3,000
Clark’s Ia]ce‘._-_._______________. Lewi
Tuacola..... .. { Cass river..___ PBE]BVRFI"?JTI‘&?Y.:::: g:ggg
Lamphere pond L.D.
vow .|| B S s
Gren....... uzzy lake C.¥.
Bankrous laki Deg.oe-o- ) 3000
|| No name Parsons & Baldwin.._.. 5,000
Cavanangh lake_ ____..___.__. .. E. L. Negus 5,000
Cavanangh lake._ - T West.._.._.. T X
Washtenaw_ ____{ %nnﬁfordiﬂke., E.J. Wesb. rooomoees 8,000
ork pond... . R. i
Fork pond... JeE.R.Aldrich . July 8.._.. 12,000
Wexford-,.u.. ... Clam lake. o oooooeee. .. Enoa Clark_________.___. Jane 2.._... 3,000
Total ... P AL e R PP EER R 273,060
White bass plants, 1891,
County. Name of waters, Depositor. Date. Number.
N Qoguac lake.. ..
Galhoun......... { Gourd Neck lak 3::: ggg:%g
Livingston ........ Clearlake oo " L “ 9. 300 Ul
Qrehard leka. .. ... v " "
Oaldand. ... R et I T o 14
Van Buren ________} Gravel lake ... _._............ " . " 8. .. 360,000
B - N 2,500,000
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Total plants of brook trout in fourteen years.

15,097,900

The above ia a statement of the plants of brook trout made from the Paris station from and including
1879, the year in which the tront work of the commission was removed from Pokagon to Paria.

Total plunts of whitefish.

1,532,000 | 1884, 37,750,000
,211,500 | 1885, 40,000,000
1,510,000 1886 81,620,000
8,001,000 1HBT 72,984,000
12,620,000 | 1888 s 72,965,000
14,645,000 1880 63,000,000
g | oo - e
\000,000 . 1801 ________ - 000,
18,170,000 1882 from Detroit atation . . 65,500,000
23,785,000 1892 from Banit Ste. Marisetation______ 9,724,000
____________________________ 740,965,500

2 280,00
11,462,000 —_
Total oo [ —— e e weamemme e n e mmee 170,723,250

Tbtal plants of carp.

- 1881, 1,009 | 1889.._ 9,490
885 2,088 1 1890, 5,798
ad2u | 1091 2,231
2,843 | 1802 2025
v 2 26,865
e o ‘ s
Total plants of Atlantic salmon.
$ L RO . S S I SO | X1, .
160,850

Total plants of Loch Leven trout. '
8,000 I 1880 30,000
5,000 —_—

Total plants of brown trout.

20,000 | EBRL. o eieieeaeannn 156,000
60,000

b RN
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Total plants of lake trout.

188 e 215,000
1886 . ... 480,000
1830 (two yenrs old) 13,000
iBgy o M ) 46

- . T
1592 (from Sault Ste. Marie station)___. 204,000

Total planis of Californie salmon.

45,900 73,000
419,950 915,246
929000 b5
297,000

20,000
13,517
27,874

Total plants of eels.

265,000 I 1883 286,000
£05,000 | 1885 325,000
317,000 I 18012 313,000
990,000 e e
_________________________________________________________________________________ 2,211,000

Totai plants of black bass.
1880 e e Q600 | 1888 . s 1,560
B 7.000 | 1890 T CITITTTIITIIITi I 186
G O YT

Total plants of white bass.
1 O 2,600,008

TEMPERATURE OF WATER.
DETROIT STATION.

30Tfélé})erature of water during whifefish hatching season from Nov. 8, 1890, to April’
, .




216 TENTH REPORT_STATE FISHERIES:

DETROIT STATION.

Temperature of water during whitefish hatching season from November 6, 1891, to
April 23, 1892: :

TaIL. 2628 oo WP

SAULT BTE. MARIE STATION.

Temperature of water during trout and whitefish hatching season from October 20,
1891, 1o May 16, 1892.

APPENDIX. 217

PAEIS BTATION.

12Ti13::é1£erature of water during trout hatching season, from Sept. 29, 1890, to May

?

1592,
Jan, 25

LD - (- o

N

14-15__
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PARIB STATION.

‘Pomperature of water during trout hatching season from Sept. 26, 1891,
1892,

1802,
51° | Jap. 1820 ... _aeeeeo

N 50
Oct. 18 s

- P U . |

80-81....._.

1892. o8
B 1S S P S T
2~

to April 28,

INSURANCE.

DETROIT STATION,

On hatehing hovss___.
On antomatic jars

1,600 00

On new hatching honse____ e e e e e e
On old batching house L. 77T
On superintendent’s residence

On superintendent's barn
On wagons, harness, vte
On overseer’s residence. ... - TTTTTTTTTT
On trays, troughs, ete., in new hatehing hovss. .7 . .. 350 00
On traps, troughs, ote,, in old hatehing house

On eamp ontfita

......... 200 00
On office furnitore and fixtures and tools in slop 100 GO
Onearhouse ... 1 Ll 125 0%
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Treastrer's TBZJOT‘]:.—OONTINUED.

Special account.
189¢, 3605 48 . -
Oot. 1 ..o Cash o%gﬁpdh : "g02 (0 s - . . . Ay ¢
- Vomabers patd . 1L2021TIL LTI T e o5 b o LIST OF FISH COMMISSIONERS.
Dec. 3l ....| Balance........ camem gemm e tmmmms-mmmerosasssmessmnessmssnsssmmesnnnir T TR k |
- 897 46 $997 40
. ‘Tanj:sf}_"___ Cash on htm{li ---------------------------------- P n o e e 5206 05
2. : ;
.'Iunl.siJ ...... Casnon hand ... %gg 8? o % _
Apr.1l.__._.. Cash on hand __ - 206 0% . . . . . .
Julyi ... (\;asl\ on ;nnl;tiid- i £206 05 g : . A lst of the names, addresses, and termination of appointments of the Fish Com-
[ - - t. . *. - N
Sept. 20.... O ceouRt clo . missioners of the various states and terrilories of the United States.
- 3
ALABAMA.
| {Firat commissioners appointed in 1871.)
b Has ne comm issioners.
iy ARIZONA,
, V(First. commissioners appointed in April, 1881.)
W, J Hill, Belmont . ..o oo e e e emmm e e (4]
Hd. Schwartz, Phoenix_ . __ i Fl)
T. W, Otis, Prescott .. . e (1)
ARKANSAS.
(First commissioners appointed January 25, 1876.)
i Has no commigaioners.
" GALIFORNIA.
: ‘ (First commnissioners appointed April 25, 1870.)
B} : . Joseph 1. Redding, 37 Chronicle building, San Francisce, president... ... ... (L
H. L. McNeil, Los Angeles, secretary . . oo e e AL
William C. Murdoch, San Francisco, treasurer_ ... .. _......... e e e 1)
) COLORADO. »
(Firat commissioner appointed February 9, 1877.)
, No return.
CONNECTICUT.
{First appointed September 11, 1866.) :
R.. B. Chaiker, Saybrook_ ___ .. ....June 20,1893
. Jamees A. Bill, Liyme_ oo e e ce e we - oo Aupgust 26, 1893
E William 8. Downs, Birmingham ____ ____ . _.._..July1,18%4
' Commissigaers of shell-fisheries.
{Commission authorized April 14, 1881.)
W. M. Hudeon, Hartford. .. ... .. July 1, 1893
) . - George C. Waldo, Bridgeport ___.__.....c.oocuoniom e cwee e oo oo_July 1, 1895
a . Charles W. Beardsley, Milford. _. ... ... . . .eeo.._....Julyl, 1895

Frederick Botsford, New Haven, clerk.

(48] Holds office at pleasura of governor.
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DELAWARE,
(First commissioner appointed April 23, 1881.)‘
James Milligan, Delaware City .. - oo oo o__._____August 13, 1896
"FLORIDA.
: (First asmmiesioner appointed ———)
J. H. Smith, Tituevilie____ . __..... e e e e e Aprii, 1893
L. H. Sellars, Ponsacola_ - o i oo e mmmmemmememe s April, 1893
M. M_osa}ey,, Palatla. o e e e e e e e e July 15, 1895
GEORGIA.
. {Commissioner of agriculture made ex officio figh commissioner, 1876.)
Dr. H. H, Cary, La Grange -« oo oo oo e e e 1894
Hon. R. T. Nesbith, Aflanta . o eemmwcm cmoecdcdce e 18%4.
IDAHO
Has no commissioners.
ILLINOIS,
{Firat commissioners appointed May 20, 1875.) .
N. K. Fairbank, Chicago, president._ _ oo July 1, 1894
3. P. Bartlett, Quiney, secretary._._. .. e e e July 1, 1893
George Brenning, Centralin. . . . aa- July 1, 1895.
INDIANA.
_ (First commissioner appointed September, 1881.)
*W. T, Dennis, Richmond . .o e (1)
, I0WA,
(First commissioner appoihted Mareh 30, 1874.}
T, J. Griggs, Spirit Laké . e U April 1, 18%4-
) ' KANSAS,
- {Firet commissioner appointed March 10, 1877.)
J.B. Mnason, Bureda . .. .o o cme cem o emem e e e e e -2 A DI 4, 1893

KENTUCKY.

(First commissioners appointed March 22, 1878.)
" Hae no commiesioner.

LOUISIANA,
No roturn.
‘ MAINE.
Commissioners of fisheries and game,
(First commissioners appointesl January 1, 1867.)
TE. M, Stilwell, Bangor . et December 31, 1894.
H. O. Stanley, Dixfleld ____ s December 31, 1895
Oommissioner of sea and shore fisheries. .
B. W. Gould, Searspotb. - o oo oo .. April 18,1894

(111Plaasum of governor.
* Resigoed January 10, 1898,
+Died January 15, 1893

e

SR e
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MARYLAND.

(First commissioners appointed in April, 1874,

Richard T. Browning, Oakland ____ .. _ . .. March 2, 1894
John 8. Sudler, Manokin .. _ .o iiiiiieeeecicnon..--March 2, 1854

MASSACHUSETTS.

Commissioners of inland fisheries and game..

{Pirst commissioners appointed May 3, 1865.)

Edward K. Lathrop, Springfleld... . . _ .. .o .......June 30,1894

Hdward A, Brackebt, Winchester.___ ____ . .._..c..no.....--October9,1894

Isaiah C. Young, Wellfleet __._ . ... . ... . . _...__..__.._._October 23, 1894
MICHIGAN.

(First commissioners appointed April 25, 1873.)

Joel C. Parker, GrandRapids_ ____ ... .. . oceieeeeeee...._....January 1, 1893
Hoyt Post, Detroit_ . ____ .o . eeiiiiciiccicdcnas eee..--J&DUATY 1, 1885

Herschel Whitaker, Detroit. .. . .. o ciia i 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.) ”

No return. :
MISSISSIPPI.
No return.
MISSOURT.
(Firet commissioners appointed August 2, 1877.)
H. M. Garlichs, St. Joseph . . eei_ January 20, 1893
Jackson L. Smith, Kansas City. ... . .eoecwaeooacamooo.ioo._._January 20, 1893
Edward Cunningbam, Jr., St. Lowis _..___. ... .___________.___.January 20, 1893
MONTANA,
Has no commission.
NEBRASICA.

(First commissioners appointed June 2, 1879.)

No return.
NEVADA.
) {First commissionera appointed in 1877.)
George [ Milis, Carson City. . v oo e e e e e (1)

NEW HAMPSHIRE.

(First commissioners é.ppointacl August 30, 1866.)

E. B. Hodge, Plymouth____ ____ _________ . _.___.._ e meemeem----June 1, 1893
Willard H. Griflin, Henniker._..___ RO June 23, 1893
Nathaniel Wentworth, Hudson ... oo oo oo e oo December 2, 1897

{1) Term of office four years.

29
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NEW JERBEY.
(Firsbl commissioners appointed March 29, 1870.)

Commissioners of fish and game.

George Pleiffer, Jr., Camden, chairman. . oo %gg?
R. D. Foote, Morristown, BeEratary ... .o oo on oo oo e e e 189
Parker W. Page, SUmmit_ o .. oo e e mm e

Thomas Maskell, Morristo:y, fish and game protector. .. o _._.o-
‘ NEW MEXICO.

igsi islati 4, 1889,
H fish ecommission assuch. The legislative act approved February 14, A
enti?ll:aé]ll 2An act to provide for the protection and propagation of fish, provides ghlag
the governor shall “appoint fish wardens in each county of this territory who ghall ho
their office during the pleagure 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.
- Edward P. Doyle, New York, Secretary.

W. H. Bowman, Rocbester.

A, Sylvester Joline, Tottenville.

D. G. Hackney, Fort Plain.

Robert Hamilton, Greenwich,

-

NORTH CAROLINA.,

(Firet superintendent of fisheries appointed April 2, 1877.)
No return.

NORTH DAKOTA.
) )
Has no commission.

OHIO,
{First commissioners appointed April 1, 1879.}

C. V. Osborne, Dayton, President.
James-A. Henshall, Cincinnati, Secretary.
E. D. Potter, Toledo.

J. H. Newton, Newark.

Wm. R, Huntington, Cleveland.

OKLAHOMA.
No return,
' - OREGON.
{(First commissionera appointed April 1, 1879.) i
“R. C," Campbell, Rainier. ___. .. e s-om oo March, 1893

P. C. Reed, Astoria, president i
George T, Myers, Portland - .o eeem o e oo

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, Lancaster, ascretary : Jure 1, 1893

George II. Welshons, Pittshurg, corresponding secretary. ____ ... ________ June 1, 1893
W. L., Powell, Harrisburg, treastrer ... . . .________. e e e June 1, 1893
8. B. Stillwell, Seranton. . _____________ T June 1, 1893
Lonia Streuber, Brie. .. __________._ .. T Tune 1, 1893

RHOQDI. ISLAND.
(First commissioners appointed in 1868.)
Commissioners of infund fisheries.

Henry T. Root, Providence.. ... ____ ... ... . .___June 20, 1895
William P. Morton, (Mneyville....__..____ . . T Tune 20, 1895
J. M. K. Southwicky Newport. ________________.. .. o June 17, 1895

Comweissioners of shell-fisheries.

James C. Collins, Providence, commissioner and sscretary . __. .. __.____A pril 22, 1894
James M. Wright, Foster Centre, Asst commissioner. .. __._ .. _April 29, 1804
George C. Cross, Charlestown, Asst. commissioner ... ... ... _..A pril 22, 1894

SOUTH CAROLINA,

(Firat superintendent of fisheries appointed Decemher 23, 1878.)
No return,

SOUTH DAKOTA.
Has no commission.

TENNESSET.

{(First commissioners appeinted January 14, 1877.)
No return.
TEXAS.
{First commissioner appointed September EG, 1879.)
Has no commission.

UTAH,
(Action regarding tish cilture dates from 1871.)
No return.
' VERMONT,
(First commissionera appointed in 1865.)

John W, Titeomb, Rutland__._ .. __________ .. ____. PR ;1 | R £ )
G. C. Warren, Waterbury .. ________.______________ ‘T Nl 1896
VIRGINIA.

(Iirst commissioner appointed in April, 1874.)

John T. Wilkina, Bridgetown . _______ ____~___ ________________ .-,:____January 1, 1893

WASHINGTON,

(¥irst commissioner appointed November 9, 1877.)

- No return.
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WEST " VIRGINIA.

. (Firat commissioners appointedl June 1, 1877.)

- C. B. White, Romney, pramdent ________________________________________ “April 17, 1884
F. J. Baxter, Sutton, treagurer. ... .o-oocasommeemsommmmmmooanoos Apnl 17 1894
N. Q. Prickett, Ravenswood, Beeretary - o wommccem oo - April 1'7 1894

WIBCONBIN.
) {First commissioners'appointed Mareh 20, 1874.)
Phile Dunning, Madlson, preaident. oo o eoeemoomemm oo Aprll 1, 1897
A. V. N. Carpenter, Milwaukee .. o.ocooooooeiunooooen e wmem - April 1 1897
C. L. Valentine, Jamesville, seoretary a.nd treaBurer - o . woae-o- oeee-April 1 1893
Marl Douglas, Melrose. - oo ummmoem o wemm o om oo nem oo e Apnl 1 1893
.. Calvert Spensley, Mineral Point. .o oo et -April 1 1898
© T, J. Hogan, L Crosee oo o oo oo uee o commmmmmemmm e e o __April 1, 1898
The governor, éx o_tﬁcw..u:v
WYOMING.
(First commissioners appointed December 13, 1870.) .
Gustave Schnitger, Laramie ... o cemoiiloaaano-- e (1)

(1) Pleasure of governor.

e




