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L—REPORT OF OBSERVATIONS RESPECTING THE OYSTER
RESOURCES AND OYSTER FISHERY OF THE PACIFIC- COAST
OF THE UNITED STATES.

By CrarLes H. TOWNSEND.

CALIFORNIA.
SAN FRANCISCO BAY.

thThe oyster industry of the Pacific coast, exclusive of the trade in
6 small indigenous species, has never extended beyond the limits of
E?Gfb&y of San Francisco, where it has heen restricted to the growing
attening of seed or yearling oysters, brought annually in large
Quantities from the Atlantic coast and kept in the waters of the bay
}lntil they attain a marketable size. Although this method of supply-
lug the market has been practiced by the oyster-dealers of San Fran-
c‘§CO for many years, so that since the completion of the first overland
railroad thero has constantly been a supply of eastern oysters in the
Day, it has generally been understood that there was no natural
Inerease of the species, its alleged failure to propagate being usually
tributed to the low témpemture of the water. Some recent studies
of the oyster beds and of the physical conditions of the bay of San
I'?r auncisco by myself, under the direction of the United States Commis-
5101}81‘ of Tish and Fisheries, have yicided data sufficient to warrant a

Teview of the entire subject in a new light.
‘in'l‘he ix.xteresting fact that oysters do propagate in San Francisco Bay,
Y certain favorable localities at least, calls for some explanation as to
. ¢ long acceptance by the public of the statement that there has been
Of hatural increase. This state of things may have resulted from one
]mmm'e of the following conditions,'perh:xps in part from all of them,
a‘s nely: The popular knowledge of the low temperature of the water
ot con'lpared with the same latitudc' on the Atlantic eoast; the peculiar
Gh:aiglon of the localities where the 11'nported oysters were laid out; the
suﬂ‘ml'es they were known to have in Pacific waters; aod the lack of
icient public interest to demand the study and outlay necessary
discover the real truth respecting the lifo of the eastern oyster in
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344 REPORT OF COMMISSIONER OF FISH, AND FISHERIES.

Californig waters. Doubtless one reason for the lack of information
necessary to effect a change in the method of handling oysters is the
fact that all the minor firms engaged in the business were early merged
into one or more important companies, which, having practically the
control of the entire oyster industry of the Pacific coast, had no need
to change the methods of a business alrcady profitable. Tmportations
of seed oysters from Atlantic waters have therefore been made annually
almost to the present time, while it is by no means proven that seed
oysters can not be raised in that region. The methods of nearly twenty
years ago are still in vogue, the only advancement made being the
larger scale on which the business is now conducted.

The subject of oyster-culture does not appear to have engaged the
attention of the State fish commission at any time, or at least it is not
mentioned in such of the published reports as are accessible, and nothing
bas ever been done in California in this direction beyond the enactment
of the usual laws relating to such iisherics.

During occasional visits to the oyster beds in 1889 I found proof of
considerable natural propagation of the eastern oyster in the southern
part of San Francisco Bay, and transmitted cvidence of the same to
the United States Commissioner of Tish and Fisheries, who directed
that an examination be made in order to determine to what extent
this had taken place.

My studies on this subject were limited to such times as the U. S,
Fish Commission steamer Albatross was detained at the port of San
Fraucisco, and even then they were secoudary to my regular dutms as
natma]lbt of the vessel.

The investigations were, thercfore, male very irregularly, and at
different scasons of the year, as follows: February and October, 1890,
and May, June, September, and October, 1891, -~ A few days in Juney
1891, were devoted to an examination of Tomales Bay, and two wecks
in September, 1891, were spent in visiting the native oyster beds of
Olympia and Willapa Bay. In this work I frequently had the use of
one of the steam laanches belonging to the steamer Albatross, which
cnabled me to examine every portion of San Francisco Bay, employing
baymen as pilots for the narrower channels when necessary.

In view of the great snceess that attended the introduction of certain
Atlantic species of mollusks and fishes into the waters of California,
such as the soft-shelled clam,shad, striped bass, carp, catfish, ete,, there
was reason for expecting similar results from the introduction of the
oyster. The investigations of this subject have simply disclosed the
facts that the oyster has to some extent adapted itself to the new habi-
tat in common with the other introduced species and that in spite of
many unfavorable conditions it is stowly inereasing. Future study with
reference to oyster-cultuve on the Pacific coast should be made in the
light of these facts.
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Temperature.—The popular belief that the low temperature of the water
of San IFrancisco Bay has prevented the increase of the oyster is not
based on any exact information on the subject. The temperature of the
b“’y in the vicinity of the city of San Francisco, usually not much higher
In summer than in winter, was carly assumed to be too low for oyster
DPropagation; and, from Ll|e lack of special evidence of oyster increase,
this gy, wdually hec une the common explanation to casual inquirers about
the matter, no one making any attempt to disprove it, although the
Spat from imported oysters has, it scems, been dev elopmf, and growing
In secluded places, doubtless from the very start. The oyster-growers
apparently keep no record of temperatures, or. of other observations
that would throw light upon the plysieal conditions of the bay during
the different seasons of the year.

My, M. B. Moraghan, an oyster-dealer of San Irancisco, says that
the temperature at his oyster beds at Millbrae ranges from 58° to 65° F.
At the extreme southern end of the buy the summer temperature has
recently been found to be mueh higher, ranging from 67° to 74° T. for
July and August. My personal observations on the tewperature were
of course limited to times when the Albatross happened to be in port,
and as this never oceurred in summer the most important season is as
¥et but little understood. The importance of studying this subject is
evident when the influcuee of the marked rainy and dry seasons of
California upon the waters of the bay is considered. - ‘Although the
Water never reaches the summer warmth of corresponding latitndes on
the Atlantic coast, the temperature is more equable than that of most
Dlaces upon the Atlantic coast where oysters grow, and the extremes
of temperature are within these of such regions. It may be that the
temperature during the spawning season of the oyster, ‘which is of
Course the critical period, is low cnough to seriously limit the quantity
of spat, developed, but this can readily be determined by a careful
Study of the beds at the proper season, which has not yet been done.

Exl)erimentq in the artificial propagation of tho oyster indicate that
the nearer the temperature to 700 the more likely is suceess. During
thel(tttorpm t of October, 1890, T found the temperature of the southern
Dart of the bay, near Belmont, to be usually 61°T. Onthe same dates,
in the region of San Mateo, a few miles nearer the sea, it was 1°lower;
While at California City, stlll nearer, it was 57°. 'Recent observations

lave shown, Lhowever, that the water temperature is much lower in
¢tober than in the nudsmmner season. It isaltogether probable that
the extreme southern portions of the bay, 20 or 30 miles back from the
8ea, are several degrees warmer at all seasons than those farther north,
S“‘CG the region is more sheltered from sea winds and the strong
Teezes of San Francisco are less noticeable there. The French system

of claires would furnish still warmer water than any of the bays of
alifornig,
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The following table and diagram of observations upon the temper-
atures of water and air in the Golden Gate, at 7 a. m.; for ten years,
1874 to 1883, are taken from Davidson’s “Pacific Coakt Pilot.”

’
Table showing the temperature of the watey and air in the Golden Gafe for 10 years, from
1874 to 1983, inclusire.

’
{Observations taken daily at. 7 a. m., and reduced to monthly means.

| i
Mouths, i Wator. Adr. i Water—Adr.

JANUALT «ereonnn-- 50. 49 46.80 | +3.60
Februury . - 50. 99 90 | 4178
March.... n2. 49 51. 8 i +0.51
April... .. 4. 28 54. 72 . —0. 44
May .o.onnn O Tt 5B 1 187
June........ .. 58. 35 6o.27 | —102
July ceennnns .. 68,88 58.7% | 30.10
August..... 59, 23 H8. 00 | +1.238
Septomber........ 50. 68 58. 84 +0.82
Octoler....... .. 57. 83 57,30 X +4-0. 53
Novembet........ H4. 66 H2. 40 . +2,26
December ........ 51.94 48. 58 | 3. 35

| 1

The data contained in the above table are represented graphically
in the following diagram:

Fokr| Jan.| Fed | Marn | Apr | May. | June [July | Aug | Sepe | Oct | Mov. | Dec. | Rahr
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Prof. Davidson says: “The lowest temperature of the water is for
the month of January, 50.49¢; and the highest for the month of Sep-
tember, 59,.68° I*,,” and he adds that ““the temperature of the air follows
very closely that of the water.”

Hourly water temperatures taken by the Llbatross at the foot of Mar-
ket street and at the Union Iron Works, San Francisco, for limited
periods, indicate a slightly higher temperature than in the Golden
Gate, as may be seen from a study of the accompanying table. Tem-
peratures taken Dy the same vessel at Mare Island, where the water is
more subject to the influence of the Sacramento River, show a much
lower temperature.
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Table of hourly changes of surface-water temperature in parts of San Francisco Bay.

[Reduced to monthly moeans.}

| ————
i Off Market strect and Union Iron Works, Sun Francisco. Mave Island nuvy-yard.
g lgz|7 18 |8 |qg|o |§ |5 | [§ |5 |§ |
Time | o ‘,‘.‘6',_?2 8 o ° c;ﬂ = S . le ! ° o L
ofduy.’ Zg | S| [g | D | Be | B2 Eg g |28 %g Fg | Fg | 8d 78
=B % |~ | |~& |5 | B ok &% 8|2 -8 -5 B
B2 e | leale 2 |5 |5 |8 |2 |Z
‘ g 1% [E 18 {2 (&%|2 |& |7 |8 1A |[A IS [&
—— ——— — . . ! o e
ioF.|oF.|cF. |2F.|eF. |oF. |oF. |o¥, |[eF.ioF. |°eTF.{°oF, |°F. {°F,
To.u. 56.3 | 66.8 | 50.2 | 58.6 | 56.1 | 53.5 | 62.5 | 50.1 | 53.5 ' 57.0 | 64.3 | 48.0 | 42.5 47.3
2n.mm. 56.2 | 68.5 | 59.0 | 58.4 | 55.9 | 53.5 [ 52.5 | 59.2 | 53.5 | 50.8 | 54.0 | 48.9 | 42.5 147.3
Ya.m.; 66.0 | 58.5 | 68.7 | 68.6 | 65.8 | 53.3 | £2.0 | 59.1 | 63.5 ! 50.8 | 53.0 | 48.9 | 42.06 74.1
da.m. 560 | 58,7 | 58.5 1 58.6 | §5.7 | 63.3 | 61.5 1 50.2 | 53.5 | 50.6 | 53.9 [ 48.8 | 42.5 [40.9
Gum.| 56.1|59.0|60.7 | 53.7 | 55.7 | 53.4 | 50.6 | 59,7 | 53.2 [ 56.6 1 53.8 | 48.6 |.42.3 47.1
Ga, m.| 56.3 | 59.56 | 80.2 | 58.4 | B5.4 | 53.5 | 50.5 | 69.9 | 53.7 | 56.4 | 53.0 | 48.4 | 42.2 47.0
Ta.m.! 56.6| 60.0 | 61.0 | 68.5 | 55.7 | 53.6 | 50.0 | 60.2 | 53.5 | 57.4 : bd.3 | 48.5 | 42.2 146.0
8a.m.! 50,05 60.3 | 61.2 59,0 65.0(53.8]|52.0)}50.063.7]50.2!054.0]48.0/42.8 47.3
B 57.3:61.2 | 6.2 | 59.4 | 50.6 | 54.0 | 63.0 { 0.1 | 53.7 | 60.4 1 55.3 [ 40.1 | 43.1 47.9
10a,m: 57.8 | 61,4 | 6105 | 59,3 | 66.1 | 54.0 | 53.5 | 60.3 | 53.7 | 50.4 | 55.7 | 40.6 | 43.4 48.0
Ma.m.i 658.5 [ 61.6: 61.5 | 59.4 | 56.5 | 54.2 i 53.6 | 60.1 | 54.0 | 59.6 56.5 | 49.8 | 43.7 48.2
..... '58.6 ' 61.8 | 61.0 | 50.6 | 56.6 | 5.4 | 53.5 | 60.0 | 54.2 | 60.G | 56.8 | 50.2 | 44.2 48.5
Ip.m. 589 [ 61.9 | 620508 57.1|54.7!550/|60.3|55.2160.4.57.5|50.3:44.8 48.7
2h.m. 59.3 | 62.3 | 63.0 | 59.8 : 57.2 | 54.8 1 55,0 | 60.4  55.5 | 60.8 ! 57.6 ) 50,3 , 45.2 48.8
$pom. 604 | 62.2 | 62,7 | 5.7 | 57.2 | 64.8 | 54.6_| 60.3 | 55.2 [ 60.6 | 57.7 | 50.2 | 45.4 49.1
4p.m. 69.3 16211630 560,71 57.2|54.0| 54,0 604|656 60.6"57.0 | 50.1 | 45.149.3
Spom. 58.0 | 61.0 [ 623 60.5  67.2 . 64.6 1 63.5 | 60.5 | 55.5 | 60.0 § 67.2450.1 | 45.0 [49.2
Gp.., 58.06 | 61.5 | 62.0 | 59.1 | 66.8 | 54.3 | 52.5 | 60.0 | 55.0 | 60.0 | 56.5 | 40.8 | 44,9 48.0
Than.| 58.2 [ 00.0 | 61.3 | 68.9 | 56.8 | 53.0 | 52.0 | 60.0 | 54.0 ! 58.4 | 56.0 | 49.7 | 44.0 148.5
8p.mn.| 57.9160.3 1 60.0 | 58.7 | 56.6 | 53.7| 52,01 59.0 | 54.0 . 50.4 | 55.7 | 49.5 | 44,13 48.2
Op.an.| 57.3 [ 50.7 { 60.0 | 58.8 | 56.5 | 53.7 | 510 | 69.9 | 53.7 1 68.2 | 55.5 | 49.3 | 43.9 48.2
10p.an.| 67.0169.3 | 60.0 | 58.8: 56.3 | 53.8 | 51.5 ( 50.8 | 63.5 | 68.6 | 54.8 | 49.1 | 43.0 48.1
Uypo.| 56.0 [ 59.3 5 60.7 | 58.7 | 56.1 | 53.¢ | 52.0 | 59.7 | 63.5 | 67.4 [ 54.8 | 49.0 | 43.3 147.0
Mid .. 56.7 | 50.0 | 59.3 1 68.5 | 56.1 | 53.5 | 52.0 | 59.5 | 53.7 | 57.4 | 54.4 | 48.8 | 42.9 7.3
Range.|55-72 155. 08 isv_uu iso_m ; 50-59 [40-55 Iso-c:z G257 [54-62 |10-C4 |42-57 [38-51 ‘40-45|
—_— ] ~ e et L — _—

. A series of temperatures taken in Oakland Creek from September 7,
6890, to May 20,1891, at 4 a. m. daily, range fromn 49.8° for December to
'4-90 for September. The temperatures are here reduced to means of
ten (qys,
T“mper(mn-(' of the water at the surface in Oakland Creck, San Irancisco Bay, from
September 1, 1890, to May 20, 1891.
| Taken by (foast Survey Steamer Med rthur, Liout. W. 1. Ray, U. S. N, commanding.]

|

1890. } oI 1801. L 0N

| -
Aug. 28t0o Sept.7...cvvunnt, 6.9 Jan 11010, e et 50.0
Sept. 8§t017......... Jd o634 ) Jan. 11 to 20 ... 50.6
Sept. 18 to 27........ A oe5.0) Jan 211080 ..ol 5.4
Sept. 28to Qct. 7 ol ee i Jm3ltoFeb. 8oLl 51,2
Oct. 8 to 17... g 482 Feb 10to 19 .oeeeonoeeo. 50.1
Oct. 180 27......... 49,9 || TeL. 20 to Mar.1..... ..1 51,0
Oct. 28 to Nov.G .... SLOf| Mar.2toll..o.... 0.8
Nov.7t016......... 66.2 || Mar.12t0 21 . 6.4
Nov.17to 20........ 64.3 || Mar. 22 to 31..... 656.2
Nov.2710 Dee.6.... 63.7 || Apr.1toApr.10.. 67.1
Dec. 7016 .oveeen. Tl ool Apritte2o...... . 57,0
Dec. 178031 veverenervoconns 40.8 | Apr.2lte 0. ... 68.0
Mayltol0........... ..] 014
May Ilto20....0000vaeie..,] UL 4
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Recent snmmer temperatures taken by authority of the United States
Trish Commissioner at the extreme southiern end ot the bay, through the
cobperation of the Morgan Oyster Company, have yielded valuable.
information, the water of that part of the bay having Dbeen found to
have a smmmer warmth amply sufficient for the propagation of the
oyster. The important table of temperatures from this locality is con-
densed to means of ten days from a lengthy series of daily observatwus
at both high and low tide.

Temperature «t the oyster beds, I mile from Dumbarfon DPoint, San IFrancisco Baly,
July 12 o Oclober 12, 1891,

| Surfnce-water |
Ajr | temperature. | R\f:ln‘%?lOf
Dhate. temper- - = —— ey WY
sture. | High | Low t(‘:l‘l‘jgern
{' tide, ©
I
ol } oF. | oF. | ©F
July 12t0 19...... . | 68 | 6wl 79 67te13
July 20 to 28, .. So-a] B89 70,9 71D 9to74
July 30 to Aug. 8 .. 67.3 6.5 69.7 | 08to72
Aug. 8tols . ... e .- 2. 44 708 0.7 ‘ UB to 72
Aug. 19 to 9 LI 72,3 ] 71. 4 72,0 | 69 to 74
Aug. 20toSept. 7 o.oeviiaiiiiiiaaa.. 66. 8 70.7 00.1, G7toT2
Repl. BL017 ooooeneniaan e naee 66.4| 678 ] 68U 6ito7l
Sept. 188027 ..ot i 65. 7 GO, 1 67.3 | 64to 70
Sept. 98 to Oet. 7 .. 0LIIITIIITTIIIIIIN 03.2| 65.6] 2o 581070
(7 2 8 T 2 5 N 619 | 63. ¢ l G4.0 \ G2 to 05
P

y — —

Peculiar gituation of the oyster beds.—There are at present no easters
oysters in San Francisco Bay that are not laid upon tide lands, or
so-called mudflats, completely exposed at the time of low tide. The
principal reason for the selection of such situations is that the beds may
be readily fenced in by closely set stales to protect them from the dep-
redations of the stingray (Myliobatis califoirnicus), which enters the bay
every spring and is the principal enemy of the oyster in these waters.
In this ecomplete dependence for oyster-growing upon tide lands, fro-
quently left dry, is doubtless to be found one explanation of the slow
increase of the species. The California suntmer is absolutely dry and
rainless. It is a season of cloudless skies and regularly recurring heat
in the daytime; therefore an oyster bed at this season, when the tide
is out, is exposed not mercly to the air, but to a heat sufficient to dry
the moisture oft from all the oysters in sight, and perhaps injure the
majority of the spat that might have been attached to their shells.
If embryo oysters, set free on the beds, drift with the receding tides to
deeper waters outside the stake.protected avea of the flats, they are
exposed to the stingrays when they have attained sufficient size,

Stingrays, and the stake protection employed against them.—The Calir
fornia stingray (Myliobatis californicus) enters San Francisco Bay in
large numbers in the spring and remains until late in the fall. It iS
said to be as destructive to oysters in these waters as the starfish is 0B
certain parts of the Atlantic coast. It has heavy flat teeth, a.rrmxged
in a sort of pavement in each jaw, and is esseotially a feeder on shell-
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fish, rts presence requires the fencing in of all the oyster bLeds in the
bay witl, closely set stakes about 12 feet long, which are driven about 4
feet into the ground. Plates 8 and 9 show the nature of these fences.

Vhen a broken stake allows a school of stingrays to raid an oyster bed,
_the surfage, after the tide has gone out, presents much the appearance
0‘_‘ a field that has been rooted by hogs. Sometimes the oystermen,
dlscovering their presence, manage to entrap them inside the line of
Stakes, and thus destroy many of them during one low tide.

Fencing oyster beds against stingrays constitutes another heavy
€Xpense to the California oystermen, in addition to the wnnual outlay
for seeq oysters from the Atlantic coast. The fences must Le looked
after constantly and kept in repair. The heavy winds that someties
durillg the winter season cause vessels in San Francisco Bay to drag
their anchors do great damage to the fences of the oystermen, which
they must manage to have in good condition by the time the stingrays
Teappear in the bay.

I do not know how late in the fall stingrays continue to menace the
Oysters, but I netted a few small specimens in San Pablo Bay as late
a8 November 7 , 1890. They first appear in April.

The danger from stingrays is probably overestimated, in view of
the natural increase of oysters upon wide tracts unprotected by stalkes.

Other enemics of the oyster.—The drill (Uresalpine cincrea) has not

€come troublesome upon the oyster beds of San Francisco Bay until
Very recently, and even now is abundant only in the southern part of
Qbay, “The oystermen showed me heaps of shells, all more or less
drilled witl, sinall holes, in evidence of its ravages. At the Belmont
eds T had no difficulty in gathering a quart of these mollusks in less
an ten minutes by merely turning over the large oysters when the
Vater had receded from the beds. Sometimes half a dozen were to be
°‘_111(l on a single oyster. With its minute “tongue-file” this ercature
rills g Tiolo through tho oyster’s shell, and inserting its proboscis into

18 opening, barely large enough to adwit a pin, it feeds directly upon

O soft parts. ‘

.- This destructive animal may have been introduced much earlier than
ﬂ:]ll(: Oystermen suppose, as a few iml-ividuals accidentull)‘r imported
“Mong the original oysters would require several years to increaso to
ql“?ulll‘esent numbers. Mr. Moraghan informed me that there were no
y 3 upon his beds at Millbr ae, which, as stated above, are much nearer
lnl((:n :(i)t than the Belinont beds. I‘f they are restricted to the Bel-
Dick 1] eds, as seeins to be tI.IO caso, it would pay the oy§t,er-growers to
oo t"1em 911 as fu,r'us possible. Any 'g*a.thcrmg of drills that would
in tll)l hem in check is important, as their increase will cause great loss
¢ future. - _

Ohezg SD(?cie:} of crabs. are found upon the Sap Francisco oyster beds,

o oft which is exceedingly abundant, but their presenco has probably

€ct upon the oysters,






