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INTRODU QTION,

Temperature Las long been recognized as having an important influence upon the genersl
movenients of fishes, and especially of those species thal migrate periodically from eune region fo
another. The salmon, shad, and alewives aseend tho rivers in the spring, and at about the same
time large schools of mackerel and menhaden approach the coast from the direction of the Gulf
Stream, and, to some extent at least, work northward ag the season advances. Ceod are abudant
near shore only during the colder months, while lobsters retreat into deeper water at the begio-
ning of winter, and return again in the spring, Whatever may be the impelling power that
incites these and other species to change their grounds at stated periods, whether the 1ecessity of
sceking new sounrces of food or more congenial waters for the purposes of breeding, it bhus gener-
ally been observed that their migrations coeincide more or less closely with certain changes
temperature, and the latter, therefore, appears to exert o controlling or restraining inflnence upon
their movements, Until recently, however, very little has been published respeeting the precise
relations of femperatare to fish migrations, and the subject is but Jittle understiood.

In a history of the meuhaden, published in 1879,* Mr. G. Brown Goode discusses the water
temperatures taken at geveral stations along the Atlantic coast of the United States for a period
of three years, in connection with such information as was then obtainable respecting the move-
ments of mephaden doring their spring migrations. In prefacing this snbject, Mr. Goode remarks
that ¢ the date of the earliest appearance of the scliools of menhaden at any given point upop
the coast corresponds very closely with that of the arrival of seup, shad, bluefish, and other of
the non.resident species. It depends primarily upon the temperature of the water, [and the
departure of the schools] is regnlated by the same causes. At the approach of settled warm
weadher the schools make their appearance in the coast waters, They remain in the bays and
uear the shores nntil they are warned away by the breath of coming winter. The date of their
appearance js earlier in the more southern waters, and the length of sheir sojourn longer. It is
manifestly impracticable [from the data he then possessed] to give anything but approximate
dates to indicate the time of their movements. In fact, the comparison of two localities, distant
apart 100 or 200 miles, would indicate very little. When wider ranges are compared there
becomes perceptible a proportion i the relations of the general averages. There is always a
halance in favor of earlier arrivals st the more southern localities. Thus it becomes apparent

" The Natural and Koonomioal History of the Americau Menhaden, by G. Brown Goode. U.B. Commission of
Fish and Fishasies, Report of the Commissioner for 1237, Appendix A, 520 pp., 31 plates. Weshington, 1870,
o ) 157
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that the first svhools appear in Chesapeake Bay in Mareh and April, on the coast of New Jersey
in April and early May, and on the south coast of New England ju late April and May, off Cape
Ann about the middle of May, and in the Gulf of Maine abont the latter part of May and the
first of June. Returning, they leave Maino in late September and Oectober; Massachusetts in
QOctober, November, and December; Long [sland Sound and vieinity in November aud Decewmber;
Chesapeake Bay in December, and Cape Hatteras in Jannary. Tarther to the south they appear
to remain more or less constantly throughout the year.”

Iu Lis coneluding remarks the same writer states that ¢ these facts [which he sets forth in
considerable detail] appear to indicate that under ordinary circumstaneces the menhaden prefers a
temperature of 609 to 70° Fahrenheit. When the rising temperatore of epring has passed the
limit of 50° to 519, the fish are certain to apbear, and when the falling temperature of antumn
reaches that point, their departure is equally sure, thoagh a few individuals may linger in waters
not congenial to them. The oppesite limit seems to be marked by the live of 80° or perbaps 759,
An easterly or northerly wind, lowering temporarily the surface temperature, causes the schools
to sink Delow the surface. The chill of night also drives thew down. These conclasicpng are not
to be regarded as final, The movements of the fish abont Cape Hatteras are very puzzling, and
need to be interpreted by a series of careful temperature observaticns,”

More vecently similar comparisous of water t'emperatures have been made by Col. Marshall
MeDounald with respeet to the shad and river berrings or alewives,® rhe observations e makes
use of being relatively more extensive thap was the ease in Mr, Goode’s stndies of the menhaden,
His observations are restrivcted to the Chesapeake Bay region, with special refereree to the Poto-
mac River, and are accompanied by instructive diagriams, on whieh the relations of temperatnre to
the abundance of the two species of herring and the shiad are graphically re-preschted.

His final eonclusions are asfollows: “The diagram showing Juetuations of water temperatute
in the Chesapezke Bay region fitrnisbes very interesting and snggestive data for disenssion.
During the wiuter months the water temperatures on the ocean platean, outside of the capes, is
higher than that of Chesapeake Bay or the Potomac River. The latter part of Febrnary or carly
in Mareh the temperature of the bay waters rises above that of the ocean waters outside, Ceincident
with this the shad make their appearance in 1he Chesapeake and are taken in the poands which
are set in salt-water along the shores of the bay, About the first of April the temperature of the
water in the Potomae River rises above the temperature of thie water in the bay. Coincident with
thisis the beginning of the shad season in the river. The lesson taught by the diagram is that shad
donot enter our rivers to spawn until the temperature of the river waters is higher than. that of the
salt-water from which they come. Should the waters of either the Potomae or Busquebanna continue
during the season at a losver temperatare thian those of the bay, we would have no run either of
shad or glut bherring during (he season.”

Qur objeet in prefacing this introduction with the above extracts from two of the most
important contributiens on the subject of water temperatures in their relatien to the migration
of fishes, has been to give a practieal illustration of the great valuo of such stndies, which have
been strangely neglecied by investigators. 'With respect to tbe oceanic species, there are, of
necessity, many difficulties, some of them insurmountable, in the way of obtaining observations,
as permanent stations for that purpose must be located mostly on or very mear the coast, while
the larger schools of fishes often remain some distance from theland, River stations for observ-

* The Shad—Cluvpea sapidissima, by Marshsll McDonald. The Fisheries and Fishery Indnstries of the United
States, by George Brown Goode and a staff of pasocigtes. Bection I: Natural History of Aquatic Animals, pp. 594-607,
plates 214, 216. Washington, 1884, Also in Report United Btates Commissioner of Fish and Fisheriee for 1853{1885),
p. 1034, pt 1,



OCEAN TEMPERATURES. 159

ing water temperatures conjoiutly with the migratious of fishes can be readily established, and
excellent opportnnities for good work in this direction are afforded by all the larger rivers of our
country,

The practical value as well ag geientific importance of investigations of this character, in thei;
bearing npon many of our most extensive sea and inland fisheries, has been fully recognized by
the U, 8. Fish Commissioner, and in all the explorations carried on under his direction the
observation of water temperatures has been made a conspicnons feature. Unfortunately, the
field work of the Fish Commission is, necessarily, limited to a comparatively short season in each
year, during which operations bave, for the most part, been confined within narrow areas, chang-
ing more or less from year, to year, or have been extended irregnlarly from pluce to place, depend-
ent upon the movements of the steamers. The temperature observations made by the Commnission
de not, therefore, form continuous series sufficiently complete in themselves for detailed compari-
son with the movements of fishes doring an entire sreason of their migrations.  In order to supple-
ment and extend this class of investigations with reference to the surface waters and snrface
schooling fishes, the co-operation of the U. 8, Light-ITonse Board aud U, 8 Signal Serviee was
obiained, and for n number of years pust continuous series of observations have been taken at
some sixty statious belonging to these two services, distributed along the wentive Atlantie and
Gulf coasts of the United Siates from Eastern Maine to Soutliern Tesas.

In this report we have given the temperature resuits of the light-house srations only, reserv-
ing those of the Fish Commission and Signal Serviee for a future one. Most of the light-house
stations form a geries which can well be considered apart from the others, all of the stations here
ineluded being located on exposed portions of the eoass, while those of the Sigual Service are
mostly sititated in inclosed bays or harbors. A few of the light stations are, however, in similar
sitnations to those of the Signal Service and will be considered with them. Belfore describing the
positions and relations of the sfations, it may be best to note briefly the character of observations .
required for application to the problem of fish migrations. '

While general tewmperature resnlts are of much interest, it is evideni that they are totally
inadeqnato to explain the varying movements of fishes, The changes {n temperature from day
to day and from season to zegson munst be stuadied in great detail in order to ascertain their pre-
cise inflaence in regulating the arrival, progress, and departure of the schools. If mackerel
appear at an earlier date in one year than in another, is that earlier appearance accompanied by
& more rapid rise in temperature? 1f more abundant or more widely distributed during one season
than another, is it due to warmer temperatures covering » wider aren than usual, or to other
canses ¥ Answers to these questions are to be sought in a better understanding of tlhe conditions
of temperature along our ceast, althongh it cannot be denied that other subjects, such as the dis-
tribution and abundance of food, and the influence of the winds nnd currents, peed to bé con-
sidered in the same connection. In order to make this precise study of the temperatares it is
necessary {o establish numerons stations at successive puints along the conrse followed by the
fishes in their migrations., These atations ehould ba located at s sufficient digtance from the coast
10 Le beyond the influence of local conditions, and at such an ideal series of observing posts the
determination of the relations of temperature to fish migrations would be simply & qnestion of
time, hut anfortunately it is imposgible to locate many such stations, and inferior ones have to be
bolected to complete the series. Observations should be made continuously thronghont each
season of migrations for several successive years, ansd by this means many parallel series of
records wonld be obtained saitable for the work of comparison.

In this report we have to do only with the surface tempereture of the waters immediately
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bordering the coast, cousidered also in their relations to the temperature of the air. The ontside
light stations selected for taking the observations are twenty-four in number, and represent the
entire eastern coast of the United States from Southern Florida to Eastern Maine. As enumer-
ated and described Dbelow, it will be noticed thai some are light-ships anchored off the land, while
others are light-houses, sitnated on islands or on the main coast. Those of the first class are
infinitely better located for temperature purposes than either of the others. Af most of the
stations observations were begnn as early as 1878, but prior to 1881 g0 many breaks occurred in
the records that it has been found inexpedient to make use of any of the data relating to the first
three years. This report, therefore, covers o period of oniy five years, from 1851 to 1885, inclu-
sive. Although the depths at the different stations vary greatly, ranging from a few feet to 18
fatboms, it was thought adrisable to havo the observations cover the bottom as well as the sur-
face waters, but the former baving been entirely neglected at nearly every station, no reference is
wade to bottom temperatures on the following pages.

The record blanks supplied fo the light-bhouse stations cull for {he following observations:
Deptl of water where the observations are taken, at mean low tide; time of observations, which
are {o be made twice cach day at the first high water and first low water after 7 a. m.; tempera-

_tare of the water at the sarfice and at the bottom, and by exposing the thermometer in the open
air; direction and foree of the wind, pnd state of the sky at the time of taking the temperature
chservations; occurrence and duxation of rain or snow ; oceurrence and movements of any kinds of
fish, singly or in sclools, especially menhaden, herring, eod, mackercl, swordfish, horse-mackerel,
bluefish, &e., and also of aeals or whales,

As the observations are taken at the first high water and first low water after 7 a. m., they
are ot made at (he same time every day, but gererally fall within the twelve hours following 7
g. m., or between 7 a. m. and 7 p. m. BShould the time for taking the first observation come

.immediately after 7 a. m., the second observation would be made soon after ncon. As, in some
places, there is considerable difference between the temperatare of the water at high tide and low
tide, this methed of regulating the hours of _'observatiou appeared to afford the most satisfactory

" means of equalizing results. As elsewhere explained, the temperature observations were limited
at most stations to the surface water and the air. Observations respecting the direction and
force of the wind, the siate of the sky and the ocenrrence of rain were generally well kept, bui
the opportunities for observing the movements of fishes were not equally good at all stations, ner
was it to be expected that a constant outlook would be maintained by velunteer observers already
burdened with other and more important duties. Nevertheless many interesting and valuable
records were made in that line, alihough pothing of importance was learned respecting the regu-
lar migratory movements. -

The thermometers employed were of two kinds, both of which were especially designed for
taking water temperatures not only at the gurface, but also in slight depths. During the first
few years the stations were supplied with the excelient pattern made for the Signal Serviee, amd
kindly lent for the purpose. These thermometers are inclosed in a stont bronge case, with suit-
able openings for the entrance of water, and every instrument was carefully cowpared with a
standard before being sent out, IFrom time to time the Bignal Servics thermometers have been
replaced by a new and equally relinble pattern, made by Chaxles Wilder, of Peterboro’, N, H., for
this special kind of work, and at present zll the light-house observations are taken ‘with these
instruments. The tube is protected in a eylindrical copper case, somewhat similar in constraction
to that of the Bigral Service, but of larger size. All insfruments are eompared and none having
o large error are made use of; Oceasionally, at some of the ptations, when the regulation ther-
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momneter kas aevidentally heen broken, the obaervations kave heen continvad by means of a light
hause thenmoweter, or of one purchased ab a neigbbadng town, peading the receipd of a new
justrauent, but &ach instagees bave been of rave oeeurrence and net likely to wake any appse
ejable difference in the characier of {he regorde for the short periods involved.

While the light kespers bave vot een specially trained in the methods of takiogy temperatore
ol@arvations, thelr monthly retoros teetify to their kigh grade of jurelligence asd to their great
zesl in falfilling these additional duties without extra compepsativh.  We are led to balieve that
their records vontain compuratively fow serions errors for whish they are directly rvesponsible,
exeepting in those tases which will be explained hereafler; and thag, iv the mein, their sbserva-
tiong have heen eousecicationsly made snd ave deserving of consideration. Ii s also wuorthy of
cinnment that se extensive an uadertaking as this should have been carried ou suecessfully ot so
tittle expense and with go little friction.

As above explained, detailed temperatare observations rather than general resuits are cssen-
tisl for eomparisos in studying (e wigrations of (he fishes,  For that reason the reductions plotted
on {be seeompanying charts bave been made for comparatively short intervals, (he entire year
being divided inte periods of ten days, gach of which is equivalent to about sne-third of o salen-
dar month.  As two sbeervations are made daily, the mean of each ten days is devived ftom twenty
observations, and saall errors aye thereby practieally eliminated. Facb siation is represented by
# ehuart on which the tep-day means of swrface-waler tewperaivres are given for sach of the five
yeurs from 1881 to 1885, inciusive, and the air sewperatores from 1851 te 1883, inclusive. The
method of repessenting the tewperatures is by curves coomeeting the ten-day periods, as explaingd
on the charts.  Af the siations norih of Cape Hatferas there wers fregunent indications of earcless
ebservation during exeeedingly eolll wenther in fhe months of Janvary awd February, the ther
wemeter, ab times, hot being rexd guiekly s;t:mu:gh after i bad heen withdrawn from the water
Asaueh veadings would maoifestly afford nlower wean tempervature than the sctual, it bes been
deemed bast to omit the records for those two months at the worthert stations, At sonie of (he
shiore stations the observatinus also show (he efteats of Joeal infoences whied resder e inap-
plitable to the open waters of the epasty boi special explanation of those stations 18 voade further nn.

In sddition to the charts of fen-day means, there are slso seven isothermal clharts ob which.
the temperature obeervations at all the stations are combined, v order 1o afford more covveniont .
weans of eomparison.  Five of these charts reprosent the separate years from 18581 to 1835, inclu-
sive, & sixth, the means of the same five years, and the fival ene, the relations of 1he air fsothers
to the surfuce isotherms. The isatherms are plotted {or every 5° of wempiratave, Yabirenlivit, v
102 to 809, inclusive, The tsotherm of 337 ¥, occars otdy at the nortlers stations, and {here nudoly
in the monthy of Jannary and Febroacy, the recands for wineh bnve pot bees used,  The writes
hig refrained feom drawing any mndnbmub from the femperatisre resulis preseuted in this report,
und his remarks on the following pages dee mostly econfined to describing the stations amd ndicag-
tog soma of the main features with respect to the temperatnre curves apd the isotherms. The
Fahreoheit seale of temperatures bas been exclusively nsed both in making the obeéreations aud in
the construction of the eharis.

The work of reducing the wmany observatious o tonday mewns and of makiug the origius!
plottings of the swme hus been dome by Miss M. J. Ratubun, whils the writer iv respousivle for
the eomputations for, and the plostmgs of, the Isatberms, The charts wore prepaved forengras-
ing by Mr. . B. Gorham.

SEC o1l
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ENUMERATION AND BRIEF DESCRIPTIONS OF THE STATIONSE.

The light-houses and light-ships selected ag temperature stations numbered thirty-six in all,
distributed at intervals atong the eastern coast of the United Btates, from Petit Manan Island in
Eastern Maine, to the Tortugas Reefs in Southern Florida., As explained before, twenty-six of these
stations were located off shore, or on exposed portions of the coast, and the remasinder in mere or
less inclosed bays, sounds, and harbors. The outside stations are alone considered in this report,
and of this class the two ivllowing have been omitted, reducing the number to tweniy-four. The
observations were continued for so short a period at Minot's Ledge light-house, in Massachusetts
Bay, that it was rleemed ipexpedient to make nse of them ; 2nd the reeords for Race Point light-
house, at the northern extremity of Cape Cod, show such cxtreme variations within short periods,
dae probably in part to the very gradually sloping shore in front of the light, as to render their
valie questionable nntil further examination can be made.

The outside stations differ widely in the character of their surroundings,; and therefore do uot
afford the means of obtaining observations of equal value respecting the open waters along the
voast. Teu are light-ships, anchored off sliore, in deptlis of 5 to 18 fathems, and consequently pos-
sessing unusual advantages for the taking of ocean temperatures ; nine are located on small islands
or reefs, more or less widely separated from the mainland; and five are situated on the shore of
the mainland or ou farge islands, the last, as a rule, forming the lcast desirable stations of the
series. Soine of those statiens situated on small islands or reefs also show considerable variations
of temperatare due to local inflnences, as described further on.

The arrangement of stations followed in this report is generally from sonth to north, this order
affording the most natural sequence for comparing the different ranges of temperature in sucees-
sive latitudes. The locations and genernl characteristics of the stations are as follows: *

THE PLORIDA RLEFS,

Dry Tortvgas lighi-house—Located en the western island of the Tortugas, at the southwestern extremity of the
Florids Reefs, The light-lionss is sitonted on the eastern side of Lopgerhead Key (or island), which is bordered by #
channel having depths of 10 to 12 futhoms and oceupied by strong tidel curvents. The aurface temperature observa-
tiogs were taken where the water js coly b feet decp, and ahow indicaticns of logal influences, which render thew
mote or loss unsatisfeeiory with respect to the open waters sarrounding the reefs.

Caryrfort Reef light-house.—Located near the northeastern end of the Florida Reefs, about 158 miles from the
Dry Tortugas light-house, and on the outer side of Carysfort Reef. Dupths of 50 fathoms ocenr within 2 miles of
ilke light. Observations were taken in a depth of only 3 feet, but avidently in & more oxposed position than at the
Tortugas etation, as the offects of local influences are less apparent in the surfacoe temperature recorda.

Fowey Rocks light house.—Located on the outer edge of Fowey Rocks, at the northeastern extremity of the Florida
Reofs, and 23 miles from Carysfort Reef, The 100-fathow curve s distant about 2 miles. The depth of water at the
place of observation is b feet, and the water temmperature records compare favorably with those of Caryafort Heef,

indicating a similar exposure.
SOUTIL CAROLINA,

Martin's Tndustry lght-ship.—Anchored in 9 fathomas of water, about 8§ miles from land, off tha entrance to Port
Royul Sound ; distant alout 390 miles from Fowey Rocks lighti-house,

Rattlesnake Shoal light-ehip.~—Anchored in 5 fathoms of water, about & miles off land, Just north of the entrance
1o Charleston Harbor, and about 56 miles from Mariin's Industry light-ship.

NORTH CAROLINA.

Frying Pau Shoals Tight-ship.—Aunchored in 1¢ fathoma of water, about 17 miles soutlionst of Cape Fear, and
abont 108 milea from Rattleanake Bhoal light-ship.

Cape Lookont lght-house.—Located on the outer shore, about 3 miles north of the extramity of Cape Lookoat, sud
90 miles from Frying Pan Shoals light-ship. The ebservations wers taken at the lower adge of the beach in a depth
of 1 foot of water, Tle bottomslopes gradually, and attaina a depth of 10 fatkoms about § miles from shore. Althouglh
the maximum and minimnm surface temperatnres at this station eorrespond closely with the samne at Frying Fan
Shoala, the surface enrves nro mach }ess regular, and show direct atmospheric influsnce.

* For more completa deseriptions, refevenes shoald he made to the sxplanations of the charta. -
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Dody's Istand light-kouse.—Located near the sonthern end of Body's Tilaud, about 35 miles north of Cape Hatteras,
and 26 wiles from Cape Lookout, The shore is similar in charpeter to thut at Cape Lookout, but the surface observa-
tivas wero taken where the depths are from 7 to 9 feet. The iempernture curves for the surface and alr are almosi
precisely alike, nud the observations cannot be regarded ns of auy value with respect to the open waters off shore,

VIRGINES.

midway between the entsances to Chesupeake Bay apd Delaware Bay ; distant abont 125 miles from Body's Island,

Winter Quarter Shoal Uyht-ship, —Ancghered in 104 fathoms of water, 8 miles off Asssieague lsland, aud about

NEW JERSEY.

Five-Fatkom Bank light-ship.-—Anchered in 12 fathoms of water, ubout 14 miles off the coast, just east of Cupe Muay
aud ott the entranee to Delaware Bay ; distant aboat 56 miles from Winter Quarter Shoal light-ship.

Apsecon Hght-houge. — Located on the besch in front of Atlautic City, and jost sonth of the eutrance to Absecon
Inlet; 34% miles distans from Five Fathom Bank lighi-ship. The shore is faced with ahouls, but the surface observa-
tions were taken in the chunnel leading to the inlet, in depths of D to 15 fret of water. The surface records are much
wmore gutisfactory than st cither of the previous shore stations {Cape Lookout aund Budy's Island), and the surface
curves are nearly as regular as at Five Fathom Bank light-ship.

NEW YoOrK.

Sandy Hook tight-ship.— hucbored in 14 fathoms of water off the entrauce 1o Few York Bay; G miles east of Bandy
Hoolk, N. J., the nearest land; and abouaf 70 miles from Abaecen light.

Fire Island light-houss.—Located on the east side of Fire Island Iulet, svuth side of Loug Island, 31 miles from
Baudy Hook light-ship, The surface observations were taken in the entranee to Great South Bay, between Fire
Islnnd and Oak Island,in 3 feet of water. A strovg curreut flews threugh the channel, which is somewhat similar in
charaeter to the entrance to Absecon Inlet.

RHODE ISLAND.

Rlock Ialand southeast lght-house.—Located at the sontheastern sorner of Block Island, 82 milss from Fire Island
light, The obscrvations wers taken atthe lower edge of the beach, which faces the open saa to the south, The
surface temperature curves are comparatively regular and show less variation from local inflnences than would be
eXpected at a shore station of its eharacter,

Brenton's Deef lght-ship.—Anchored in 14} fathoms of water, off the entrance to Narraganseis Bay, and ahout 13
wiles from londd ; 174 miles distant from Block Island southeast light.

MASAACHUSETTS.

Fineyard Spund Hght-ship.—Anchored in 15 fathoma of water, on the western side of the gougheru entrauce to
Vineyard Bound, 24 miles from Cuttyhunk Island, the nearest land, and 174 miles from Bronton’s Reel light-ship.

KNantucket New South Shoal tight-ship.—Anchored in 16 to 13 fathoms, ut the southern edge of Nantucket shoals,
and 2{ miles southeast of Nantucket Ialand, the nearcst land ; distant aboat 58 miles from Vincyard Sonnd light-ship,
T'his atation ocenpics a very important position with reference to the off-shore fisheries.

Pollock Rip light-ship.—Anchored in 5 to 7 fathoms of wateT, in the esstern eatrance to Nantucket Sound, and 3§
miles 3E. by E. § I. fromm Monomoy Point light-house, Cape Cod ; distant about 36 miles from Nantucket New South
Bhoal light-ghip. This light-ship is mostly surrounded by numerous shoals which are separated by channels oceupied
by strong tidal currents. ' '

Thatcher's Island lighis.—Located on Thatchers Islund, off the eastern extremity of Caps Ann, abont 73 miles from
Tollock Rip light-ship. Depths of 60 fathoms eccur within a distance of 6} milea to the eastward. The surface tem-
berature observations were tauken where the water js 7 feet deep, and show variations from loerl influences. Obser-
vations were first mado at this station by one of the light-house keepers, but after April, 1881, by sn observer of the
. 8, Bignal Servieco,

MAINE.

Boon Istand Tight-house.—DBoon laland ie 8 small roeky island Lying off York Harbor, and 5f wiley from the nearest
wwl, It s distent slbeet 35 miles from, Thafehar's Tolend, aed 18 aercounded by deptha of 53 to 23 fathenma withic a
radius of 1 mile. The depth of water whers the surface ubservations were taken is 9 feet. Many gaps occur in the
recerds of thie etation, and the reductions plotted on the chart are therefore probably not reliakle.

Seguin Teland light-howse.—Beguin Island fx emall and rocky, and is sitnated about 2§ miles off the neavest point
of the mainland, on the snstern side of the entranee to Kennebec River, and about 4% .iles from Boon Island, The
light-house is on the westerz side of the island, where $he water is from 6 to 8 fathoms deep close inshore at the
Place of observation.

Matirigus Rook light-house,.—Matinicua Rock is a rocky islet about 14 miles south of Vinal Havey, at ihe mouth of
Peunbacot Bay, and aboub 80 miles from Seguin Island., Depths of 4 to 45 fathoms vccur within o radius of 1 mile,
the dopth where the surface cbservations whers taken ranging from 6 to 12 fathoms.

Moint Desert Hook light-house.—Mount Desert Rock is similar in oharacter to Matinicus Rock, 2ad is situated
alout 18 wiles off Mouns Desert Isiand and 34 miles from Matiniens Rock., Within a radius of & miles the depths
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range from 3o 95 fathoms; the depths of water where {hi observations were nken were 2 to 10 fathoms; the records
are about ag imperfect st this station as at Boon Islund.

Petit Manan fight-house.—Petit Mauan Island consists of a group of low. rocky islers, sitnated abont 2 miles from
land, ofl' the western ontranee 1o Figeon Hill Bay, aud 27 miles from Mount Desert Roek. They are snmrounded by
deep water, the sbservationg baving been taken where the depths range from 8 to 15 fathoms,

RELATIVE TOSITIONS OF THE RIATIONS.

The three mosi southern of the temperature stations, those at the Tortagas, Carysfort Reef,
and Fowey Rocks, are lecated on the northern and western -edge of 4 deep and ecomparatively
narrow chanuel, called the Straits of Florida, which extends first easterly from the Gulf of Mexico
and then northerly into the Atlantie Ocean, This channel, whicl is ocenpied for ifs enlire width
and lergth by the Gulf Stream, is bounded on the uorth and west by Florida, en the south by
Cuba, and on the east by the Bahama banks and islands., Its length is abont 330 miles, but the
temperature stations are limited to its central and western portions, ail being situated on the
TFlovida Reefs. Ta front of the Tortugas, the 100-fathom curve iz distant about 15 miles from the
soutbern edge of the reefs, which arc located at the southern end of the submerged continental
slope Lordering the west coast of Florida for a width of 110 10 145 miles, At Carysfort Reef, the
1800-futhrom carve is distant only about 7 miles from shore, and at Towey locks only 24 miles.
The deepest water in the straits occurs at the western entrance, opposite the Tortugas, and in
places exeeeds 1,000 fathoms, the southeru and eastern sides of the straits being generally deeper
than the porthern and wester. The influence of the great hody of warm water eomposing the
Gulf Stream is fely directly upon the Tlorida Reefs, although these reefs are known to be bathed
by a marrow counter current flowing to the westward. The axis or warmnest band of the Gulf
Stream passes nearer the sonthern anud eastern than the Florida side of the ehannel.

The Fortugas Deefs are sitnated at the westeru end of the Straits of T'lorida, on the northern
side, where the distance aecross frem land to Jand is abount 00 miles, The Tortugas station, bow-
ever, is in a somewhat protected position, and local influences are perceptible in the temperatnre
records. At Fowey Rocks, the width of the cliannel is reduced to abont 40 miles, this width
being the léast of any in the straits. The stations at Carysfort Reef and Fowey Roeks both
occnpy more exposed positions than the one at the Tortugas, and are therefore better located for
ascertaining the temperature of the epen waters borderiug the reefs,

Between the Torida Reefs and the first station to the north (Martin’s Industry Yight-ship,
South Carolipa), a distance of aboent 64 degrees of latitude intervenes. Within this distance the
100-fathom curve und the inner edge of the Gulf Stream gradnally recede from the coast line as
far as Georgia, whence to near Cape Lookout, North Cureling, they retain a nearly uniform dis-
tanece from the ghore, Along tlhis section of the const (le submerged continental platean has an
average width of about 55 miles to the 100-dathom curve, which lies just within the inner edge of
the Gulf Stream or “Cold Wall.” The botiom slopes gradually from the shore into depths of
about 50 fatboms, beyond which the degeent is very rapid. Junst sonth of Cape Lookont the 16
fathom curve bends in somewhat toward the shore, and iu frent of Cape Hatteras the submergel
continental Lorder is ouly about oue-third as wide as it is farther south, the Gulf Stream also
approaching nearer to the land. North of Cape Batteras the 100-fathom curve agaiu recedes
from the shore and the Golf Streaw is deflected toward the east,

Between Georgia ‘and Cape Hatteras there are four stations, of which three are light-ships.
located several miles off shore, in depths of 5 to 11 fathoms, Martin’s Industry light ship is off
the entrance to Port Royal Sound, South Carolina, ju front of Martin’s Indostry Sheal,-whiclt
separates the sonth and southeast channels; Rattlemake Shoal light-ship is just north of the
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entrance £o Charleston Harbor, and Frying 1?an Bhoals light-ship is 17 wiles oft Cape Fear, North
Carolina, It is possible that the fresh waters emptying into the sea in the neighborhood of the
tweo former stations may influence the snrface temperatures to a greater or less degree, bat the
distance of these light-ships from sbore makes this sopposition improbable. Cape Lookoat
light-house is a shore station affording results of loeal value ouly, and Bods's Island light-house,
about 35 miles north of Cape Hatteras, is of the sawme character.

At Winter Quarter Shoal light-ship, Virginia, the next station north of Body's Island, the
100-fathom curve is distant about 55 miles from shore, the submerged continental platean haviug
abouat the same width here as to the south of Cape Lookoat. At Five Fathowm Bank the widih
lnereases to over 635 miles; opposite New York Bay entrance it is abont 100 miles wide, and in
frout of Nantucket Island about 80 miles wide. The slope of the Dottom along this part of the
coast is also very gradual until a deptly of about 50 fathowms is reaehed, the distance berween the
50 and 100 fathom carves Deing only 3 te 15 miles. The inner edge of the Gulf Streat is distaut
from the shore at Winter Quarter Shoal about 100 miles ; at Five-Fathom Baunl abont 140 miles ;
at Nantueket Island about 200 miles, and, therefore, bears nerelation to the submerged eottinental
border, north of Cape Hatteras, ay <determined by the 100-fathom curve,

Winter Quarter Bhoal and Five Fathoma Bank light-ships are the two most southern stations
on this part of the platean, and both are favorably situated, the tormer 33 miles off shore in a
depth of 10 fathoms; the latfer 14 miles off shore in a depth of 12 fathoms. The next light-ship
to the north is that off Sandy Hook, New Jersay, which is anchored in 14 fathoms of water. Belng
located directly off the mouth of New York Bay, the snrtace waters at this station may possibly
be influenced to some extent by the ontflow from the Hudson River, especially in the early spring
after the ice has broken up, but there is no special evidence to that effect. Detween Drelaware
Bay amd Rliode Island there arve three shore stations, two { Absecon and Fire Island) situated upon
tilal inlets, and one (Block Island) nupon an oeean beach. The two former bave fornished better
observatiofis than wonld ordinarily Le considered possible in such places.

East of Block Lsland there are four temperature stations off’ the sonthern coast of New Eng-
land, all of which are well located, The Brenton's Reef and Vineyard Sound Iight-ships belong
to the area included botween Block Island and Martla's Vireyard, Polloek Rip Light-ship is at
tlie eastern enfrance to Nantucket or Vinevard Sound, and, altlivugh surronnded by shoals, is in
the 1nidst of strong tidal curreuts, which are probably not infuenced by the neighboring tand.
Nantucket New South Shoal light-ship occeupies one of the most exposed positions on the coast,
and is distant over 20 miles from the nearest land. A series of stations Hke this one, distributed
along the entire coast, could be made to furnish most impoertant data respecting the fisheries.

The Gulf of Maine, in which the remaining stations are located, is a moderately deep basin,
surrounded on the west, nortl, and northeast by tand, on the sonth by George's Bank, aud ou the
east by Brown’s Bank, iu part, and the shoal water off Cape Bable, Nova Seotia. The Bay of
Fundy opens into it fromt thie northeast. This area econtaius many banks and ledges, and the bot-
tom coptoar Hues are very irregular, The 50-fathom enrve is nowhere distant from the laud, and
alotg the northern coast, where most of the stations are situated, approaches close to it. The 100
fathom curve is also not very far distant from the Massachusobts coast, and approaches the coast
of Maine between Mount Desert and Machias. The most soutiern station is on Thateher’s Island.
off Cape Ann, an important loeation, though, unfortanately, the observations were taken in loo
shallow water to make them of value with respect to the open waters of the gulf. Beon Island is
in the westery part of the gulf, midway between Oape Ann and Portiand. Segnin Islaud, Matini-
¢us Roelk, and Mouat Desert Rock are in nearly the same latitude, the fiest mentioned being near
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the maioland, the two latter close to the 50-fathom enrve. Petit Manan Island, like Beguin, lics
bat a short distance off the mainland, and is the most northern and eastern station of the series.

COMPARISON OF THE STATIONS WITH RESPECT T0 TEMPERATURE.

Ay cxplained elsewhere, the stations do not all afford temperature observations of equal value
on acconnt of differences in the nature of their surronndivgs. Many of the stations included in
this report do not, therefore, furnish correct data with respeect to the open waters of tlie coast, but
the character of the surface cbservations may be more or less aceurately determined by a study of
ibeir relations to the air temperatures. The light-ships, Deing all located off shore in depths
exeeeding b fathoms, are naturally best adapted for the taking of ocean temperatures, while next
in order of excelience, as a rule, are the light-houses sitvated oo small islands and reefs, more or
leas distant from the mainland. The records for Japuary and February at nearly all the stations
north of Cape Hatteras have not been nsed, on account of the manifest errors of observation some-
{imes made doring extremely cold weatler, by not reading tbhe thermometer quickly enough after
it has been withdrawn from the water, These errors do nof appear to extend much into either
December or March, although at some stations the records for those months may show teo low a
range of temperatare by a very swall amount. However, the winter surface temperatures are not
of mueh importance in connection with any fishery probiew norfh of Cape Hatteras.

At Lthe extreme south we recogoize a group of stations which differ from all the others in the
conditions of temperature. It ineludes onty the three light-honses of the Florida Reefs, borderiug
the Gulf Stream. At Carysfort Recf and Fowey Rocks the curves of surface temperature aremore
reguiar than at the Tortugas and correspond less closely with the air curves, indicating fewer local
influences or more open exposures at the places of observation. The three succeeding light ships,
Martin’s Industry, Rattlesnake Shoal, and Frying Pan Shoals, afford more or less uniform resnlis,
the plottings forming much more pronounced curves than at the Florida Reefs; the sarface curves
are most regular at the first wentioned light-ship. Cape Lookout is a shote station at which the
irregularities in the air curves are almost exactly repeated in the surface curves, glthough the
maximuam surface temperature is no Ligher than at Frying Pan Shoalalight-ship. At Body’'s Island,
apother station on the mainland, both the air and sarface curves indicate extreme fluctuations in
temperature, which are almest precisely alilke tor both the air and sarfuce. The surface lines at
Winter Quarter Shoal and Five-Fathom Bauk light-ships correspond closely in their general cur-
vature, and also in many of their details. At Absecon Inlet, the third shore station, the water
curves are more regalar than at either Cape Lookout or Body’s Tsland, but the maximum temper-
ature is the same for both the air and water. The surfaeo curves ditfer considerably from those of
the air at Sandy Hook light-ship, and at Fire Island and Block Island the results are much more
satiafactory than at any of the other shore stations, in both cuses the maximum surface fempera-
tures being about 82.5 lower than the mazimom air temperatures. At the three succeeding light-
ships, Brentou'’s Reef, Vineyard Sound, and Nantocket New Sonth Shoal, the surface carves are
ull comparatively regular; but at Polloek Rip light-ship, they present many irregularities which
do not, in all cases, correspond with those of the air. The fluctaations of temperaturs are still
greater at Thatcher's Island, where the observations were taken in a sheltered position in shatlow
water. Of the islands in the northern part of the Gulf of Maine, the most regular and uniform
series of surfaee curves are presented by Matiniewrs Roek, Seguin Island affording the next hest
saries in that respect. At the three otler stations the surface curves are less regular, especially
from 1881 to 1883, ineclusive, but the irregularities do not appear to be due, in most cageg, to atanos-

pheric infinence,
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THE FLoRIDA REEPs.—Iixcluding the observations for the Tortugas, the extreme range of sur-
face temperature at the Florida Reefs is 160.5, with a maximum of §6°.5, The maximum at the Tor-
tugas is about the same, but the minimum is 5° lower. The air temperature presents & range of 18°
to 219.5, the air maximum being about the same as the surface maximum at Towey Rlocks, 20.5
higher at the Tortugas, and 22,5 lower at Carysfort Reef. Afnone of the other stations along the
conast do we find nearly 80 short a range either of surface or air temperature, and these are the
only stations that are sitnated directly within the influence of the Gulf Sirean.

SoUTH CAROLINA TO VIRGINIA.—AtL the light-ships of Martin’s Industry Shoal and Rattle-
sunuke Shoal, the range of air temperature is 419, the surface range 38°, the maximum for the air
being B69.5, the maximum for the water 83°, or about 12,5 lower than at the Florida Reefs. The
greater range of temperature at these two light-sbhips, and at the stations immediately following
them toward the north is due to the much lower temperatures of winter, amouunting to over 209, the
differences in the maximums being slight. A6 Frying Pan Shoals light-ship, the maximums of hoth
air and suarface temperatures are slightly lower, the air range being the same as at Raltlesnake
Shoal, the surface range only 33°, with a maximwm of §20,5. The records for Cape Lookout and
Body’s Island, show approximately the same range for both air and surface temperature at cach,
amounting to about 420 at the former station, and 64° at the latter.

VirGInIA T0 NEW YORKE.—North of Chesipeake Bay the maximums of surface temperature
are much lower than to the south, reaching 76°.5 at Winter Quarter Shoal light-ship, and abeut the
same at Five-Fathom Baok light-ship., This is 6° lower than at Frying Pan Bhoals, the first light.
ship south of Cape Hatteras, and about 9° jower than at Rattlegnake Shoat and Martin’s Industry
ligh{-ships. At the northern statiovs, beginning with Winter Quarter Shoal light-ship, the tem:-
peraturs plottings for January and February have been omitted in most cases, and the ranges of
temperature, where given, are, unless otherwise stated, for only ten wonths. At Absecon Inlet,
on the mainland, the surface maximnm is about 3° higher (79°.5) than at the two preceding light-
ships, and agrees with the air maximom ; at Sandy Hook light-ship the surface maximuomn is 139 to
2° lower than at Five-Fathom Bank and Winter Quarter Shoal, and 7 lower than the air maxi-
mum ab the same place ; ‘at Fire Island the surface maximum is 8¢ lower than the air maxinum,
and about the same as the surface maximom at Sandy Hoolk, showing more satisfactory observa-
tions than at any of the previous shore stations.

BLocCE TsLAND TO CAPE Con.—The sarface maximum at Block Island is 82.5 lower thau the
air mazimum, and only 12.5 higher (70°.5) than at the nearest light ship, which is about 18 miles
distant. Brenton’s Reef and Vineyard Sound light-ships afford closely corresponding results, the
maximnm of both air and surface temperature being slightly lower at the latter station. Tho sur-
face maximum at Brenton’s Reef ig 690, being 59.5 lower than at Sandy Hook, 72.5 lower thau at
Wiuter Quarter Shonl, 16° lower than at Martin’s Tndastry, and 179.5 lower than at the Florida
Reefs, the maximum for Breuton’s Reef being a little Jower than the minimum for the Tlorida
Beefs. At Nantucket New South Shoal, and Pollock Rip light-ships, the maximums of surface
temperature are approximately the same, about 629, and the range of temperature is but slightly
less at the former station; the air maximum is 3° higher at Nantucket than at Pollock Rip. The
*arface maximum is the same at these two light-ships as at Boon Island, in the Gulf of Maine,
which has also approximately the same range, 29° for 10 months, This range is muel shorter
than at Vineyard Sound light-ship and preceding stations, wlhile the ir range remains about the
sawe, The sarface corves at Nantucket New Somth Shoal and Pellock Rip are, therefore,
Btraighter in comparison with the air curves than at {he more western stations, and this same
feuture will also be found characteristic of the stations in the Gulf of Maine.
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GuLy oF Maine.—Considerable differences occur in the maximums of both air aud sorface
temperatares at the several stations in the Gulf of Maine.  Asile from Thatcher’s Island, the high.
est air maximon is 7525, at Mount Desert Rock, the lowest 652, at Matinicus Itock; the highest
water maximum is 629, at Boon Island, the lowest 342, at Mativieug llock. As to the surface
curves, Doon Island agrees most closely with Pollock Rip and Nuntucket New South Shoal, while
Mativicas Eock and Mount Desert Rock afford the lowest surfaece maximams of any of the stations
on the entire coast.

Tubie showing the minimum and nuicimim temporatures of the aly and awyface water, anid the ranges of air and gprface tenper-
ature ot the light-kouse stativns, for the five years from 1831 Ho 1385, inclusive.

. . Air temperature. : Burface temperature.
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Matinicus Roek. Me.. oo ooeoeeno. B . o3 [ @ 45! 5 G181
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Nantfucket N. 8. Shoal, Mass . oy Lotire year .. o........ o0 R 43 15 62 UG
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Bodys Ialand, W. ... 0 ol lae S BEmime year .o, HeT a1l 64 e o [0
Cape Lookont, ¥.C ... FloL : 2 51 41 4 - Y 4
Frying Pan Shonls, N.C.. il 49.5 B 5 3
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RELATIONS OF THLE TEMPELRATURE CTRVES,

A eomparisont of tha temperature curves for corresponding years at successive stations shows
great uniformity in their relative positions and also in those irregnlarities which are indicative of
more or less rapid changes of temperatare. This uniformity often extends to stations that are
widely separated or differently situated. Between January 20 and April 10, 1881, there were three
separate periods during which the temperatnre fel! below the average for that time of year at the
southern stations, These several periods of low temperature are well hronght eut for both the air
and surface by marked deflections in the curvey beginming at the Tortngas and extending as far
as Body's Islaud, the most northern station at which the tewperatnre observations have been
plotted for January and February., North of Body’s Island. the last of these three perieds, ocont-
ring between March 21 and April 10, ecan be traced as far as the Gulf of Maine, although at the
northern stations the temperature at that tinie was not always lower than in other years. - Again.
between November 16 and December 16, 1882, another unusnally cold spell is indicated on atl the
charts from the Tortugas to the Gnlf of Maine. Many other indications of conformity between the
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temperature curves at different stations will be observed ou even a very superficial comparison of
the charts. It will also be noticed that, while at the southern: stations tlie temperature curves are

generally most regalar daring the summer months, the reverse is truv of the extreme nortlern
ones,

THE SURFACE TSOTHERMS.

The purpose in view in preparing the charts of surface isotherws (Nos. 26 to 315, has been to
present the temperature observations en whiell this report is based, in what appears 1o be the
most eonvenient form for use in connection with such fisbery problerns as are suggested Dy the
migrations of surface schooling fishes. If sucl species as the mackerel ave eoutrolled in their
movements toward the north by conditions of temperature that are eonstant for all latitndes, s
line drawn upon a chart to indicate their progress with reference to time must agree more or less
tlosely witlt some line of equal temperature projected from point to poiut alony the sanre coasl.
This snpposition expresses in a general way the belief of many persous who lhave studied the
migrations of mackerel and other economic fishies, but up to the present time sufficient duta have
not been collated to render possible the practical application of the prineiple to those species that
live solely in sali water.

The isotlermal charts are seven in ptumber; one for each of the five years from 1831 to 1833,
inelusive, one representing the means of the sawe five years, and the final oue illnstrating the
relations of the air aud surface jsotherms. The anpual charts ave of most hmportance for ishery
urposes, a8, in showing the changes of position of the isothermal lies {rom vear to year, thes may
peasibly serve to explain the causes of the irregularity in the appearance of certain species upon
difierent parts of the eastern ceast in diflerent years, A few words of explanation are necessary
respecting the consiruction and contents of these eharts,

Althougl, as elsewhere expiniued, the temperatare resplts are not of equal value ut all the
stations, the latter have all been inclnded in the charts, for the reason that it was impossible to
dotermine satisfactorily, excepting in a few cases, which should be excluded. The observations
at Cape Lookout, Body’s Islaud and Absecen Inlet evidently do not apply to the open waters of
the coast, and the sane 8 probably true to some extent with respect to a few of the otlier mainlaud
and islund statious. The three stations speeially referred fo have not generally been considered
in diseussing the isothennal charts. The data for the construction of the charts has been taken
from the original temperature i‘ecords, and not from the reductions to ten-day means, atthough the
latter Liave beep eonsidered in deciding every date used in constructing the isotherms. In deter-
miuing the dates for each isothern no observations were considered unless the means of twenty
consceutive observations (ken days) equalled or exeeeded the temperatore of that isother, except
in o few instances elsewhere explained. The temperature of 40°, for example, might be reached at
any station eitber within the first ten-day period indicated upon the special chart of tlat station
{charts of ten-day means) as havieg a mean of more than 402, or in the latter part of the previous
ten-day period; but the mean temperature for the ten days following and including the date of the
isotherm must uot be under 402, Tor the isotherws during the period of falling temperature in
the last half of the year this order is reversed.

In constructing the charts, the nawes of the stations have becn arranged vertieally, in geo-
graphical sequence, on the left hand side of the chart. The remainder of the chart is divided fnto
thirteen vertical spaces, each representing one month, that on the extreme right being for the
month of Jauuury of the year following that to which the chiart relates. Maeh month is further
divided by the fainter lines fufo five equal parts, for convenience in reading the dates.  The iso.
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thermal lines are constrocted for every five degrees of temperature from 402 to 80°, and are carried
vertically from station to station, connecting the dates at which the temperatures they represent
were reached at each station; the data for each separate station are to Le read across the chart
from left to right. . Twao series of Isotheres are actually incladed on eacl chart, one relating to the
period of rising temperatures in the firs{ half of the year, the other to that of falling temperatures
in the last hialf of the year, The space {pcluded between any two isotherms of equnal valae is sup-
posed to represent o period during which the temperature was always egual to or above that indi-
cated by the isotherms. Those portions of the isothermal lines counsisting of dashes denote the
fack of observations for the stations opposite them. Complete Lreaks in the lines generally indi-
cate thdt the temperature did not reach the isotberm at that station during the year, or during the
period of either rising or falling temperature.

In explanation of the arrangement, refereuce may be made to the isothermal chart for 1881
{No. 26), - In that year the isotherm of 40° did not extend south of Body’s Island, where the tem-
perature reached 40° about the middle of February., At Winter Quarter Shoal the same tempera-
ture was reached March 20; at Five-Fathawm Baak, April 15} at Absecon Inlet, March 20; at Sandy
Hook, April 14; at Fire Island, April 8; at Block Island, April 16, The temperature remained
above 400 throughout the rest of the year, and until after Jannary, 1882, at Body’s Island, Winter
(Juarter Shoeal, Five-Fathom Bank, and Sandy Heok; until January 3, 1882, at Absecon Inlet;
until December 31, at Fire Island; and until January I, at Block Island. The isotherms of 45°, 509,
55°, &c., are reached at successively later dates during the period of rising temperature, and at
earlier dates doring the period of fulling temperature, but the intervals between them vary greatly
at the different stations,

RANGES OF THE ISOTHERMS,

A tetailed eomparison of tle isothermal charts would tend to confuse rather than to aid refer-
enee to themn, and our remarks on the subject will be limited to a few statements respecting the
range and general position of the isotherms.

The isotherms of 40° and 45° are generally eo-extensive in their range. They always reach
ag fur north as Petit Manan, aud frequently as far south as Body’s Island, but may stop at either
Winter Quarter Shoal or Five-Fathom Bank; in 1882, the isotherm of 40° extended south only as
far a8 Absecon Inlet. The isotherm of 50° begius at the north at Petit Manan, and at the south
may terminate at Cape Lookout or Martin’s Indnstry. The isotherms of 55° to 709, inclusive,
always reach south to Martin's Tudustry, but no farther; while those of 750 and 809 are the only
ones ranging along the Florida Leef statious to the Tortugas. A temperature of 550 ia often
recorded at Petit Manan, but seldom at the next two stations to the westward-—Mount Desert
Rock and Matinicus Rock. South of here the isotherm of 55° is generally continnous. The
temperature nsnally reaches 60° at Boon Island and Thatcher’s Island (although at the latter
station observations are wanting for 1884 and 18835), but during some years remains Jower than
this at Pollock Rip and Nantucket New South Shoal. The isotherm of 650 generally extends
northward to Vieeyard Sound, but in 1834 it began at Brenton’s Reef; that of 70° extends perth
to Fire Island or Block Island. Absecon Inlet is the northern limit of the isotherm of 759, whieh
in some years, however, does not reach north of Body’s Island or Cape Lookont. The lsetherm of
80° does not pass north of Body’s Island.

GHANGES IN POSITION OF THE ISOTHERME ™ DIFFERENT YEA.RS.

Duoring the ﬁve years represented by the charts there is considerable chang'e in the positions
of the isotherms of equal value from year to year, frequently amounting to & month in time, and
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occasionally to much more. The differences are greater at some stations than at otbers, and are
geldom nearly the same at any station for two or more isotherms of different values. At Nan-
tucket New South Shoeal, for example, the isotherms of 40° for five years, during the periods of
rising temperature, all appeared within four days of the same date, while those of 43° are
distributed overa period of about eighteen days. At the next station to the nortl—Polloek Rip—
the isotherms of 400 cover a period of over forty days, and those of 452, n period of twenty-four
days. At Petit Manan the isotherms of 40° aud 45° are remarkably constaut in position from
vear to year. The isotherms of 45° and 502 appear to be the most uniform in that respect for
their entire range during the five years; bt no two isotherms of equal valne retain the same
relative positions throughout their range. There may be comparative regularity with respect to
several cousecutive stations, but they generally cross onc another oune or more times, and while
the isotherm of 400 for 1881 precedes that of 400 for 1882, hetween Mount Desert: and Polloek 1tip,
at the more southern stalions the reverse is true. The differences aund irregularities in the posi-
tions of the yeariy isetherms are s0 great that no definite laws respacting their relations over an
extended range of coast can be deduced from the materials used i the prenaration of this report,

GENERAL POBITIONS OF THE ISOTHERMS.

ForTY DEGREES.-—The five isotherms of 40° (1881-785), during the period of rising tem-
perature in the spring, pass from Winter Quarter Shoal to Fire Island in March and the first half
of April, from Block Island to Polock Rip mostly in April, and reach the Gulf of Maine in the
laiter part of April or frst half of May. At Petit Manan (his temperature appears with great
regularity abont the middle of April. Daring the period of falling temperature, the isotherms of
400 are confined for the most part to the month of December, although they sometimes extend into
January of the following year, and, as a whole, are more nearly vertical in their direction than
those of the firat half of the year.

FORTY-FIVE DEGREES.—From Winter Quarter Shoal to Five Island the isotherms of 449,
doring the period of rising temperature, fall mostly within the month of April, but daring two
years at Absecon Inlet, and one year at Winter Quarter Shoal, that temperature first appeared in
the last Lalf of March. From Dlock Island northward the same tsotherms extend, in & general
way, oblignely across the month of May into the first part of June at Matinicus Rock and Mount
Desert Rock ; they reach Petit Manan in the last of April or first part of May, or earlier than at
any other atation in the Gulf of Maine, During the period of falling temperature, the isetherms
of 452 in the Gulf of Maine are mostly confined to the month of November, and farther sonth to
the last part of November and December.

Frery negREES —On the coast of South Carolina, the jzotherms of 300 oecur in Jannary and
Febroary, during the rise of temperatare ; at Winter Quarter Shoal not until May, and at Absecon
Inlet in the last part of April and first half of May. From this point they extend olliquely across
the mouths of May and June, reaching Nantucket New South Shoal in the first part of June,
Matinjens Roek in July, Mount Desert Rock between May 24 and July 12, and Petit Manan
Letween June 8 and July 10. The same irregularities in the positions of the isotherms oceur
duing the period of falling temperature in the Gnlf of Maine, where they cover a period extend
ing from September 10 to November 28. From Pollock Rip to Absecon Inlet the same isotherms
are mostly limited to the month of ¥ovember, and from Five-Fathom Bank to Martin’s Industry
they extend from the last of November into the first part of January,

 FIFTY-PIVE DEGREES.—None of the isotherms of 550 can be plotted coutinuously east of
Segnin Island, although at Petit Manan thia temperature was recorded during all the four years
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toom 1882 to 1533, inclusive, and at Mount Desert Rock, during short periods in 1851 and 1833.
Sonth of Cape Lookeut, the isotherms of 559, during the season of rising femperatare, occupy very
different positions every year, ranging from Junuary 1 to April 1. From Winter Quarter Shoaj to
Fire Island, they oceur wmostly between the 10th aud lost of May, from Block Island to Nantucket
Kew Sonth Sboal in June, and further porth in the last part of June or in July., During the
period of fulling temperatare, they occur in the last part of Aogust, September, or the fiest part
of October, at Seguin Tsland, and in Decewber or Jaunary on the coast of South Carolina.

YIXTY DEGREES.—The isotherms of 802 for 1385, are the only ones that extend northward
eontinuously to Boon Island, the isotherms of that temperature iluring other years generally stop-
ping at Nantucket New South Shoal, Oun the coast of South Carolina {bese isotherms are confined
to March and April; from Winter Quarter Stwoal to Tire Island, they oceur doTing the last of May
apd first half of June; from Block Island to Vineyard Seund. in June; and at Nanfucket New
Seath Sheal, between Jaly 14 and Augnst 28, Daring falling temperature they appear at Nan-
tucket New South Shoul between Angost 14 and October L and reach Martin's Industry between
November 26 and December 13

SIxTY-FIVE PEGREL#.—The isotherms of 637, duting risinyg tewperature, occur in April ab
Martin's Industry and Rattlesnake Shoal, in the first part of May at Frying Pan Shoals, but at
Winter Quarter Shoal not uatil the widdle of Jaue or fivst part of July. Delween Five-Fathom
Bank and Fire Island they appear mostly in June, at Block Island in July, and at Brenton's Reef
and Vineyard Sonnd in the last part of June aud in July, Daring fulling temperature, they oceur
at Vineyard Sound in Augnst; at Dlock Island are exeeedingly variable in position, rangibg from
Aungust § to the last of Septewber; and on the coast of Senth Caveling are mainly confined to the
month of November. .

SEVENTY DEGREES —The isotberms of 709 sometines extend to Bleck Islauvd, but geuerallt
terminate at Pire Island.  Soutl of Cape Hatteras they are almost entirely confined to the wonth
of May. From Winter Quarter Shoal nortliward they arve exceedingly ‘variable in position {row
year to year, dnring the periods of both risivg and falling temperatare, their extreme range in
titne in the former period being from June 18 to Angust 18, and in the latter from July 23 to Octo-
her 14.

SEVENTY FIVE DEGREES.—The 1soiberms of 75° are dificult to plot at the Florida Reefs on
account of the frequent fAunetnations in temmperatnre, which generally occur between November
and the following May. During those months there were often hrief periods of higher tempera-
tare thap 732, which it was impessible to represent in connection with the isotherms, but they are
all shown on the special charts of the three Florida stations. At Carysfort Reef and Fowey
Rocks the isotherm of 750 may appear as late as the 18tk of April, during rislig temperature,
and us early as the “4ih of November during falling temperatnre, A# Martin’s Industry, dor-
ing the period of rising temperature, they oceur mostly in the extreme latter part of May and at
T'rying Pan Shoals iu the fiest part of Jane. TFrom Winter Quarier Shoal northward to Absecon,
these isotherms, when they appear, ave mainly confined to the last part of July and Angust. .

EiGHETY DEGRERES.—Tha poriod of ldpber temperatnre than 8009 ig shorter at the Tortug‘sﬁ
than @t the more northern stations of the Florida Reels, and the isotherma of 80° of hoth series
bendt inward gpon the chart at thag place. At C:irysfort Reéf und Fowey Rocks tliese iBOtil(‘-l'mSg
ou the rising temperature, were distributed, daring the five ycars, between the 10th and the very
Jast of May; at Martin’s Industry and Rotilesnake Shonl between the 12th autt last of June;. and
at Frying Pan Sheals between the 1st aud middie of July. Durivg the period of fulling temperd--
ture they ocoupy a wider range in Hime, and extend obliquely from Frying Pan Shouls to Qurysfort:
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Beef, at the former station oeccurring between August 1 and September 20, and af the latter be-
tween Oetober 20 and December 8. _

ErcHTY-¥IVE DEGREES.—The sorfuce waters seldom reach a temperature of 85° excepting for
short periods at the extreme south, and it bas been impossible to constriet isotherms for more
than one year at Martin’s Indastry and the Flerida Leef stations. Temperatures of 852 and over
were recorded Detween the Bth and last of July, 1881, at Rattlesnake Shoal, Fowey Rocks, and
the Tortugas; between the first part of July and the lagt of Angost, 1883, at Carysfort Reef and
Fowey Rocks; and in 1883, from Angust 2 to 26, at Martin’s Industry, from Jaly 29 to September
28, at Fowey Rocks, and from July 9 to Septernber 235, at Carysfort Reef.

NINETY DEGREES—A surfuce teroperaiure of 90° was oceasionally recorded at sowme of the
extreme southern stations, but never for more than a day or two at a time.

MEAN YSOTHERMS BASED UPOXN FIVE YEARE OBEERVATIONS.

In constructing chart No. 31, it was impossible, in all cases, to obtain the reductions of five
vears’ observations, on aceount of occasional breaks in the records, but the number of years
plotted is never less than three and generaliy more than foar. The exact number in each instance
may be determined by reference to the annual isothermal eharts (Nos, 26-30). :

On this chart the surface isotherms are represented as being muech more regular and more
upiformmly distributed with referenee to time than on any of the yearly charts. On the left-Labd
side of the chart, north of Body’s Island, there is a wide area of low temperaturcs, bounded by the
isothermas of 40°. I'rom Winter Quarter Shoal to I'ire Island, inelusive, this area represents a
period of about seventy-five to oue hundred ¢ays, being shortest at Tive-Fathom Bank, and
longest at Sandy Hook ; from Block Island nmerthward the length of this period varies from one
hundred to one hundred and thirty-five days, being shortest at Brentow’s Reef and longest at Boou
Island., A narrower space of maximum temperatures extends vertically through the center of the
chart, eccupying principally the month of Aungust, whick is not crossed by auy of the isotherms,
although a few of them extend a short distance into it. The len_gth of time elapsing berween
suncepssive isotherms is generally from about twelve to twenty-four days, seldom less but often more.
The isptherms are more namerous and follow one another more rapidly at the intermediate stations
of the sel_"ies than at the northeru and southern stations; toward the north and south they diverge
somewhat and become more widely separated. This naturally results frem the fact that at the
infermediate stationg there is 2 much greater range of temperature (above 2 minimam of 402) than
ab the uerthern and sovthern enes. In the eastern part of the Gulf of Maine there are only three
continnons isotherms of the value of those plotted {(40° {o 509, inclusive); in the western part foar
such isotherms (40° to 53°, inclusive)., On the soutbern coast of New England there are five
isotherms at Nahtucket New South Shoul (40° to (09, inclusive;, and six from Vineyard Soundl to
Block Island (40° to 659, inclusive); seven extend from Fire Islaud to Body's Island (40° to 702,
inclusive); four veour on the coast of South Carsling (65° o 702, inclusive), and {wo at the Florida
Reeis (75© to 809, inclusive, and sometimes §5°),

XNorth of Body’s Island the isotherms of both series exiend iu a sliglitiy oblique direction treixl-
ing inward toward the north. At Cape Hatteras they bend abruptly, aud the same isotherms
appear mwuch easlier in the year to the south of that important eape.

At ¥rying Pan Shoals, the first reliable station south of Hatteras, tlie isotherm of 35° appears
about 'n_il_'xéty_ days earlier than at Winter Quarter Shoal; the isotherm of 602 about sixty days
earlier; the isotherm of 63° abont fifty days earlier; and the isotherm of T0° also about fifty days
earlier, o
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The isotherms of 752 and 300 also bend abruptly between South Carvolina and the Florida
Reefs, that of 73° occurring at Fpivey Rocks about sixty days in advance of Martin's Industry,
apd that of 80° about twenty-six days in advaunce.

EELATIONS OF THE AIR AND SURFACE 180THERMS,.

As stated in the explanation of CGhart No. 32, there appears to be no constant relation between
the air and surface isotherms at any of the light-house stations, During the periods of both Tis-
ing and falling temperatuare, the air temperature of any degres, as a rule, precedes the surface tem-
peratare of the same degree, but the length of time intervening may vary from two or three days
to over a montl.

THE WIND RECORDS.

Very complete records respecting the direction of the winds were kept at all the sfations
excepting Thatcher’s Island, the oservations being taken twice cach day,at the same time as
the temperatures. The wind records are even more complete than are those for surfuce tewm-
perature, having fewer breaks at any of the stations; and as temperature is greatly influenced by
the wind, it has been thought advisable to present in this connection a fabalation of the observa-
tions made. In this table (p.176) the meansof five years’ observationg for each month are arranged
according to quadrants of ihe compass, beginpning with the northeast quadrvant, Northerly winds
havo been included in the same guadrant with northwesterly winds, to which they appear to be
maost nearly related in their effects npon temperature.  The extent of the several quadrants is, there-
fore, as follows : Northeast, from NXNE. to E., inclosive; southeast from ESE. to 8., inclosive; south-
west from S8W. to W., inclusive; northwest from WNW, to N, inclusive,

The general arrangement of the table scarcely requires an explanation. The data respecting
the several stations are classified by gnadrants under cach month, and that for each station extends
from left to right across the table. In the colnumus of figures, cach onertenth of a unit represents
one observation, and each unit fen observations, extending through five years, thie latter being
eguivalent to one day’s observations for five years. The time ratio for each quadrant is, thercfore,
represented by days and fractions of a day., TFor example, at the Tortugas station in Janunary,
whieh Las thirty-one days, the northeast quadrant shows o mean record of 14,9 days ; the sontheast
of 7.2 daye; the southwest of 2 days, aud the northwest of 5.9 days, making a total of thirty
days. The diseréepancy of one day results from calma and variable winds. The terms used by
the observers to express the velocity of the winds not being uniform at the different stations, it
has been impossible to tabulate them. ‘

At the Florida Reef stations norilrcasterty and southeasterly winds prevailed througfhout the
cntire year, the records for the northwest and southwest gquadrants being relatively small daring
nearly every month. Northeasterly winds predominated at the Tortagas during every moath
excepting June, in which the prevailing winds were southeasterly, and they afford an exceedingly
Ligh vecord during October, November, and December. Thoe records for Carysfort Reef and Fowey
Rocks, which are sitnated only abouf 23 iniles apart, present some, though vot counsiderable differ-
euces. At the former station northeasterly winds prevailed during February, May, September,
October, and November; at the latter, during September, October, November, and December;
the prevailing winds for the same stations during the other months being soatheasterly. North.
westerly winds very rarely occur at the Florida Reefs during the summer months, and in only one
instance did they exceed a mean of eight days during the winter months, that being at Carystort
Reef in December. Continnotis winds from the north and northwest cause a marked rednction it
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the temperature, as is strikingly illustrated in the chart for the Tortogas during March, 1881, and
Xovember and December, 1882, The same conditions of temperature prevailed to some extent at
Carysfort Reef and Fowey Rocks during the same periods, but northwesterly winds were far less
prevalent at those stations doring 1881 and 1832 than at the Tortugas. Tlis subject is further
discussed in the explanations of the charts for the three Florida stations. -

Passing northward rom the Florida Ileefs, the prevailing winds gradually change from north
casterly and soatheasterly to northwesterly and southwesterty. From Martin’s Industry Shoal,
South Carolina, to Cape Lookont, Nortl: Carolina, uortheasterly winds generally prevailed during
Jannary, February, April, May, August, September, October, November, and December ; and
soutliwesterly winds during March, June, and Jaly. A few slight exceptions to this rule are pre-
sented by some of these stations, and the wind records for two or even three quadranis are some-
times pearly alike doring the same month. Northwesterly winds ave no move cominon than at the
Florida Reefs.

Body's Island, Rorth Carolina, and Winter Quarter Shoal, Virgibia, occupy an intermedinte
position between the southern and vorthern stations with respect to the winds as well as geo-
graphically., Northeasterly winds are less prevalent and northwesterly winds more commmon, espe-
cially during the colder months., At Five-Fathom Bank, New Jersey, northeasterly winds prevailed
only during October, Lut they also furnished a relatively bigh record during May, Auwgust, and
September. The prevailing winds at that station for January, February, Mareh, April, XovemUer,
and December were norilwesterly ; for May, June, July, Anguost, and September, southwesterly.
At Absecou Inlet, New Jersey, northeasterly and soutleasterly winds prevailed from April ic
October, inclusive, and northwesterly winds during tle other months. North of this station,
northeasterly winds rarely prevailed during any wontl, but northeasterly and southeasterly winds
are of mueh more frequent occurrence at the northiern stations than are northwesterly and sonth-
westerly winds at the extreme southern ones. Northwesterly winds generally prevailed from
Xevember to April, and seauthwesterly from April to November, but there sare nnmerous excep-
tiona to this role, and at some of the stations southwesterly winds continned to be the prevalent
ones through November and December. At Boon Island and Petit Manan, iz the Gulf of Maine,
sontheasterly winds predeminated during most of the summer months, and the record of winds
from the northeast quadrant is very high at Boon Island, as also at some of the other stations on
the coasts of Massachusetts and Maine,
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Tulde shorwing the direction of the winda, by guadrants, for cack manth of the year, at the light-howse temperature stations on
the eastern coast of the Unifed Stales, heing the means of five years’ obacrvations, from 1261 fo 1805, fnelugive
A E .

January. February, | Mareh, April.

Stations, — " T e e = e i = ——
‘NE. sE S .INWJ‘ ~E 58 il W, N st,,l SE. !JSW, NW.: NE. SE. lsw,inw.
N : : [N R S| _ (N S R
Tetit Munan, Ae ... Dag! 9.5 124, 5 . P nsloae 866 , 92, T2 6B 57 107 48
Mt. Derett Bock, Me oo ..., S45 85 1m0 a6l 44 F T o9 Tz “ll T1| 8€: 54 53 101 7
Mativicns Rock, Mo .. 271 4| 9,1{12,9 467 48, 64 11.7: 53! 481 740185 68| 481 8 7.9
Seguin Totand, Me.oa.. .- e L T4, 2183 ALET TG 317 fe BET S £33 02 T45. S4: 88| B8
J.:tcm‘l;laud,Me.._.._........_.‘...__.| R R #0836 T2 84 B30 50| 55 185, 61 KB 39 B
Tollock Rip, Mas oeeovovevenienrone 451 55, T R4, B8] 8 17 R5D 41w 110.7; 66! 44}10.51 7.8
Nantueket N8 Shoalooeeoiioevan. 42 44 T Ca1 an] G716, 5 45 58 188 T3| L0 82 88
Vitwyond Sound light ship, Mass LB, 24 B B3 4.5 B3:10.30 63 4.3 TAIILT &Y ARG :A0.7 6.8
Fremtons Tieel, LT covvinniinirnenns) 4 | 8 I A 5 ¢ gai 65121 55 440 841122 62 487 26 RS
Lineh Jodansel, BT eoveee e CeT| a4l ns 48 ;,2[' L2 KR &1, 23, ulln-:l' &7, 05 11 B
Fire Iulaml, N. ¥ ... . 8B LT T B, 46 47y G4 B0 53 3.9 68;109| 4.5 ! 4.:5[ Y 7.5
Sandy Hook light-sl i1 13 ' 9 6l 67l 31 3ylize. 6 46 sgle | 53! 55 57 1LS
Alsccon Tolet, N, T ' .2l 28 6.9, 20 nE, 531D, TE 43 6.2 127| BT, 6T 40 A5
Fiveatlon Raok, X J. peeema L2 L& KT ] - 1 .‘?.D|! fou o 3ha &S AT 6.8i 17 dIr' 681 AT 66! &
Winter Gnatter Shoal, i .. S05. 27 K6 BOTT 4 | nsl T w1 sa' el a8l sl 57 &n’ @
Bady's Tslnod, N0 oL A | 5.5 10 1 5.4- G4 T.5: %6 Al 8D
Cape Lochont. B0 e vieeeen 103 29 | os AR 27, ¢ 4! BR: RO 18
Frying Fan Shoais, N. C.oveoeennenns. 3.5 2210 96| £5( 84 32 10 25108
Rattlesnake Shoal, B. © T L L Sl oGe. w1 7 8401183
Martin's Industry Shoal, 44 B0 N2 ! 55 62, 3B i [ELIS 10.3°
Fowey Locks, Fla .o..... ' 131 ! 2.0, %3 wEi 23 59 B 0.5 4.2
Caryafort ReeE, FW cve iivieenocnn. 84,16 © 206 4.8 1] F . Lo, & 86108 4.9
Torvtugas, Fio oo Jub| e selisiiz L1l as wa se 2z
June. July. ' Aungust.

Elations.

S g O — G

8B " SE. isw. IXW.! NE.! sE. ‘b,“ W
e e = ; ,..__:gll___l -
Potit Mapan, M, .. TN el 34 5 ME!IL4S! LE- -4
Bt Desert Ruek, 3o .ou.. > 250 RYIR3 3 L7 9.0 143 T - % 2
" Matiplres Rock, Mo ....... eeamens 8.2, 43 27! 85 INB 44 z.4i 8.4 159 20 37, TH ey 3
Segyin Tstand, Mo ....... 2 : 29 4.9 6.4 1R B4 | Ly T4 J 15.8| 3.2 ‘ 4,9! 7.5] 14,2! 3
Boan Tsland, Me .oon.. .5|’ 3.2 5.3.13,3' 5.l}: 4.8 4R 129 | T.T/ 2B T 105 2.
Tellock Rip, Mase 24 ! 42 440 59 1460 4 4 4 :158. 88, 67: &LV 122§ &
Nuntucket K. 8. 8hoal coouial. 01 4 B2 De|ME 221 41 | 5.4 |13 21| 81| 48 |1035] 20
Yineyard Sound light-ship, Mage. 573 44 55,163, 2.9} L4! 53|18 8.6 63! 54148 21
Breptow's Yeef, BT .. : o bat 6235 | wéizs. 6 |1ns| 4 | §0. 481150 41
Block Tand. o T oereeiininaneeanns DT LR B2 4 116G ®T 41 88 87! 421 6 ;4 16 B
Fire Idamd. ¥ Veveereenesiinarccna 6 ¢ 8 1 BT 300 33 47 129§ a6 a2l 4771321 497 63| 55[125 21
Saudy Hook light-ship, N, ¥ ceeeennn. G4 Ig 400 7 | 8B 11 1 71 67 25, 06! &3] 8.1 l usr 83[‘ TElT
Absecon Inlet, No T ovvvnsiannennnns 2, 4B 45 7B 1210 63 13 K51 7.5 46| 0.B| 8.4 0% 40
Five-FathomBank. N.Jooeeoees 8 B 210 56 17 329 21! s osalua| 2] 8! 58i0s. 88
Winter Quarter Shaoal, Va .. L] | WeE, 1% T3 83 B4 PLe : L5 A1l 28322 b4, 85 . &2
Fody's Taland N, C e vennn, ; A0 8123 10 AL I SRR S S A R 2000 L2
Cape Lookout, X0, oo, 127, 52 | 0.6 .6 0.2 54 . .-.9; JHoTa Y- 17,2 21128 &8|10.7 : 1.2
Freing Pan Shaosgla, 3. 0. ..o OOBAT 4L BTG LE L BQI ‘az 1 I 5.8‘ 1.5 | 2.1 -7 10.9 8.3 ' FFI L
Hatriesuaky Shoal, 8. G, 1060 8 1 B4 L6 BT A2 ; B P14 beip 3| LB f10.¢ - Bl 03, 16
Wartin's Induarey Shoal, 8, 0., 1 ne Tl 24 TE, 16 4. HEA POTEI ST LEiiks T 66 : 2.4
Fowes Hocks, Fla ... e W6 58 44 L8 53189) 55f 11! 048|154 G4 13 G.T|1ﬁ.?} 141
Caryufont Feel, Finooooiiineen s 1L6. 101 1 64, 2.8 BB |0T1: 32 sl 57|10 48| .8 81'1ne! 280 Le
Tortugay, Flao. ..o 140 B2 i 2.4 | k2, 06 ]5.6; 2.21 2 [ 1L4 10.8 15,2.‘ 2 1 : B9 ; 3.6 4

* The northeast quadrant inclades KNE, to E,, inclusive; tho sountheast, E8&E. to 8., inelusive; ile southwest,
BEW. to W, inclusive; the northwest, WNW. to N., inelugive. In the columus of fignres, each one-tenth of & unit
Teprerents oue abservation, and each nnit ten observations extending through five years, the latter being eguivalent

. to one day's pbwervations for five years. ‘The time ratio for each quadrant is, therefore, ropresented by days apd frac-
tious of o day.
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Table showing the direction ef the winds, by guadrants, for cack month of the year, §o.—Continued.

Qutober,

177

December.

Sepiembeor.
Sratinms. n -
XNE, lsm. 13*;?. INW.
F— L—
Petlh Manan, 3o oaaemvoearoiaanes o 8B} 02i100| 42
M. Dosort Rock, MB cveerimenseemeennt 56| 69 1108 &1
Matiuiens Rook, Mo ..... O 57| 8 i 10.2| b1
Seeuin Teland, Me .ooeeveeainiienen T8 LT : L8| 4.4
Hoon Trland, Bla ., oo iin i aeivneaa f 10 11} 8 a1
Pollock Rip, MARR (popemcemrnigepennea| 84| &2 B3| 4B
Nuntuclet N, 8. 8hoal .vooe counven..| 10,1 5.8 11.3 | a5
Viweyard Sonnd light ship, Moss......| B3| 4.5 [11.83 . 41
Brempom's Reof, Ro X oo, & [ %] ‘ 19 47
Plock Talsed, B Tooe cvnneenrnoaeenad 8.8] 3 |18} 3.8
Yie Dband, N ¥ ..ol 58| 47105 85
Sawdy Hook light-ship, ¥. ¥ooeoveeoun. 7.6 88 68| 47
Absecon Inlel, Mo T L ivvvne o e 10.31 B21 6.0 4.5
Five-Fathom Banl, M, F...._......... ¢4 48 IL7| 3.8
Winter {narter Shoal, Vo __.ooo ...y 10.8° 51105 28
Bodes Jskand, M. Covvrveeeevieeeennl I8 6.7 6.8 L1
Capn: Lonkout, W, G ooeeao o - ! pHA i 61 65| 2.3
Feving Tan Bloals, W, C.. ... 136 610 &2 LB
Eaitleanake Sheal, 5. C ... reennead 121 | 0.2 1 2.4
Markin's Tolustry Stoal, 8. Covveeenen 11 %1 8% 8.3
¥y Roeks, Fla . ovevenrccinnnn 1055 87 4| 15
{aryelurt Roef, Fla L 89, 86| 1.3
TOrIZAR, ik eceee s ceven eeeee e mmees l 4 w2, 4 1.6
! |

NE.

5. 6
57
6.1
-
3.4
10. 8
.3
10.2
&1

10.9 ¢

g6
B4

12

150
13.6
18

1.7
3.8
17.3

L
3.2

B! 7.4

7.1 0.8
58! 10

45| 114
25| 7%
470 83
521 0.4]
41; 0.4
48 &7
41 121
49, 7.9
64 5.7
t.1! 6.2
4.2! B8
53| T.8
5 | 82
42| 59
4+ | 81
0| 49
5] 4.2
57| 28
31| s
28| 24

SE. I AW, INW.

November,
NE.| 8. iSWA N,
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EXPLANATION OF QCEAN TEMPERATURE CHART No. 2.
DRY TORTUGAS LIGHT-HOUSE, FLORIDA. -
Ghserper: Rokert H. TEoMBRax.

Loeation of station.—The Dry Tortugas light-hwuse is Luilt on Loggerbend Key, the westernmost island of tho
Tortngas Reefs. These reels are a westerly extensivn of the Florida Reels, and are leeated about 1 degree from Key
West., Loggerhead Key is about three-fonrths of ainile loug, und iess than ope-fifth as wide. It i situatod on the
southcasterly side of en elongate bank, bearing the same name, and frending in a northeasterly and southwesterly
direction. The bank is about b miles lotg, and bas an average width of three-fourtha of a mile, inside of the 3-fathom
line. The Soutliwest Chanuel, with deptha of 10 to 12 fathaws, separaies Loggerhead Rauk from the Bird, Gardeu.
and Long Key Bank on the east. Btrong fiudal currents sel througl it, running northeast on the flood aod southwest
on tlhie abb, The channel between the Tovtnugas and Cuba is alowl 98 miies wide and js occupied by the Gulf Stream,
the axis of which approaches mucli nearer the Cnbau coast than ihe Tertogas. The depth of waier in this channel
exueads L,000 futhoms in some places, being wreatest in its southern part. The 10-fathown eurve passes close by the
vastern slde of Logmerhead Kay, and the 100-fathoin curve iz distant ouly about 20 miles to the sonthward.

Gengraphicel position of the lght-house.—Lattiude, 247 g8 047 N, ; Tongituwde, 820 557 427 W,

Depth of water.—The depth of water where the observations were tnken is 5 feet ar mean low tide.

Range of temporature.—Air, 2105 (677 to B32.5)1 surfaee, 20°.5 (6550 to 250y,

Tha depth of water where the ebservations were taken is probably too Jittle, and the locality too much sheltered
1o afford satisfactory results respecting the temperatire of the open waters snrrounding the Kevs, That such is the
case will uppear evident on comparing the teraperature chart for the Tortugas with those for Carysfort Reef and
Fowey Rocks. On the first mentioned, the more direet. influence of the air upon ihe water temperature is made
apparcut by the wanner in which each fluctuation in the enrves of air temperature is repeated in the curves of water
1emperature, At the two inore northern stutions, althongh the depths arc uo greater, the enrves of wateriemperaturs
present fewer angles, prolably dae to tle more open exposura of the places of observation,

The runge of temperatare given above is for 1391, that rear having afforded the greaiest extremes in temperatire
of any plotied. There is comparatively listle difference betwoen the air and surlice temperatnres at any period, and
great wsifommily in the curves of enrfnce temrperature during the soniner and early fall monthe of gll the years
oxeepting 1844, in which year boil the aiv and sarface temperstures were coustantly {from 3 to 10 degrees lower
between April and the middle of Oetober.  The eolluteral ohservations fail to esplain {he canse of this variation, the
records fur direction and force of the winds showing that essentinily the samoe conditions in those particolars prevailed
turing 1284 and 1395, though both of those years differsd wore or less frow the ihree preceding ones.

Botween Maveli 21 and April 10, 1231, and betwoen November 26 and Docember 6, 1882, the temperature of boil
tie air and water fell far below that for the corresponding perieds of other years, affording the lowest observations
secorded.  The canse of these extreme variations, which are se cloarly bronglt ont by the curves of temperature on
the chart, may be explained by ilie fact that during those two periads the winda were almost constantly from 1he
wortls and northwest, and blowing fresh ; 1he prevailing winde for the months jn qoestion are generally noribensterly.
Low temperatures were recorded during the same porieds at Carysfort Reef and Fowey Rocks, the next stations to
the north.

Fuble showing the divection of the winds, by quadrants, for coch monlh of the year, being the means of five years’ observations
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By RICHARD RATHBUN.
Station: Dry Tortugas Light House, Florida.

Representing; by means of curves, the temperature of tha air from. 1881 to 1883, inclusive, and of the water at the surface from
1881 to 7883, inclusive,; reduced ta means of ten days.

EXPLANATION OF THE CURVES:
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Each verticalinterspace represents one degree” Fahrenhe, and thie fractional parts of a degree are indicated as exactly as possible in the plotting of the curves. Tach fifth
degree is reprusented by a slightly heavier line.  The trahsverse interspaces inclosed by the heavier lines represent periods of ren days each, as indicated by the dates on the
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EBEXPLANATION OF OCEAN TEMPERATURE CHART No. 3.
CARYSFORT REEY LIGHT HOUSE, YLORIDA.
Gbsereers : Erwand 3935, FooA Brost, Mantin WEATHERFORD.

Locativn of ataftion, —Carysfors Rect light-bouse iz leeated ou 1le onter side of Carysfort Reef, in front of Key
Lurge, nod facing the Straits of Florida, It is about 158 miles pertheasterty from the Dry Tortugas light-house, The
water deepens rapidly from the onter edge of the reef) attaining & depil of 58 fathomy within a distance of sbout 2
miles.  The 100-tathom corve is distant about 7 miles, and the axis of the Gull Stream abont 27 miles,

fieagraphical posifion.—Latitnde, ¥5° 13 157 X1 longitude, £0° 12 427 W,

Depth nf water.—Threo fect,

Range of temperature.—Air, 15°.5 (659,56 10 8i9); suvluce, 150 (7195 to 862.5).

Tha Lomperature is woTe ofuable at this station than at tho Tertugas, bolk as regards ike air and water., The
air Lempersture is relatively lower throughoni the year, the maximan bemng 449 lower at Carysfort than at the Tor-
tugns. The curves of anrface tamperature are wore regular, tul are very uniforus for all the years, apparently indi-
cating that the place at which the observations were faken was well seited for the purpose, although the depth of
water wis only 4 feet,  The waximnmsurface tenrperature was praciica)ly theraine at this sintion as at the Tortugnas,
and exceeds the air maxinuam by 99,5,

The low temperntures recorted ut the Tortugas for Maveh, 1831, and November 26 to December 6, 1832, were also
obgerved at Lhis station, though in a relatively less degree, cspecialiy as regarids the former period. During tho firat
part of March, 12351, northerly and northwesterly winds prevailed, while during the latter part of thoe same month the
winds were variahle, Dnring the ten days ending December 6, 1582, they wore mostly from the norlh and norfheast.

Tuble showing the dircefion of the winds, by guadrants, for cach month of The year, beivy the means of five years' observations.
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OCEAN TEMPERATURE CHART No.3

By RICHARD RATHEUON
Station: Carystort Reef Light House, Fiorida.

Representing, by means of curves, the temperature of the air from 1881 to 1883, inclusive, and of the water at the surface from
1881 to 1885, inclusive, reduced to means of ten days,

EXPLANATION OF THE CURVES: IBBI, e = IBB2, aiiaaienn- 1883, e+ e 1884, —1 o T885,
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EXPLANATION OF OCEAN TEMPERATURE CHART No, 4.
FOWEY ROCKS LIGHT-HOUBE, FLORIDA,
Ghgerver: Jonx J, LARNER,

Position,—Yowey Roeks light-house is buill on Fowey Rocks, which are Joeated very near the northeastern
extremity of the Florida Reefs, abont G miles southeasterly from Cape Florida, and 23 miles portherly from Carysfort
Reef. Tlese rocks are on the western side of the Straits of Florida, in their northern*and narrowest portion, some-
times ealled the Stratts of Beminl, the eastern border of whicl is formed by the nortliwestern extremity of the Great
Bahama Bank, The light-house is sitaatud on the outer edge of the rocks, which lie directly in frout of the widest
opening to Key Discayne Bay, Depths of ¥ le 10 fathony occur close to the light ; the 106-fathom Jine is distant only
about 23 wiles, anil the axiy of the Gulf Stream about 24 miles.

Geographical position.—Latitnde, 23° 33 20" N, ; lopgitude, 809 00 417 W,

Licpth af water.—Five feat,

Eange af temperature.—~Air, 147 {682 to 26°%; surface, 1625 (707 10-80G°.0).

There ia comparatively lictle difference between the temperatares af Fowey Rocks and Carysfort Reef, these two
stationy, located only 23 miles upurt, being more closely related than are either of them to the Tortagas. The air
tetperalures range slightly higher &t #his eiation than ag Carysfort, bnt the surface curves correspond very closcly
throughout cach year, the grestest difference at any poriod Leing only 2° or 3% The more prominent irregulurities
in the surfaco cnrves at one stalion are almost invariably repeated in these of the other at the same peried. The angles
indicating low temperatures for Mareh, 1881, are mare prousunced hero than ot Caryafort, but those for the Iast part
of 1832 aro lesa marked.  The maximim 2ir and surface temperatnres af this station are very nearly identical.

Table showing the direction of the winds, by quadranty, for caclh month of the year, being the means of fire years’ obrervations.
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OCEAN TEMPERATURE CHART No.4
Station: Fowey Rocks Lig:ht House, Florida.

Representing, by means of  curves, the temperature of the air from - x88x to 1883, inclusive, and of thc water at the sucfice fiom
1881 to 188 ¢, inclusive. reduced to means ot ten days.

‘EXPLANATION OF THE CURVES:

1881, — e A BB2, encmunennn IB8G; o+ s TBB 4. —n e L85,
(Issuen 1x 1886.)
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EXPLANATION OF CCEAN TEMPHREATURE CHART No. 5.
MARTIN'S IKDUSTRY LIGHT-ZHIP, SOUTH CAROLINA.
Observer : JOOX MASSON.

Pogitipn.—This hght-ship is located off the entrance to Pori Royal Sound, South Carolina, and about 35¢ miles
poriherly from Fowey Rocks, Florida, It is anchored abeut 8 miles from Jand, directly in front of Martin’s Indusiry
8hoal, from ke outer edge of which it is distant & little mors than a mile, the deptbs between ranging from 63 to 3
fathoms. The 10-fatlow curve is distant about 9 miles, the 20.fathom enrve aboul 32 miles, and the 100-fathom
curve aboub G2 milea.

Geographical position.—Latitnde, 32° 05/ (31) N. ; longitude, B0° 35' (07 W.

Depith of water.—Nine fathorms,

tange of tomporature,—Air, 4195 (450 to 86,75} ; snrfuce, 33° (47° to 85°).

The conditions influobeidy the temperature ab Martin’s Tndustry Shoal are very different from these provailing
at the Florida Reef stations. The range of temperature is very much greater, and the temperature plottings on the
eliart form moch more pronounced eurves. The surface curves, although more regular tban those for the air, sre
peurly paralivl with them thronghout each year, and the diference between the surface and air temperstures are
sclilom great. The masimmm and minimum teraperaturss are nearly the same for both the air and surface, the lat-
tor having » slightly amaller Tange than the former. The maxzimum {emperatures are about the eame here as ab
Fowoy Rockgr, and Carysfort Reef, bnt the minimoms are over 209 lowor.

Table showing the direction of the winds, by quadranis, for each month of the year, being the means of five years observations.
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OCEAN TEMPERATURE CHART No. 5
By RICHARD RATHEBUN.
Station: Martin’s Industry Shoal Light Ship, South Carolina.
Representing, by mcans of curves, the temperature of the air from. 1881 to 1887, inclusive, and of the water at the surface from
1881 to 1883, inclusive, reduced to means of ten days.
EXPLANATION OF THE CURVES: 1881,
(issuen ™ :886.)

—— v—— 1882,

———— 1884,

——sesmm 1885,
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Each vertieal interspace represents ong degree Fahrenheit,and te fracdonal parss of & degree are indicated as exactly as possible ia the glaning nf the carves.  Each fifih
wegres is reprasented by a slighily Leavier line. The transverse interspaces inclosed by the heavier lines represent periods of ten days cach, as indicated }‘_‘.y; the: dares an “the
Yeft-hand side of the plare.  The Eghter'wansverse lines, intermediate herwoen' the heavier ones. are intended 2o represent the mnean of each zen days, and the surves of temper
‘ature are plotted with reference two these limes.  The Tefi-hand verscal division is devoted o the aiv temperatures for 1881, 1882 .and 1583 the middle division. to the surface
Water wmperatures for the same years, thus permittiog of a comparison of the wo; and the dghrhand division 1o the water remperatures for 1884 and 1885,




EXPLANATION OF OCEAN TEMPERATURE CEART No. 6.
RATTLESNAKE SHOAL LIGHT-S8IIP, SOUTH CAROLINA.
Cbserver ; JONN MoCoRMICK.

Position.—Rattlesuske Shoal light-sbip is placed just north of the entrance to Charleston Harbor, South Caroling,
snd nbout 56 milos northeasterly from Martin's Indunstry light-ship. It is anchored abont 5 miles off shors, andi 2
miles off the shoals of the same name, hetween which and the light-ship there are depths of 4 to 5 fathoms, The
[0-fathom carve is distant abont 11 miles, the 20-fathom curve abount 30 miles, and the 160-fathom enrve about 50
niles. )

GFeagraphical position, —Latitnde, 327 447 (007) N3 longitnde, 705 43 (407) W,

Tiepth of water.—Fiva fathoms.

Range of temperature—Air, 41° (459.5 10 800,51 surfuce, 38° (470 to 85¢),

The range of tewperature at this station is alnost precisely the sawe as at Martin’s Indnstry, there being a dif
fercuce of only half o degree in the air records. The curves as plotted nlso agree closely at the two stations, both
a8 regards theie general featares aud their details,

Tabty dhowing the direction of the winds, by quadrants, for eack monih of the yeer, being the means of five yoars' observations,
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OCEAN TEMPERATURE CHART No.6

8y RICHARD RATHBUN.
Station: Rattlesnake Shoal Light Ship, South Carolina.
Representing, by means of curves, the temperatgre of the air from 1881 to 2883, inclasive, and of the water at the surface from
1881 to 1883, inclusive, reduced to means of ten days.
EXPLANATION OF THE CURVES;

IBBY,  ma e X887, — YBRE, ———vume TEBY, ———— I8EE.
(ssorp ™ 1886}
AR TEMPERATURE, 1881-2-3. SURFACE TEMPERATURE, 1881-2-3. SURFACE TEMPERATURE, 1884-5,
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Each vertical interspace represents one degree FPahrenheir, and the fractional parts of a degree are indicated as exactly as possible in the plotting of the curves.  Fach:ffth,
degree is represented by a slightly heavier line.  The transverse interspaces-incosed by. the heavier lines reprosent-périods of ter days each, as indicated by the dates on the
Teft-hand side of the plate. The lighter transverse linesritfetmediate between the heavier ones, are istended to reprosent the mean of each ten days,'and the curves of Tempert
ature are plotted with reference to these lines. The Iefihand vertical division s 'devoted to the air temperatures for 1831, 184z and r883, the .middie division ta the suriace
water temperatures for the same years, thus peemitting of 4 comparisen of the two; and the righthand division to the water temperatures for 188y and 1885,




-BXPLANATfDN OF OCEAN TEMPERATURE CHART No. 7.
FRYING PAN BHOALS LIGHT-SHIP, NOETH CAROLINA.
Chaervers: D, W. Maxsox, W, R. Warker, J. H. DosHEr,J. D. DAvis, G, I, Warker, H. 8WAN.

Porition.—TFrying Pan Shoals Light-ghip is located about 64 miles frowe ihe auter extremity of the main part of
Frying Pan Shosals, about 17 miles southeasterly from Cape Fear, North Caroling, and abount 108 miles northeasterly
iram Rattlesnake Shoal Hght-ship.  Within a radins of 3 wiles on nll sides depthin of 6} to 11 fathoms occor. The 20-
falhom eurve is distant 21 miles, the 100-fathom curve 36 miles.

Geographical position.—Latitude, 330 35 (00) N, ; longitude, 779 507 (047) W,

Depih af water,—Ten to 11 fathoms.

fiarge of temperature.—Air, 417 (449 to #59) ; surface, 33% (49°.5 te 82°.0).

The carves of air temperature de not differ esaentially frewn those of the 1wy precoding sfutions; the range of
lemperatore is precisely the same, although the maximum and minimom reeerds are gach 14° lower ad 1bis atation.
The surface temperatores, however, have a more limifed range by 0%, reaching neither the seme maximuin nor mini-
wnm as 8t Rattlesnake Shoal,

Table showing the direction of the winds, by quadrants, for eack month of the year, being the means of five years' observations.

Qaadrant. ;.Innnat-y. TPebra- March‘l April, May. Beptens- | (yo40t0r, | NoTom- | Doccm-
T | .

June. July. | August.

BrY. ber. ber. ber.
! -
Northeast ....... J 135 1.3 11 i i1.2 8.5 ) b2 16.9 3.5 16 126 12
Bnutheust......._[ 2.2 4.5 a5 2 4.1 4.3 1.5 3.2 51 4 8.6 L%
Sonthwest ....... 0.8 84 10. 8 1.2 BT 15.2 2i.1 1.8 6.1 &7 48 7.2
Korthwest. .. . 5 as 57 30 LB 1 .7 2.2 - LE 3.9 88 7.9




OCEAN TEMPERATURLE CHART No.7
Station: Frying Pan Shoals Light Shib, North Carolina.

Representing. by means of curves, the remperatore of the air from 1881 to 1883, inclusive, and of the water at tne surface from
1881 to 1885, inclusive, reduced to means of ten days.

EXPLANATION OF THE CURVES: L8BE. s e mm I8, aceeeeen we 1883, oo 1884, e 1888,
{SSUED v 1886:)
DAE . AR TEMPERATURE. 1831-2-3. SURFAGE TEMPERATURE, 1881-2-3, . SURFAGE, TEMPERATUIRE, 1884-5.
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Badh werticsl imerspact Toprasents one degree Falirenheiz, and the fractional pares of a degree are mdieated as exactly as possible n the ploting of the curves. Iach fifth
degree i};mprcssn(cd by a slightly heavieg Hne.  The mansverse futerspa: acloted Ly the heavier licus represent periods of 1en Jays ench, az indicared by the dares on tha
Tefthiand side of the plass.. The Tghter ransverss Unes, Intesmediate betwem fhe hepvier rres, are Tiended to xepre smra o mmea of ench ten dizps; and e cerves 'of tempors
e mre plored wirk referencota firese lires.  The lefrland verfical division s devoted o the air eemperatares for (837, 1882 and (353, fhe-midde Jividon 1o e suboo
e wwpratures for o same years, thus peootitfisg of a compafison of the twd; and flee fighn mand division to fie water temperatares Tor 1884 and 18¥5




EXPLANATION OF OCEAN TEMPERATURE CHART No. B.
CAPE LOOREOUT LIGI‘IT-]IOUSE, NORTH {”AROLI}T.—L
Ohserver: DENAID RUMLEY.

Location of atation,—Cape Lookout lHghi-house is situated on the easterly shore, facing the epen ocenn, about 3
miies north of the extremity of Cape Lookont, North Carelina, aud {s about #0 miles noertheasterly from Frying Pan
Shoals light-ship.  The waudy shore alopes gradually for about half anile boefore o depth of 3 fathoms is reached.
The 10-fathom curve is distant ahout § miles, 1he AW-fathom curve 21 miles, and the 100-fitlom curve 35 miles,

(Feographical position,.—Latitude, 342 377 (2007 N Tongitwile, 76 21 (267) W,

Depthe of walfer,—Oni foot,

Fange of temperature.-—Air, 119 (437 to 347 surface, 427 (420 {n &47).

The eurveaof air temperature corveapond maors or less closely with those of the three preeeding stations ; (e range
is precisely the same, and the maximum and mivitany records are cach but 1 Jdegres lower than at Frying Pan
Sheals. It will be observed, however, that the surfuce curves agree in nearly gl theiv details wiil: those of the air.
having essentially the sume range, and boing muceh more jvregular than af the iliree preceding light-swhipa,  This i
dne to the fact that the observalions were made in shallow water, elose inshore, ou u very graduoally sloping beacl.

Tahle showing the @iveciion of the winds, by gradrants, for cack month of the prear, being the weans of five yeavs' abservatioun:.
N £
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i o Febra | . o | oo i o * Goptent. | { Novem-  Dresn-
Quadrant. ' Junnary. ary. | Mareh, April. | May. ) Tuae. - July. : Angust, ﬁ(\:" L Creboher. E e .
H |

Northoast ... : 1.5 jog LT ' L& 12,7 9.2 ; 7.4 12.8 i 1.2 ! 134 1 2 . 12
Boutheast . ... 2.0, 27 EX 3.2 52 5.4 3% 5.91 611 . 4.2 nTe 1.3
Southwest 5 7.5 8w 8 ' W5 139 In2| 107 8.5 59 - 451 .5
Northwest.. ... .. 7.7 46 GE. o 16: .8 21 i L2 2.8 6.1 . a9 nT




OCEAN TEMPERATURE CHART No.8

By RICHARD RATHEUN.

Station: Cape Lookour Light House, North Carolina.

Representing; by means of curves, the temperature of the air from 1881 to 1883, inclusive, and of the waterzat the surface from

1881 to 1885, inclusive. reduced to means of ten days.
EXPLANATION OF THE CURVES. ———X8Bf,  ——— 1832, -:x883,
(lssvEn e 1886.)
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Each vertical interspace represents one degree Fahrenheir, and the fractional parts of a duegrec are indicared as exactly as possilile in the ploting of the curves. Each il

degree is represented by a slighsly heavier line.

The transverse intesspaces inclosed hy the heavierlines represent periods of ten days each, as indicated by the dases an. ¢he

Jef-hand side of the plate. -The lighter transverse lines, intermediate between the heaviar ones: are intended to represent the mean of cach ten days, mnd the curves of tempeg.
ature are piotted with reference to these lines.  The lefthand vertcal division is devored to the air ternperatures for 1881, 1882 and 1883, the middle division to the surface
water tempecatures fog the same years thus pentitting of a comparicos of the two  and the dghthand division to the water temperatures for 1884 and i88s.



EXPLANATION OF OCEAN'TI:]}IPI:RATURE CHART No. 9,
BODYE IBLAKD LIGHT-HOUSE, NORTH CAROLINA.
Observer ; 'uTrR G, GALLOP.

Lecation of stgtion.—Thin light-house is sitnated near the sonthern end of Body's Island, north of Oregon Tnlet,
North Careling, and is about 354 wiles nortl of Cape Hatteras, and about 8 miles noriheastorly from Cape Lookeut.
The shore is wimilar to thal at Cape Lookonf, sandy, and shelving véry gradually so as to afford Lut slight depths of
water near lund.  The 10-fathom curve is distant 2 mileg, the 20-fathom vorve ¥4 miles, anrd the 10{-fathom cmrve
30 miles,

Teographical position.—Latitude, 35% 40 07" N.; longitude, 759 33 494 W,

Depth of warer.— Seven to & feet.

Range of temperature.—Air, 64° (27% to D19} ; purface, 63 (28° to 019},

The records for this station show an extraordinary range of temperature. The air and surfare curves are ahnost
precisely alike and indieate the eame range of temperature for both air and surface, witliin 1°, The lowest gurface
temperatures recorded are probably the result of careless reading; the higher onea indicate that ihic observations
wera probably made in very shallow and qniet water, directly influenced by the snn’s rays during the Leaf of summer.

The highest mean plotted, 319, is 24° higher than the maximum for the air at {ke Torlugas, and 4° higher than the
sir maxinnm for any of the other stations {o the sonth of Body’s Teland, The snrface maximnm aleo cxeeeds that
of auy of the more southern atations by 44°.

Table showing the direction of the winds, by quadraniy, for each ntonth of the year, being the means of three yeurs' observations.

Quadrant. January. F::?;’l' ‘| March. | April. i May. i June. : July. | Auguat. S{:]?::m ! Oclober, Ng:;m- Deb%":fl'
o - i —
Kortheart B4 6.2 2.6 12 # 1 4.1 10 2.8 4.7 154 15.9 R J 8
; |
Southeast. . 8.5 5.3 5.1 ¢ 5.6 55 57| 74 a7 5 44 52
Bonthwest . ... 16 8.4 6.9 &7 9.1 1.5 331 7.9 ] 8.2 .8 9.3
Northweat.._.... %1 7.5 N &2 2.3 L § 1.9'\_ 1.2 11 3.8 a7 E a¢
i I

192



OCEAN TEMPERATURLE CHART No.9

By RICHARD RATHRUN.

Starion: Body’s Island Light House, North Carolina.

Representing, by means of curves, the temperature of the air from 2881 to 1883, inclusive, and of the water at the surface trom
- 1881 to 1883, inclusive, reduced to means of ten days.

EXPLANATION OF THE CURVES: 1882, t— o— — 88z, —neneen..- 1883, e IBBY, e TBE5.

(ssvED IN 1886,

DATE AR TEMPERATURE, 1881-2-3. SURFAGE TEMPERATURE, (B8I-2-3, SURFACE TEMPERATURE, 1884-5.
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Each vertical interspace represents one degree Fahrenheit, and the fractional parts of a dégree are indicated as exactly as possible in the plotting of the curves. ¥ach fifth
degree is represented by a slightly heavier line. The transverse interspaces inclosed by the heavier lines represent periods of ten days each, as indicated by the dates on the
lefr-hand side of the plate. ‘The lighter transverse lines, intermediate between the heavier ones, are intended to represent the mean of each ten days, and the curves of temper-
ature are plotted with reference to these lines. The left-hand vertical division is devoted to the air temperatures for x88r, 1882 dnd 1883, the middle division to'the surface
water tc_nppéramrﬁs for the same years, thus permitting of a comparison of the twe; aad the dghidizad division to the water temperatures for 1884 and 1885,




BEPLANATION OF QCEAN TEMPERATURE CHART No. 10,
WINTER U ARTER SITOAL LIGIT-8UIP, VIBGINIA.
fifsgreer: 40 LINDEMANN.

Lneativn of stetion--=TTis Tighi slip b anwloved 2 nriles SE. by 3. 3 B from Winter-Quarter Shoal, and 5 miles off
Asseagriee Island, ou the eoust of Vieginia. 18 in alwed midway bedween Olhesapeake Bay and Delaware Bay
enteaiteer, and abont 123 o0iles north of Body's Tsland Hight, Berween the light-sbip sod the mainland depths of 4
o 10 tathiones coenr, The 2 futlom eurve is digtant abont <0 miles, the 10 frtlom curve nearly 40 milea,

teagraphical poaition. — Lalitmde, 379 07 (087 Nog Jomgitade, 550 400 (287 W,

Hepth of water.—Ten amd one-Tulf Tetlinoms,

tange of temperature (Mareh 1o Januapy 1).—Air, 457 (83% 10 1%} surface, 419 (R9.0 to 769.5.)

Winter-Quarter Shoal light-ship may be roganiled se the soutberunrost of a third series of siations in which the
surfies temperad nra seldon exceeds 359 B snd within the period plotted {(Msreh to January) mey f21l (acconiing to
(he recorde) topearly 357, The surface corves are someavhat less nnilormly parallel with the air curves than &t the
more soutiern stations, ol the differences are not very marked.

Tible showing the dircetion of fhe winds, by guadrvanis, for each maniio of the year, bring the means of five years obrerpalions,
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Sratheaat ... - .. ; 2.7 ] R 53 57 | 56| 5.3 51 54 51 53 0.3 "

Southwest ... ... 8.6 TE| an! 6.9, 1&E{ n.n‘ .1 w5 10.5 7.8 0.9 -E

Northweat, ... 9,9]! ol 2.9, 8 | Ly rg | 2.8 2.2 2.8 4.8 9.3 8.5
! ! ' : | . !
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OCEAN TEMPERATURE CHART No.10O
By RICHARD RATHBUN.
Station: Winter Quarter Shoal Light Ship, Virginia.
Representing, by means of curves, the temperature of, the air from 1881 to 1883, inclusive, and of the-water at the surface from
1881 to 18835, inclusive. reduced to mears of, ten days.
EXPLANATION OF THE CORVES:

188r, — e 1882, serenemnan?883, am « e 1885, e i X885,
(Issuen 1 18361
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Each verrical interspace represents one degree Fahrenheit, and the fractional pares of a degree are indicated as exactly as pussible in the plowing of the curves. Each Gith
degree is represented by a slightly heavier line.  The transverse interspaces inclosed by the heavier lines represent periods of ten days each, as indicated Ly the dates on the
feft-hand side of the plate.  The lighter transverse lines, intermediate between the heavied anes, arc intended te represent the mean of each ten days, and the carves of temper-
ature are plottied with reference vo these iines.  The ilcfi-hand vertical divisioi is devated to the air temperatures for 1881, 1882 and 1881, the middle Jivision to e surface
water temperatures for the same years, thus permitting of a comparison of the two: and the righthand division to the water temperatures for 1884 and £ 533,



EXPLANATION OF OCEAN TEMPERATURE CHART No. 11.
FIVE-FATHOM BANK LIGHT-BHIP, NEW JERSEY.
Obgervers ; JONN RREVES, DAKIEL MANLOVE, WILLIAM W, SMIfH.

focation of station.—~This Hght-ship is locsted aboub 14 miles from the neavest part of the New Jersey coast, just
cast of Cape May, north of ibe cutrance to Delaware Doy, and aboui 56 miles northeasterly from Winter-Quarter
Shoal Hghit-ship, It is apchored about 1} miles ontside of the 10-futhom curve, W a deplb of 12 futhoms. The 20-
fathiom curve is distant 13§ miles, the 100-fatbhom curve 55 miles.

tGeographical position.—Latitnde, 330 48’ (237) N.; longitnde, 745 36° (099) W,

Depth of water.—T'welve Tuthoma,

Eange of temperature (Murch 1 to Junuary 1).—Air, 47° (36°.5 {o 83°.5); surface, 39° {37° to 76°).

The temperatores at this station differ somewhat from thoso st Winter-Quarter Sboal, and not constanily in the
asme direction, being semetimes alight! higher, at others slightly lower, during corresponding pertods, With a
single marked exception, {he summer sir temperatures average lower here ; the surface curves are more nearly lilke
those at Winter Quarter, Lt do not shbw so low a minimum io the colder months plotted. An nnusially Ligh air
temperatitre wua resched Letween Fune 19 and 29, 1832, accumpanied mainly by sonthwesterly winds, which are the
prrevailing winds for that menth. This extreme variation is not ebservable at the neighboring stations, and it ap-
prrently had no influence npon the temperature of the water at this place.

u.

Tuble showing the divection of the winds, by guadrants, for each month of the yeur, beirg the means of five yoars' observations.

| ] . |
Cruadrant. iJ:muar;;. H Muy. June. Jaly. Angust. i SFE:rm Getober. h%‘é:m | Dgg?]-
R i ; . {
Wortheast, ... ... i B2 v ] 8 65 0.3 04 o 68 4.3
Soutbesst I 18! 6 H 6.6 | 59 46 4.2 2.1 B.2
Southwest . ... __| T8, 0| 1z 41 10.5 1.7 68 9 9.7
Nurthwust........| 14.4& 5 l 5.1 4.2 5.8 3.8 7.8 121 12,




OCEAN TEMPERATURE CHART No. 11

By RICHARD Ra'THBUN.

Station: Five Fathom Bank Light Ship, New Jersey.

Representing, by means of carves, the temperature of the air from 1881 to 1883, inclusive, and of the water at tne surface from
1881 to 1883, inclusive, reduced to means of ten days.

EXPLANATION OF THE CORVES:

881, e e 1882, —emvonwer 1883, v e X8BY, - — 1885.

(IssteD 1 ¥886)
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_Each vertical interspace represeats one degree Fahrenheit, and the fractional parts of a degree arc indicated as exactly as possible in the plotting of fhe curves. Each fifth
degree is represented by a slightly heavier line.  The transverse interspaces inclosed by the heayier lines represent periods of ten days each, as mdicated by the dates on the
tefthand side of the plate.  The lighter transverse Tines, intermediate between the heavier ones, are intended to represent the mean of each ten days, and the curves of temper<
Rture:are plotted with reference so these lines. Fhe lefihand versical divition is devoted to the air temperatures for 3881, 4882 mod 1883, the middle division to the suchce
water temperatures for the same years. thus permitting. of a comparison of the two; and the righthand division to the water temperatures for 1884 and 1885,



EXPLANATION OF OQCBAN TEMFERATURE CERART No. 12.
ABSECOYN LIGHT-HOUSE, NEW JERESEY.
Observer: A, G, WoLY,

Loeglion of station,—Absecon light-house is located en the besob in front of Atlantie City, N. J., and just south of
fhe entrance to Absecon Inlet. It is 34§ miles N. by L. 2 E. of Five Fathom Dank lighi-ship. The shore in front of
ihe light-house is faced with ghoals. The 18-futhon curve is distant 64 miles, the 20-fatLom curve 34 miles, the 100-
fathom curve 70 miley.

Geaographical position.—Laditude, 39° 21' 50 N, ; longitude, 74% 24’ 527 W,

Depth of water.—Nine to 15 feet,

fRange of temperature (March 1 to January 1).—Air, 4625 (33° to 79°.5}; murface, 45° (3405 to 790.5).

Although located on the shore of an inlef, protected Ly shoals in front, this station affords more satisfactory results
thau either Body's Island or Cape Lookout. The ranges of temperature given above are easentislly the same for both
the air and surface, but if wa except the surface curve for 1885, and compare only the air and surface curves for cor-
responding years, 18811883, we find that the maximum for the air exceeds that for the sanrface by nearly five degrees.
The eonditions are, therefore, very much the same at Absscom as at Five Fathom Bank, and 1be snrface cvirves are
nesrly as repilar,

Table showing the direction of the winds, by quadrants, for each month of the year, being the means of five years' obeervations.

: . B 1 | i |
1 ! [ ' i b
Quadrant. January. F::'yr_"‘ Maich. | April. | May i Jure. | July. ‘ Angaat. i 591?:':“‘ ‘Octohar g \‘]’J:;m i D(bi(;m
! i ! H .’
: I i | T |

Nortbeset ....... X 5.2 7.2 7.8 9.7 0.3 78] 85! 98| 103 8.8 %8
Snuthenst... ... 2.8 2.8 4.3 5.7 | 1.3 | 181y FU .4 | L] 7.1 a9
Soathwost....... 63 53 B8 Lo 4B 88! 725 &9 5.9 8.2 B4
Northwest....... 18 128 127 8.5 i5 3..')‘ 4.8| I.BE .5 8.7 1‘21 AER ]




OCEAN TEMPERATURE CHART No.12
2y RICHARIY RATHBUMN.
Station: Absecon Intet Light House, MNew Jcrse‘y.
Representing, by means of carves, the remperature of the air from 1881 to 1883, mclusive, 2nd of the water at the surface tram
1881 to 1883, inclusive, redoced tn means of ten days.
EXPLANATION OF THE CURVES:
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Each vertical intenspace represents one degree Fahrenheit, and fhe fractional parts af ;a degree arve indicated as cxactly as possibletin the plotting of the curves.  Each fifth
degree is represented by 3 slight!y heavier line.  The transversedinterspaces inclosed by the heavier lines represent periods of ten days each, as indicated by the dates en the
fefthand side of the plate. 'The lighter transverse lines; intermediare between the heavier ones, are Intendad to represcns the of each ten days, aud the curves of temper-
ature are plotted with xeference to these lines.  The leffhand verfical division is devoied to the air temperatures for (551, 14 ¢ 1853, the middle division t the susface
water temperatures for the same years. thus pemmitting of a comparisan of the two; and the right-haad division to the water tempovatures for 1854 and 3835,




EXPLANATION OF QCEAN TEMPERATURE CHART Nc, 13.
SANDY HOOK LIGHT-SHIP, NEW YORK.
Gbservera : JamEs Cosgrove, K. II. PRITCHARD,

Location of station.—T'his Tight-ship is anchored in 14 fathoms of water, off the entrance to New York Bay, 6 miles
east of Bandy Hook, N. J., the nearest Jand, and 5} miles nonth of Rockaway Besch, Long Island. It is distant abount
70 wiles northeasterly from Absecon light., The 15-faithom eurve forms a bight extending in towards New York Bay
entrance, and reaching nearly to the light-ship, inside of which the dopths decroase somewhbat rapidly, The 20-fathom-
eurve iy distant 16 miles; the 100-fatlhom enrve, #5 miles.

Geographical position.—Latitude, 40° 26" (127) N.; lengitude, 73 517 (427} W,

Depth of water.—Fourteen fathoms.

fange of lemperatare (March 1 to Jaouary 1).—Air, 50° (3195 to 81°.8}; surface, 41°.5 (33° to 749,65}

The range of air temparaturs is greater than at auy of the three precediug stations, but the meximum is twe
dagrees lower than at Five-Fathom Bank, abont the same ns at Winter Quarter Sheal, and two degrees higher than
at Absecon. The maximum surface temnperature is elightly lower than at the preceding atations.

Tuble showing the direstion of the winds, by guadranta, for each month of the year, being the means of five years obeervations.

— i i — i . -
‘ Febru- | | Beptemn. Novem- | Decem.
Quadrant. January. ary. March. | April. [ Mny. \ Jane. July, i Angust. E‘:er. J October. | =3 or. ber.
Northeaat ... .. 7 6.7 6 a3 a4 LY 26! X! 7.8 86 & &5
Bonthenat. . .. 3 8.1 4.6 b& J T4 1 9.5i 8.3 a8 4.4 5.8 8.7
Sunthwest ..., 4% 87 N " &7 9 T.1 HEB: 7.3 6.8 57 6.1 -4
Nurﬁhwest”.....i 15.8 ré 15 11.5] 7 87 21 [ 7 ] 5.?] 1'% ] 128 14.6




OCEAN TEMPERATURE CIHART No.13

ip, New York.
enting, by means of curves, the temperature of the air from 1881 to ¥833, inciusive, and of the warer at the surface from

Sandy Hook Light Sh .

Station

Repre

1881 to 1883, inclusive, reduced 1o means of ten days.

EXPLANATION OF THE CURVES

1885,

T8E4,

——— 1882, vamumens IEEF,

1881,

(Issven N IBBS)

SURFACE TEMPERATURE., 1884-5.

‘SURFACE TEMPERATURE, 1381-2-3.

AIR TEMPERATURE. 1881-2-3.

DATE

¥ach fifth

The' transverse interspaces inclosed Ly the heavier lines represent poriods of Ten days each, as indicated by the dates on the

The lightes transverse lines, inkermediate berween the heavier ones, are intended to represeat the mean of each ten days, and the curves of temper-

th relerence to

ature are plotted wi
water tempeatures for the same years, thus

Each veatical interspace represents one degree Fahregheit, and the fractional parts of a degrec are indicated as exactly as possille in the plotting ot the curves.

degree is represented by 2 Sighdy heavier Yine:
Iefthand side of theaplate.

- of the two; aad the rdght-hand division 1o the water temperatures for 1884 and 1885,

mpacison

The left-hand vectical division is devoted to the air temperatures {or 1881, 1882 and 1383, the middle division o the surface
ting of a co:

lines.
peBRmi!



EXPLANATION OF GCEAN TEMPERATURE CHART No. 14.
FIRE ISLAND LIGHT-HOIUSE, NEW YORK.
Obserters: C. A, Biyprxpukau, Serg I8 IUBnarD.

Location of station.—This tght-house is situated on the cast side of Firo Tland Iulet, south side of Long Tslaud,
41 miler E. by N, from Sandy Hook light-ship; a5l the observationa were taken in the narrow entrance to Great
South Bay, between Fire Intand and Oak Island. The 10-fathows enrve 8 dintant 1§ wiles from the outer beach;
the 20-fathom curve, 18 miles; the 100 fathom vorve, 85 wniles

Gengraphical pesition.—Latitude, 409 37 57 N5 lngitude, 739 137097 W,
Depth of water,—Three foet.
Range of temperature (March 1 to Japuary 13—Alr, 4795 (355 10 837.5); surface, 407 (330 to TBP),
The observations at this station were prebably taken in rapilly runving water, us the surface curves are compar-

1a the range of borl

atively regnlar, aind the mazinnno aurfice temperatiore i 55 lower than the maximom lor the air,
afr and surface tewperatores this stativn agrecs most closely with Five-Fatbom Bank, the differences being very slight.

Tulle showing the direction of the winds, hy guadranis, for each morth of the year, being the medios of five years' obscrvations,

) i i =. : :
; Febru- | o i Beplenis | | Movem | Decom-
Quadrant. !Junuary.i; wry. | Blarch, i April, Bluy, ‘ Funs, July. i Angust. | o f}{:h‘lbﬂl\\ ber. \ b
- N S SN S N —
i i
Fortheant ...-... : nR! 4.6 5.2 45/ 5 ] 5.3 3.2 .m| L 70 sel 7.4
Sontbeast .. | 1.':|' 4.8 N L8| # 3.7 1.7 5.5 47 4.#[ 1.8 L&
Bouthwest .| 7.3 6.4 6.3 | 8.9 | s:'J bl ma| o1msl 115 1 83 &8
Northwest ... I ILE 9.6 10.9 [ 7.8 au { 24 4.9 21 \ 3.5 \ 6.9 { 5.8 8.4
; L 1 .
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OCEAN TEMPERATURE CHART No.14

By RICHARD RATRHRBUN.

Staticn: Fire Island Light House, New York.

Representing, by means of curves, the remperature of the air from 1881 to 1883, inclusive, and of the water at the surface fram
Y881 ta 1885, inclusive, reduced to means of ten days,
EXPLANATION OF THE CURVES:

xB8I1, —— o TB82, ancmrneee 1883, e & s BB, — e TBB5.

(YssuEn an 1886

DATE AR TEMPERATURE, 1581-2-3. SURFACE TEMPERATURE, 188/-2-3. SURFACE TEMPERATURE., 1884-5,
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Each vertical interspace represents onpe degree Fahrenheit, and the fractional pares of a degree are indic

degree 1s represented by a slightly heavier line.

lefthand side of the plats

atore are plotted with reference to these fines.  “The lefthand vertical division is de

“Fhe lighter transverse lines. intermediate betwrea the heavier ones, are intended to represent the mean of sach ten da

The transverss interspaces incosed by the heavier lines cenlt perio

rote-l o the air temperatures for 18805,
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Each fifth
red by tie dates on the
and the curves of temper-

r of the curves.

183892 and 1883, the middle division toithe sucface
water temperaturcs for the same years, thus permittiog of o comparson of the two; aad the righthand divisien to the waeer temperatures for 1584 and 1885,



EXPLANATION OF QCEAN TEMPERATURE CHART No. 15.
BLOCE ISLAND “OUTHLEAST LIGHTUI0BE, BHODE IBLAND.
Obgerver : H. W. CLARK.

Loeation of slatien,—Thia light-house is located op the bigh Liuff at the southeastern extremity of Bloek Island,
and is distant £2 miles northeasterly from Tite Islund Light-bonse, and 783 milea W, by N, { ¥, from Kantucket New
South Bhoal light-ship. The water is very shallow off the southern end of the fslund, the depibs increasing gra inally
seawarll, The 20-fathom curve is distant abont § miles; the 100-fathaom curve, abant 70 miles,

Geographieal position.—Latitudo, 412 0% 10" N, longitude, 719 3% 097 W,

Depth of water.—The obeervations were taken at the edge of the bovach, below the light-house, fasing the open sea
to the south.

Range of temperotare {(Mareh 1 1o Janmary —Air, 579 (329 10 799Y; surfacs, 412 {2005 10 70700

Although tho observations were faken from the beach, the aarfuce curves show little direct influence of the air
temperature npon the water, and are comparatively vegular. The maximum air temperature is about the same as at
Absecbn, N. J., bt the maximwmn fur the surfuce is fonr degress ower than at any of the stationa to the west nnd
aouth,

Table ehowing the direction of the winds, by quadrants, for eqeh month of the year, being the means of five years” observations.

1
.| Febry- ; Septem- | Neovem- | Decam-
Quadrant. ‘J’ ANTATY - ary. March. [ April. r May. June, [ July. | Amgnat, bor. October. ber. bor.
. . I ! t _ | ....... - ]

Northeast _...... 67l an e1| a1l s 5.2 41 o 9.a] 10.9 54 7

Sentheest... ... ! t:sl’ g2l 22! 3.5\5 5.9 4 Akl 4 501 &1 T 2.2

Sonthweat ...-... I 7.5 a2 82 i e 16. 9 16.7 17.8 1.8 12.1 0.0 9.7

Northweat. . ..... 2.5 2.8 1.7 s.s[ a8 BT 4.2 8.2 19 89 0.8 0.9
! i




Station: Block Island S. E. Ligh-t House, Rhode Island.

Representing, by mcans of curves, the temperature of the air from 3881 to x883, inclusive, and of the water at the surface from

OCEAN TEMPERATURE CHART No. 15

881 to 1883, inclusive, reduced to means of ten days.

EXPLANATION OF THE CURVES: ——— x88x,

——— TBBY4, ~—es— X885,
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Each #fth

The transverse interspaces inclosed by the heavier lines represent periods of ten days each, as indicated by the dates on the

‘The lighter transverse lines, intermediate between the heavier ones, are intended to represcﬁt the mean of each ten days, and the curves of temper-

Each vertical interspace represents one degree Fahrenheit, and the fractional parts of a degree are indicated as exactly as possible in the plotting of the curves.

Jegree is represented by a slightly heavier line.

Teft-hand side of the plate.

The lefthand vertical division is devoted to the' air temperatures for 1885, 1842 and 1383, the middle division to the surface

water temperatures for the same years, thus permitcing of g comparison of the two; and the righr-hand division to the water temperatures for 18%4 and 1335

ature are plotted with reference to these lines.



EXPLANATION OF OCEAN TEMFPFERATURE CHART No. 16.
BRENTONS REEF LIGHT-SILP, RHODE ISLANT,
Clmerrer : Unianrrs T Maksin

Location of station.~—This lighit-ship is Joeated fo the widdle of the entranee to Narraganseit Bay, about 13 wmiles
8W. of the southern point of the Islang of Riinde Ixland, and a little over a mile off Brenton's Reef, the deptha
between ranging from 4 te 14§ futhoms. Tt s 17% miles NE, § N, af Blovk Island sonthoast Nght, and fuecs the
open aen to the soull, the depths inervaging groaduslly seaward. The 90-fathotn earve ig distant abonk 83 wiles; the
100-fathoin ecurve, abouf 85 miles,

Geoyraphical position.—Latiluide, 415 25 (5273 N.; longitnde, 710 22 (360:7) W.

Bepth of water.—1'vurteon and sue-half fathoms.

Nange of temperature {March 1 to fannary D—Adv, 4550 (U9 o T49.5Y surface, 35° (349 1o GOC),

The minimum temperatures are bighker, the maxinuia ower at this station than at Bleck Island. The mazimuym
surface temperatures, however, show a dilference of ouly 149 for the two sfatious, Tt is probable that the surface
observarions for Brenton’s Reef are the more reliable, having been tuken where the water is 143 fathoms deep.

Table shoting the direction of the winds, by quadrants, for each month of the year, being the means of five years' observations,

i _ : - : — I :

L Fehra. |_ o - - l Septom.- ¢ L Moveme  Dincam-

Quadrant. ‘J&nnnry,‘ ary. ! March, | April l May. F June, July. | Amnpgnst, bar. | Ountober. | Der. i bos.
1 3 - . i Jon S . i s f— o

, : :
Northeast . ... ! £ J 5 5.5 ; &21 7.1 27| n8 i s ! 3,1[ 7! "
Bonthenst . ...... I T 32 4 L8i T8 627 & 1 48 L& } sel o 2.9
Bouthwead. ...... 27] £3 [ 64 G| 108 | 15 ] 15. 5 ‘ 15.9 189 871 1 9.4
Karthwost....... 14 I 11.1' 1%.2 3.5[ 4 [ 3.ai’ 4 411 4<?J 7.1[ 6! 13.2

—_— e r ~




OCEAN TEMPERATIIRE CHART No. 16

Station: Brenton’s Reef Light Ship, Rhode Island.

Representing, by means of curves, the temperature of the air from 18871 to 1883, inclusive, and of the water at the surface from
1881 to 1883, inclusive reduced to means of ten days.

EXPLANATION OF THE CURVES: 1881, e s . TB82, wannenrr s TBES, — s e TES 8, v EBEE.
- {Issuep v 1886) .
DATE AR TEMPERATURE, 188]-2-3. SURFAGE TEMPERATURE, |881-2-3. SHURFACE TEMPERATURE., 1884~ 5.
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Exch vertical interspace represents one degree Fahrenthsir, and the fractional pars of a degree are indicated as exactly as possible in the plotting of the corves. Each Sfth
degres is represented by a slightly heavier line.  The transverse interspaces inclosed by the heavier lines repvesent periods of ten duys each, as indicated by the dates on the
lefrdmnd side of the plate. The lighter transverse lines, intermediate between the heayier ones, are intended to represent the mean of each ten days, and the murves of temper-
ature are plotted with referencs to these lines.  The lefthand vertical division is devoted to the air temperatures for 183y, 1882 and 1833, the middle division ta the surfic
water temyperatures for the same years, thus germitfing of 2 comparison of the two; and the dght-hand division to the water temneratures for 1884 and 1585,



EXPLANATION OF OCEAN TEMPERATURE CHART No. 17.
VINLYARD SOUND LIGHT-SHIP, MASSACIIUSETTS.
Obaervers ;: WiILLIAM . Doang, 4. H, Bray.

Location of #tation.—The Vineyard Sound, or “ Sow and DPiga” light-ship, as it was formerly ecalled, jg anchored 1
taile to the sonthwestward of Sow and Pigs Reof, and 24 miles SW, by W, of the light on Cuttyhonk Island, the south-
ernmogt of the Elizaleth Group. It is situated 174 miles E, by 8, } 8. of Droston’s Reof light-ghip, and on the western
side of the gonthern entrance to Viceyard Scund. Within a radias of a mile the deptba range from 4% to 164 frthoros.
The 20-fathom curve is distant about 6 piles; she 100-fathmo corve, about 89 miles.

Geographical posifion.—Latitnde, 417 24 (0271 N.; Jongitode, 70° 5% (017) W,

Depth of water,—1'ifteen futhoma.

Range of temperature (March 1 to Janwary Dh—Air, 430 (28%.5 40 7195} 5 earfnce, 37° {310 {0 GBOY,

The temperatures for the eoliler wonlths were svidently more carefolly read here than 8t most of the nerthern
stations, and the curves have besn plottid on the chart for the entire year. In reckening the ranges of temperature,
however, January and February have been omitted to facilitate eomparisons with the neighboring stations, Com-
pared with Brenion’s Reef, the maximum air record ia 39 lower, the mnaximuin sorfuee only 19 lower, indicating
clasely eorresponding conditious. )

Table showing the divection of the winds, by quadrants, for each month of the year, being the means of five years' obeervations.

. — : 1
H -

Quadraus. lenunrgi'. F:IP;_”" 1 Maveh, [ April, | May. | June. Tuly. | Angnet. ] S'g:i‘“' Ovtober, ‘ }“E;l?.m' Dﬁgg’rn
Northeast . ...... R 6.5 8.4 a0 na 4.8 44 Y "3 10.9 8 55
Southeant ....... 2.4 4.5 43 .6 5.8 55 53[5 45 41 1.9 22
Sonthwest ... a8 5.3 7.8 1] 23| s 18 145 10 9.4 i § 8
Nm-t‘nwent“-.,..} 1A 10,2 s e.s} 3 ‘| 2.9 nel 31} a1 a5 10.2) 18




OCEAN TEMPERATURE CHART No. 17

By RICHARD RATHBUN.
Station: Vineyvard Sound Light Ship, Massachusetts.

Representing, by means of curves, the temperarure of the air from 1881 to 1883, inclusive, and of the water at the surface fram
881 to 1885, inclusive, reduced to means of ten days.

EXPLANATION OF THE CURVES:

IBBY, e wwm we 1882, wranaaniaas 883, s 1883, - e 1885,

{issump v 1886.)
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Each veriical interapace represents one degree Fhhirenheir and the fracidoneal parts of a degree are ind: activ as possilie in the plotting of the curves.  Each fifdh

incioscd by the hervier lines represeng

cfegree I3 repres 1 by a slightly heavier ine,  The transve interspa Is of ten days each, as indicated by the dates on the
lefthand side of the pi The lighter fransverse linos, & ate berween dhe heavier oncss are intended po reprosent the mean of each ten days, and the curves of temper-
mture are piotied vid nee to these lines.  The lefehand verti vision 1o the sucface

wirter temperatures for the same years, thus permining of a comparison of the two; and the righthand division 1o the water temperatures for 1884 and 1885.

2l division is devoted to the #ir temooratures for 881, 18%z2 and 1883, the middle div




EXPLANATION OF OCEAN TEMPERATURE CEHART No. 18.

NANTUCKLT NEW 20UTH SHOAL LIGHT-BHID.
fileserera: T 50 Faares, A, 0 Baxpesri, Tsase HavoLex,

Locaiion of station.—Xantoncket {or Davis') New Somth Shoal Tighi-ship is placed at the soutlern end of Nantucket
Shoals, alont 3 miles SSE, of the shoalest parct of Davis' Xow South Shoeal, and 21 miles SE. of Nantucket Islangd, the
uearost land, It s distant from Vineyard Seund light-slip abont 58 miles in a southeasterly direction. Ip the im-
mediate vieinity the deptha runge from 11 te 18 Fthoms, The water deepens gradaslly seaward, attaining o depth of
W fathotg at distanees of 22 10 20 wiles; 1he 100-fthoan curve is distant about G0 miles,

Geogrophicel pesition. — Latitude, 409 347 (57775 No s longiinde, G0 4497 (2437) W,

Depith of water.—Bizleen to 15 fathoms,

Peange of temperaturs { 12 enntha). —Air, 32 (257 to 609 ) ; snrfues, 2595 (W05 to 029),

The position ot thisg light-ship, over 20 miley from the vearest land, and in the course of those selwols of surfarn
tiad 10uut pass arennd or through the Nantucket ‘Shoals In their migrations, especially fits it us o permanent stiation
tor temperatnre ainl otler observations bearing upon Lhe eoast fisheries, The temperaiore of the snrface water is
more equalilo here than ot any of the precoding stations north of the Florida Reefs, but the maximum sorface temn-
peratire at Nuulocket New South Sboal is 8% lower 1han the minitmn at Fowey Rocka. The comparatively slight
srtire 0F temperatura thronghout the year has made it pussible to wtilize the winter temperatures, all of which have
Leen platted oo the chart,

The range of air temperatsee feom Mareh 1 to Jaunary 1is 407 (20% o 6993, pearly the sume as at Vineyard Souml
Liglt-ship, the mazimum being 232 lower at New South 8hoal thun at Videyard Sound. The lowest air records for
the winter mionths alse differ ouly 22 a6 these two stations.  The naximnm gorface temperatore gt New Seuth Shoal
is, Lowever, G2 lower than at Vinevard Sonnd, and the minimnm between March and Jaunary, ahont 3° higher. The
ragge of surface temperature is, therefore, considerably less at New South Shoal.

Tuble shoiwivg the direction of the wicd, by quadrania, for cach month of the year, being the means of five yeary' obsorralions.

' N E H ]
Quailraut. ;-.T:u.wrn"y.i r;:']‘l" i March. | April ii May, i June. | Juiy. | Angonst Sﬁ?‘:’fm | Octoher | X%:Tm Dhgle,m
i ! ! !

- e .__.__i [ I___l RN | : I i ————
NortheIst ... 1.6 | 41 5o i ‘ w4 52 41 814 01 9.3 6.} 4.7
Soatheant ..., 14 4.2 4.5 Ut 5.1 EN b4 4.4 5.3 5.2 e 4.6
sunthwest ... 7.1 sl R 8zl 0.8 .8 13 10.5 . .3 94 7.2 7.2
Northwont....... | g 126 158 88 J o1 22 J 2.1 3.9 ‘ 5 ] 1.8 15.8




OCEAN TEMPERATURE CHART No. 18

By RICHARD RATHEUMN.

Station: Nantucket New South Shoal Light Ship.

Representing, by means of curves, the temperature of the air from 1881 to 1883, inclusive, and of the water at the surface from
1881 to 1883, inclusive, reduced to means of ten days.

EXPLANATION OF THE CURVES: I88Y,  eemm e 31B82,  werieee = 1883, —— = 1884, [R— T
(lssoen v 1886)
DATE AlR TEMPERATURE, 18281-2-3. SURFACE TEMPERATURE, 1881-2-3. SURFACE TEMPERATURE, 1884-5.
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¥Each vertical Interspace represents ons degree Fahreohelr, and the fractional parts of @ degree are indicated as exactly as possible jn the plowting of the curves.  Each 6fth
degree {s represented by a slighty heavier line,  The transverse Interspaces inclosed by the heavier lines represent periods of ten days cach as indicated by the dates on the'
Jeftthand Side of the plate. The lighter transverse lines. intermediate between the heavier ones, are intended 1o represant the mean of each tea duys, and the curves of tempet-
sture are plonted with reference o these Jines, The lefthand vertical division is devoted 1o the air temperatures for 188¢, 2852 and 1833, the middle division to the surface
water temperatures for fhe same yaarcs, thus permitting of a comparison of #he two; and the right-nand division to the waier temperatures for 1884 and 1335,



EXPLANATION OF ODCEAN TEMPERATURE CHART Fo. 19,
POLLOCK 1P LIGHT-STI, MASKRACTIUSETTS,
fMegerverr s WILLIAM Harranns, Jaymus 10 BEeney, Josoen dnoex, Jon

Lucatiou of sferion. —Uhis Hploshing Is Toeated jun the wortleastere catratos Lo Nutwdweket or Vineyard Scund, and
SEomiles SE by L3 EL feam Mencmoy Point light-honse, at the sontheastorn extremity of Cape Cod. It is 13 miles
distant from Poltock Ltip Shoal proper, which lies between it and Moninuoy Island, and is surrounded o nearly all
sides, at different distauces, by =il shioals or groups of shoals.  There is, however, no laud to the northeast, east, or
sontlieast of it. It is anchored in o depth of 5 fathoms, and the deptbs sbout it rappe from 4 4o 7 fathems, The bot-
torn in this region cousists of samd and geavell Nantucket New Sonth 8hoz]l Halit-ehin i abonc 268 miles neariy sontl,
ST Ny longitnde, 8% 5580 {157 W,

Grograpliced posifion. — Latitade, 417
Prepdh of vater.— Five to 7 fathms,
Range aof towpereiure (March L to Javoary 13,—Adr, 300 (202 to 65°); surlece, 30945 (3299 to 825.56),

Tho enrves of surface tepperatnrn are more irregular ned less viiform.than at the three or foor preceding stations,
and i wmuny cages the vacintions do not appear to be dae to the influegee of the air, They may be cavsed in pari by
the curreuts flowing througd the nomerons passagewayys bet woen tho surrounding shoals.  The ranges of temperature
gorrespond closely with the same at Nantucket Now Sonih 8hoal, the mazimum air temperators being 3° lower at this
station, but the maximam and ninbmnm for (he surfice are alinost precisely alike at both. The maximuom surfres
temperature st Pollock Rip, Incated at the eastern entrance to ¥inerard Sound, is 542 lower than at Vineyard Sound
light-ship, at the sonthwestern ontrance to the same body of water.

Table showing the direction of the winds, by quadrants, for cach month of the year, belny the mians of five years obserrations.
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HART No. 19

p Light Ship, Massachusetts,

the temperature of the aic from 188 to 188

OCEAN TEMPERATURE C

By RICHARD RaTHRIIN,

Station: Pollock Rj

Representing, by wmeans of curves,

and of the water at the surface from

inclu sive,

KH

usive. reduced to means of

1881 to X885, incl

EXPLANATION OF THE CURVES:

ten days.
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EXPLANATION OF OCEAN TEMPERATURE CHART No. 20.
THATCIIEWS IRLAND LIGHTE, MARSACHUSETTS,
Clgervers: B OL Goss, O B, Cose, G Lassaaxy, of the U1 8, Signal Service,

Lecation of stution.— The Cape Aun lights are Incated on Thalebers Tstuad, abogt three-lonrilis of & mile off the
eastern extremity of Cape Aun, hoth being on the outer side of the island.  There are several vocky ledges in front of
the island, but ofberwise deptlnof 8410 24 Mihows oceur withina distunecof 1mile. A depth of 60 fathoms is renched
5} miles to the eastwand, Tlualeber's Esland is aboui 73 mniles porthwesterly from Polivek Rip light-ship.

Geagraphical position.—The norileru light is located in latitude 432 38 21¢ N1 Jongitude, 509 34 317 W,

Depth of water.—Seven fect.

Range of temperafure (twelve monils)—Air, 4320 (0% Lo 78900 ; sarfuce, $4° {309 1o 67°).

The obuervations at this station were taken by Lrained oleervets of the Bignal Berviee, and the winter records,
althouygh eovering only two vears, are presnmally acenrate, and have boen plotted. Observations were continued
throuzh onty threa years, aid there are many gapg within that period, which ia very unfortunate, coneidering the
intpertant geeuraphical position of the statton. Ouoly one obscrvation was taken daily, at 2 p. m. The sorface enrves
ave very irregalar, awd in many cases, especinlly duving the warmer months, indicate direct atmespheric mtluence,
from the stnilarity of the varintions in both the air and surface cnrves. There is not always, however, & strict
vorrespondence in ihe relative positions of the curves in different years, the air curve from May fo July, 1833,
Yeing from 22 to 102 bigher than the air curve for the same menths in I851, while tlie surface envve for a part of the
same perind, in 1893, iy from 29 to 6% lower than o 1381 Dring the colder months the surfice curves are very
regnlar,

The maximum air tewperature s higher at Thateler's Island then 2t any of the preceding stations oa far contl as
Block Islamd, with which latter this station eorresponds approsimately.  Io eniface tewperaiures Thateher’s Island
agrees most ¢lusely with Viceyard Sonnd awd Brenton’s Leel light-whips, bat it is probable that the higher surface
teraperntures of Thalcler's Istand are dne to the plbservations having been taken in a sbeltered place.

24
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Water temperatures for the same years, thus parmitting of a comparison of the two; and the righthand dwision to the ‘water temperatures for 1884 and 1585,
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OCEAN TEMPERATURE CHART No. 20

By RICHARD RATHBUN.

Station: Thatcher’s Island Lights, Massachusetts,

Representing, by means of_curves, the remperature of the air from 1881 to 1883, inclusive, and of the water at the surface from

1881 to 1883, inclusive, reduced ro means of ten days,

EXPLANATION OF THE CURVES:
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EBXPLANATION OF OCEAN TEMPERATURE CHART No. 21,
BOON ISLAND LIGHT-HOUSRE, MAINE.
Observer: Atrned I, LuaviTr,

Location of gtation.—DBoon Island ix a sioull, low, rocky islund, off York Harbor, Maine, and 58 wmiles {ron Cape
Neddick, tLe neatest part of the mainland. Yrom Thatehers Ixlund it is distant abont 35 wiley, in a northerly direc-
tion. Within a radius of 1 wile dopihs oi 33 to 23 fathoms vecur, and a depth of 66 fathoms is reached at a distance
of aboat 63 miley to the enstward auwd woutheastward,

Geographical posifion of the Iight-fonge.—Latitude, 43° 03' 177 K, ; longitnde, 702 28 377 W.

Depth of water,—Nine fathoms.

Kange of femperature {March 140 Jannary 10.—Air, 517 (229.5 fo ¥30.5) ; surfuece, 40C (33° to o).

This atation affords the highest maximuw surface tewyperature of any of the stations located in the northern part
of the Gulf of Maine. ‘Flis maximnum is5¢ Jower than at Thatcher'a Teland, Hut agrees exactly with the surface maxi-
s at Pollock Rip and Nantucket New South Shoal. The maxzimnm for the air is, however, somewhat higher at
Boon Tsiand than ab the two light-ships mentioned, Tho sucface curves are more irregular than at the etber stationn
in the Gulf of Maine. It is urcessary to cxplain, however, that the anrface observations were not faken with any regu-
larity at this station, amissions of soveral days, sometiines as many as five or six days, occurring in & majority of the
ten-day periods. The omissions are mucl: leas {requent duripg the summer than the winter months, If is impossible
to ealenlate to what extent the resnlts may be vitiated by this fuect.

Teble showing the direction of the winds, by quadrants, for cach stonth of the year, being the means of five yeara' cbacrvations.

..... e r_._. i I ‘ T
Quadrant, January, F:P;u' ? March ‘ April. Max, Juna ! Tuly. ]. Aunmnat, | Sn}]:f::lm- ()r:tnbr-.r.i hg:;m- ‘ D{;ﬁf"'
L. f i [ VRN U S
I
Norithenat _..... 7.8 '] [ .3 ‘ 51 [ 8.9 | ] i 10 T4 2.7 i K&
Southeast ... 22 5.6 5D ! 8.9 B oms it 7.3 | 43 n
) .
Sonthwest ... 8 721 55} 3.0 45 56, T G i 1t 01 9.6
thwm....-..i 10.9 ul 10.5] B 3.2 48-2 m'i 28 3.3 q.zi 68 5.6




T OCEAN TEMPERATURE CHART No. 21

By RICHARD RATHBUNL
Station: Boon Island Light House, Maine.
Representing, by means of curves, the temperature of the air frora 1881 o 1883, inclusive, and of the water at the surface from
1881 to 1885, inclusive, reduced to means of ten days.
EXPLANATION OF THE CURVLES:

188x. —— — 188z, »aaavaren T8, ——— X884 —ae e T8B5.
{IssuEnym 18386,
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Each venical interspace represeats one de gree Talireaheit, and dhe fracdonal parts of o degree are indicated as exactly as possible in the plotting of the curves. Each fifth
degroe is represented by a slightly heavier line.  The transverse interspaces inclosed by the heavier lines represent periods of wn days cach, as indicated by the daics on the
Sefihand side of the plate. The lighter transverse lines, intermediate berween the heavier.ones; are intended to represent the mean of each iea days, and the curves of temper-
ature are. plotted with reference 1o thess lines.  The lefthand vertical division is deveted to the air temperatures for 1881, 1382 and 1853, the middle division to the surface
water temperatures for the same years, thus permiting of a comparison of the'two; and the right-hand division to the water temperatures for 1884 and 1588s5.



EXPLAWATION OF OCEAN TEMPERATURE CHART No. 22
SEGUIN ISLAND LIGIIT-HIOTUSE, MAINE,
Observer: Troaas Dav,

Location of station. —3Seguin Island is a swinull roeky island with precipitous shores, located about 83 miles off the
uearest part of the mainland, on the cast side of tho entrance te Kenvebee River, and about 47 miles northeasterly from
Hoon Island. Betwesn Segnin Island and the shoals bordoring the adjacent isainland depths of 3§ to § fathoms cccur,
and off the island a depth of 40 fathoms ia reached within a distance of 3} wiles. The light ia placed on the westery
pide of tho island whers the water is from 6 to 8 fathoews deep closo inshore. '

Geographical position.—Latitude, 432 420 30" N.; longitude, 60% 45° 327 W,

Depth of water, —Sis fathomsa.

Range of temperalure (Mavell Ulo Junuary 1h—Adr, 4695 (242 e 702.5); sarfive, 25° (33° to 559,

This station has a shorter rungs of temperatare for Lol the air aud surface than Boon Istaud.  The maximum alr
temperature is 3%, the maximum surface tenperature 4°,lower than at Boon Islanpd. Boil the air and surfuce anrves
are more regular than at the preceding station, aud more uniforin for all the years.

Tuble showing the dirsction of the winds, by quadrants, for eack month 0f the year, being the means of five years' observafions.

: i i | ! |
Quadrant. Jaauary, ! F;'I,L;‘_'“' ! Mareh. I Apuil, \ May, | Juue. II July l Aagust. [ S"l];ff'm' Qctaoler, N“Ifém' | Deg:m-
} o Tl ; _ i ! i l | o .
Northeast ... i 7.6 | o | 65 03! Y 3.0 | 4.9 \’ 7.8 l 56 B4 7
Soutienst. ., .- w1 a1 vy 5.4 8.8 B i b 4,7] 45 18 28
Southwest ...l 9.5 ?‘si 8 g6 2.9 E 12.8 15.8 .2 1.8 n.4 w1
Northwest. .....- I 11.6 i 8.8 I B2 8.8 20 | 3.4 3.2 3.4 4.4 f 6.1 ] 0.7




OCEAN TEMPERATURE CHART No. 22

Station: Seguin Island Light House, Maine.

Representing, by means of curves, the temperature of the air from 188z to 1883, inclusive, and of the water at the surface from

188+ to 1885, inclusive, reduced to means of ten days.

EXPLANATION OF THE CURVES:
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Eadh vertcal interspace represmts one degree Fahrenheit, and the factional parts of a degrec are indicated as exactly as possible in the Pletting of the curves.  Each fifth
i P g 5 ¥ L

degree is represented by a slightly heavier line.  The transverse interspaces inclosed by the heavier lines represent periods of teo days each, as indicated by the dates on the

Jefthand side of the plate.  The lighter transverse lines, intermediate between the beavier anes, are intended to represent the mean of each ten days, and the curves of tempers

ature are plotted with reference to these lines.  The lefehand vertical division is devoted to the air temperatures for 1881, 1882 and 7883, the middls division to the surfage

water temperatures for the same years, thus permitting of a comparison, of the two; and the right-hand division to the water temperatures for 1884 and 1885,



EXPLANATION OF OCEAN TEMPERATURE CHART No. 23,
MATINICUS ROCK LIGIIT-IIOUSLE, MAINE.
Observer: WiLLiay G, GRANT.

Location of stafion—Malivicus Rock is & bare, roeky ivlet, abont S0 miles casterly from Segnio Island, aod ebont
14 miles south of Vinal Haven Island, at {he moutl of Penobeeot Bay, the neavest large piece of land, It is about 2§
miles 8X. of Raggred Island, which is close to Matiniens Inland aud between the latter and Matiniens Roek, Within
a radius of a mile the water deepens rapidly from 4 to 45 fathoms.

Geographicel position.—Latitude, 439 477 017 N.; longitade, G3© 517 207 W.

Depth of water.—Six to 12 fathoms.

Ronge of temperature {(Murch 1 {0 January 1)—Air, 429 (23° {0 (49); surface, 21°.5 (32°.5 1o D49},

Matiniens Rock and Monnot Desart Rock present the shortest range of surface tenperature of any of the stations
north of the Florida Reelw, being 7@ ghorter than at Nantucket New SBonth Shoal light-ship. The surface and air
maximums for Mstinicus Hoek are also the lowest of any recorded. Tlhe surface cnrvese are very regolur nnd
uriform from year to yeer. Unfortunately, there are nearly as many emissions in the surface records for this station
es for Baen Island, but they are seldom frequent except during the ¢elder mouths,

Talle shotwing the divcetion of the winds, by guadranis, for cach wmonth of the year, being the means of five years oberrvations,
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OCEAN TEMPERATURE CHART No. 23

By RICHARD RATHDUN.
Station: Matinicus Rock Light House, Maine.
Representing, by means of curves, the termperature of the ajr.from 1881 to 1883, inclusive, and of the water at the surface f:om
1881 to 1883, inclusive, reduced to means of ten days.
EXPLANATION OF THE CURVES:
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Each vertical interspace represents one degree Fahrenheir, and the fractional parts of a degree are indicated as exactly as possible in the plotng of the curves. FEach hfth
degree is reprosented by a slightly heavier line.  The transverse interspaces inclosed by the heavier lines represent periods of ten days each, as indicated by the dates on the
lefthand side of the plate. The lighter transverse lines. intermedirte between the heavier ones, are intended 1o reprasent the mean of each ten days, and the curves of temper-
ature are plott=d with reference to these lines.  The lefrhand vertical division is devoted to the air temperatures for 1881, 1882 and 1833. the middle division to the.surface
water tcmperatures for the same years, thus permitting of a comparison of the two; and the right-hand division to the water. temperatures for 1884 and | 58s.




EXFLANATION OF OCEAN TEMFPERATURE CHART No. 24.
MOGUNT DESERT BOCK LIGUT HOUSE, MAINE.
Cbserrecs ; Ados B Newaiax, James A, Monnns, Taomas MILax,

LZocation of stalion.—Mount Dusert Rock is a smull, barren isler, 84 wmiles K. § N. from Matifens Rock, and
about 158 miles off Mount Desert Ivland. The rock is surrounded with Geep water, the depths ranging from 54 to 95
futhoma within a radiag of & miles.

Geographical posilion.— Latitnde, 430 53 02 N.; lengitude, 682 057 447 W,

Depth of waler—Two {o 10 fathoms,

Bange of temperature (Marchi 1 to January 1) —Air, 302 (2395 t6 75°.5); surface, 215.5 (33° to 54°.5),

This station presents tho same surface range as Matinicos Rock, with practically the seme mazimum and mini-
muwm temperatures, bot the surfaeo carves are less regular and not nuiform for all the years (especially from 188t to
1483, inclusive), ssnetimes showing differences of 102 to 13¢ in corresponding periods. The maximpm air tempers-
gure is 2° higher than at any other station in the Gulf of Maine, exeepting Thatcher’s Island, Breaton’s Reef light-
glhip being the Grst siation to the soath with which it corresponds closely in this Tespect, The maximum sir tem-
perature at Muliniens Rock, the nearest station to the west, is 10 lower than at Mount Desert Rock. Xzxcluding,
however, the year 1353, in which the summer termperature was far above thase of the two previous yeams, the maxi-
mum aiv temperatnre of this statien weuld be only 659.5,

Tuble showing the direction of the wiads, by geadrants, for cach month of the year, being the means of five years' observations,

! i | -
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OCEAN TEMPERATURE CHART No. 24

By RICHARD RATHRUN.
Station: Mount Desert Rock Light House, Maine.
Representing, by meaus of curves, the temperature of the air from r88x ta 1883, inclosive, and of -the water at the sacface fram
€881 to 1883, inclusive, reduced to means of ten days.
EXPLANATION OF THE CURVES:

188y, —— e 188g, aresasenen. 1883, —— 188y, —_—— Y885,

(IssuEp an _1886.)
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“Each wertical interspace represents one dugres Fahrenheit, and the fractional pazts of a degree are indicated as ewactly as possille in the ploting of the amves. Tach fGh
degree js represented by a slightly heavier line.  The transverse {nterspaces inclnsed. by the heavier lines represeat periods of ten days each, as indicated by the dates on the
lefi-hand side of the plate. The lghter transverse lines, intermediate between the heavier ones, are intended to represent the mouan of each ten days, and the curves of temper-
arure are glotted with reference to these lines.  The lefizhand vertical division is devoted to the dir temperaturcs for 1881, 1882 and 1833, the middle division to the surface
“waler temperatures for the same years, thus permittiog of a coinparison of the twoi and the sighshand division to the water tempcratures for 1884 and 1585,



EXPLANKATION OF OCEAN TEMPERATURE CEHART No. 25.
PETIT MANAK LIGHT-HOUSE, MAINE,
Obsercer : GrORCE L. UrTuN.

Location of station.—Peiit Mauan light-Lonse is logated ot 1he sonthernmost of w group of low, recky ialets, known,
sollectively, as Petit Manan Isluml. Thesa fslety ars situated off the western entrance to Pzgeon Hill Bay, vear
Conldgborongh, Me., and gre distunt abert @ milos from 1be pearest poini of the mainland.  They are innmedistels
surrounded by lodges and shoals, but wiihin n distance of & miles to the sonlhward depths of 60 futlioms eccur. The
tight jp 27 iiles NE. 3 N. from Monut Desert Tuek light-homse,

Geagqraphical position.~Latlinde, 115 0 (3 Ny longitnde, 679 517 517 WL

Depth of water.—Light to 15 fathows.

Bange of temperature (March 110 Junuary 13.—A4ir, S0~ (20° to T0°}; snrlace, 27°.5 (312 {e 58°.5).

The range of air temperature is the rame g8 at Monnt Desert Rock, bhut with the maximom avd minimnm {ewmyfer-
atures eacl 5} derrees lower, Exclading the year 133, the tanximums of air temyperature would be nearly the same
at both places. The surface maximum is 4 Jugrees higber ot this station,  The surface curves for 1881 to 1883, incia
sive, are fully ne irregalar as at Mouat Desert Rock, and there 1s the same lack of unifermity between the different
years, hut the variations do nel in auvy wuay covrespond ab the two stations, and the conditions by which thex were
produced were evidently not romwmon to botd, There is moch greater correspendenece berween the years 1854 and
1885,

Tabbe showivg the direclion of the winds, by quodianty, for cuch montl of the yoar, being the means of five years obaerrativis,
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OCEAN TEMPERATURE CHART No.25

By RICHARD RATHBUN.
Station: Petit Manan Light House, Maine,

Representing, by mmeans of curves, the temperature of the air from 1881 to 1883, inclasive, and of <he water at the surface from
1887 to 1885, inclusive, reduced to means of ten days.

- EXPLANATION OF THE CURVES: .. 1883, R P —T - Y

1881, e e X882, .e-s

{(ssuEp ™ r886)

AIR TEMPERATURE, 1881-2-3. SURFACE TEMPERATURE, 1881-2-3, SURFACE TEMPERATURE., 1884-5.
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Each vertical interspace represents one Jegree Fahrenheir, and the fractional parts of a degree are indicated as exactly as possible in the plotting of the curves. FEach fifth
dcgreéis represented by a slighily heatier lined The transverse inu:r§paces inclosed by the heavier lines represent perieds of ten days each, as indicated by the dates pn the
lefiband side of the piate. The lighter mransverse lines. intermediate hetween ihe heavier ones, are intended o represent the mean of each ten days, and the curves of temper-
\gmm are plotted with reference to these fines. 'The left-hand verucal ditision is devoted 1o the air remperatures for 21887, 1842 and. 1883, the middle division to the surface®
waler romperanures for the same years. thus pezmitfing of a coinparison of the two; and the righthand division to the water temperatures for 1884 and 1825,



EXPLANATION OF OQCEAN TEMFERATURE CMT No. 26.

Isothermal lines conuecting the serieos of light-lhonse stations on ile eastern coast of the United Staten, repressntod
on Chart Ne. 1, coustructed for every 5° of temperziure, Fahrenheit, from 409 to £0°, inclusive, for the yuar 1831,

A temperature of 552 was reached at Monnt Desert Rock between June 24 aqud 30, but otherwise the isotherms of
55° extend north ouly to Segnin Island, At Nantucket New South Shoal, 609 waa recorded centinnously for eight
days only, of from Augusi 7 to 4. Twuo very short periods of bigher temperatnre than 759 ogeurred at Abwecon 1olet
(Jaly 14 to 20, September 30 to October 24); bnt the isotherms of 759 begin regularly at Winter Quarter Shoal, where iLe
intervsl between ihe rwo lines is only eight days (July 13-20).  Thuring the period of falling temperature, the isothern
of 40° extends eouth cootinnously within the year to Fire lsland, aithough at Pollock Rip, Nantucket New South
Shoal, and Vineyard RBoand observations are lacking for that temperature, At Bandy Hook the jsotherm of 402 was
not reaclied nutif February, 1882, while at Five Fathom Bauk and Winter Qusrter Shoal the tewperature remained
above 40° during the eotire winter of 1851 and 1882, The isotherm of H° extends routh anly to Cape Lookent in the
same winter, bot iu the early part of 1881 it reached to Martin’a Industry. At the Tortugas the tewperature fell below
T during & short period just prior to February 8, and again betweon March 2¢ and April 15,



OCEAN TEMPERATURE GHART No.26

By RICHEARD RATHRBLUIN.
Isothermal lines connecring the series of Light House Stations represented on Chart No. 1, constructed for

every five degrees of temperature, Fahrenheir, from 40 degrees to 8o degrees, inclusive, for the year 1881.
(ISBSTED IN 1888.)
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‘This chart is divided vertically into thirteen months in order.to include the fiest month of the following vear. Each month is further divided,
by the lighter lines, into' pereds of six days each, except in the case of those months having fewer or more days than 3o, when the lastidivision
of the month may equal four, five, or seven_days. The 1st, 6th, 1ath, 18¢th, 24th and last days,of the month fall on the verfical lines. The
transverse lines represent the stations from which they.extend. A complete break in the isothermal line opposite wrry station generally indicates
that the temperarure did not reach th¢ isotherm at thar station dufing the year. Alline consisting of dashes denores a ladk 6f observations for
tho carresponding “sravim,



EXPLANATION OF OCEAN TEMPERATURE CHART No. 27.

Tuothermal lines connecting the series of Hybi-house atations an the castern coest of 1he United States represented
on Chart No. 1, eonatructed for every §i¢ of tewperature, Fahrenheit, from 40° to 20, inelosive, for the year 1832,

The isotherm of 40° extends soath continvonsly in tho epring only as far ss Absceon Inlet ; during the period of
falling temperature, however, the jsotherm of that valne extends to Body’s Island. Higher tempeoratures than 55
were tacorded at Petit Manan, from August 18 to November 8, but the isotherms of 55° begin atl S8egnin Islaud, The
irotherm of GOV appeared #t Loor Island and Thafcher’s Island, but not elsewhere north of Vineyard SBoond, althongh
the regord s incomplete for Nantoeket New Sonth Shoal.  The jentherma of 65° extend north continuously to Vinegyard
Soand, and the same tem;erature was also recorded st Thatcher's luland. At the Tortngaa, the tonperatnte was

below 752 batween Mav Y xnd 21, and below 802 batween October 8 and 14.

228



OCEAN TEMPERATURE CHART No. 27

iy RICHARD RATHBUW,

Isothermal lines connecting the series of Light House Stations represented on Chart No. 1, constructed for

every five degrees of temperature, Fahrenheit, from 40 degrees ro 8o degrees, inclusive, for the year 188z.
(ISSTED IN 1886.)
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This chart Is divided vertically into thireen months in-order. to include the first month of the following year. -Each month is further divided
by the lighter lines, into petiods of «ix days eachi, except in the case of those months having fewer or more days than 3o, when the last divisior;
of the,mun'th may equai four, five, or seven days The 1sty 6th, z2th, 18th, 24th and lust days of the month fall on the vertical lines. The
transverse lines represent the stattons from which-they extend. A’ complete breal in the isothermal ling opposite any station-generally indicates
that the temperannre did net. reach the isotherm a that station during the year. A line consisting of dashes denotes a lack.of observations for
the. correspending station,



EXPLANATION OF OCEAN TEMPERATURE CRART No. 28.

Isotlhermal lines connecting the series of light-bouase statione on the eastern eosst of the EMnited States, repre-
sented on Chart Ne. 1, constructed for every 5° of temperature, Fahrenheit, from 40% 10 802, inclusive, for the year
1853, :

The two isotherms of 55° follow one sanother closely at Petit Manan and Meunt Desert Rock j at Matinicus Rock
the same temperature was recorded for two or throe days, beginning Auguet 8, and this peint has been included in
the first isotherm of 05°. At Boom lsland the isotherm of G0V was reached July 37 (that temperature, however,
continning only until July 31), and &t Thatcher's Islard July €1, with no corresponding observations daring the
period of falling temperatere ; at Pollock Rip temperatures of 60° were occasionally recorded, but only for a day or
two at & time, At Fowey Rocks the temmperature was above 75¢ from February 3 to March 3, after which there was
a period of lower tempersture, continning antil April 1. At the Tortugas the temperstnres of 7562 and 80° were not
continnous between the dates on which the isctherme of 76° and 80° are plotted.



OCEAN TEMPERATURE CHART No.28

By RICHARD RATHBRUHN,

Isothermal lines connecting the series of Light House Stations represented on Chart No. 1, constructed for
every five degrees of temperature, Fahrenheit, from 4o degrees to 8o degrees, inclusive, for the year 1883.

{ISSTED IN 12B86.)
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of the month may equal four, five, or seven days.

This chart is divided vertically into thirteen months in order to include the first month of the following year. [Fach month is further divided,
by the lighter Hnes, into periods of six days each, except in the case of those months having fewer or more days'than 30, when the last division

The 1st, 6th, 12th, ¥8th, z4th and last days of the month fall on the vertical lines. The

rransverse lines represent the swations from which they extend. A complete break in the isothermal line oppasite any station generally mdicates

that the temperature did notreach the isotherm at that station’ during the year. A line consisting of dashes denotes & lack of.cbservationy for

the corresponding station.



EEXPLANATION OF OCEAN TEMFERATURE CEART No. 29,

Isothermal lines eonnecting ihe series of light-houss stations on the eastern coast of the United States, repre-
ganted on Churt No. 1, eanstructed for every &0 of tempoerutors, Fahrenheit, from 409 to 809, inclueive, for the year
1584,
Highor temperatures than 35% wore recorded at Potiv Manan, but not at Mount Desert Rock and Matinicus Rock.
The isotherin of 607 extends aorth coniinuonsly only to Nantucket New South Shoal, it the same temperature waa
recorded ot Boon [3lund,  Dreaks of a similar charpeter alse ocenur in the isotherms of 700 and B0° at the svuthern
stations.  Tho temperature foll below 75° at the Tortugas several times during the year and reached B0° enly between

Qgtober 24 and 29,

=)



OCEAN TEMPERATURE CHART No.29

By RICHARD TATIIRON,
Isorhermal lines connecnng the series of Light House Swtions represented on Chart No. 1, constructed for
every tive degrees of temperature, Fahrenheit, from 4o degrees ro 8o degrees, inclusive, for the yvear 1884.
TISETED IN 15486.)
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This chart is divided vertically into thirteen months in order to include the first month of the following year: Fach month is further divided,
by the lighter fines, into periods of six days:each, exceptiinithe case of those months having fewer or more davs than 20, when the last division
of ‘the month may equal four, five, or seven days. "The 1st, 6th, 12th, 18th, 24thsand fast:days of the:month fall on the vertical lines, The
transverse lines represent the-stations from which they extend. A complete break insthe isothermal line opposirerany station generally indicates
that the temperature did not reach the isotherm at that station during the year, A line cousisting of dashes denotés a lacK of observations for
the coresponding station.




HXPLANATION OF OCEAN TEMFERATURE CHART No. 30.

Isothermal lines eonneoting the serive of light-honse stations on the eastern coast of the Tnited Bisten represented
on Chart No. 1, congtruoted for every 5% of temperature, Fahrenheit, from 40° to 80°, inclusive, for the year £385.

At the time this chart was prepared; the temperature records for 1886 were not available, and it waa, therefors,
impossible to plot the isetherm of 40° during the period of falling temperature, excepting for those stations at which
that temperature was reached in Decumber. As in moat previous years, highar temperatures than 55% were recorded
st Petit Manan, althongh the isotherms of 557 extended north eontinuonsly only as far as Beguin Island.
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OCEAN TEMPERATURE CHART No.30

=y RICHARD RATEBON.
Isothermal lines conmnecting the series of Light House Starions represented on Chart No. 1, constructed far

every five degrees of temperature, Fahrenheit, from 40 degrees to 8o degrees, inclusive, for the year 1885
(IERUED IN 1886.)
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STATIONS JAN. | FEB. | MAR. | APR. | MAY | JUNE | JULY | AUG. | SEP. | ocT. | Nov. | DEC. | JAN.

This chart is divided vertically into thirteen months in order to include the first month of the following year. £ach month is farther divided,
by the lignter lines, into periods of six diays each, except in the case of those months having fewer or more days than 3o, when the last division
of the month may equal four, five, or seven days. The 1st, 6th,. 12th, 18th, 24th and last days of the month fall on the vertical lines, The
transverse lines represent the, stations from which they extend.. A complete break in the isothermal line o posite any station generally indicates
that the temperature did not xeach the isotherm ar chat station during the year. A line consisting of das‘l}es denotes a lack of observations for
the corresponding station.



BXPLANATION OF OCCEAN TEMPERATURE CHART RNo. 31.

Isothermal lines covnectinge the sories of light-honse stations ou the eastern coast of the Unived Btates, reprosented
on Chart No. 1, constructed for every 32 of tewmperature, Fahrenheit, from 4G9 to 809, inclusive, being the meana of
five yewrd’ ohservations, from 1881 to 1835, inclurive.

Moat of the plostings on this chart are reditctisus of the observations of five yeers, but in some ewses they rep.
resent & shorter poriod, though seldon: less than four years, and never less than three years. The exact nomber of
observations in each casemmay be deterniined by roference to the five preceding charts (Nos, 26-30) on which the iso-
therma for each year ure separately skhown. At Thateher's Luland, Massachugetis, no records were kept afier the sum-
et of IR83, and at Body's Island, Yirginia, observations ceaseld to be taken after October of the samme year. At none
of the ather stations, however, do serious breaks in ihe records ogcnr, and there are seldom more than one or twe
omiggions at any stetion.



OCEAN TEMPERATURE CHART No. 31

v RICHARD RATRET.
Isothermal lines connecting the series of Light House Stations represented on Chart No. 3, constructed for
every five degrees of temperature, Fahrenheir, from 4o degrees to So degrecs, being the
means of five years observations, from 1881 to 188s, inclusive.
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This chart isidivided vertically into thirteen months in order to include:the first month of the following year. Each moath i further divided,
by ¢he lighter lines, into periods of six days each, except in the case:of these months having fewer or more days than o, when the lase division
of the month may equal four, five, or seven days. 'The rst, 6th, 12th, 18th, 24th and last days of the month fall on the vertical lines.  The
transverse lines represent the stations from which they extend, A complete break in the isothermal line opposite any station generally.indicates
that che temperature did not reach the jsotherm at thatstation during the year, A line consisting of’ dashes denotes a lack of observations for

the corresponding station.



EXFLANATION OF OQCEAN TEMPERATURE CHART No. 32.

TLe uir and sorface isntherow of 404, 45, und 50¢, Fabrenheit, ay the light-bouss stations of the eastern coasi of
the United Siates, during rhe years 1731 and 1873,

This chart huaa boan prepared te permitc of & cowparison of 1he surfaee with the air isoflierns as the several light-
honaes and light-ships now uoder consideration, It has besn noticed by previous observers that, in certain Incali-
ties, the rise and fall in the surfaee temperatures maintsin a noarly cobstant reluticn to the rise and fall in the air
temperatures at the sawme place.  For example, the sorfuce temperatures of 467, 45%, and ™ may follow the air tem-
peratnres of the same value ar nore oF leas regiular itervals, aod the length of these infervala may Le sufficiently
aniform to permit of a prediction of the surlice temperature severnl dayy in advanece, with approxiusie aentavy.
Euch predictions would be of great practical value in determining the time when schools of those fales Lhat regnlate
their migrations hy the snrfiee temperatnre of the water might be expected at certain fishing grounds. It iz very
probable, for examnpie, that the spring migrations of mackersl and menhaden are regalated muinly, if not entirely, by
changes of snrface temperatars,

The writer has madv many plottings of the aiv and surface isotherms conjointly, wirthout discoveriug a conslaub
ratio ut any of the stations. The two sets of wotherms shown en the accompanying chart are prusented as illustra-
tions of the variations that oceur.
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No. 32

RATURE CHART

Fiy KIGHARD RATHBTIN

The Air and Surface Isotherms of 4o, 45 and 5o degrees, Fahrenheir, at the Light House Srations of the
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OCEAN TLEMPI

Eastern Goast of the United Stares, during the vears 1881 and 1883,
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