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Fig. 178,~~Assumed drifts of representative bottles récovered from series K, set out in Massachnsetu Bay, May 20 to 22,
1028. @, place of releass . -
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out near Nahant drifted west into Boston Harbor,”® reflecting a definite set
inward along the northern shore of the bay. On the other hand, bottles that were
set out in the central part of the bay and at its mouth showed a tendency to drift
southeastward, either toleave the bay or to be caught up at the tip of Cape Cod. Thus,
one launched near Boston lightship reached Dennisport, on the south shore of Cape
Cod (fig. 178); one set afloat on the southern side of Stellwagen Bank was picked
up 75 miles east of Cape Cod Light 22 days later; while a third drifted from the
offing of Race Point, at the tip of the cape, to Nauset Beach, some 16 or 17 miles
down its outer shore. One of a pair set out in the western side of the bay a few
miles north of Plymouth also rounded Cape Cod, but the other, also drifting east-
ward, stranded at Wood End, near Provincetown, while one from the center of the
bay and two from its mouth, midway between the capes, were picked up on the beach
at the tip of Cape Cod or floating near by.

" The anticlockwise set, so clearly indicated by the drifts so far dlscussed from
this series, was also shared by bottles set out in the eastern side of Cape Cod Bay;
for all recoveries from this.group were to the northward of where the bottles were
set out. Two of them went out around the cape, one stranding at its tip but the
other continuing southward past Cape Cod to Nantucket. One bottle set out off
Wellfleet and another off Billingsgate Island would probably have followed & sim-
ilar route if they had not been intercepted; for they went northwestward and were
picked up midway between Plymouth and Provincetown after 9.and 11 days afloat.
The companion bottle from the Billingsgate station (Fish Hawk station 7), however,
was evidently caught in a different tidal current, for it went northeast to the Truro
shore (fig. 178).

These Massachusetts Bay studies were contmued by series L to N, set out in April,
1926, by Henry C. Stetson (p. 878). Twelve of the 41 bottles put out off Cape Ann
(series L., fig. 179) have been recovered. One of these was from Race Point, at the tip
of Cape Cod, in 32 days; four were from the outer shore of Cape Cod, south to
Monomoy, in 30 to 66 days; two were from the south shore of Nantucket Island,
near the western end, after 44 and 70 days. This general tendency southward across
the mouth of Massachusetts Bay and so down past Cape Cod recalls the drifts of
bottles from Ipswich Bay and out of Massachusetts Bay the spring before. The
parallel between the two years is made complete by three returns from Nova Scotia
at the mouth of the Bay of Fundy from the series of 1926 and one from the New
Brunswick shore of the bay.

One of these Cape Ann bottles went to Point Clyde, at the western entrance to
Penobscot Bay. Without the southern drifts just listed, for comparison, the tracks
followed by these bottles to the Bay of Fundy would be conjectural. The former,
however, make it as clear as evidence of this sort ever can that the general rouve
was southward at first, with a division off Cape Cod, whence some continued south-
ward but others were cagried in an eddying course eastward and northward around
the basin of the gulf The Port Clyde recovery alone is puzzling, but the time
interval (85 days) is sufficient to allow of a circuitous. ]ourney in its case also. .

7 Another stranded close by.
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The line (M) set.out at the mouth of Cape Cod Bay from Manomet Point,
Plymouth, to Provincetown, on April 21, 1926, showed an unmistakable movement
of the water eastward, for 12 of the 28 were picked up near the tip of Cape Cod
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F16. 179.—Assurned dritts of representative bottles recovered from Serles L, sét out off Cape Ann by H. C. Stetson, April

19, 1926. . @, place of release

between Provincetown and Race Point, one passing out of the bay and thence

southward to Nantucket.

Two of the bottles set out off Truro (series N) also

drifted to the tip of the cape at Wood End, the entrance to Provincetown Harbor.
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In weighing the significance of drifts of this sort, when' bottles are set out so
close to land, due consideration must be. given to the stage of the tide. In this
instance all the bottles that showed a drift toward the north were set out on the flood
tide, so that they must have traveled up the bay ‘at first. - Consequently, the fact
that they stranded where they did indicates a predominance of ebb over flood, or
in other words, a drift out of Cape Cod Bay along the eastern side. =

Before leaving the bottle drifts in Massachusetts Bay, I should emphasuze the
fact that not one of them is clockwise, but that all can be safely interpreted anti-
clockwise within the bay or from north to south across its mouth and so down past
Cape Cod. :

At first sight the evidence (by bottle drifts) of a dominant set out of Cape Cod
Bay around Cape Cod, and so southward along the outer shore of the latter, might
seem contradicted by the physiography of the cape; for, as Davis (1896) has shown,
the so-called “ Province lands,” which form its tip, were built up by the transference
of sand along shore from the south. In fact, the existence of the sand spit known
as Wood End, which incloses Provincetown Harbor on the southwest, is sufficient
evidence of beach-drifting inward toward the bay, not outward from the latter, as
the bottle drifts demand. However, this apparent contradiction vanishes on closer
analysis. Beach-drifting™ is effected chiefly by the longshore component of wave
action.

A glance at the chart will make it clear that winds from the only direction
(between north and southeast) that can drive a sea against the tip of the cape heavy
enough to move much sand necessarily produce a wave current westward around
its extremity. This would be the case even if the current a few hundred yards out
(tidal or not tidal) were making in the opposite direction, perhaps carrying our drift
bottles with it. Neither the tidal nor the nontidal currents scour the shore line here
violently enough to be of more than minor importance.™

Thus, beach drifting may be constantly in one direction, but the dominant set
of the water as constantly the opposme only a short distance out at sea; and it secems
sufficiently established that this is the case at the tip of Cape Cod.

Farther south along the cape beach-drifting acts in the same direction as the
nontidal drifts, both making to the southward.

The drifts from series O (set out near the coast, about midway between Cape
Ann and Cape Elizabeth, on July 18,1926, by T. E. Graves) proved consistent with
these Massachusetts Bay drifts (as, also, with the drifts from the Bay of Fundy in
1919) for the three recoveries so far reported were all from the southward—two from
Cape-Ann and the other from the north shore of Massachusetts Bay at Salem.

DRIFTS OF BOTTLES SET OUT OFF CAPE ELIZABETH AND OFF MOUNT DESERT

The drifts so far discussed have proved so consistent, both regionally and from
year to year, that the type of circulation which they represent may safely be taken
as characteristic of the southern and southwestern parts of the gulf. The drifts of
bottles put out off Cape Elizabeth and Mount Desert have proven equally consist-
ent among themselves, though interpretation has not been so easy.

7 Johnson (1919 and 1925) has proposed this conventent term for the longshore transference of sand or other débris,
M For sn {lluminating discussion of the relative importance of wave and other currents in causing beach-drifting, see J ohnson

(1019; 1925, p. 505).
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We may first consider the outer -half of the Cape Elizabeth line of 1922 (line A,
'p. 871, fig. 180) as the easiest to understand. Sixteen- of these 150 bottles were
recovered, as follows: Outer coast of Nova Scotia (Scotts Bay), 1; vicinity of Cape
Sable, '1; mouth of Penobscot Bay,.2; western shore of Nova Scotia and southern
shore of the Bay of Fundy, 12." Thus, the net drift for the great majority of these
bottles was toward.the east and northeast. The fact that so many of them stranded
along the same sector of the Nova Scotian coast where bottles from the Cape Ann
and Cape Cod lines have been picked up (figs. 174 and 176) makes it likely that
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Fia. 180.—~Assumed drifts of bottles recovered from theouter half of series A, set out off-Cape Elizabeth, July 1,1922. @,
place of release

they, too veered from southeast to east in their journey across the gulf to continue
northeastward along the Nova Scotian coast in the drift shown there by current
meéasurements (p. 861) _The rapid drift of one bottle from the outer part of thisline
(No. 280) to the Salvages Ledges (about 25 miles éast of Cape Sable), where it was
picked up 67 days after release, points similarly to a rather direct track toward the
east at first; for it can not have followed a very circuitous route unless it drifted
faster than is- at all likely. It is on these bases that the probable drifts are laid
down on Figure 180. S " ‘ ‘
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Why the bottle last mentioned (No. 280) escaped the drift setting northward
toward the Bay of Fundy is not clear. However, that it did escape, to continue east-
ward, proves that the surface current that sometimes flows westward: past cape
Sable was not active at the time. On the other hand, the fact that only two bottles
of all this group were found on the outer Nova Scotian coast east of the cape, while
80 many turned toward the Bay of Fundy, is conclusive evidence that there was no
general flow past the latter, but that its offing was comparatively a dead water at
the time so far as any nontidal current is concerned.

It is not possible to reconstruct the track of the ‘“Salvages’ bottle in its roundlng
of the cape; it may have held farther offshore than its line, as laid down on the
chart, would suggest, and then have veered inshore again. Bottle No. 165, which
drifted from a point a few miles inshore of Cashes Ledge t8 Scotts Bay, 50-odd miles
beyond Cape Sable, may have been caught up in the Nova Scotian eddy, judging from
the considerable interval between release and recovery (113 days).

More interesting, in connection with the general circulation of the Gulf of Maine,
are the two bottles (Nos. 210 and 284) that went from the outer section of line A
to the mouth of Penobscot Bay. The direct route for these would be to the north,
of course, but it is most unlikely that they followed such a course at right angles
to the general easterly drift followed by the other bottles that went to Nova Scotia
from this same section of the line. The fact that they were afloat about as long
(85 and 103 days) as several of the bottles that reached the Bay of Fundy " also makes
it likely that all the bottles of this group drifted southeastward and eastward at
first. On this basis the most reasonable explanation for the eventual separation is
that while most of the bottles approached the Bay of Fundy close enough to the
Nova Scotian shore to be swept inward, reproducing the drifts of Mavor’s bottles in
1919 (p. 868), others, circling on a shorter radius, hence following a more northerly
route, crossed the mouth of the Bay of Fundy instead of entering it, were picked up
in the current that flows out of the bay past Grand Manan, and so were carried
westward again. This is made the more likely by the fact that several drift bottles
put out in the Bay of Fundy in 1919 traveled by this same route to points along the
Maine coast, one of them to the same destination (Penobscot Bay; p. 870). Itis
probable, therefore, that the two bottles that went from the vicinity of Cashes Ledge
to Penobscot Bay in 1922 made a partial, anticlockwise circuit, which brought them
well over toward the eastern side of the gulf en route, so that they approached their
eventual destination from the east or southeast, not directly from the south.

The route of the Matinicus bottle is carried the farther eastward of the two on
the chart (fig. 180), because of its longer interval; but there is no means of knowing
whether this apparent difference is actually sxgmﬁcant

On the whole, the most instructive feature of this group is the uniformity of the
drifts and the very definite and comparatively rapid movement of the water which
these show along a narrow track from the center of the gulf to the Nova Scotian
side of the mouth of the Bay of Fundy. :

" 15 No. 190 to Grand Passage, 116 days; No. 206 to Digby Neck, 90 days; No. 241 to Port Lorne, 88 days; No. 242 to the offing.of

Digby, 70 days; Nos. 248 and 255 to the vieinity of Point Prim, 75 and 90 days; No. 264 to Loung Isiand, at the mouth of the Bay
of Fundy, 81 days; No. 209 to Advocate Harbor, Nova Scotian shore of the Bay of Fundy, 107 days.
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~The inshore half of the Cape Elizabeth line of 1922 (line A, fig. 181) is more
puzzling. - These recoveries fall into four groups, so distinet and so far separated
that the bottles must have scattered widely within a short time after they were put
out. Four bottles from the outer half of the section went to the Bay of Fundy;
three others were picked up along the coast of Maine between Jonesport and the
western entrance to Penobscot Bay, the same sector to which several bottles drifted
from the Bay of Fundy in 1919; one went southward to the Isles of Shoals, off Ports-
mouth; and six were found in Casco Bay or along the coast a few miles to the east-
ward of it. 'The recoveries from the inner end of the line were all from near-by local-
ities, either in the Casco Bay region or along the southern shore of Cape Elizabeth.
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F1a. 181.—Assumed drifts of bottles recovered from the inshore half of Series A, set out off Cape Elizabeth, June'ao, 1922
’ : o @, place of release ' :

If the two halves of line A be compared (figs. 180 and 181), it is at once evident
that the percentage of bottles that went to Nova Scotia was much greater (14 bottles)
for the outer than for the inner half, and that all the bottles that traveled this route
were set out more than 10 miles from the land. If the drifts from the inner end of
line A had been the only evidence available, the natural conclusion would have been
that their general set was eastward along the coast of Maine. The evidence of the
other series discussed so far forbids this, however. In the first place, the Bay of
Fundy series of 1919 drifted in the opposite direction (p. 870), as several bottles set off
Mount Desert in 1923 did, also (p. 902). Furthermore, all the bottles from the Cape
Cod, Cape Ann, and Cape Elizabeth lines that were recovered in the Bay of Fundy
region were reported from so short a sector of the coast that they must have followed
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a very uniform track, which for the Cape Ann and Cape Cod lines veered unmistak-
ably through southeast, east, and northeast (p. 889). 'The time intervals are consist-
ent with this, also, the great majority ranging between 70 and 105 days, irrespective of
which line the bottle in question was launched from. For any of the bottles from the
Cape Elizabeth line to have reached the southern shore of the Bay of Fundy by the
alternative route via the coast of Maine and through the Grand Manan Channel
would have involved a drift from north to south across the Bay of Fundy directly
contrary to the dominant set established there by Mavor’s (1922) experiments with
drift bottles, as well as by measurements of currents (p. 861). Such an explanation
would also be contrary to the time intervals, for the two bottles that went from the
offing of Cape Elizabeth to Grand Manan and to The Wolves (Nos. 43 and 88) and
were not reported until 103 and 104 days after release, while two others, set afloat
near by (Nos. 99 and 105), were reported from the Nova Scotian side of the Bay of
Fundy in 80 to 98 days.

By this reasoning the bottles that went to Penobscot Bay from the inner end
of line A, and to the coast of Maine farther to the eastward, may safely be credited
with essentially the same route as those that reached this same sector of the coast
from the outer end of this line, circling anticlockwise at first toward the Bay of
Fundy, to return westward again. The time intervals between release and recovery
(80 days for No. 65, picked up at Jonesport; 63 days for No. 98, reported near Swans
Island; and 103 days for No. 87, found at Matinicus) favor this interpretation.

" The general uniformity, both of localities of recovery and of time intervals, for
the outer two-thirds of line A, indicates a well-developed, dominant set of the anti-
clockwise sort just outlined. This, however, seems hardly to have affected the sur-
face water within 15 miles of the land at the time, judging from the regional disper-
sion of the returns from the inner end of line A and from the fact that the time
intervals between release and recovery vary widely for these, quite independent of
the distances which this group of bottles made good. Thus we find intervals rang-
ing from 25 to 77 days for 7 bottles that were picked up in the Casco Bay region,
15 to 30 miles from the points of launching, and 5 to 72 days for 5 bottles recovered
along the southern side of Cape Elizabeth after journeys of 8 to 23 miles. One was
found at Monhegan Island (35 miles) in 47 days, but another, reported from Danis-
cove (25 miles), was not found until 75 days had passed.

Of course, little stress can be laid on the time interval for any one bottle, because
there is no knowing how long it may have lain on the shore, overlooked; but our
general experience suggests that if bottles are not reported comparatively soon after
stranding they are either broken or buried in windrows of seaweed and never after
heard from at all. Consequently, when time intervals vary widely for bottles
drifting only a short distance to a coast as frequented as the Casco Bay region is,
contrasting with uniformity of intervals for bottles journeying right across the gulf,
it is obvious that the former did not follow as definite a set as the latter. On-the
whole, the regional distribution of the localities of recovery for the inner end of this
Cape Elizabeth line trends eastward across Casco Bay, pointing ‘to an- irregular
eddying drift in that direction asinvolving the mouth of thelatter. Cape Elizabeth,
however, seems to have bounded this eddy on the south at the time, witness' the
several strandings to the south of the cape (fiz. 181); the fact that ome bottle, set
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out about midway of line :A was recovered at the Isles of Shoals after 100 days

points to some movement of surface water. southward along the coast.sector between
Cape Elizabeth and Cape Ann. :
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+.. ¥16.182.—Assumed drifts of representative bottles recovered from Series E,.set out.off Cape Elisabeth, Angust 7, 1923.
: ) o [ A plaee of releaee
The dnft of a second hne of bottles set adnft off. Oape Ehza.beth & year 1ater (in
August 1923; series E, p.-874) showed much the same grouping as that just described
for the.corresponding line of 1922 (series A).". Two recovered from the outer part of the
line were from the west coast of Nova Scotia (fiz. 182);: three were from the entrance





