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a8 well as Arctic——indiﬁerently on the high seas and in such inland waters as the
Baltic (Mortensen, 1912; Kramp, 1913), Beroé cucumis was to be expected in the
central parts of the Gulf of Maine as well as in its coastal belt; but it was only with
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Fm 102 ~~Occurrence of the ctenophore Bero# cucumis in the Gulf of Maine since 1912. @, locality records, July to Sep-
tember 15; O, November through February; X, March and April; A, May and June

the mceptxon of the present explorations that deﬁmte information of 1ts presence
and distribution there was obtained.

Our locality records for Beroé (fig. 102) show that it is umversal in the gulf north
of Georges Bank, with the actual captures distributed indifferently over the deep
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basin and the shoaler coastwise zone, except that we have not found it over the coastal
banks along western Nova Scotia—that is, German Bank and near Lurcher Shoal.
It is probable, however, that we have simply missed it there.. The concentration
of records in the Massachusetts Bay region, if anything more than accidental, sug-
gests that this is the chief center of abundance for Beroé in the Gulf of Maine.®

Our experience has been that it is a rare event for Beroé to appear in large
numbers anywhere in the open gulf; in fact, our tow nets have seldom yielded more
than 15 or 20 at any station—a population quite insignificant as compared with the
swarms of Pleurobrachia so often encountered—while a large percentage of our
records of Beroé have been based on one or two specimens each or on broken frag-
ments. Our failure to find a single Beroé on Georges Bank, either during the cold
season (February to May, 1920) or the warm (July, 1914 and 1916) is difficult to
account for when it occurs so nearly universally in the basin a few miles to the
north, is not rare on Browns Bank to the east, and has been taken repeatedly along
the continental shelf farther west and south. Certainly the shoal water over the
bank can not be responsible for its apparent absence there, for Beros is common at
~ still shallower localities inshore—for instance, at Provincetown Harbor and in
Massachusetts Bay—nor is there anything in temperature or salinity to suggest
that the physical state of the water on the bank is locally unsuitable for it. Nor
is our failure to find it over German Bank on any of our several visits to that locality
less puzzling, for the local swarm of Pleurobrachia would serve Bero# as food instead
of preying upon the latter, as they do on the sundry crustacean members of the
plankton.

According to L. Agassiz (1860) the earliest specimens of Beroé appear in Massa-
chusetts Bay early in July, when they are only 1 to 114 inches long, to grow there
to three or four times that size by August. Corresponding to this time-table,
Alexander Agassiz (1874) found them spawning from July or early August to early
September, and took the young stages, from egg to fully formed Beroé, during that
same season. Not all of the adults are destroyed by the September storms, as L.
Agassiz supposed, for a tow in the western basin on November 1, 1916 (station
10401, 80-0 meters) yielded many fragments of Beroé with turgid sexual organs,
and the 75-0 meter tow off Gloucester, December 29, 1920 (station 10489), brought
back parts of one which must have been 40 to 50 millimeters high when alive—that
is, it was large enough to be mature. Thus it is evident that Beroé breeds more or
less regularly until well into December off Massachusetts Bay (probably in other
parts of the gulf as well), and it is certain that a few mature and breed there during
the later winter, for we have taken very young specimens less than 10 millimeters
long at several stations in various parts of the gulf in March, April, and May.'s
The fact that most of the Beroé that have been taken in the gulf between November

1 For locality records for 1013 and 1014 see Bigelow, 1915, p. 316, and 1917, p. 303. It was also taken (or seen floating) at stations
10002, 10008, 10007, 10009, 10011, 10012b, 10019, 10023, 10036, 10040, 10043, and 10047 in 1912; at stations 20044, 20050, 20052, 20053, 20055,
20056, 20067, 20068, 20071, 20079, 20081, 20086, 20087,20088, 20097, 20105, 20112, 20114, 20115, 20118, 20119, 20126, and 20129 in the spring
of 1920; and at stations 10488, 10489, 10401, and 10494 during December, 1920, and January, 1921,

¢ Center of gulf, Mar. 3, station 20053; off Mount Desert Rock, Mar. 3, station 20055; between Mount Desert Rock and Mount
Desert Island, Mar. 3, station 20056; southeast slope of Georges Bank, Mar. 12, station 20067; Browns Bank, Mar. 13, station
20072; Fundy Deep, Mar. 22, station 20079; northern channel between Browns Bank and Cape Sable, Apr. 15, station 20105 ;
southeast of Cape Cod, May 17, station 20126; and on the sonthwest slope of Georges Bank, May 17, station 20129; all in 1920.
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and May have been small (15 to 20 mm. long) and immature—that is, were the
product of the spawnings of the preceding summer and autumn—is evidence that
no considerable production of this ctenophore takes place in the Gulf of Maine during
the cold half of the year, and it is probable that the coming of spring sees the
stock of this ctenophore at its lowest ebb for the year in all parts of the gulf.

Beroés 30 millimeters long and upwards, such as we have taken in mid-April in
Massachusetts Bay (station 20119), may be expected to grow so rapidly under the
favorable conditions of food supply and temperature prevailing in May as to attain
spawning size in June or early in July at latest. It is probable that the few that spawn
in winver are the offspring of these early summer spawners, the development of those
produced in late summer and autumn being arrested by the low temperature of
winter, so that they do not mature until the following summer. Thus, particular
groups of Beroé may produce either one or two broods per year, according to the
rapidity with which they grow and the season at which they mature; and while the
chief production takes place from July to September, probably some spawn at all
seasons except perhaps in early spring.

It is worth emphasis here that A. Agassiz’s studies on the development of this
ctenophore, corroborated by our own captures of its young in almost every month
and at localities widely scattered, prove that Beroé is regularly endemic in the gulf,
hence that the maintenance of-the local stock depends chiefly on local production
though it may be recruited more or less by immigration.

Recent captures of Beroé support the suggestion made by Louis and Alexander
Agassiz that it passes the winter at some little depth, for only 4 of our records for the
cold half of the year (November to April) out of a total of 30 (and these for occasional
specimens only) were from the surface, with one other from a 15-meter haul (Cape
Cod Bay, station 20118, April 20, 1920). . All our other winter—early spring captures
of Beroé have been from .depths of 40 meters and more. It may sink to a con-
siderable depth in the Gulf during the cold season, for we took it with the closing net
at 140-160 meters, and at 125-190 meters in the central part of the basin, March 2
and 3, 1920 (stations 20052 and 20053).

In summer Beroé frequently comes to the surface, most often during the midday
hours, to sink again toward the end of the afternoon. This habit, long ago described
by Louis Agassiz (1860) as well as by more recent authors, has repeatedly come under
our own observation on the Grampus, notably during July and August of 1912, when
we frequently saw large specimens of this ctenophore floating alongside the ship,
usually in calm weather. On stormy days Beroé lies deeper, probably sinking below
the limit of destructive wave action, and it is frequently taken at depths of 40 to 100
meters, summer as well as winter. We have no evidence that this ctenophore ever
descends into the deepest strata of the Gulf of Maine at any season (a single Beroé
taken in a haul from 240 meters in the southeast part of the basin, July 23, 1914,
station 10225, may have been picked up by the net on its journey down or up).

The voracity of Beroé being commented on elsewhere (p. 108), I need only re-
mark here that it has been described as preying greedily on other ctenophores in the
Gulf of Maine, devouring Pleurobrachia and Bolinopsis whole if they are not too
large for its widely distensible mouth to engulf, with digestive process so rapid that
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s large Bolinopsis is completely absorbed by a Beroé in four or five hours’ time
(L. Agassiz, 1860, p. 274). Copepods, also, are often found in its digestive cavity.

Beroé, like all the other pelagic animals that inhabit the gulf throughout the
year and are widely distributed there vertically as well as horizontally, necessarily
experiences nearly the whole gamut of temperatures and salinities that prevail there
at one season or another; and although its habit of sinking in winter results (whether
voluntarily or not) in its avoiding the very coldest water, with 2 to 3° the lower limit
to its regular occurrence in the gulf, it has been found living actually among the ice
in the Arctic Ocean (Mortensen, 1912), apparently thriving, to judge from the large
size of the specimens in question. Nor does heat act as a barrier to its vertical migra-
tions within the extremes normal to the gulf—witness how often it comes to the
surface on calm days in summer and how abundantly it spawns at that level at the
season when the gulf as a whole is at its warmest. Beroé is equally catholic with
respect to salinity, except that it has not been found in the very freshest water of the
gulf at the time of the spring freshets—that is, in salinities lower than about 31 per
mme Other ctenophores .

No other ctenophores have actually been recorded of recent years within the
geographic confines of the Gulf of Maine as here limited. Another lobate species,
Lesueuria hyboptera, was described by A. Agassiz (1865) from Massachusetts Bay,
but has never been seen since. Mayer (1912, p. 20) has suggested that it was actually
Bolinopsis with the oral lobes torn off and the edges healed over to produce a rounded
contour, he having seen many in that condition in Halifax harbor after a storm. Its
status remains problematical.

Mnemiopsis leidyi, a southern neritic form very abundant along the coasts of the
middle Atlantic States, is common as far north as the Woods Hole reglon durmg some
summers, but it has never been known to round Cape Cod.: :

The Venus’ girdle (Cestum wvenerts) was taken off the southeastern slope of
Georges Bank in 1872, among an assemblage of other troplcal plankton (Smiith and
Harger, 1874).

SIPHONOPHORES

Although the siphonophores are well represented in the warm oceanic waters
off the continental slope abreast of the Gulf of Maine, only one member of this
group of oceanic celenterates—Stephanomia cara—is anything but a rare stray
within the latter. It is probable that the low salinity of the gulf, as much as its
comparatively low temperature, makes it inhospitable to siphonophores, for, as 1
have previously pointed out (Bigelow, 1911a, p. 381), they “are almost a negligible
factor in the plankton in waters with a salinity less than 35 per mille’’ and “are
entirely absent when the salinity is below about 30 per mille,” a generalization that
applies as well to the North Sea region on the eastern side of the North Atlantic
as to North American coastal waters on the western.
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Stephanomia cara (A. Agassiz)

Although this siphonophore is widely distributed in the gulf both in time and
in space, we know little more of its natural history or of its status in the economy
of the plankton than when Alexander Agassiz (1865) first recorded and beautifully
pictured young specimens of it from Massachusetts Bay; and although Fewkes
(1888) has since given a description and figures of the adult, it is still doubtful
whether the “S. cara” of northern seas is identical with or distinct from the “S.
bijuga” of warmer latitudes. Unfortunately our Gulf of Maine collections can not
settle this question, because these very delicate animals are usually battered almost
past recognition in the tow nets; but the presence of a spherical red or yellow oil
globule at the base of each palpon (a conspicuous character first described by Fewkes
and visible in the least damaged of the Gulf of Maine series) is apparently peculiar
to the northern cara, and since cara grows much larger than its warm-water relative,
besides differing from it in minor anatomical details, it probably deserves recogni-
tion as a distinct species. The relative ranges of the two—care and bijuga—are
consistent with this, for while S. cara is common in the Gulf of Maine ¥ we did
not find it along the coast south or west of Cape Cod during the summers of 1913
or 1916, the autumn of 1916, the winter of 1914 (Bigelow, 1918), or in February of
1920. On the other hand, the southern dijuga is not known to occur north of Key
West in the western Atlantic, which leaves a gap of something:like a thousand
miles between the southern limit of the one and the northern limit of the other, as
now known. Similarly, there is a long gap between the most southerly known
record of the northern and most northerly record of the southern race or species in
the eastern Atlantic.

Just what relationship the S. cara of North American waters bears to the Arctic-
boreal Stephanomia of the northeastern Atlantic is also uncertain, no detailed account
having appeared of the specimens most recently recorded thence (Sloan, 1891;
Browne, 1900); but probably the two are identical; in fact, it would run counter
to all our experience of the northern pelagic fauna as a whole to find them otherwise.

During our recent cruises we encountered Stephanomia in the months of
January, March, July, August, September, and December, and at the various locali-
ties indicated on the chart (fig. 103), but it is not safe to base a definite statement
of its status in the gulf on these records, both because it is decidedly erratic in its
occurrence and because its bells are so fragile that they are apt to be battered past
recognition by the other plankton taken with them in the tow nets.

Stephanomia may usually be found in one part of the gulf or another during
the summer months, but it can not be very generally distributed at that season,
for we have never taken it at more than a small percentage of our stations during
any one summer’s cruise. In 1913, for example, it was detected at three stations
only, once, however, in abundance (p. 19; station 10058). There are only four
records of it in the July and August towings of 1914; none for 1916. If the years
1920 and 1921 can be taken as representative, it is decidedly more abundant and
widespread during the winter, for it occurred at about half our December and Janu-

17 Some lonx stemmed physophore, and probably this species, ranges northward as tar as Lady Franklin Bay on the west coast
of Greenland (Fewkes, 1888a) and to Robeson Channel (Moss, 1878).
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ary stations and again at four stations in early March, 1921; but it was detected at
one station only (20048) in February, 1920, and not at all during that March, April,
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F1a. 103.—Oceurrence of the siphonophore Stephanomia care in the Gulf of Maine. @, locality records, June through
November; O, December, January, and February; X, March through May

or May, in spite of the considerable number of tows, both horizontal and vertical,
made during that cruise.}} Neither did we find it in May or June of 1915.1%

18 For records of Stephanomia from 1912 to 1914, see Bigelow, 1914, p. 126 (as ‘“ Agalma elegans®); 1015, p. 816; and 1917, pp.
303 and 306. Fragments tentatively referred to it were taken at stations 10488, 10489 to 10481, 10493, 10497, 10502, 10508, 10509, 10610,
and 10511 during the winter and early spring of 1920-1921
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The obvious inference from this is that there is a winter maximum and spring
minimum for Stephanomia in the Gulf of Maine. Other years might.yield quite
different results, however, and it is questionable whether the concentration of
Stephanomia in the southwestern part of the gulf, suggested by the chart (fig. 103),
and its apparent rarity in the southeastern part and on Georges Bank, are any-
thing more than accidental, especially when we remember that the neighborhood
of Grand Manan is the only locality in the gulf where it has ever been found of
large size (Fewkes, 1888).

Alexander Agassiz’s (1865) discovery of very young stages of this species in
Massachusetts Bay in early summer is undeniable evidence that it breeds in the
gulf, but how regularly it does so from year to year, what proportion of the local
stock results from local reproduction and what from immigration, and what rela-
tionship the fluctuations in the local stock of Stephanomia bear to hydrographic
conditions are questions for the future.

Diphyes arctica Chun

- The faunal status of this species is discussed in an earlier chapter (p. 64). The
Gulf of Maine records are as follows: Southeast slope of Georges Bank, July 22,
1914 (station 10220); outside the continental edge off Shelburne, Nova Scotia,
June 24, 1915 (station 10295), and March 19, 1920 (station 20077); near Lurcher
Shoal and in the Eastern Channel, April 12 and 16, 1920 (stations 20101 and 20107).

cher siphonophores

The occurrence of Physophora and Physalia is discussed above (p. 55). To
complete the record of the group in the Gulf of Maine I have only to mention a
single Diphyes truncata *® from the northeast slope of Georges Bank, July 22, 1914
(station 10220), a few more examples of this species from our deep stations off its
southwest face in February and May, 1920 (stations 20044 and 20129), and two
taken in the northeastern basin of the gulf off Grand Manan on April 12 of that
same year (station 20101). The beautiful Agalma elegans, so common in the inner
edge of the Gulf Stream and which sometimes even reaches the coast west of Cape
Cod (Fewkes, 1881), has never been taken within the Gulf of Maine.?

PELAGIC HYDROIDS

In an earlier chapter (p. 33) the floating hydroids that we have encountered
over Georges Bank are mentioned. The records on which this observation is based
are as follows:

On April 14, 26, and 27, 1913, campanularian hydroids were found floating on the
top of the water over the bank (Bigelow, 1914a, p. 414; lat. 41° 37’ N., long. 67°
18’ W., and about lat. 41° 40 long. 68° 30), some of the specimens being complete-—
that is, with all the ends of the stems rounded, closed, and apparently growing, as
Dr. S. F. Clarke reported on examining them. On the 9th of the following July

1 For a discussion of this species see Bigelow, 1913, p. 73; 1918, p. 422; and Moser, 1913, p. 232,
20 Agalmid fragments taken during the summer cruise of the Grampus in 1912 were provisionally referred to this species, but
subsequent study leads me to believe that they were in reality the common Stephanomia cara (p. 378)
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our surface net took great numbers of them over the northwest part of the bank
(station 10059). These were submitted to Dr. C. McLean Fraser for study, and
the reader is referred to his report (in Bigelow, 1915, pp. 268 and 306) for details.
It will suffice to say here that the catch of hydroids was not only considerable in
amount but included no less than 13 species, belonging to 4 families. Most of these
were represented by broken fragments only, or by colonies attached to bits of eel-
grass (Zostera); but the hundreds of colonies of Clytia cylindrica (the predominant
species) were floating free of any support, and not only in a perfectly healthy state
as far as appearances go, but so completely regenerated that there were few or no
broken ends visible.

As it can hardly be supposed. that these colonies had passed through their
whole development, from the planula stage onward, at the surface of the sea, the most
reasonable explanation for their presence afloat is that they had been torn from
their attachments on the bottom by the strong tidal currents and kept suspended
in the water by this agency. Finding a rich food supply in their pelagic surround-
ings, with nothing fatal in such an environment, they regenerate, grow, and even
propagate their kind, as appears from their development of gonophores. After all,
there is nothing surprising in such a phenomenon, for it is “not unusual to find
fragments of hydroid colonies torn from their support or from the rest of the colonies,
living for a considerable time as they float on the surface’” (Fraser, 1915, p. 307).
Similar congregations of floating hydroids have been encountered thrice since 1913,
always on Georges Bank—viz., July 23, 1914 (station 10224), July 23, 1916 (stations
10347 and 10348), and February 23, 1920 (station 20047). Judging from the geo-
graphical grouping of these stations (fig. 98) their place of origin is probably on the
shallows known as ‘““Georges’’ and the ““ Cultivator” Shoals.



