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As appears from the accompanying charts (figs. 43 and 44), this pteropod has
been taken over all the offshore waters of the gulf, on Georges Bank, and over the
continental shelf off Nantucket. During our summer cruises (the season for which
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F1a. 43.—Occurrence of the pteropod Limacina retroversa from July to September, 1912 to 1022, o , occurred; @, swarmed;
O, not taken

our records are most extensive) it has appeared at rather more than half of all the
stations, but the regularity of its d,1str1but10n differs from summer to summer,
For example, it was practically umversal over the deeper parts of the. gulf in August
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1913 (Bigelow, 1915, p. 302), whereas in July and August, 1912, we found it only
in the northwest part of the gulf, on the one hand, and over German Bank, on the:

other (Bigelow, 1914, p. 120).

At the same season in 1914 we found no Limacina
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Fm %—Oogunenoe of the shelled pteropod Limacina retroversa in winter and spring. X, locality records for December,
1920-January, 1921; @, February to April, 1920 O, May of 1915 and 1920. The hatched curve incloses its area of

occurrence in early spring up to May

off Penobscot Bay, where it had been plentiful durmg the two summers preceding,
but towed numbers of them in the northeastern corner of the gulf (stations 10246
and 10247) not, far distant, and likewise in the Eastern ‘Channel, over the northwest
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part of Georges Bank, and off Cape Cod (Bigelow, 1917, pp. 298 and 299). We
have not taken Limacina on Browns Bank either in spring or in summer, but since
it has appeared at several of our stations over the shelf farther east, as well as on
German Bank, in June, July, and August, and in the eastern basin of the gulf in
March and April, it is more likely that our failure to find it on Browns Bank was
accidental than that this pteropod does not occur there.

Our most productive summer catches of Limacina refroversa have been as follows:
On July 29, 1912, we encountered a swarm of juveniles off Casco Bay (station 10019);
in 1913 great numbers were taken off Nantucket on June 21 (by Capt. John McFar-
land, lat. 40° 45’ N, long. 70° W.); off Penobscot Bay, August 11 (station 10091);
and near Cape Elizabeth, August 15 (station 10104); while the largest haul of all,
yielding about 125 cubic centimeters of Limacina (besides other plankton), was
made over the northeast edge of Georges Bank on July 20, 1914 (station 10215).
Thus, the few rich stations just mentioned (fig. 43) show no definite grouping in
any one part of the gulf, but are spread far and wide. We did not find Limacina in
numbers at any time during the spring, summer, or autumn of 1915, though it was
taken at about 50 per cent of our stations for that year; nor was it more plentiful
in the gulf at our few stations for July and August of 1916, though odd specimens
were detected at about half of them.-

In spite of the erratic way in which Limacina appears and disappears (or at
least vanishes from observation) in the Gulf of Maine, the records for the five years
1912 to 1916 show that in summer this pteropod is much less plentiful in the coastal
zone and out to the 100-meter contour, from Massachusetts Bay northward and
eastward as far as Mount Desert Island, than it is farther offshore. Limacina has
appeared in less than 10 per cent of the June-August stations in this inshore zone,
to which we have paid particular attention, but seldom in any of the hauls at that
season in the inner part of Massachusetts Bay or in any of the other indentations of
the coast west of Mount Desert. Close proximity to the coast and shoalness of
the water do not necessarily imply a scarcity of Limacina in summer, however, for
‘this, it seems, is its period of maximum abundance at St. Andrews, where Doctor
MecMurrich found it at almost every station from mid-June until September in 1916.
Limacina is likewise a regular summer inhabitant of the coastal waters along the
outer shores of Cape Cod and of the shallows over German and Georges Banks, and
south of Nantucket. Furthermore, it may occasionally appear in great numbers in
Massachusetts Bay in summer, when it is usually rare or absent there, for Alexander
~ Agassiz (1866) found it swarmmg at Nahant (some 12 miles from Boston) during
the summer of 1863.

A considerable number of records of Limacina for September October, and
November show that this pteropod, like Euthemisto, tends to work inshore in the
western side of the gulf in autumn. Thus, in 1915% it occurred at four out of six
late October and early November stations in Massachusetts Bay, whereas we have
only once found it inside a line from Cape Cod to Cape Ann in July or August of
recent years (station 10342, July 19, 1916). Similarly, no Limacine were taken in
the hauls along the Maine coast inside the 100-meter contour in 1915 until Sep-

% See Bigelow, 1917, p. 299, for records of Limacina in 1914 and 1915.
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tember, though in other years it has appeared in ntimbers off Casco Bay in summer,
as just noted (p. 119). Apparently it partially withdraws from the Bay of Fundy
in autumn, for McMurrich found only occasional examples at St. Andrews from the
first week of October until the new year.

It is not yet possible to plot the distribution of Limacina over the gulf as a
whole for winter, our December—January cruise having been confined to the
northern and western parts; but there, at least, Limacina is as widespread during
early winter as it is in summer; and if the season of 1920-1921 be representative,
it is even more regularly distributed, for it occurred at 10 out of 14 tow-net stations,
both in Massachusetts and Ipswich Bays near land, and from Cape Cod to Nova -
Scotia offshore (stations 10488 to 10491, 10493, 10495, 10496, 10497, and 10500 to
10502). Similarly, Stimpson (1854) described it as present in Massachusetts Bay
from February until April, more than half a century ago, though the fact that it
appeared in the tow near Gloucester late in November, 1912, and again in Feb-
ruary, 1913, but neither in December nor in January of that winter, shows that it is
as subject to sporadic fluctuations in abundance there during the cold season as dur-
ing the warm.

Failure to find Limacina in the Fundy Deep on January 4, 1921, with McMur-
rich’s record of it as only occasional at St. Andrews during the half-year from Decem-
ber to May,* suggests that it occurs less regularly and is much less plentiful in the
Bay of Fundy in winter than in summer, which is just the reverse of its seasonal
history in Massachusetts Bay.

If the season of 1920 can be taken as representative, Limacina withdraws from
the whole northern and eastern part of the gulf and likewise from the immediate
coastal zone in the western side during the last few weeks of winter or first days of
spring, for we did not take a single specimen anywhere in the gulf during that
March or April north or west of the undulating curve laid down on the accompany-
ing chart (fig. 44); although Limacina in various stages in growth then occurred
irregularly along Cape Cod, in the western, southern, and southeastern parts of
the basin, and over and off the slope of Georges Bank.

- Our records point to the months of March and April as the season when the
geographical range of Limacina in the Gulf of Maine is least extensive, and to the
area just outlined as the only part of the gulf where this pteropod is regularly present
the year round. -With the advance of spring it once more spreads over the northern
corner of the gulf, occurring at four stations in the eastern side of the basin in May,
1915; but while a considerable augmentation in its numbers takes place in the St.
Andrews region (which probably mirrors conditions in the Bay of Fundy generally)
by late June, as reflected by the frequency of captures listed by Doctor McMurrich,
this does not happen in the coastal zone of the gulf west and south of Mount Desert
until three months later, as just noted.

In this connection it is interesting that Limacina is present all the year round
off the west and south coasts of Treland, just as it is in the offshore waters of the
Gulf of Maine, but is seasonal along the Irish shores, with its maximum in spring

¢ From his plankton lists for 1915 and 1916.
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and summer (Massy, 1909), and that it is as erratic in its occurrence in the North
Sea as it is in the Gulf of Maine.

Limacina has been taken at about 50 per cent of our stations over the conti-
nental slope between the longitudes of New York and Cape Sable in late winter,
spring, summer, and early autumn, though never in great numbers. Only one
specimen was taken at our most oceanic station (10218, July, 1914), where the plank-
ton as a whole was tropical, nor did we find it associated with the warm-water
pteropods at our outermost stations south of New York in 1913.

Being typically boreal in its affinity to temperature, it is not to be expected in
the warm waters of the so-called Gulf Stream off the American littoral except as an
accidental and probably short-lived straggler from the cooler coastal zone, but in
more northern seas Limacina occurs chiefly in what is generally known to European
oceanographers as the ‘‘Atlantic’’ water. This, for example, is the case south of
Iceland, where it appears in great shoals, and it is with the general drift of this water
(which is warm in contrast to the polar currents) that Limacina penetrates the
Norwegian sea (Paulsen, 1910), for it is not at home in the icy cold Arctic water of
comparatively low salinity. '

Most of the records of Limacina in the gulf have been from subsurface hauls,
for which the precise depths can not be stated because made with open nets; but
most of them have apparently come from comparatively shoal levels, for when two
hauls have been made at different depths below the surface the shallower has
usually taken the most Limacina. On the whole, the most prolific depth zone
may be stated as from 20 to 25 meters down to about 80, which corroborates
Paulsen’s (1910) generalization that Limacina lives chiefly shoaler than 50 meters
in north European seas, though it has occasionally been taken much deeper.

In summer we have never detected Limacina on the surface during the hours
of bright sunlight. In August, 1913, for example, “it was only once taken on the
surface (station 10103), although a surface haul was made at every station, usually
with a net of the same mesh as the one in which Limacina was taken in the depths”
(Bigelow, 1915, p. 303), that one occasion being at 7 p. m. On several occasions
during August, 1914, however, and the summer-and autumn of 1915 (stations 10247,
10264, 10294, 10295, 10308, 10329, and 10333), surface tows between sunset and
sunrise have yielded it in some numbers. = This suggests that Limacina, like many
other planktonic animals, performs a more or less regular diurnal migration in summer,
rising toward the surface during the dark hours, to sink again at sunrise. The fact
that the surface captures of Limacina (10 stations) ® on our March and April cruises
of 1920 were made invariably either in the dark or during the twilight hours between
sunset and sunrise shows that this also takes place in spring, but perhaps not in
autumn and early winter, when the sun is at its lowest.®® This habit certainly is
not so characteristic of Limacina in the more northern seas, where the sunlight is

1 Limacina retroversa was taken at the following stations during the spring of 1920: 20044, 20045, 20046, 20048, 20053, 20057,
20060, 20061, 20064, 20065, 20067, 20068, 20070, 20071, 20 088, 20001, 20094, 20105, 20107, 20110; 20114, 20116, 20119, 20120, 20126, 20129; and
at-the following in the winter and early spring of 1920-21: 10488, 10490, 10491, 10493, 10495, 10496, 10497, 10501, 10502, 10505, 10509,
10510, 10511, For earlier Gulf of Maine records of this pteropod see Bigelow, 1914, 1915, 1917, and 1922.

% We lack direct information on this point, our surface hauls for that season having been made with small, fine-meshed nets,
through which so little water filters that the apparent absence of Limacina may not be significant,
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weaker. In fact, it may not be followed at all there, for this pteropod is occasionally
met with in great shoals on the surface off Iceland in daytime, though usually not
when the sun is high.

The presence of Limacina retroversa in the Gulf of Maine throughout the year,
together with its very general distribution there, proves that its local presence or
absence is not governed by small variations in temperature or salinity. On the
contrary, Limacina (both large and small) has been taken at one season or another
in water varying in temperature from 2° to about 16.6°—that is, over practically
the entire range proper to the gulf except for the very coldest and the very
warmest. Probably its habit of coming up to the surface at night brings it into
the latter also, on occasion. But the great majority of the Gulf of Maine records
for this pteropod have certainly been from temperatures lower than 15° at all sea-
sons, and since it has never been found regularly or abundantly in water warmer
than this in any part of the ocean, 15° may be set arbitrarily as the upper tem-
perature limit, to its continued presence and prosperous existence. Thus, in our
latitudes it is probably the high temperature of the oceanic water that is the offshore
barrier to it, confining it to the continental edge and shelf off the coast of the
United States. _

On the other hand, although Limacina occurs in temperatures as low as 2 to 3°
in the gulf in winter, it does not tend to congregate in the very coldest water at
that season, but rather the reverse, for it was either absent altogether or at least
very rare during the spring of 1920 (one or two only at. stations 20055 to 20061)
wherever the major part of the column of water was colder than 2°, although it
was present in the neighboring parts of the gulf at the time. We have found it
equally lacking or very rare in early spring in the icy cold water over the whole
breadth of the shelf abreast of southern Nova Scotia, and certainly it is very scarce,
if it occurs at all, in the coldest water along that coast in summer.. Furthermore,
Doctor McMurrich’s notes show that thereis & very close agreement between winter
chilling and scarcity, vernal warming and regular presence of Limacina at St. Andrews,
where it practically disappears when the temperature falls below about 3° not to
reappear regularly in the tows until the water warms to 8 or 9° the following spring.
Although the evidence is not so clear, it seems that the presence or absence of
Limacina may be correlated similarly with temperature in Massachusetts Bay,
whence it appears to vanish when the water chills below, say, 2 to 3° as happened
in February and March of 1920; whereas in warmer winters, as that of 1912-1913,
when the temperature of the water did not fall much below 3°, Limacina may
occur sporadically and in small numbers right through from autumn until February
(p. 120). These facts obviously suggest that it is the local cooling of the water that
drives this pteropod from the coastal waters of the gulf, and from its northeastern
corner generally, in late winter and early spring. i

Temperature may also determine the bathymetric occurrence of Limacina.
For example, we found it comparatively abundant on the surface over the outer part
of the shelf abreast of Cape Sable early in the summer of 1915 (station 10294,
June 23), when the superficial water had warmed to 9° to 10°, but with temperatures
as low as 2° to 3° only 40 meters down it was certainly scarce at deeper levels. In



PLANKTON OF THE GULF OF MAINE 123

fact, it may not have occurred at all, for the few specimens brought in by the deep
hauls may have been picked up by the nets close to the surface on their journey down
or up; and the scarcity, if not absence, of this species in the coldest water along
Nova Scotia is sufficient evidence that it is not an immigrant to the Gulf of Maine by
that route. The general thesis that it is not at home in water of Arctic temperatures
is further corroborated by Doctor Huntsman, who informs me that Limacina retro-
© wersa is scarce, if not wanting, in the Gulf of St. Lawrence, where, by contrast, its
larger Arctic relative (L. helicina) is very plentiful.

I have pointed out elsewhere (Bigelow, 1917, p. 299) that L. retroversa occurs
in numbers in waters of widely varying salinity in the Gulf of Maine, which agrees
with experience in European seas; but in spite of its tolerance for variations in salinity
it is clearly characteristic of the salter rather than of the fresher waters of the gulf.
Thus, it has been detected at only five stations out of 55, where the upper 10 meters
or so have been fresher than 31.5 per mille; never in any numbers except where the
underlying layers were much salter (e. g., station 10294, surface 31.06, 80 meters,
32.79 per mille). While such evidence is perhaps not conclusive for an organism
so sporadic in its local appearances and disappearances, at least it justifies the working
hypothesis that L. retroversa is seldom to be expected in water fresher than, say,
31.5 per mille, and not likely to persist in much lower salinities. About 31.06 per
mille is the lowest salinity in which it has certainly been taken within the limits of
the gulf, and Paulsen (1910) has already suggested the probability that when this
pteropod chances to stray into water much fresher than 30 to 31 per mille it perishes.

The dependence of L. retroversa on comparatively high salinity may have as
much to do with making Massachusetts Bay and the coastal belt of the gulf generally
unfavorable for it in spring as has its avoidance of very low temperatures.

Until the seasonal cycle of these two sets of phenomena—biologic and hydro-
graphic—has been followed more closely, the dependence of the former on the latter
can only be stated in the most general terms. However, it is important for an
understanding of the biology of this pteropod to emphasize the.probability that
there is a causal relationship between the seasonal expansions and contractions in its
geographic range in the Gulf of Maine, on the one hand, and local and seasonal
differences in the salinity of the water, on the other. We find in this a resasonable
explanation for the fact that while winter chilling to 2° to 3° probably is the cause
which banishes L. retroversa from the coldest parts of the gulf in winter,® it does
not reappear near the coast in regions where the effect of the spring freshets
in lowering the salinity persists longest into spring and summer (Massachusetts
Bay, for example) until several months after the water has warmed to a point
favorable for its existence, and until a considerable increase has taken place in the
salinity of the upper 40 meters or so. In such locations, therefore, low salinity is
probably responsible for its protracted absence, which continues until the water is
once more salt enough for its liking.

Repopulation of the coastal zone by Limacina after its annual period of scarcity
might take place in one of two ways—either by local survival or by immigration.

¢ From parts of the Bay of Fundy and from the inner parts of Massachutests Bay and probably from all along the shore in
cold winters. .
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Alexander Agassiz’s (1866) observation that Limacina often sinks to the bottom
suggested to him, and to other students subsequently, that this habit may explain
its sudden appearances and disappearances—that is, that it may endure unfavorable
periods on the bottom, where salinity would always be sufficiently high for its existence
in all parts of the gulf except in very shallow water. However, since this habit has
not been observed in European waters, where L. retroversa is often far more abundant
than we have ever found it in the Gulf of Maine, probably its disappearance from
the coast water reflects either the death of the local stock or a migration out to sea,
its reappearance there reflecting an actual immigration from offshore in toward land,
which follows more or less closely on the reestablishment of a favorable environment
in the coast water and depends on the precise distribution of Limacina at the time
relative to the circulation in the central parts of the gulf.

The upper limit of salinity for Limacina is certainly as high as 36 per mille
(35.9 per mille is the most saline water in which I find it actually recorded), and
inasmuch as it thrives in water of 34 to 35 per mille in the North Sea region no part
of the Gulf of Maine could ever be too salty to afford it a favorable environment.

Nothing is known of the reproduction of L. retroversa in the Gulf of Maine except
that young as well as old individuals have been taken repeatedly in spring, summer,
autumn, and winter, proving it endemic. Very little information is as yet available
as to the actual numbers in which L. retroversa occurs in the gulf, and comparison of
the catches of the horizontal nets with those of the verticals shows that whether it
be scarce or plentiful, it is so prone to congregate in shoals (which one net may hit
but the other miss) that it would take a great number of vertical hauls to yield even
an approximation of its actual numerical strength over any considerable area of the
sea. For example, the vertical haul from 70 meters yielded none at all at the station
where we made our largest catch in the horizontal net (station 10215, northwest part
of Georges Bank, 125 cubic centimeters of Limacina in a 50-meter haul of one-half
hour’s duration). An instance of the opposite sort is afforded by a station in the
center of the gulf (March 2, 1920, station 20052), where the quantitative haul yielded
enough (58 specimens) to indicate comparative abundance (theoretically 240 Limacina
under each square meter of the sea’s surface), whereas the surface haul yielded only a
few dozen individuals, the horizontal net, working at 100 meters, none at all, and the
closing net only a few at 160 meters. Instances of this sort, which might be multi-
plied, make any attempt to plot its actual numbers from the data yet in hand not
only idle but apt to prove misleading. However, it can be stated as a general propo-
sition that only on the rarest occasions does L. retroversa form any considerable pro-
portion of the plankton in any part of the gulf, judged either by numbers of individ-
uals or by bulk.®® Nor have we ever found it in abundance to compare with the
shoals recorded by Paulsen (1910) from the waters south and west of Iceland. There-
fore, it is not likely that this pteropod is ever of as much importance as pasturage for
the pelagic fishes in the Gulf of Maine as it is in Irish waters, for instance, where, -
says Massy (1909), it regularly serves as an important item in the diet of both mack-
erel and herring.

8 The richest catches of Limacina are noted above (p. 119).





