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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
'Versa 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,U 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
~alinity 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.

G4 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.65 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.

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




