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level,* but the numbers caught at the surface were usually small compared to the
deep hauls. : The two stations at which moderately rich surface catches were made
were both occupied after dark; at one of them (20049) there were nearly as many
S. elegans on the surface as in the 240-0 meter haul, while at the other (20066)
swarms of this chztognath dominated the water at the time, but the deep haul cap-
tured upwards of a liter of them and the surface net but about half as many.  On
the whole, these stations suggest that the sagitta population was sparser above than
below, say, 10 meters depth in March, but below that depth they afford no evidence
of concentration at any level down to the deepest stratum of the gulf.

§. elegans occurred as regularly at the surface in April, 1920 (18 stations out of
a possible 22), as in March; usually, however, in small numbers, except that the
notable swarm which we had encountered on the eastern part of Georges Bank the
month before, just mentioned (station 20066), still dominated the water there on
April 16, at the surface as well as at 50 meters depth. S. elegans was also taken on
the surface, though in small numbers, at all our stations in the western side of the
gulf during the first half of May in 1920, by which time the surface temperature
had risen to 6° to 9.7°. In summer, however we have usually found few or no S.
elegans at the surface, even at localities where it has been plentiful at some lower
level, and the zone between 40 and 100 meters has generally proved the most pro-
ductive of the large adult S. elegans, though they have been taken in sufficient num-
bers in the deeper hauls to establish their presence, though in diminishing numper,
right down to the bottom of the deep basins. Perhaps the most instructive example
of this vertical stratification which has come to our notice was in the Massachusetts
Bay region on July 19, 1916, when there were few or no S. elegans at the surface
and relatively few (compared to the copepods) at 30 to 40 meters, but swarms
at 80 to 90 meters. Similarly, the surface haul took no Sagitte and the 30-meter
haul but few off Cape Cod on July 8, 1913, although the net from 60 meters brought
back an abundance of them (Bigelow, 1915, p. 267). In the eastern corner of the
basin of the gulf, off the mouth of the Bay of Fundy (station 10246), on August 12,
1914, only one S. elegans was taken on the surface, many in the 50-0-meter haul,
and few at 1500 meters. No S. elegans were taken on the surface on July 23, 1914
(station 10224), on the eastern part of Georges Bank, where it was plentiful at 40
meters, and other instances of this same sort might be mentioned.

Although our surface tows usually have yielded no S. elegans or only a scattering
of them in summer, we have occasionally taken it in abundance right on the sur-
face in July and August. This, for instance, was the case near Mount Desert Rock
on August 16, 1912 (station 10032), south of Nantucket Shoals, July 9, 1913
(station 10060), and in the Northern Channel, July 25, 1914 (station 10229), while
Huntsman (1919, p. 464) records it at the surface at one statlon in the Bay of
Fundy in mid-September.

The large-sized individuals of S. eleguns were relatively as scarce at the surface
in the western half of the gulf at the end of October and during the first days of
November in 1916 " when the surfa.ce temperature ha,d fallen to 8.3° to 10.2°, as they

o 3. elegans taken in 20 surface tows out of a possible 27.
70 No large ones taken in the surface hauls, stations 10399 to 10404.
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are in summer, though moderately plentiful at deeper levels in temperatures of 4 to
7°; but the small sizes were taken in all the surface hauls on that cruise, once in
some numbers (station 10399). With the continued cooling of the water the adults
must spread through the superficial stratum of water at some time during the late
autumn and winter to attain the distribution just described for March (p. 317), but
the horizontal hauls at our winter stations have not been adapted to show just when
this takes place. .

The data just outlined for the Gulf of Maine are directly in line with Hunts-
man’s (1919, p. 465) observations based on the collections made by the Canadian
fisheries expedition, that off Nova Scotia the large S. elegans rise to the surface by
night during May and June while the surface temperature is still low, sinking again
during the hours of bright daylight, but are virtually absent from the surface during
July and August, night as well as day.

The primary cause for this seasonal variation in the vertical distribution of
8. elegans is to be found in the temperature of the water, which, being uniformly
low during the early spring, then imposes no barrier to upward dispersal; but when
the vernal warming of the surface has proceeded to a certain degree, which may
tentatively be set at 10 to 12°, most of the Sagitte remain below the warm super-
ficial layer. The diurnal migration described by Huntsman (1919), together with
the fact that when S. elegans rises to the surface in the Gulf of Maine in July or
August this usually takes place at night, makes it probable that bright light as well
as high temperature to some extent Jimits its dispersal upwards. But, judging from
its vertical distribution in March and April, when it is at the surface day and night
indifferently, this is not the case until the sun attains a comparatively high declina-
tion, the inference being that while S. elegans is negatively tropic to light of more
than a certain intensity, its movements are little influenced by a paler illumination.
This warrants the following working hypothesis. In winter and early spring all levels
in the Gulf are sufficiently cool for S. elegans, and the illumination by the sun is not
so bright but what a certain number may regularly be found at the surface by day
as well as by night; but in late spring and early summer it is daily driven downward
for some meters by the sun, and by July and August the high temperature renders
the uppermost stratum of water unsuitable for its permanent presence, an unfavor-
able condition from which it can and does escape by sinking. Occasionally it rises
to the surface in summer, irrespective of temperature or of illumination. We found
an abundance of medium-sized specimens south of Nantucket Shoals, July 9,
1913 (station 10060), at 6 p. m., in a surface temperature of 16.1°, but it is not
likely that such upward incursions endure for more than a brief period, perhaps only
for a few hours.

Huntsman and Reid (1921) have pointed out for the Bay of Fundy (and our
own observations corroborate them) that the young 8. elegans tend to congregate
nearer to the surface than the adults.

In the deeper strata of the gulf, below 20 meters or so, where the physical state
of the water is apparently favorable for the existence of S. elegans, the local varia-
tions in its abundance at different depths may be governed by quite a different

758908—26—21



320 BULLETIN OF THE BUREAU OF FISHERIES

factor—that is, the supply of available food—for this chatognath is both extremely
voracious and an active swimmer and hence would tend to gather at the levels,
and probably to some extent to congregate in the regions where the copepods on
which it chiefly preys are most abundant. Furthermore, it would naturally grow
fastest and breed most actively where food was most plentiful, tending to produce
and maintain an abundant local stock.

It seems more probable that it is the dependence of S. elegans on the calanoid
copepod plankton which, as remarked above (p. 30), is most plentiful in the mid-
levels, which accounts for the comparatively sparse sagitta population of the deepest
levels in the Gulf of Maine and not the comparatively high salinity at these depths,
for it thrives in still higher salinities in the North Sea region (Apstein, 1910).

Temperature not only governs the distribution of S. elegans but also the size
to which it grows, a fact that has long been recognized. Indeed, three varieties or
subspecies of this species, one of them a large northern (“arctica’’), another a smaller
boreal-temperate (““elegans’’), have been recognized by von Ritter-Zahony (1911);
but Huntsman (1919) points out that these are not distinct, being connected by inter-
mediates. In fact, the Gulf of Maine collections suggest that the difference in size
between them probably is not hereditary at all, but the result of a direct physiological
influence of the environment on the individual, for the adults average decidedly
larger (up to 35 millimeters long) in March and April, when the temperature is near
its lowest for the year, than inh summer. This is not the maximum sjze for the Gulf
of Maine, however, Huntsman (1919, p. 446) having recorded specimens of this
length with ovaries still immature, and he describes 8. elegans up to 52 millimeters
long from the still colder waters of parts of the Gulf of St. Lawrence. He has also
pointed out that it matures sexually at a smaller size in high temperatures than in
low, as is the case with sundry other boreal planktonic animals—for example
Aglantha digitale.™ :
Sagitta serratodentata Krohn

The fact that S. serrafodentata is an annual immigrant to the Gulf of Maine and
not endemic there has been brought out in an earlier chapter (p. 58), and its tropical
origin and lines of dispersal have been discussed. It is safe to say there are no S.
serratodentata in the inner parts of the gulf in late winter or early spring, the visitors
of the previous summer all having perished, because our February and April
cruises of 1920 did not yield it anywhere within the continental edge except for a
single specimen in the southeastern part of the basin on March 11 (station 20064).
It is probably to be found in the warmer water along the slope abreast of the gulf,
however, throughout the year, for odd specimens were detected at our outer stations
off the southwest face of Georges Bank on February 22 (station 20044), and off Cape
Sable on March 19 (station 20077).

In the year 1915 S. serratodentata had penetrated the eastern side of the gulf as
far as the neighborhood of Lurcher Shoal and the northeastern part of the basin by
May 10 (stations 10272 and 10273; Bigelow, 1917, p. 296), and by the last of that
month and first days of June the Canadian fisheries expedition found it at two

o 71) For a discussion or other differences between the races of 8. elegans living in high temperatures and in low see Huntsman
1919).
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stations on the outer part of the shelf off Halifax and generally distributed over
the deep oceanic triangle into which the Laurentian Channel debouches, but not

n 70" 13

n 70 69’ (Y3 67* 66’

F1G. 89.—Occurrence of the glass worm Sagitta serratodentata. @, locslity records, May to August ‘X, August to Decem-
ber; O, December to May. The large symbols mark the stations where this species has predominated notably over
8. elegans. The hatched curve is the approximate limit to its area of ocourrence up to August

nearer shore in Scotian waters (Huntsman, 1919, p. 442, fig. 5). During June of
that year S. serratodentata spread generally over the eastern side of the gulf with
locality records on Browns Bank, in the Fundy Deep, in the Grand Manan Channel,
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off Mount Desert Island, and in the eastern basin, as well as on the outer edge of
the continental shelf and over the slope off Shelburne, Nova Scotia (stations 10281,
10282, 10286, 10294, 10295, and 10296). By the 1st of August it may be expected any-
where over the southern and eastern parts of Georges Bank, in the eastern channel,
on Browns Bank, in the eastern side of the gulf generally, and as far westward along
the coast as outlined on the accompanying chart ™ (fig. 89). As the summer ad-
vances S. serratodentata continues to spread westward, until by August we have
found it very generally distributed over all parts of the gulf where we have towed
during that month, right across from Massachusetts to the Nova Scotian Bank,
though still with a decided preponderance of locality records for the eastern side
(p. 58), reminiscent of the fact that it enters the gulf chiefly between the eastern
part of Georges Bank and Cape Sable, perhaps not in the western side at all. The
Canadian fisheries expedition likewise found it plentiful on the banks off southern
Nova Scotia late in July; also at most of the stations along and outside the con-
tinental edge and in the trough of the Laurentian Channel, marking a considerable
expansion in its range in this general region since May, but not at all on the banks
off Cape Breton or on the Newfoundland Banks.

Judging from eaptures in 1915, it continues as widespread in the gulf during
September and probably throughout October, also, when we found it at localities as
widely separated as off Machias, Me., off Mount Desert Island, Massachusetts Bay
{two stations), and the continental edge off Marthas Vineyard.

. 8. serratodentata reaches its maximum expansion and greatest abundance in the
gulf during the late summer and early autumn, the precise date no doubt varymng
from year to year. Later in the autumn it disappears. In some years it seems
that this happens as early as the first week in November, for we did not find it at
any of the stations in the western side of the gulf from October 31 to November 8§
in 1916 (stations 10399 to 10404); butin 1912 there were a few in Massachusetts Bay
on November 20 (station 10047; Bigelow 1914a, p. 403). Although S. serratodentata
was not detected anywhere in the inner part of the gulf during the December to
January, 1920-1921, cruise of the Halcyon, the fact that odd specimens were towed
off Gloucester on December 14, 1912 (station 10048), and January 16, 1913 (station
10050), and none on December 23 (station 10049) suggests that a scattering may
continue to exist in Massachusetts Bay for a month or two after they have vanished
from other parts of the gulf.

No attempt has been made to estimate the numerical strength of S. serrato-
dentata in the gulf, but, as I have previously remarked (Bigelow, 1917, p. 297),
we have always found it subordinate to S. elegans early in the season—that is, until
August—and in the western part of the gulf at all seasons. In fact, most of the
Gulf of Maine records from west of Penobscot Bay and north of the continental
edge have been for odd individuals or at most for a few dozens per haul; but during
Augiist and September we have found it predominant over S. elegans at the several
stations in the eastern side of the gulf marked on the chart (fig. 89), and once swarm-
ing (station 10032, August 16, 1912). In July and August, 1914, ‘“Sagitta serrato-

13 For station records for 1912 to 1915, on which this statement is based, see Bigelow, 1014, p. 121; 1914a, p. 403; 1915, p. 207; and
1917, p. 204,
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dentata was much the more numerous of the two in the deep hauls in the eastern and
southeastern parts of the gulf (stations 10225, 10245, 10246, 10249), in the eastern
channel (station 10227)” (Bigelow, 1917, p. 295), and on the southern edge of
Georges Bank., :

Along the continental edge abreast of the gulf, S. serratodentata has usually pre-
dominated over S. elegans at most of our stations irrespective of the season of the
year, or at least equaled the latter in numbers (stations 10218, 10219, 10220, 10233,
10260, 10261, 10295, 10349, 10351, 20044, 20077, and 20129).

From New York southward 8. serratodentata is the prevalent chstognath right
in to the shore during warm summers such as that of 1913 (Bigelow, 1915), but in
cooler years, such as 1916, 8. elegans is the dominant member of the pair over the
inner part of the shelf as far south as Delaware Bay and perhaps still farther, but
with 8. serratodentata outnumbering it farther offshore and along the continental
edge generally, as I have pointed out in a previous report (Bigelow, 1922, p. 152).

The strong probability that S. serratodentata is not able to reproduce success-
fully in boreal water, though it not only grows to a larger size there than in higher
temperatures but attains sexual maturity, as evidenced by the large size of the repro-
ductive organs (Huntsman, 1919, p. 482), lends interest to the wide range of tem-
perature in which it occurs both in the Gulf of Maine and off southern Nova Scotia.
In the gulf its presence is definitely established in water as cold as 3.9° (station
10272, May 10, 1915) and 4.4° to 7.5° (stations 10281, 10282, and 10286, June 4, 10,
and 14, 1915), and the Canadian fisheries expedition likewise had it in 4° to 5°; but
most of the Gulf of Maine records (also the Canadian) have certainly been from
temperatures upwards of 7° to 8°, though there is no positive evidence of its presence
in the gulf in water warmer than 13.9° (station 10032, August 16, 1912; Bigelow,
1914, p. 122), most of the captures having been in subsurface hauls, or if at the surface
in regions of low surface temperature (stations 10030, 10229, and 10247). However
the occurrence of S. serratodentata elsewhere forbids the assumption that high tem-
peratures are per se unfavorable to it, for it has been taken in great abundance off
the continental edge in Gulf Stream temperatures (station 10070, surface 23.33°;
a few at stations 10071, 10073, and 10074 in temperatures of 24.44° and 23.9°), as
well as off southern Nova Scotia in 19.7° (Huntsman, 1919, Acadia station 44,
surface).

Uncertainty as to the depth of the captures makes it impossible to establish
the precise salinity for the Gulf of Maine records of 8. serratodentata except in the

following instances: o
Salinity, per mille

Station 10025, closing net, 30 fathoms. _ __ ___ . ______ ... 32.9
Station 10027, closing net, 30 fathoms__ ... _______..__ e mmmmmmmmm o 33.3
Station 10030, surface. . .. e 32.7
Station 10032, surface . _ ... o e m 32. 5
Station 10229, surface.. . . .. oo e e 32. 01
Station 10247, surface. - . oo e 32. 52

It is not likely that it would be altogether barred from the surface by salinities
considerably lower than this, for Huntsman (1919) found it repeatedly in eastern
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Canadian waters on the surface in 31 to 32 per mille when a few fathoms sinking
would have carried it into much more saline water.

From the data just outlined it would appear that the whole column of water in
the offshore parts of the Gulf of Maine offers an environment favorable for the exist-
ence if not for the reproduction of S. serratodentata during the season (July to Sep-
tember) when it is most widespread there, but probably it could not long survive
water much less saline than about 31 per mille or colder than 6° to 8°, and Huntsman
(1919) has suggested that low salinity may be the factor that bars it from the Gulf
of St. Lawrence.

Neither temperature nor salinity offers an explanation for the disappearance
of S. serratodentata from the gulf in autumn, for the water is considerably warmer
in November than when it first enters the gulf in spring, and the salinity is not very
different from that of late summer. Neither does its immigration into the gulf in
spring parallel the vernal warming of the water, but is not at its height until long after
the gulf is warm enough for its support. It is therefore likely that the increase in its
numbers with the summer chiefly mirrors an accumulation of the stock within the gulf,
‘where it finds good feeding ground and conditions favorable for growth and prolonged
existence. Apparently no more enter after early autumn, a phenomenon probably
connected with the seasonal reproductive cycle of the species, and as the visitors of
summer die off during the autumn from one cause or another or are devoured by
other animals without leaving progeny to take their places, S. serratodentata disap-
pears from the gulf, not to reappear there until with the earliest immigration of the
succeeding spring.

Our data do not allow a statement as to the vertical distribution of 8. serrato dentata
in the Gulf of Maine more definite than that it has seldom been detected there at the
surface, though most often in hauls from shoaler than 100 meters. If it is actually
as uncommon right at the top of the water in the gulf as now appears to be the case,
the food supply may be as effective a factor as any of the physical features of its
surroundings in holding so rapacious an animal at lower levels.

There is no evidence that this chetognath ever succeeds in reproducing itself in
the gulf.

Sagitta maxima Conant

In a previous chapter (p. 64) I have discussed the geographical distribution of
this species and of the next within the gulf from the standpoint of.their routes of
entrance and dispersal. What demands chief emphasis here is that both S. maxima
and S. lyra are distinctly seasonal in the inner parts of the gulf, like S. serratodentata.
During all our cruises we have found only a single specimen of S. maxzima within the
offshore banks during the summer or early autumn months (eastern basin, September
2,-1915, station 10310), our failure to find it there in July and August, 1914, being
specially significant because it occurred then off the seaward slope of Georges Bank
(station 10220). Neither have we any early winter records for it in the gulf; this,
however, may be an accident, for we have tried only two tows in the deep trough in
December or January, which may simply have missed the S. maxzima. However,
this large chetognath was detected at 12 stations within the gulf as well as over the
deeper parts of the continental shelf off southern Nova Scotia during March, April,
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and early May of 1920, and at all four of the stations on the continental slope. The
localities for the gulf proper (fig. 90) are all from the deepest trough, as is the one
autumn record for the eastern basin just mentioned, and most of the captures have
been in hauls from considerable depths, as follows:

+ | Number i | Number
: Depthin Depthin y
Station of speci- Station of speci-
meters mens meters mens
2500 1 40~0 1
2004 { 7500 13 150-0 2
20055 ----| 180-140 1 200-0 2
-} 600 1 1400 2
1, 000-0 9 100-0 1
125-0 5 200-0 3
2000 15 130-0 2
800-0 . 20 200-0 3
180-0 1 100-0

The single September specimen wasfrom a tow at 130-0 meters, while the June
specimens off southern Nova Scotia (station 10295) were from 500-0 meters. The
reader will note that there are only two records (a total of two specimens) from tows
shoaler than 100 meters, one of which was taken over much deeper water and may
have been brought up from its normal habitat by some local upwelling; the other was
on Georges Bank.

Associated with the considerable depth-of the records, we have usually found
8. mazima in water of the relatively high salinity of 33.5 to 34 per mille, or more,
though on the rare occasions when it is swirled up toward the surface it may stray
into less saline strata of water (32.36 per mille at station 20081; 32.6 per mille on
Georges Bank). Its general distribution farther north, and especially its failure to
colonize the Gulf of St. Lawrence (Huntsman, 1919), suggests that it is unable to
survive in water of low salinity, irrespective of temperature.

8. mazima is at home only in comparatively low temperatures. We have never
found it in temperatures warmer than about 6.5° within the gulf, but, on the other
hand, it usually lies below the coldest level in waters of 3.5 to 5°, the only records from
temperatures lower than 3° being its sporadic appearances in the upper levels, in about
1.63° at station 20081 and about 2.6° at station 20066. The captures of S. mazima
along the continental slope have been in temperatures of 3 to 6° and salinities of
34 to 34.9 per mille. It occurred under about these same conditions over the con-
tinental shelf abreast of Shelburne in March, 1920 (stations 20074 and 20076).
Occasionally, however (whether or not as a result of upwelling is not clear), we have
taken it in decidedly warmer water at our outermost stations; for example, in 7 to 8°
temperature at station 20129 and one specimen in 9° or warmer at station 20044.

In north European seas S. mazima is equally characteristic of cold but highly
saline water layers (Apstein, 1911), and probably it is this rather precise relationship
to the physical state of the water which bars it from the Gulf of Maine in summer but
allows it access there in winter; for while the trough of the gulf is sufficiently salt for
it throughout the year and cold enough—say, 5° to 6° below 100 meters—in winter and
early spring, the bottom water may well be too warm for it in some summers if not in
all. At such times any mazima that drift inward through the eastern channel



