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there were only about 2 per cent of C. hyperboreus, less than half its percentage
in the verticals. In the two instances when the percentage rose to 25 and 30 per
cent, 500 and 150 copepods of all kinds were taken—that is, only 125 and 45 C.
hyperboreus, respectively. It has been detected in only one surface haul in the gulf
for July, August, or September—that is, off Cape Elizabeth on August 14, 1913
(station 10103; see Bigelow, 1915, p. 293), a locality where the surface tempera-
ture was comparatively high (16.11°) and where it was probably brought up to the
top of the water by vertical currents. The date when it abandons the uppermost
stratum can not be stated, no data being available on this for the May and June
cruises of 1915, but probably its sinking is induced by the vernal warming of the
surface water.

Relationship to temperature and salinity.—As might be expected from its polar
origin, C. hyperboreus occurs in greatest number and is most regularly distributed
in the gulf in comparatively low temperatures, the great majority of the spring
(February to May) records being from temperatures of 1 to 5°. It is doubtful
whether any of the specimens taken in June were actually living in water warmer
than 7°, and most of the few captures in the later summer have been in horizontal
hauls at depths where the temperature ranged from 4.8 to 8°, only one of them in the
much warmer surface stratum. The highest temperatures in which the presence of
C. hyperboreus is definitely established, apart from the one capture on the surface
just mentioned (p. 217), are 9 to 10°,” a temperature in which probably it could not
long survive.

If C. hyperboreus actually does succeed in breeding in the western side of the
gulf in spring and early summer, probably it does so exclusively in temperatures
lower than 3 to 4°, the range of temperature at the rich March and April stations
(stations 20087 and 20090, fig. 69) being from 2.25 to 5.09°, and the comparatively
large numbers taken there on June 26, 1915 (station 10299), may be explicable as
resulting from spawning some weeks or months previous when the temperature was
no higher than that. The richest immigrations of C. hyperboreus into the gulf so
far encountered have been in temperatures falling between 1.9 and 4.6°, It is not
probable that the distribution of C. hyperboreus is influenced by variations in salinity
within the limits prevailing in the open waters of the Gulf of Maine.

Candacia armata Boeck .

This large and powerful species may be recognized by the asymmetry of the
posterior part of the body, the genital segment being irregularly dilated in the mid-
dle, and the first- segment of the abdomen having a sac-shaped dilatation turned toward
the right side. The frontal margin between the bases of the antenne is squarely
truncated, also. It has been recorded from the coast of Norway, the British Isles,
the Mediterranean, the North Atlantic, and the Indian Ocean (Scott, 1911), while
Esterly ** (1905, p. 194) described it as ‘‘rather common’’ at San Diego, Calif. The

17 Off Penobscot Bay, Aug. 4, 1913, station 10101, temperature st 50 meters about 9.3° off Seal Island, Nova Scotia, Sept. 2,
19015, station 10311, whole column of water, surface to bottom, 8.4 to 10,1°; off Machias, Me,, Oct., 9, 1915, station 10327, whole

column 9.4 to 9.8°.
18 As C. peclingta Brady.
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Grampus had it in fair numbers at three stations along the outer edge of the con-
tinental shelf south of Delaware Bay and off Delaware Bay in July and August,
1913, in hauls from about 40 meters’ depth (Bigelow 1915, p. 287). Wheeler (1901)
reported a considerable number of specimens of both sexes (as C. pectinata Brady)
from the ‘‘Gulf Stream,” 70 miles south of Marthas Vineyard, on July 25 and 29,
1899, and Willey (1919) counted two specimens among 100 copepods off the mouth
of the Laurentian channel between the Scotian and Newfoundland banks on June 1,
1915, at a temperature of 10.2 to 13.75° and salinity of upward of 35 per mille.
It did not appear in any of the collections made by the Canadian fisheries
expedition on the banks or in the Gulf of St. Lawrence, nor did Herdman, Thompson,
and Scott (1898) report it between the Straits of Belle Isle and Liverpool.

Candacia armata has not been reported from the Gulf of Maine previously, but
-Doctor Wilson lists it at two stations outside the continental edge on March 14 and
May 17, 1920 (stations 20077 and 20129); also in the eastern part of the basin of the
gulf on March 3 (station 20053) and on German Bank on April 15 (station 20103),
from vertical hauls (table, p. 299). It likewise appears in one vertical haul in the
eastern part of the basin for May, 1915 (station 10270), one off Cape Elizabeth for
September (station 10319), and one off Cape Cod for October of that year (station
10336; table, p. 297), but not in any of the surface hauls.

The general geographic range of the species, as summarized above, and its dis-
tribution in British waters, where it is most plentiful in the English Channel and
penetrates the northern part of the North Sea from the north around Scotland,
point to an oceanic origin for the occasional specimens taken in the Gulf of Maine.
The localities of record bear this out, being grouped in the eastern side and near
shore in the western (fig. 62), like other visitors from the open basin, with no records
in the western basin or from Georges Bank. It is a decidedly rare species in the
gulf, usually amountlng to 1 per cent or less of the copepods, only once reaching 4
per cent, and it is not likely that it is endemic there.

Centropages bradyl (Wheeler) 2

Dr. C. B. Wilson, in a letter, describes it as ‘“fairly common on the Atlantic
coast off the mouth of Chesapeake Bay.” Wheeler (1901) obtained both sexes in
the Gulf Stream, 70 miles south of Marthas Vineyard, in July. Willey (1919) lLists
it at three stations outside the continental edge, along the inner edge of the Gulf
Stream, off Cape Sable, and off Sable Island in July, 1915, and Esterly (1905) records
it from San Dlego, Calif.

This species has not been recognized previously in the Gulf of Maine, where it
is to be expected only as a straggler from warmer waters offshore. In 1920 it was
noted in one vertical haul off Cape Cod for March and one off Gloucester in May
(table, p. 299); in 1915 occasional specimens were noted in the eastern basin on June
14 and near Cape Elizabeth on September 20 in vertical hauls. The numbers of
specimens concerned are in each case minimal, 1 per cent being the maximum fre-
quency.

# This name was given by Wheeler (1901, p. 174) to the species figured by Brady (1883) as C. violaceus Claus, but which, as
Giesbrecht (1892) pointed out, is quite distinct. It is readily distinguished from the other two species of the genus mentioned here
by lacking spines at the posterior corners of the thorax.
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Centropages hamatus (Lilijeborg)

This species is so far known from the North Atlantic area between the latitudes
of 40° N. and 70° N. (Scott, 1911), including the North Sea and the Baltic—most
commonly within & moderate distance of the coast. Sars (1903) describes it as com-
mon along the whole west and south coasts of Norway, and, according to Scott (1911,
p. 106), it is “one of the more common of the Calanoida met with in the North Sea.”

On the American side it did not appear in the towings made south of New York
during the summer of 1913 (Bigelow, 1915, p. 287) or 1916, but was taken off that
port on August 26, 1916 (station 10394; Bigelow, 1922, p. 146), and near the Long
Island shore on August 1, 1913 (station 10083), which, so far as I can learn, are the
most southerly records for it along the United States coast. Northward it becomes
more plentiful. Williams (1906) found it in Narragansett Bay in January and Feb-
ruary, and it is “nearly always present in the tow at Woods Hole, in Vineyard Sound,
and in the Gulf Stream south of Marthas Vineyard,” writes Dr. C. B. Wilson.*
Wheeler (1901) also records it as nearly always present in considerable numbers at
Woods Hole. Its range includes the Gulf of Maine, as described below. Willey
(1919) found it at many localities on the banks and over the deep intervening channel
between Nova Scotia and Newfoundland in May, 1915, but not at the more oceanic
stations, and restricted to the immediate vicinity of the Nova Scotian coast in July.
It is widespread and plentiful in the shoaler parts of the Gulf of St. Lawrence (T.
Scott, 1905; Willey, 1919), and Herdman, Thompson, and Scott (1898) report it
from the Labrador current off the Straits of Belle Isle out to longitude about 53°
W., and again between longitude 28° 24’ W. and the coasts of Great Britain, but not
over the intervening stretch of ocean.

Gulf of Maine.—C. hamatus appears only twice in the published lists of Gulf of -
Maine copepods from the Grampus cruises—viz, occasional specimens off Boothbay
on July 26, 1912 (station 10016), and off Cape Porpoise on August 18 of the same
year (Bigelow, 1914, pp. 115, 116). It was not taken in the vertical hauls during
June, 1915, and at only two of the four August stations (table, p. 298), proving it
decidedly uncommon in the open waters of the Gulf during the summer, though it
may be more plentiful in estuarine situations, where we have made few hauls. It
appeared in about 60 per cent of the September verticals for 1915 (Willey (1919)
lists it for 3 out of 10 stations near St. Andrews during that month), and it
occurred at about half the October stations in the gulf east and north of Nantucket
that year, off Gloucester on October 31 (station 10399) and off Cape Cod on Novem-
ber 8 in 1916 (station 10404; Bigelow, 1922, p. 135). No information is available as
to its local status in November; but the fact that it occurred at about 50 per cent of
the midwinter stations for 1920 and 1921 (table, p. 304) points to its constant and
widespread presence throughout autumn and early winter. It was detected in only
2 of the 80 vertical hauls made in various parts of the gulf during the spring season
of 1920 (table, p. 299), and there were less than 100 per square meter in every case.

During the month of October in 1915, . hamatus averaged about 9,000 per square
meter at the several stations where it occurred to the eastward and northward of

N1n aletter,
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Nantucket, and 7 per cent of the total catch of copepods; but it was much more plenti-
ful, relatively as well as absolutely, in the shoal water south of Marthas Vineyard on
October 21 and 22 (stations 10331 to 10333), with 12,240 to 58,500 per square meter
(constituting 6 to 25 per cent of the total copepods), and was most numerous at the
station closest to the land.

Numerical data as to the occurrence of C. hamatus are not available for the early
winter, but it formed about the same proportion of the catches in the inner parts of the
gulf (2 to 16 per cent, averaging 6 to 7 per cent), at the stations where it occurred in
December, 1920, and January, 1921, as in autumn. It has never amounted to more
than 1 to 2 per cent of the copepods at any station from February to the middle of
September, nor has it been more numerous than about 4,000 per square meter.
Obviously this suggests that C. hamatus is definitely seasonal in the gulf, occurring
with some regularity from September until January but only very sparsely from
February until August. Thus, even at the season and in the zone of its greatest
sbundance, C. hamatus is but a minor element in the copepod population of the gulf.

The regional distribution of the captures (fig. 70) is interesting, nearly all being
near shore and the majority within a few miles of land, with not a single record
anywhere in the central and southern parts of the basin or on Georges or Browns
Banks. Although C. hamatus occurs across the whole breadth of the continental
shelf off southern New England, on the one hand, and from Cape Sable eastward,
on the other, its geographic range within the Gulf of Maine® has so far proved neritic,
as contrasted with oceanic, and closely parallels that of the neritic medus® (p. 33).

No observations have been made on the breeding of C. hamatus in the gulf,
but the abundance of developmental stages of copepods of some sort during August
and the first half of September, preceding the increase that takes place in the number
of adults of this species and of its ally, C. typicus, during the last half of September,
suggest that both of these species are regularly endemic in the gulf. If this be the
case it breeds in comparatively high temperatures, stated tentatively as upwards
of 7° in the gulf because of its neritic distribution, chiefly in salinities lower than

32.5 per mille.
Centropages typicus Krgyer

This species is described by T. Scott (1911) as a true Atlantic form, estuarine
a8 well as oceanic. In the eastern Atlantic it occurs from the Mediterranean to
northern Norway, being one of the common species in the North Sea region generally,
where it often occurs side by side with C. hamatus; but it has not been reported from
Arctic seas. In the western North Atlantic it has been found on the Louisiana coast
of the Gulf of Mexico (Foster, 1904) and occurred commonly over the continental -
shelf as far south as the mouth of Chesapeake Bay during the summers of 1913 and
1916—was, in fact, the commonest copepod at many of the stations but chiefly in the
uppermost stratum of water, as I have described in earlier reports (Bigelow, 1915,
p- 293, and 1922, p. 146).

In July, 1913 the G’rampus took it abundantly off New York, and although
Williams (1906) does not list it from Narragansett Bay, Wheeler (1901, p. 173)

9 Also plentiful in the eastern side of the basin on August 20, 1926.
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describes it as
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nearly always present in small numbers in the tow taken from the

Fish Commission’s wharf at Woods Hole and in the neighboring Vineyard'Sound.”
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F16. 70.—~Occurrence of the copepods Ceniropages hematus and C. typicus. X, locality records for C. hamatus, all seasons;

@, locality records for C. typicus, all seasons.

The hatched curve incloses the chief zone of occurrence for C. hamatus

within the Gulf; the stippled curve for C. tvptcua

It occurred abundantly also in the Gulf Stream 70 miles south of Marthas Vineyard.
Fish (1925) also took it regularly at Woods Hole.
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On July 10, 1913 (station 10062), it swarmed near the 100-meter contour off
Marthas Vineyard, and again on October 21 and 22, 1915, it occurred right across
the whole breadth of the continental shelf off Marthas Vineyard, most abundantly
near shore (see table, p. 298, stations 10331 to 10333), all of which proves it as wide-
spread out to the continental edge off southern New England as it is farther south.

C. typicus has proved to be a decidedly more important member of the plankton
of the Gulf of Maine than is its relative, C. kamatus, as is described below; but Cape
Sable evidently marks the most northerly and easterly limit to its regular occurrence
along the North American coast line, for it does not appear in Willey’s (1919) lists
of copepods collected on and along the slopes of the Nova Scotian and Newfoundland
Banks and in the intervening deeps. The Grampus did not find it between Cape
Sable and Halifax that same summer. It has not been reported from the Gulf of
St. Lawrence, nor did Herdman take it west of longitude about 28° W. on his two
traverses of the North Atlantic between Liverpool and the St. Lawrence River.
Comparison with the known range of C. hamatus shows C. typicus to be the more
southerly of the pair by about 7° of latitude, in terms of its northern boundary.

Gulf of Maine.—When the locality records for C. typicus in the Gulf of Maine
are expanded to include Georges Bank #* (fig. 70) there is no evident concentration in
the western side or in the eastern.

It is reported from Plymouth Harbor by Wheeler (1901) and from St. Andrews
by Willey (1919); hence it would no doubt be found in similar estuarine situations
all along the intervening coastline. Apparently it is never plentiful as far east as
the shallows west of Nova Scotia and perhaps never reaches Browns Bank or the
eastern part of Georges, and one record close to land off Shelburne, Nova Scotia,
September 6, 1915 (station 10313), is, so far as I can learn, the most easterly known
outpost of the species on the Atlantic coast of North America. The preponderance
of records in the inner parts of the gulf, as contrasted with the basin, accords with
& nature more neritic than oceanic (p. 35). In fact, its distribution east and north
of Cape Cod closely parallels that of the hydromedusa Phialidium languidum p. 350);
but this applies only to the most northerly part of its range, for off southern New
England and thence southward it occurs generally right out to the continental edge.

Seasonal fluctuations.—In its seasonal ebb and flow in the gulf, C. typicus closely
parallels C. hamatus. Thus it was so rare during the spring quarter, as exemplified
by the February to May .cruises of 1920, that it was detected in only 6 out of 81
vertical hauls (about 7 per cent); it appeared in but one May haul in 1915 and not
at all in June. Furthermore, the numbers of specimens concerned have invariably
been small on the few occasions when C. typicus has figured in the spring lists. On
the western part of Georges Bank (February 23, 1920) it constituted 18 per cent of
the copepods, but the total number was so small that this percentage amounts to
only about 325 C. typicus per square meter. The maxima during the February to
June period are 2,625 per square meter in the western basin on February 24, 1920
(station 20049), and 4,115 in the eastern basin on May 6, 1915 (station 10270, see
tables, pp. 297 and 299), with less than 300 per square meter at the few other stations
of record for these months.

11 Also dominant over northern and eastern parts of Georges Bank, at the surface, August 7, 1926,
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There are only two records of C.typicus in the gulf in July—one off Cape Elizabeth
on the 29th (station 10019) and the other in Casco Bay on the 31st (station 10020)—
bothin 1912. The records point to a notable increase in August, when it occurred at
23 per cent of the stations (7 out of 31) in 1912, 40 per cent (8 out of 20) in 1913,
and at 2 out of 11 in 1914. It is most regularly distributed in the gulf during autumn
and early winter, occurring at 60 per cent of the September stations and 66 per cent
of the October stations in 1915 and at about 60 per cent of the stations for December,
1920, and January, 1921. The local abundance of the species, as well as the generality
of its distribution, likewise inecreases during. late summer and autumn, mounting
to an average of about 1,000 per square meter for August, 1913 (counting only the
stations where it is actually recorded east and north of Nantucket), about 5,300 for
September, 1915 (maximum 18,200 in Massachusetts Bay on the 29th), and to about
8,637 during that October (maximum 24,450 in Massachusetts Bay on the 27th).
Off Marthas Vineyard on October 22, 1915, the numbers per square meter ranged
from about 58,400 near shore (station 10331) to slightly more than 12,000 on the
outer part of the continental shelf (station 10333). Even at its season of maxi-
mum abundance, C. typicus is usually a minor element in the plankton of the gulf,
averaging only 7 to 9 per cent of the total copepod population at the stations where it
occurred in September and October, 1915 (table, p. 298). Occasionally, however, it
may dominate locally near shore—witness 40 per cent of this species in Massachusetts
Bay on September 21 of that year (station 10321)—but probably this never happens
out at sea in the gulf.

C. typicus constituted so small a percentage (1 to 8 per cent) of the scanty
catches of copepods made during the December and January cruise of 1920 and 1921
as to suggest a shrinkage in its numbers during the late autumn.

The numbers of C. typicus present per square meter are further interesting as
proving the Massachusetts Bay region generally and the waters off Cape Cod its
chief centers of abundance in the gulf during the late summer and autumn. In late
winter and spring the largest catches have been made in the western and eastern sides
of the basin—2,600 per square meter at the former locality on February 23, 1920
(station 20049), and 41,100 per square meter near German Bank on May 6, 1915
(station 10270). It is also worth noting that this last was the richest catch of (.
typicus that has ever been recorded east of Nantucket, though at a time of year when
the species occurs only irregularly in the gulf and usually in very small numbers.

Breeding.—No observations have been made on the breeding of this species in the
gulf, but the fact that its chief center of local abundance lies off Massachusetts Bay,
whereas summer immigrants, whether of northern or of Tropic origin, enter chiefly
via the eastern side, is strong evidence that the stock is maintained by local reproduc-
tion, aided little, if at all, by immigration. The presence of this species within the
gulf throughout the year tends to corroborate this. Seasonal fluctuations point to
summer as the chief breeding season, as does the fact that in 1915 the autumnal
multiplication of C. typicus and C. hamatus was preceded by an abundance of larval
copepods of some sort (see table, p. 298). With only one period of abundance
annually, and that well-marked in contrast to the scarcity of the species during the
other months, it is safe to assume one chief breeding period for it yearly.
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Vertical distribution.—In an earlier report (Bigelow, 1915, p. 293) I have noted
that west and south of Cape Cod, Centropages typicus is most abundant near the
surface, citing as noteworthy examples of this one station (10088) where the surface
haul yielded ten times as many specimens as the haul from 80 fathoms, though made
with a net of only one-sixth the mouth area, and another (10083) where the surface
haul brought in several hundred C. typicus and the haul from 20 fathoms only one
specimen. Our largest catches of the species have also been on the surface, where it
swarmed oft Marthas Vineyard on July 10, 1913 (statlon 10062), and at 15 fathoms off
New York on July 12 (station 10066).

Observations of this same tenor were made in the Gulf of Maine during August,
1912, C. typicus amounting to about 40 per cent of the copepods at the surface at
station 10041 but not over 2 per cent at 40 meters; about 60 per cent at the surface
and not found at all at 30 meters at station 10042, At a third station for that month
(in Massachusetts Bay, station 10044) it and C. finmarchicus each constituted 50
per cent of the copepods on the surface. Our few records for it north of Cape Cod in
August, 1914, are also from surface hauls; and while it has figured in a considerable
number of hauls at various depths in one year or another, it has never been more
than a trifling percentage of the copepod catch in the deeper horizontals, and
rarely in the verticals (p. 225). Failure to take it in the surface hauls during the
spring of 1920 (table, p. 303) is not necessarily significant in this connection, the species
being so rare at that season that it might have been missed by the nets. Consequently
it may be classed as typically a surface form in the gulf, most plentiful above 20
meters and perhaps never sinking as deep as 100 meters. It is likewise most numerous
near the surface in north European seas.

Relation to physical conditions.—In different seas C. typicus occurs over a wide
range of temperature and salinity. Along the Atlantic seaboard of North America
its presence is established in water as warm as 24.4° (Bigelow, 1915, p. 293) and
as cold as 3.05° (station 20104, April 15, 1920). It did not occur in the coldest
waters of the gulf, for example in the inner part of Massachusetts Bay, at the season
of minimum temperature, and the locations of the few early spring records suggest
either that it tends to withdraw from the coastal waters as the latter chill or that
the specimens living there perish, leaving only those that are in the parts of the
gulf less subject to winter cooling to survive the cold season. The fact that the
species did not appear in the surface hauls for March or April suggests that O. typicus
may sink in the deeper parts of the gulf as the surface chills. In the western basin,
for instance, where this copepod was comparatively numerous on February 23, 1920
(station 20049), it might have been in temperatures anywhere between 5.6° and
2.8°, according to the precise depth at which it was living.

However this may be, C. typicus increases notably in abundance about when
the upper 20 meters or so have warmed to the maximum annual temperature, and
the tendency of the species to keep near the surface makes it safe to set 8° to 10° as
the lower limit to its active multiplication in the gulf. In autumn it is probable
that its numbers fall off after the upper 20 meters have chilled appreciably below
this figure, which, speaking broadly and for the gulf as a whole, takes place some
time during November



