VIIL—REPORT UPON THE INVERTEBRATE ANIMALS

| OF VINEYARD SOUND AND THE ADJACENT

~ WATERS, WITH AN ACCOUNT OF THE PHYSICAL
CHARACTERS OF THE REGION.

By A. E. VERRILL,

A.—HABITS ANIZ; DISTRIBUTION OF THE INVERTEBRATE
ANIMALS.

I.——-GENERAL REMARKS,

The investigation of the invertebrate life of these waters, undertaken
at the request of the United States Commissioner of Fish and Fisher-
ies, was actively carried forward during the entire summer of 1871,
and the very extensive collections then made have been studied by Mr.
S. I. Smith, Mr. O. Harger, and myself, as thoroughly as possible dar-
ing the time that has Been at our disposal. . The work upon the collec-
tions is by no means complete, but is sufficiently advanced to serve the
immediate purposes of the Fish Commission.

To Mr. Smith I am indebted for the identification of all the Orustacea
referred to in this report and the accompanying lists, except the Iso-
pods, which have been determined mostly by Mr. Harger, to whom my
thanks are also due for several -excellent drawings of those animals. -
To Professor A. Hyatt I am indebted for the identification of some of the
Bryozoa, and for most of the figures of that class. I am also under
obligations to Dr. A. 8. Packard, Dr. G. Eh Horn, and Dr. H. A. Ha-
gon, who have identified the insects inhabiting salt water. -

According to the plans adopted these explorations had in view sey-
eral distinet purposes, all more or less connected with the investigation
of the fisheries. The special subjects attended to by this section of the
Fish Commission party were chiefly the following :

1st. The exploration of the shores and shallow water for the purpose
of making collections of all the marine animals and alge living between
tides, on every different kind of shore, including the numerous burrowing-
worms and crustacea, and to ascertain as much as possible ct\mcerning
their habits, relative abundance, stations, &e. ’

24. The extension of similar observations by means of the dredge,
trawl, tangles, and other instruments, into all depths down to the deep-
est waters which were accessible to us, and to make a systematic sur-
vey, as complete as possible, of all the smaller bays and harbors within
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our reach, both to obtain complete collections of the animals and plants
and to ascertain the precise character of the bottom, special attention
being paid to the localities known to be the feeding-grounds of valuable
fishes, and to those animals upon which they are known to feed.
3d. The depth of the water and its temperature, both at the surface
and bottom, was to be observed and recorded in as many localities as.
possible, and especially where dredging was to be dons, and lists of the
animals and plants from special localities or depths were to be prepared,
80 as to show the influence of temperature and other physical features
upon animal and vegetable life. Bany valuable observations of this
kind were made. ’
4th, The life of the surface waters was to be investigated by means
of hand-nets and towing-nets, on every possible occasion, and at all
hours. Towing-nets of different sizes, made of strong embroidery-
canvas, and attached to stout brass rings, were used with excellent re-
sults, but very many interesting things were obtained by hand-nets skil-
fully used. The surface collections are of great interest in themselves,
and of special importance practically, as they show the nature of the
food of those fishes that feed at or near the surface.
bth. The collections obtained were to be preserved by the best meth-
ods: 1st, for the purpose of making a more thorough study of them
than could usually be done at the time; and for the purpose of insuring
_aceuracy in their identification and fullness in the special lists for the
final reports ; and 2d, in order to supply the Smithsonian Institution,
Yale College museum, and a number of other public museums, both
American and foreign, with sets of the specimens collected. For this
last purpose large quantities of duplicatgs were collected and preserved
and will be distributed at an early day.
6th. Those species of animals which cannot be preserved in good :
condition for study were to be examined with care and minutely de-
geribéd while living, The colors and appearance of the soft parts of
other species were to be described in the same way, and also the eggs
and young of all kinds.
7th. It was regarded as of great importance to secure accurate
drawmgs of the living animals, and especially of'such as greatly change
their form and appearance when preserved, such as worms, naked mol-
lusks, ascidians, polyps, &c. .Unfortunately the available funds were
not sufficient to enable us to employ a special artist for this purpose
during the summer, but this deficiency has been partially remedied by
the figures subsequently drawn by Mr. J. H. Emerton, Mr. 8. L. Smith,
Mr. O. Harger, and the writer.
8th. In all these investigations the relations existing between the
. fishes and the lower animals which serve as food for them were to be
constantly borne in mind, and all information bearing directly upon this
subject that could be obtained was to be recorded. To this end large
numbers of stomaehs from fishes newly caught were examined, and
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lists of the species found in them were made. Most of those thus as.
certained to be their ordinary food were traced to their natural haunts
from whence the fishes obtain them. - : .

oth. The parasites of fishes, both external and internal, were to be
collected and preserved for future study. ‘

A large collection of such parasites was made, but the internal para-
sites, which are very numerous, have not yet been studied. The inter-
nal parasites were collected chiefly by Dr. LEdward Palmer.

The map accompanying the present report serves to show the locali-

ties explored, and the extent of the labor in dredging and sounding.
The operations during the first six weeks were under the charge of Mr.
S. I. Smith, who remained until July 25. He was assisted by Dr. W.
G- Farlow, who also investigated the algw®. Professor J. E. Todd, of
Tabor; Iowa, then took charge of the worl for three weeks, until I was
able to join the party, on the 16th of August. During the remainder
of the season, until September 20, the operations were under my imme-
diate superintendence ; but Professor A. Hyatt, of Boston; Dr. A, S.
Packard, of Salem; Dr. Farlow, of Cambridge;.and Professor D.C. Eaton,
of New Haven, gave very important aid in carrying out our investiga-
tions, and our thanks are due to all of these gentlemen for their assist-
ance. Several other naturalists were present, from time to time, and
cooperated with our party in various ways. .
. The dredging operations in the shallow waters of Vineyard Sound
and Buzzard’s Bay were carried on at first by meaas.of & sail-boat, but
during the greater part of the time by means of a steam-launch. The
dredgings outside of these waters, and off Martha’s Vineyard, were all
done by means of a United States revenue-cutter, the steamer Mocea-
sin, under command of Captain J. G. Baker. Our thanks are due to
the bfficers of the Moccasin, who were vory courteous, and gave us all
- the facilities within their power for carrying out our investigations suc-
cessfully. Without this important assistance we should have remained
in complete ignorance of the temperature and peculiar fauna of the
deeper wagers off this shore, for the localities were too distant to be
reached by means of the steam-lannch or sail-boats.

The examination of the bottom was done by means of dredges of
various sizes, constructed much like those in general use for this. pur-
pose; by ¢ rake-dredges” of novel construction, consisting of a heavy
A-shaped iron frame, to the arms of which bars of iron armed with
long, thin, and sharp teeth, arranged like those of a rake, are bolted,
back to back; a rectangular frame of round. iron, supporting a deep
and fine dredge-net, follows just behind the rake to receive and retain.
the animals raked from the soft mud or sand by the rake; a trawl-net
with a beam about fourteen feet long, made of stout, iron gas-pipe, and
baviug & net, fine toward the end, about forty feet deep, and provided
with numerous pockets; ¢ tangles,” consisting of an A-shaped- jron
frame, to which frayed-out hemp-ropes are attached. The best form
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has several small chains of galvanized tron attached to the frame by
one end, so0 a8 to drag over the bottom, and the pieces of frayed-out
rope are attached along the sides of the chains.

The ordinary dredges can be used on all kinds of bottom, except
where there are ‘rough rocks and ledges, but they generally. merely
scrape the surface or sink into the bottom but slightly. The rake-
dredges are used only on bottoms of soft mud or sand, and are intended
to catch burrowing animals of all kinds, which are always numerous on
guch bottoms. The trawl is adapted for the capture of bottom-fishes,
as well as for crabs, lobsters, large shells, and all other animals.of con-
siderable size, which creep over or rest upon the bottom. It cannot be
used where the bottom is rocky or rough, and does not usually capture
many animals of small size, or those that burrow. It is, however,.a
very important instrument when used in connection with the ordinary
dredge, for it will capture those species which are too active to be
caught by the dredge, and much greater quantities of the larger spe-
cies than can be obtained by the dredge alone. The ¢tangles” are
particularly useful on rough, rocky, or ledgy bottoms, where the dredge
and trawl cannot be used, but they cannot be depended upan for ob-
taining all the small species, especially of sbells and worms. They
capture mainly those kinds of animals which have rough or spiny sar-
faces, such as star-fishes, sea-urching, corals, bryozoa, rough crabs, &e.,
and those kinds which are disposed to cling to foreign objects, such as
many of the small crustacea, which are often taken in countless numbers
by this means. Star-fishes and sea-urchins are especially adapted to be
caught by this instrumeént, and are often brought up in great quanti-
ties. The tangles can be used on all kinds of bottoms, wherever there
are any of those kinds of animals which they are adapted to capture.

The localities where dredgings were made by these various instru-
ments were located on Coast Survey charts as accurately as .possible,
and were sufficiently numerous to give a pretty satisfactory knowledge
of the nature of the bottom and its inhabitants throughout the region
explored. The total number of casts of the dredges made dnring the
three months devoted to this work was about 400. A large part of
these, including all the more important ones, have been Jocated on the
. map accompanying this report. The more important p()lnts where the
temperature of the water was observed have also been indicated on
the map and the temperatures given, the figures above two parallel lines
indicating the surface temperature, those below such lines 1ndxcatmg
_the bottom temperature——thus: 3.

In prosecuting our explorations we soon found that there are, in tHe
waters of this region, three quite distinct assemnblages of animal life,
which are dependent upon and limited by definite physical conditions of
the waters which they inhabit. The first of these includes all those kinds
which inhabit the bottom and shores of Vineyard Sound; Buzzard’s
Bay, and the other similar bodies of shallow water along this coast from

\
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Oape Cod westward and southward. .These shallow waters consist of
nearly pure sea-water, which has a relatively high temperature, especi-
ally in summer, for it is warmed up both by the direct heat of the sun,
acting on theshallow waters spread over broad surfaces of sand, and by
water coming directly from the Gulf Stream, and bringing not only its
heat, but also its peculiar pelagic animals. The temperature at the
surface in August was 66° to 72° Fahrenheit. Owing to this influence
of the Gulf Stream these waters never become very cold in winter, for
some of the small, shallow harbors never freeze over. The greater part
of the animals inhabiting these bays and sounds are southern forms.

The second assemblage is a very peculiar one, which inhabits the
estuaries, ponds, lagoons, harbors, and other similar places, where the
water.is-shallow and more or less brackish, and very warm in summer,
but cold in the winter. The third group inhabits the shores:of .the
outer islands and headlands and the bottoms in moderately deep water,
outside of the bays and sounds. These outer waters are comparatively
cold, even in summer, and are no doubt derived from an offshoot-of the
aretic current, which drifts -southward along our shores in deep water
and always has a tendency to crowd against and up its submarine
slopes, in which it is also aided in many cases by the tides. -In August,
the temperature of the surface was 62° to 65°, of the bottom 57° to 62°
Fahrenheit. The animals inhabiting these cold waters are mostly
northern in character and much like those of the coast of Maine and
Bay of Fundy. The surface waters in the bays and sounds, although
usually somewhat warmer in summer than those outside, differ less in
temperature than the bottom waters. Consequbntly we find less differ-
ence in the surface animals, 'We have therefore found it most conveni-.
ent to group all the surface animals together, as & special division of
those inhabiting the bays and sounds. In each of-the groups or assem-
blages we find that certain kinds are restricted to particular localities,
depending upon the character of the bottom or gshore. Thus there will
- be species, or even large groups of species, which inhabit only rocky
shores; others which inhabit only sandy shores; others which dwell in
the muddy places ; and still others that prefer the clean gravelly bottoms
where the water is several fathoms’ deep., &ce.

I have found it desirable, therefore, in describing the chamcter of the
marine life of this region, to group the animals according to the locali-
ties which they inhabit, adopting the three primary divisions given
above, but, for greater convenience of reference, placing all. the parasitic
species together in one group. The subdivisions of these groups will
be given under each, in the succeeding pages.

The primary groups will stand as follows:

1. The fauna of the bays and sounds. . .

2. The fauna of the estuaries and other brackish waters.

3. The fauna of the cold waters of the ocean shores and outer banks
and channels. y
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In describing the animals belonging in these different divisions and
subdivigions it has not been found desirable. to mention, in this part of
the report,. all the species found in each, but only those that appear to.
be the most abundant and important, and especially those that are
known to serve as the food of fishes. But in the general systematic list,
which aceompanies' this report, all the species of the region, so far as
determined, will be enumerated.

II.-THE FAUNA OF THE BAYS AND SOUNDS,

In Buzzard’s Bay, Vineyard Sound, Nantucket Sound, and Muskeget
Channel, (see map,) the water is shallow, being generally less than 8
fathoms deep, and rarely exceeding 14 fathoms, even in the deepest
spots. It will be seen by reference to the map, on which soundings have
been given and contour lines drawn, representing the zones having
depths below 3,10, 14, and 20 fathoms, respectively, that the greater
part of Buzzard’s Bay is less than 10 fathoms deep, and that the 3-fathom
curve is nearly parallel with the shore lines, and the same is true of the
6-fathom line, which has not been drawn. The 10-fathom curve is very
irregular and only extends a short distance within the modth of the bay ;
but an irregular.avea, in which the water exceeds 10 fathoms in depth,
the  central part over a limited area being about 15 fathoms, is. sit--
vated to the west of Penikese, Nashawena, and Cuttyhunk Islands;
this is inclosed on all sides by shallower water. The 14-fathom curve is
situated from four to eight miles farther off and does not enter the bay

at all, showing only a very slight curvature in that direction; yet it
extends far up Narragansett Bay, and to a considerable dlstance within
the mouth of Vineyard Sound, but, like. the 10-fathom line, does not
enter Muskeget Channel.or Nantucket Sound at any point, and shows
scarcely any curvature toward those waters, which are very: shallow
throughout their whole extent, and much obstructed by banks and
broad shoals of moving sandss The 20-fathom line at nearly all points is
situated far off shore, and does not conform at all to the outline of the -
coast. There is, however, an area of water exceeding this depth oft
Newport, in the mouth of Narragansett Bay.

Vineyard Sound is deeper and much more varied in its depth and in the
character of its bottom than Buzzard’s Bay or Nantucket Sound, and
therefore its fauna is richer in species and the facilities for collecting are
much greater. In Vineyard Sound the 3-fathom curve follows the out-
lines of the shore very closely, and the same is true of the 6-fathom curve,
which has not been represented on the map. The 10-fathom line when
it enters the mouth of the sound incloses the greater part of its width'and
is approximately parallel with its shores, but after it passes the narrowest
part of the sound, between the northern end of Martha’s Vineyard and
Wood’s Hole, it rapidly narrows and is finally interrupted by shallows and
sand-bars after passing Holmes’s Hole, but there are beyond this sev-

eral isolated areas of water exceeding this depth and having their long
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axesnearly parallel with the central axis of the channel, orrather parallel
with' the direction of the - tidal carrents. One of these areas,:sbuth of
Osterville, Massachusetts, is 15 fathoms ‘deep, but of mo . great size.
These deeper depressions are surrounded by banks and ridges of sand,
some of which rise nearly to the surface and form dangerous 8holls; the
shoals, like the deep channels, have their longer axes parallel with the
prevailing tidal currents, but as they are mostly composed ‘of ldose
moving sands, they are hable to be altered in form and posmon by
severe storms, :

These moving sands are generally very barren of life, and form true
submarine deserts. Included within and nearly inclosed by the 10-
fathom line, there is, between Martha’s- Vineyard and Naushon Island, a
large area of shallower water, which is connected with the shallow
water of the shore at the northern end of Martha’s Vineyard; off the
“ West Chop,” near Holmes’s Hole. In some places this shallow rises ‘
nearly to the surface and forms the ¢ middle ground,” and other shoals’
parallel with the current that sets through the channels on either side,
and consequently nearly parallel with the shore of Martha’s Vineyard.
It is evident that this rather extensive bank is due to the aktion'of ithe
tidal current which sweeps around West Chop toward the mouth of
the sound, following the direction of the deeper channels, the projecting
point at West Chop furnishing -a lee in which the movement of the
water is retarded and the sédiment deposited; but this action is modi-
fied by the tidal current which enters the mouth' of the sound: and flows .
in the opposite dlrectlon, for although this ourrent is somewhat less
rapid, its duration is longer, especially that branch of it which flows
between the Middle Ground Shoal and Martha’s Vineyard, for this lows
eastward seven hours and twenty-six minutes, while the oppusite ¢ur-

rent flows westward for only four hours and thirty-four minutes; the
effect of the current flowing eastward would, therefore, be to keep this
channel from filling up by the sediments carried along by the westward
currents. The same effect would be prouced in the main chanwel, out-
side of this shoal, althongh the difference in the durafion of the flow
in the two directions is there less, the eastward flow lasting six hours
and fifteen minutes, while the westward tide lasts five hours and forty-
five minutes. S

Similar causes determine, without doubt, the posxtlon of all the otber
shoals and banks of sand in this region, as well as the existence of the
isolated deep areas between them, but in many cases the direction of
the wind-waves produced by the more violent storms must betaken into
account. The 14-fathom line extends into the mouth of the sound, as
far as a point opposite Nashawena Island; and beyond this there are
several isolated areas which are of this depth ; the most extensive of
these is opposite the southern -half of Naushon Isiand and in a line with
the main channel at the mouth of the sound, Since the tides are greater
in Buzzard’s Bay than in Vineyard Sound, and neither the times of low
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water and high water, nor the relative duration of the ebb and flow are
coincident, very powerful currents set through the passages, between
the Elizabeth Islands, connecting these two bodies of water. This is
most noticeable in the case of Wood’s Hole, because there the channel
is narrow and shallow, and much obstructed by rocks. These channels
“are, therefore, excellent collecting grounds for obtaining such animals
as prefer rocky bottoms and rapidly flowing waters.

The shores of Vineyard Sound and Buzzard’s Bay are quite dxverslﬁed
and present nearly all kind of stations usually found in corresponding
latitudes elsewhere, except that ledges of solid rock are of rare oocur-
rence, but there are numerous prominent points where the shore con-
gists of large rocks or boulders, which have been left by the denuda-
tion of deposits of glacial drift, forming the cliffs along the shores.
Sandy beaches are frequent, and gravelly and stony ones occasionally
occur. Muddy shores are less common and usually of no great extent.

-In Buzzard’s Bay the bottom is generally muddy, except in very
shallow water about some of the islands, where patches of rocky bot-
tom occur, and opposite some of the sandy beaches where it is sandy
over considerable areas. Tracts of harder bottom, of mnd or sand,
overgrown with alge, occasionally occur. In Vineyard Sound the bot-
tom is more varied. It is sandy over large districts, especially where
the shoals occur, and in such places there are but few living animals,
though the sand. is often filled with dead and broken shells, but in .
. other localities the sand is more compact and is inhabited by a peculiar
set of animals. Other extensive areas have a bottom of gravel and
small stones and broken shelis; on such bottoms animal life is abun-
dant, and‘the entirq bottom seems to be covered in some places by sev-
eral kinds of compound ascidians, which form. large masses of various
shapes, often as large as a man’s head. In still other places, chiefly off
rocky points ‘and in the channels between the islands, rocky bottoms
occur, but they are usunally of small extent. Muddy bottoms are only
occasionally met with. They otcur in most of the deep areas which are
isolated, and sometimes in the deep channels, but are more common in
sheltered harbors and coves.

In Nantucket Sound and Muskeget Channel the bottom is almost
everywhere composed of sand, and the same i8 true of an extensive
area to the east; and northeast of Nantucket Island, where shoals of
moving sand are numerous and often of large size, but; in the partially
sheltered area on the north side of Nantucket, there is more or less mud
mixed with the sand.

For greater convenience the following subdivisions have been adopted
in describing the animals of the bays and sounds:

1.. Rocky shores, between high-water and low-water marks.
2..8andy and gravelly shores.
'3, Muddy shores and flats.

4, Piles of wharves, buoys, &c.






