I.—THE MARINE ALGA OF NEW ENGLAND.
By Prof. W. G. FArRLOW.

INTRODUCTION.

This report is intended, with the cxeception of the Diatomes, to
inclunde zll the marine species at present known to occnr on the
coast of the United States from New Jersey to Eastport, Me., and
a few gpaeies are mentioned which, although they have not yet been
found within our lHinits, arc nevertheless to be expested from the
fact that they oceur on the neighboring coast of the British provinces.
In preparing the report I have attempted to present, in a compact and
moreor less popular form, a description of the different orders and specios
of sea weeds, so that persons who frequent the coast of New lingland,
-and especially those in the service of the Iish Commission, may have
at hand the means of determining the forms found in our waters. The
descriptive portion of the report is preceded by a short account of the
general structure and classification of sea-weeds, which is neeessary in
the present case, because there is no gencrally aceessible book in the
Buglish language which gives a good account of the modern views of
the classification and structure of algom. .

The list of papers relating directly to New England alge is very
Mmeager. In January, 1847, Prof. J. W. Bailey published in tho Ameri-
can Journal of Arts and Scieuces a paper entitled Notes on the Alga of
the - United States. He enumerates 50 species found in New England,
but some of the number are apparently erroncously credited to our
Coast. Two continuations of the article appeared in May, 1847, and
July, 18648, in the former of which 19, and in the latter 17, species new
to New England are enumecrated. In 1847 Mr. S. T. Olney, in
the Proceedings of the Providence Franklin Society, published a
Paper on Rhode Island Plants, in which he mentions 45 species
of algme. Most of the species in the papers above mentioned had
been submitted to Prof. W. H. Harvey, of Dublin. The classic work
of Harvey, the Nereis Boreali- Americana, of which the first two parts
Were published in the Smithsonian Contributions to Knowledge in 1852,
and the third part in 1857, is the only elaborate account ever published
With regard to the sea-woeds of the United States, and it has always been
the standard authority on the subject. Since the appearance of Harvey's
grcat work comparatively little has been added to our knowledge of the
8ea-weeds of Now England. In the Report of the United States Fish
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Commission for 1870-'72 is a-List of the Marine Alge of the South Coast
of New England, in which 103 species are enumerated ; and in the report
for 1875 is a List of the Marine Alga of the United States, intended as a
catalogue of the sea-weeds exhibited by the Commission at the Centen-
nial Exposition, in which additions were made to the New England flora.
Besides the papers referred to, I would mention Alge Rhodiacew, by S.T.
Oluey, published in 1871; List of Marine Algwe Collected near Iastport,
Me., by Prof. D. C. Eaton® ; two papers by the writer in the Proceed-
ings of the American Academy of Bostont; and List of the Marine Alge
growing in Long Island Sound within 20 miles of New Haven, by F. 'W.
Halli{. A scries of dried specimens has been published conjointly by
Dr. C. L. Anderson, Prof. D. C. Eaton, and myself, under the title of
Alge Am.-Borealis.- The 130 specics already published, in three fasciculi
of 30 sets eaclh, contain a number of the more interesting New England
forms. A set has been presented to the Fish Commission, and that, to-
gether with the large set prepared for the Centennial Exhibition, to be
deposited hereafter in the National Museum, will place in the hauds of
the members of the Commission sufficient material to render the task of
determining our species comparatively casy.

It will be seen that we rely almost wholly on Harvey’s Nereis for our
knowledge of New England algee, and it is surprising that so few species
have been added to the flora in recent years. Of the species recently
added, by far the larger nuinber are insignificant in size, the rare Ne-
mastoma Bardii being almost the only species which would attract the
eye by its beauty. Professor Harvey himself spent but a few weeks on
the New England coast, and we must either suppose that the colleetors
of Harvey’s timme were more acute than those of the last few years, or
else that the New England flora is very poor. That the flora is not very
rich in species, even for a temperate region, is probably true, but it is
too soon to assume that it is exceptionally poor.

The number of species which are so large and striking as to attract
the amateur collector is nowhere large in temperate regions, and the
so-called ricliness of a flora is generally dependent upon the number of
small and iusigm‘ﬁcant species, which are recognized only by those who
malke a careful microscopic study. One reason for the apparent pov-
erty of our marine flora is that our collectors have generally been ama-
teurs, who pass a few weeks upon the shore and gather only the more
bLeautiful and striking species. The number of persons who malce micro-
scopic examinations of our algae is, however, increasing, and, as a result,
numbers of small, but interesting, species have within a short space of
time been brought to light, and it now seems likely that the New Eng-
land flora is by no means so poor as was formerly supposed. The sever-

* Trans. Conn. Aead., vol. ii, part 2, 1873.

t List of the Murine Algm of the United States, Proc. Am. Acad. Art. and Sci., voL
x (n. 8. ii), p. 351. On some Algme new to the United States, 1. c., vol, xii (n. 8. iv),
p. 235,

{ Bulletin of the Torrcy Botauical Club,. vol. vi, No. 21, Sept., 1876.
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ity of the climate, too, renders it difficult to collect during the winter
and early spring months, when the species to be found are to a great
extent different from those which flourish in summer. A riclh harvest
might be expected Ly an algologist who should pass the winter and
spring al some exposed point upon the coast. Tle summer species may
be said to be telerably well known, but our kuowledge of the winter
forms is very deficient.

For the purpose of examining the algwe of the coast, I have visited
Eastport;, Portland, Cape Ann, Wood’s Holl, Mass., where I passed two
summers with the Commission, Newport, Xoank, Conun., and Green-
port, L. I.. Unfortunately, I have not been able to make any excursions
during the winter months, except to the coast near Boston, at Nahant and
Marblehead, and my knowledge of the winter species is derited fromn
specimens sent by correspondents. :

In this conpection I wonld express my sincere thanks to correspond-
ents who have aided me by specimens and information, and I would
acknowledge especially mmy obligations to Prof. D. C. Eaton, of New
Haven; Mr. Horace Averill and Mr. A. R. Young, of Brooklyn; Mr.
C. B. Fuller, of Portland; Mrs. A. L. Davis and Mrs. M. H. Bray, of
Gloucester; Miss M. A. Booth, Mrs. Corcoran, Mrs. J. T. Lusk, Mrs.
Beebe, Mr. F. S. Collius, and others, whose names are appeuded to the
different species described. I am particularly indebted to the Fish Com-
mission for their valuable aid in enabling me to dredge and collect in
various interesting localities in Southern Massachusetts, at Noank, and
at Gloucester, and to Mr. Alexander Agassiz for facilities for examining
the coast at Newport. With the materials at hand I have attempted to
review critically the species of our coast, and for this purpose it was neces-
sary to compare them with the alge not only of Great Britain, but of
the other shores of Europe. I am, above all, indebted to Dr. Edouard
Bornet, of Paris, who has constantly furnished information, both with
Tegard to structure and nomenclature, without which it would have been
Impossible for me to form an accurate judgment concerning American
Species. I would also return my thanks to Prof. J. G. Agardh, of Lund;
to Prof. J. E. Areschoug, Dr. W. B. Wittrock, and Dr. F. J. Kjellman,
of Upsala, through whose kindness I have been able to examine very
complete sets of Scandinavian and Arctic alge, which have a special
bearing on the New England flora; to Prof. E. Perceval Wright, of Dublin,
Who has obligingly allowed me to examine specimens in the Harveyan
Herbarium at Trinity College; to M. A. Le Jolis, of Cherbourg, and Prof.
J. . Rostafinski, of Cracow, for valuable notes on Luminarie:; and to
Mr. F. Hauck, of Trieste, for sets of Adriatic alge.

If we regard the marine vegetation of the northeastern coast of the _

nited States as a whole, we see that, beginning at Eastport, we have a
Strongly marked aretic flora, whieh is a direct continnation of that of

reenland and Newfoundland. As we proceed southward towards Bos-
ton, although the luxuriance of growth is less, the general appear-
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ance ot the flora is still nnmistakably arctic, if we except a few shel-
tered localities. The northern shore of Cape Cod, from its sandy charac-
ter, is practically destitute of all species of algze, except a few forins which
are here and there found growing on the cel-grass. As soon as we pass
to the south of Cape Cod, however, the flora assumes an entirely different
aspect. The arctic and Northern European forms have disappeared, cx-
cept at a few exposed points like Gay Head and Montauk, and, in their
place, we find a number of species, as Dasya elegans, Rhabdonia tenera,
Chondria tenuissima, Sargassum vulgare, characteristic of warmer seas.

The Long Island flora, which may be said to extend from Cape Cod to
New Jersey, has a good deal in common with the northern part of the
Adriatic. Among the more abundant species are Dasya elegans, Poly-
siphonia *variegata, and, if we accept Zapardini’s view, our common
Chondria Baileyana and Lomentaria Baileyana are identical with (.
striolata and L. uncinata, all species common near Venice. From New
Jersey to Charleston, if we except Norfolk and one or two points on the
North Carolina coast, almost no sea-weeds are known, presumably on
account ot the unfavorable nature of the shore, although, it must be
confessed, the coast has never been carefully explored. Even with
regard to the coast of New Jersey we have but little information. A
number of Floridee, usually growing attached to eel-grass, has been
reported from Beesley’s Point by Samuel Ashmead,* but it is almost
certain that southward from that point, very little is to be expected.

It will be seen that Cape Cod is the dividing line between a marked
northern and a southern tlora. In fact, the difference between the flor:e
of Massachusetts Bay and Buzzards Bay, which are only a few miles
apart, is greater than the difference between those of Massachusetts Bay
and the Bay of Fundy, or between those of Nantucket and Norfolk.
This difference in the flora corresponds precisely with what is known of
the fauna. That Cape Cod formed a dividing line was known to Har-
vey, and subsequent observation has only shown, on the one hand,
that thie flora north of Cape Cod is more decidedly arctic than he sup-
posed, and that, on the other hand, south of the cape it is more de-
cidedly that of warm seas. The general fact of the distinctness of
the two flore is not weakened Ly the Lknowledge that we now possess,
owing to the investigations of the Iish Commission, of the existence in
a few sheltered localities north of Cape Cod of some of the character-
istic species of Long Island Sound, and in a few exposed spots south of
the cape of northern species. Of the more common species found along
the whole coast of New England, by far the greater part are also com-
mon in Europe, as Delegseria sinuosa, Corallina officinalis, Hildenbrandtia
rosea, Polysiphonia violacea, P. fastigiata, P. nigrescens, P. urceolata,
Rhodymenia palmata, Chondrus crispus, Cystoclonium purpurascens, Aln-

- feltia plicata, Phyllophora Brodiei, P. membranifolia, Polyides rotundus,
Ceramium rubrum, Ptilota elegans, Leathesia: tuberiformis, Chordaria fla-

* Fid. Proceed. Acad. Nat. Sci., Philadelphia, vol vi, p. 147, vol. x, p. 8,
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gelliformis, C. divaricata. Desmarestia aculcata, D. viridis, Phyllitis fascia,
‘Sjciltosiphon lomentarius, the common Fuci and Laminarie, not to men-
tion a large number of Chlorosporee and Cryptophycee. But a very
few execlusively American species are found throughout our limits.
Most of the purely American species are either counfined to the shore
South of Cape Cod or clse to the shore from Boston northward. In
fact, a good shars of our common sea-weeds could be recognized from
the figures in the Phycologia Brittanica.

Let us consider next the characteristic species between Boston and
Eastport. In studying these we must turn not to works on the alge of
Tr ance, or Great Britain, but rather to those on Scandinavian alge. Itis
especially instructive to examine the Algz Scandinavice of Professor
Areschoug in connection with our own forms. The resemblance is at
once striking. At Eastport we have a magniticent growth of Lamina-
ri®w and Fuci, which predominate over all other forms. The larger spe-
cies are even found high up on the shore, and we find growing in pools
Saccorhiza dermatodea, Laminaria longicruris, Agarum Turner i, Dicty-
osiplon hippuroides, Halosaccion ramentaceum, and Monostroma Blytii; at
low-water mark Lithothamnion Jfasciculatum abounds; and Euthora cris-
lata, Delesseria sinuosa, D. alata, and Cellithamnion Pylaisei can easily
be collected without wadin g. The rocks are covered with crusts of Pe-
trocelis eruenta, and Ralfsia verrucosa, and the luxuriant Fucus evanes-
cens.  'With the exception of Agarum Turneri, which is not found.m
EUI‘ODG, but which occurs in the North Pacific, and C. Pylaisei, which
i8 peculiar to Ameriea, all the species named are found in the north of
Nor\va,y. Buthora cristata does not appear south of Scotland, where it is
rare, and Laminaria longicruris is scarcely known south of the northern
Part of Scotland. As wo proceed southwards from Eastport to Nuhant,
Liear Boston, we find that the species named disappear into deeper water,
and, with the exception of Monostroma Blyttii, are not generally seen ex-
¢ept when washed ashore. Dictyosiphon hippuroides has not yet been seen
South of Eastport, but Saccorhiza dermatodea, known to Harvey only
from N, ewfoundland, is now known to occur at Marblehead, near Nahant,
and Halosaccion is not rare in deep pools at Gloucester, while Mo.nos-
troma Blyttii, in rather a small form, is found on exposed rocks at Little

ahant. Fucus evanescens, which is as abundant as F. vesiculosus at
Eastport, seems to be replaced on the Massachusetts coast by F. fur-
Catus. Qalliblepharis ciliate of Harvey’s Nereis, found from Cape Ann
Borthwards is now known to be the same as Khodophyllis veprecula, &
Common species on northern coasts. As yet none of the Scandinavian
Species of Phlwospora have been found with us, but it is not unlikely
,that they might be found by a botanist who should collect at Eastport
ln- the spring. It is hardly likely that Phleospora tortilis does‘not occur
With ug, for it is not uncommon on the Norwegian coast, and was collected
111' Greenland by Dr. Kiimlien, of the Howgate expedition. Polysipho-
®a arotieq may perhaps also be expected, as well as Chatopterts plumosa,
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a common species of Greenland ‘and Northern Europe. Odonthalia den-
tata, a common species of Northern Europe, has not yet been found
within our limits, although it is common at Halifax.

- If north of Boston the principal feature of the marine vegetation is
the enormous mass of large Fuci and Phaosporee, the Floridee forming
an insignificant part of the flora, the chief feature of the flora south of
Cape Cod is the preponderance of I'loridee and the comparative insig-
nificance of the Fuei and Phewosporeee. In the case of the sea-weeds of
Long Island Sound we cannot so direetly refer them to species of any
part of Europe as was possible in the case of the northern flora. Sev-
eral of the more common and striking species, as I have already said,
are identical with or closely related to Adriatic forms. We are not, how-
ever to push the comparison too far. The development of Fuci and
Laminarie in Long Island Sound, although meager compared with what
we find north of Boston, is far beyond anything we find in the Adriatic,
and, on the other hand, we do not have in Long Island Souud the numer-
ous Corallinew and siphonaceous Chlorosporew, which are common in the
Adriatic, and which unmistakably indicate a subtropical flora. Grinnellia
americana, Dasya clegans, Rhabdonia tenera, Lomentaria Baileyana, Sar-
gassum vulgare, and most of the common species of Long Island Sound,
are found as far south as the West Indies.

A consideration of the apparent exceptions to the law of the distribu-
tion of sea-weeds on our coast is not without interest. In the cold waters
off Gay Head and Block Island, Euthora cristata, in a depauperate form,
is sometimes found, and at exposed points we find a decided growth of
Laminarie, especially the digitate forms. DPtilota serrata, a typical
northern species, has also been found in a much reduced form at the
Thimble Islands, near New Ilaven.

In the town of Gloucester, near the village of Squam, is a small sheet
of water called Goose Cove. The narrow eutrance to the cove has been
dammed up, and the water from the ocean enters only for a short time
at the high tide. In this cove, to my surprise, 1 found Rhabdonia tenera,
Gracilaria multipartita, Chondria Baileyana, and a large mass of Poly-
siphonia Harveyi and P. Olneyi. In short, the flora was entirely dif-
ferent from anything I had ever seen before north of Cape Ced, and
entirely different from that of the adjacent shore, where the flora is en-
tirely arctic. TFurthermore, Squam is on the northern and inuer side
of Cape Ann, and as there is no connaction of Goose Cove with the
southern side of Cape Ann, and inasmuch as no vessels ever enter the
cove, it is very difficult to account for the presence of the sea-weeds
which grow there. The water which is confined by the dam .is much
warmer than that of the surrounding ocean, which would enuble the
species of warm waters to live if they were once introduced, but how
are we to suppose that the spores were brought into the cove? Itis
hard to believe that they could have been brought by currents, for, as a
matter of fact, the currents move in the wrong direction to produce such
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an effect, Certainly, Rhabdonia tenera is quite unknown in any other spot
north of Gape Cod, the nearest locality being the coast near Nantucket,
and it is very difficult to conceive that spores of that delicate species would
survive in g very cold current, which not only must carry them outside
of Cape Cod and across Massachusetts Bay, but also around to the shel-
tered cove at the point where Cape Ann joins the mainland at the
north. If we compare the cxceptional case of Goose Cove in the north
with Gay Head and Montaul in the south, it seems to be the rulg that
Wwherever the water is cold enough, we meet arctic species, and wherever
it is warm enough we have Long Island species, regardless of the
remoteness of localities where the species naturally abound, and, as far
48 we know, of the absence of currents to transport the spores.

Our marine flora is marked by the complete absence of any members
of the order Dictyotacece. Haliseris polypodioides has been found on the
coast of North Carolina and, at Charleston, Padina pavonie begins to
become common, but north of Norfolk not a single species of the order
18 known, the northern species referred by Harvey in the Nereis to the
Dictyotacer being now known to belong to another order. Nor does
any species of Tilopteris or Cutleria occur in New England. The ab-
8ence of some of the common European gencra of Floridee is also wor-
thy of notice. The genus Nitophyllum is entirely wanting north of
North Carolina, and, although a species is said to have been collec-
ted off Cape Fear, and although N. occllatum is occasionzally found
at Key West, this genus, which forms one of the more striking fea-
tures of the Euarcpean flora, may be said to be practically almost un-
known anywhere on our Atlantic coast. Bonnemaisonia asparagoides,
Which occurs as far north as Norway, although rare, may perhaps Dbe
found with us. No species of Schizymenia or the related genera is found
With us although the western coast is perhaps too rich in species of
this perplexing group. Plocamium coccineum, one of the commonest red
Sea-weeds not only of Europe but of our west coast, is known with us
I only one doubtful case. Gelidium corneum, which is abundant in al-
most all parts of the world, is only oceasionally found in New England,
and then ounly in the reduced form, separated by someas a distinctspecies,
under the name of . crinale. It may here be remarked that it is often
& difficult matter to determine whether some of the more beautiful sea-
Weeds of Europe really oceur with us or not. Our amateur collectors
have frequently exchanged with- European collectors, and one not un-
frequently sees specimens of Plocamium coccineum, Callophyllis laciniata
and other European species prized for their Leauty, which are said
to have been collected on our own coast. But inasmuch as no careful
collector has found the species in question, I haveconsidered it too unsafe-
to_accept the statements of amateurs who, to my knowledge, have re-
elved specimens from Europe, and who, in general,are not accurate as
to dates and localities. The preceding remark will not, however, apply
to the Species of Fucus and the coarser sea-weeds., Fucus serratus, very.
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common in Europe, is very rare with us, having been found in but one
locality in the United States and one in Nova Scotia. Fucus canalicu-
latus, Himanthalia lorea, and the common European Cystoseira@ are
quite wanting. The nearly ubiquitous Codium tomentosum is a species
which has not yet been found on our northern coast. On the other
band some species, as Spyridia filamentosa and Chordaria divaricata, are
more abundant in New England than in Europe, and the same is prob-
ably true of Euthora cristate and Ptilota serrata, if we -except perhaps
the arctic zone.

It is evident that a great deal remains to be done before we can say that
we have as accurate a knowledge of our marine flora as we Lhave of that of
most European countries. Hereafter any advance in the knewled ge of our-

_marine alga must be made by a careful microscopic study on the shore.
Probably all the large and striking spceies are now known, or if any re-
main to be discovered their discovery will be by mere chance, and not by
any systematicsearch. Whatis especially needed is information about our
winter and spring forms, and this can be best obtained by persons who
either live on the shore or spend several months there, so as to be able to
take advantage of the comparatively few days for collecting, which oe-
cur in our severe winters. The habits and structure of our Laminarie
need careful examination, microscopic as well as in the gross. The
whole order of. the Pheosporea, in fact, which abound in spring, should
be studied, especially the genus Betocarpus and itsallies. Our Cladoplore
are in great confusion, and in the present paper I have been able to
contribute but little towards their proper arrangement. Several years
of study are necessary for the purpose, and, in fact, the task cannot well
be accomplished until the European species are better known. Our
Ulvew are not in much better condition. The Ulve proper, thanks to
the elaborate account of the genus given in Le Jolis’s Liste des Algues
Marines de Cherbourg, can be tolerably well made out; but the deter-
mination of some of the species of Monostroma is merely approximate.
The Cryptophycca, which inhabit the shores and brackish localities, are
very numerous, aud a large number of forms probably remain to be dis-
covered. A study of the last-named order is, moreover, not without a
practical bearing, as is shown in another part of the report, by the fact
that the cause of the so-called red fish is due to the growth of an alga of
this order. It is probable that we have with us nearly all the European
species of this order, and an excellent guide for our students, is the ad-
mirable paper by Warming on the Bacteria of the Danish Coast.*

Another group requiring study is the Squamarice, a small order eon-
sisting of species, which form crusts on stones and shells, often in deep
water. As a rule comparatively little in the way of sea-weeds is found
by dredging; but an examination of shelly and gravelly bottoms for
Squamarie is to be desired. Dredging is most successful between 10

* Ow nogle vod Danmarks Kyster levende Bakterier, in Videns. Med. Natur. Foren.,
‘Copenhagen, 1875,







