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ECOLOGICAL CLASSIFICATION

On an ecological basis, two or three different classes of floating weeds may he
distinguished according to the roles they play in the pelagic flora and the role and

duration of the pelagic stage in the ecology of the individual specics. In one

class we have the eupelagic weeds, that is the species or varieties of Sargassum
which in a quantitative sense have their main occurrence in the pelagic condition
or which are as yet only known at all in a floating stage. In this class we have
the species or series of forms included under the designations of S. natans and
S. fluitans. _These eupelagic forms, of course, contribute by far the largest
quantity of vegetation to the drifting community as were to be expected from
their definition. In the second class, the quasipelagic forms, typically repre-
sented by 8. hystriz and perhaps comprising no other form among those here
considered, we might group the weeds which are normally benthonic and sessile,
but which, when they are torn loose from the bottom, are able to survive in the
pelagic condition, without significant morphological changes, for a sufficient
length of time for them to contribute & quantitatively significant element to the
floating flora in the peripheral parts of the Sargasso Sea without being able to
maintain a significant representation in its central area, among the weeds of
longer pelagic existence (see page 68). Finally, the third class may be made to
comprise the holo-benthonic forms which are only accidentally found drifting at
the surface, where they either rapidly perish (8. polyceratium and others) or
rapidly become modified into a holopelagie form in which the identity with the
benthonic type becomes unrecognizable (it is still not impossible that S. natans
may be a derivation with morphological modifications from a benthonic form
with which it can not as yet be identified). The forms of the holo-benthonic
class are, of course, normally only encountered in the neritic boundaries of the
Sargasso Sea proper, and it is only a very few of the holo-benthonic forms
which have so far been found in pelagic collections at all, outside of the narrowest
and most turbulent straits and coastal waters. Clearly the likelihood of finding
2 holo-benthonic form even accidentally present in a pelagic collection is de-
termined (1) by the ease with which it is torn loose from its sessile condition
which again will be dependent (a) upon the tensile strength of its stems, (b)
upon the nature of the substratum generally selected for attachment (e. g.,
forms growing mainly on rocks and pilings are less likely to be found adrift than
forms growing on smaller objects), and (c) upon the degree of exposure,
generally correlated with depth, of their benthonic zone of distribution (the
fact that S. filipendula seems so rare at the surface even in such a locality as the
Straits of Florida is undoubtedly correlated with its generally relatively deep
benthonic habitat in southern waters). It is further determined (2) by the
degree and durability of the buoyancy of the weed when loosened. In the great
amount of pelagic collections sorted in the course of this investigation only 3
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holo-benthonic forms have heen found to oceur with sufficient frequency at the
surface in the neritic marging to warrant their inclusion in our key on page 15.

While Winge does not explicitly classify the 8 varietics of floating weeds.
described by him according to the relative importance of their pelagic as com-
pared with their benthonic oceurrence the implicit statements made in his text
are quite in accordance with the grouping of the various “species” here sug-
gested.

DESCRIPTIVE ATLAS OF EUPELAGIC WEEDS

The synopsis given in the preceding differentiates only the typical repre-
sentatives of each of the various forms encountered in the course of these
investigations. Actually, however, the eupelagic forms show every possible
type of intergradation, even to intergradations (at least in superficial descriptive
features) between the S. Juitans and 8. natans series. It therefore seems de-
sirable that the descriptive account of these variable and intergrading serie
should be further elaborated for future use in comparisons between collections.
Since we are chiefly concerned with the eupelagic weeds only, we shall in the
following confine our attention to the two series identified as S. natans and S.
Sluitans. In the hope that this may prove the most useful and practical method
of presentation, the account will be given in the form of an annotated descrip-
tive atlas of photographic herbarium silhouettes.

In this connection it should also be mentioned that the epizoan fauna in-
habiting the weeds often provides valuable guidance for the classification of the
weeds themselves, due to the specificity of certain dominant forms. The writer
is indebted to M. D. Burkenroad for the following statement of these relation-
ships and their probable interpretation.

** Almost every individual plant of eupelagic Sargassum 1s overgrown by somo one
of & Hmited number of spectes of colonial epizoan which, upon the outer and youngoer
portions of the plant at least, dominates tho attached fauna. Each of these dominant
species of eplzoan is limited, not geographically or seasonally, but rather to certaln

»onEzOnEvu?:w@ml‘.m..awwk_..mﬁ.@&mﬂu.walmuoroacgnuima_nﬂomniawo:o excep-
tion the sulphur-yellow Campanuiarian hydrold Clytia noliformés. Upon S. natans 11
the same Clytia is usually the dominant, and this hydroid occaslonally occupies what
appear to be plants of S, VIII and S. I'X of the natans serics. S. natans IX is, how-
over, much more usually overgrown with the yellow Sertularian hydrold Sertularia
mayeri or with the black specles S. flowerst, which infrequently occupy what appears
tobeS. II. Upon S. natans VIII the dominant form is usually the white Plumularfan
hydrold Aglaophenia minuta. JIn the fluitans serles, the usual dominant of S. ITI s
the same species as in_S. natans VIII, Aglaophenia minuta; on occasion, however, a

plant of S. flultans 111 may bo overgrown by Sertularia flowersi, S, mayeri, the white
branching S. versluysi, the white unbranched S. brevicyathus, the tan-colored Sertularian
Pasythea quadridentata, or the delicate white Plumularian Aonotheca margaretta. S. X
of the fluitans series may have as its dominant hydroid Clytia noliformis, Sertularia
mayeri, or S. Sflowersi, but frequently lacks a clear dominant; it is almost invariably
occupted by a Chilostomatid bryozoan which never occurs upon any other form of
holopelagic Sargassum. Finally, the dominant hydrold of Sargassum V is either of
two specles of Tubularian hydrold one of which resembles Clara, the other Syncoryne.

A difference in hydrold fauna between broad-leaved and narrow-leaved forms of
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pelagie Sargassum taken in the same locality was noted by Hentschel, 1920; and was
remarked by Winge, 1923, as a supplement to the distinctions between 8. natans T

- and 8. fluitans 11]. The use of the fauna! distinction for separation of intergradlent or

nearly resembling forms of Sargassum, as S. natans Il and S. natans VIII or 1X, S.
fluitans IIT and S. fluitans X, is however complicated by the impossibility of deter-
mining whether a doubtful plant bears an unusual dominant, or whether it 1s an
atyplcal plant with the usual dominant, Thus, typlcal S. natans VIII almost always
bears Aglaophenia, and the plants occupted by Clytia or Sertularia are often of less
characteristic form and might perhaps represent S. natans II. Turther, according to
what seems at prosent the most satisfactory hypothesis relativo to the mechanics of
distribution of the epizoa of polagic Sargassum, the limitatfon of glven eplzoans to
given forms of plant has more the quality of a succession phenomenon than that of,

following facts and assumptions lead to the hypothesis in question:

In addition to the dominant colonial epizoans, each plant of pelagic Sargassum bears
what may be termed a subfauna of hydroids (Gemmarta, Halecium nanum, Plumularia
setaceoides, P, catharina, Obelia, Clytta bicophora, and others) and the very abundant
bryozoan Membranipora tuberculata which (in sharp contrast to the dominant hydrolds,
more than one specles of which is only Infrequently found growing upon a single plant)
may occur all together or in any combination, and in association with any dominant
epizoan. The subfaunal epizoa, although more frequent upon some forms of Sar-
gassum (S. fluitans III) than upon others (S. natans I), occur in much the sameo
proportion one to another upon any form of plant. This nonspocific subfauna is most
frequent, in contrast to the dominant eplzoans, upon the older and tnner parts of the
plants; and its components often occur in small discrote patches, rather than as con-
tinuous extensive colonies. Tho subfauna Is as a whole distinguished from the dom}-
nant forms by a much greater frequency of sexual reproduction or of the dovelopment
of long transfer stolons.

The evidence scems frrefutablo that floating Sargassum grows actively, that {ts
older parts gradually break oft and sink, and that its numerical abundance ls main-
tained chiefly by division of the stock. It is therefore clear that a sterile dominant
¢pizoan must keep pace with the extension of the plant upon which it grows, in order
to avold being lost with the older portions of the plant. On the other hand, the sub-
fauna, reproducing sexually or with other special means of facilitating transfer from
plant to plant, need not overgrow the entire plant to assure the maintenance of its
stock; and its adjustment to the dynamic peculiarities of the substratum therefore
need not be so close as in the case of the dominant eplzoans.

Experiments made at the Bermuda Blological Station in 1936 suggest that the
specificity and the exclusiveness of the dominant hydroids is not an immediate effect
either of the substratum (successful transfers of Aglaophenia to S. natans I, ete.;ready
growth of all forms on glass) or of the epizoan association (culture in mixed stands of

" the varfous dominant forms). Thus, for example, the limitation in nature of Aglao-

nhenia to S. fluitans ITT and S. natans VIII i3 not a matter of direct and immediato
dependence upon these specific plant substrata or of o directly deleterfous effect of thoe
tissue of S. natans I; and further, the lack In nature of any examples of S. fluitans 111
dominated by a mixture of Aglaophenia and Pasythea is not the result of a direct
incompatability of one of these hydroids with the other. It therefore scems more
likely that the apparent selectivencss exhibitod by the dominant eplzoans i3 the

process, than that it is the result of a qualitative restriction.

Transfer of epizoans both dominant and subfaunal from one plant to another
occurs without special means on the high sca to somo extent, when tho plants aro
massed together during protracted porfods of ealm, or are bound together by the
siiken tubes constructed by the nereld worm or by the amphipod Sunamphithot, or
by the egg-strands of flylng-fishes. Such transfor seems to occur with sufMclent,
although a low, frequency to have produced a complete mixture of originally separate
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dominant faunas, given the long period of pelagic existenco of the plants for which
the evidence seems clear, It thorefore appears that the assumption of an originally
distinet geographiceat derivation of S. natans I and S. fluitans II1, or of the plants of
S. fluitans I'IT with ~Aglaophenia from those with Pasythea, can not serve to account
for the observed distinctions in dominant fauna.

The simplest explanation of the peculiarities of distribution of the dominant epizoans
might in part at least be supplied by an assumed relation of their individual rates of
growth to that of the different plants and of each other. S. natans I never bears other
dominoant than Clytia noliformis. It might be assumed that this plant has a rate of
growth and of disintegration higher than that of the other forms of holopelagic Sar-
gassum, and that the Clytia is the only dominant able to keep pace with it. S. natans
11, which occaslonally is occupied by Sertularia, might be supposed to have a some-
what slower rate of growth and death; S. fluitans X and S, natans I.X, which are often
occupied by Sertularia or Pasithea, a still slower rate;S. fluitans I11 and S. natans VIII,
which generally bear Aglaophenia, the slowest rate of all.  8ince Clytia appears to be
able to utilize larger planktonts as food than can the Sertularian and Plumularian
hydroids, the avatlability of these more motile organisms to Clytia might perhaps he
assumed to be more reduced by the presence among the Clytia of close, repellant
stands of Plumularians and Sertularians than would the availability of smaller organ-
isms to the latter by the Campanularian. Such an effect might account for the In-
frequency with which Clytia dominates plants assumed to have a growth rate slow
enough for the maintenance of Sertularia or Aglaophenia. The more efficient seive
created by the growth-form of Aglaophenia might be constdered to account for the
moro usual occurrence of this than of the Sertularians upon plants of growth rate
sufliciently slow to permit the maintenance of Aglaophenia. Since the plankton of
the Sargasso scas which can bo utllized by hydroids is relatively sparse, it might
further bo assumed that o competition for food between intergrown colonies of diffor-
ent hydroids might occur, which would, other things being equal, favor the originally
larger colony, in much the same way as a single shop has difflculty In meeting the
competition of one which is & membor of a chain, This initial diMculty in the roplace-
ment of an established by an invading form might reinforce infrequency of transfer
In minimizing the occurrence of mixtures of dominant forms upon a single plant.

Direct evidence for tho hypothetical relation between plant and epizoan tentatively
outlined above is oxceedingly difficult to obtain. Experiments at Bermuda suggested
that Clytia may have a higher rato of lincar extension than do the Sertularians and
Plumularians, but wero inconclusive. No clear indication of effective food competition
in mixed stands of hydroids was obtained, but was perhaps hardly to be expected in
the fertile neritic waters where the relatively few and short experiments were made.
Nothing s dircctly known of the growth-rates of the different forms of pelagic Sar-
gassum. 'The fact that the subfauna is more abundant on S. fluitans 111 than on S.
natans I seems consistent with the assumption of a slower rate of growth and of dis-
Integration in the former, since the subfauna seems clearly to depend for maintenance
of its stock on the dissemination of new colonies rather than on continuous growth,
It also scems consistent that the order of frequency and of thinness of habitus of the
plants is more or less in direct ratio to thoeir hypothetical rato of growth and disintegra-
tion. Varlous objections to the hypothesis, and numerous accessory polnts requiring
explanation, which are not mentioned above, will it §s expected be considered in detafl
in future essays on the rentarkably complex animal community of pelagic Sargassum.'*

M. D. BURKENROAD, in [it.

In favor of Burkenroad's suggestion that dominance among the epizoans may
be determined by the relationship between their rates of growth and the linear
rate of growth of the plants, it may be pointed out that, even if we assume an
equal volume or weight rate of growth for all forms of weed, e. g., in grams per
week per kilogram, the absolute linear rates of growth (e. g., mm, increase in
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length per stem per week) would vary from one weed form to another approxi-
mately as assumed by Burkenroad as an explanation of epizoan dominance.
Since it has the finest stems and leaves, S. natans (I) would have to add greater
linear increases to its plant to give the same increase in weight per unit weight
than would the somewhat coarser, S. natans (II). Still less linear increase
would be required of the dense §. natans (IX) and least of all of the coarse S.
natans (VIII) and of the S. flutlans series.

S. Nalans SERIES

To give a general definition of the entire S. nalans series seems a virtual
impossibility. In difficult eases, especially when dealing with incomplete plants
of certain forms of the S. natans VIII type, the complete absence of thorns on
the stems becomes the sole determining feature by which the specimen can be
assigned to the S. naians as distinet from the S. fluitans series, It might actually
be said that every morphological feature shared in common by all members of "
the S. natans series are of purely negative character as indicated in the following
diagnosis. .

Receptacles absent. All branches of same general type. Cryptostomata
absent or extremely scarce. Branches smooth, without thorns. Leaves simple,
never forked, relatively straight, without conspicuous morphological twist,
their costae distinct but without conspicuous ridge. Edges of leaves usually
distinctly to strongly serrate.

It i3 evident that the preceding diagnosis is almost worthless apart from the
elimination of forms which by the possession of characters not found in the S.
nalans series can be excluded from the latter, while it does not form a sound
basis for positive identifications. With regard to all positive features such as
leaf-size and form, and all characteristics of general habitus capable of expression
in counts or measurements, the variations within the series are so great as to
defy any attempt at giving a generalized definition for the whole series.

It might be stated that the leaves are generally very firm in comparison with
leaves of similar width and thickness in benthonic forms, notably in comparison
with S. filipendula, but also in comparison with most other benthonic species
which have come to the writer’s attention, except the more robust types of S.
pleropleuron. But even this relative rigidity of foliage is not without exceptions,
particularly among the more broad-leaved representatives of S. natans (VIII).

In view of this generally negative character of the common diagnosis of the
entire group, it will be necessary for positive identification to make comparisons
individually with every form comprised within its series. For this purpose the
accompanying atlas has been arranged in descriptive sequence from the most
narrow-leaved to the most broad-leaved specimens found in the available
collections.

Abnormally produced leaves, not corresponding to the descriptions of typical

.

4.
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plants given in the following, occasionally oceur particularly in the basal portions
of Iarger specimens, and are illustrated by an example of S. natans (II) given in
figure 18 on page 38.

Silhouette 1 (figure 11) shows a typical, slender, fine-leaved specimen of S.
natans (I), of moderate size (ab. 21 c¢m.), with distal spikes on every bladder,
many of the spikes being narrowly foliate with a few serrations. Leaves 30-35
mm. long, about 1 mm, wide, sharply dentate. Bladders 2-2.5 mmn. diameter,
their pedicels 2-5 mm. long.

Silhouette 2 (figure 11) shows a small sprig of a broader-leaved variety of S.
natans (I). Note the fully developed leaf arising from one of the bladders.
Leaves 35-40 mm. long, 1.5-2.0 mm. wide, sharply dentate. Bladders 2-2.5
mm. diameter, their pedicels 2~4 mm. long.

Silhouette 3 (figure 11) shows a fragment of a still more broad-leaved specimen
of . natans (I), in which distal spikes are only present on a small minority of
the bladders. Leaves 30-50 mm. long, 1.5-2.5 mm. wide, sharply dentate.
Bladders about 3 mm. diameter, their pedicels short, only about 2 mm. or less.

Sithouette 4 (figure 11) finally shows a large (36 ¢cm.) robust specimen of S,
natans (I}, in which many bladders completely lack distal spikes, and the spikes
present on others are generally thin, simple and short. Leaves 35-45 mm. long,
1.5 (-2.0) mm. wide, sharply dentate. Bladders 3.0-4.0 mm., diameter, their
pedicels 3-5 mm. long, It is evident that this specimen leads without any
abrupt transition to:

Silhouette 5 (figure 11) which is a slender and narrow-leaved representative
of S. natans (II), entirely free from bladderspikes and quite typical of numerous
other representatives of the finer varieties of this form. Leaves 50~-60 mm.
long, sharply dentate, 1-1.5 mm. wide. Bladders about 3 mm., diameter, their
pedicels about 2 mm. or less.

Sithouette 6 (figure 12) shows a slightly more luxuriant representative of S.
natans (II) than that shown in silhouette 5. Leaves 50~70 mm. long, 1.5-2.0
mm. wide, sharply dentate. Bladders 3—4 mm. diameter, their pedicels 1-3
mm, Jong,

Since S. natans forms a continuous series of intergradations so far as leaf and
plant form is coneerned, one might, on the basis of the plants alone, be inclined
to extend the range of modifications covered by the designation S. natans (II)

-to include also several of the relatively narrow-leaved forms shown in the

following silhouettes. But, on the basis of the epizoans as identified by Burken-
road, the typical dominants of S. natans (VIII) (Aglaophenia) are present al-'
ready on the specimens shown in silhouettes 8, 9, and the following figures.
Taking cpizoans into eonsideration, we therefore restrict S. natans (II) to the
narrow range shown hy sithoucttes 5 and 6 (epizoan: Clytia), and this is the form,
only slightly coarser than S. natans (I), in which the weeds without bladder-
spikes most commonly occur in the open Atlantic.
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Figure 11. Silhouettes 1-4: Sargassum natans (I). Silhouetto 5: 8. natans (II), slender ! !

variety. Scale see flgure 12,
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Silhouette 7 (figure 12) shows a similar variation towards broader and softer i
foliage in S. natans (II) as that shown by silhouctte 3 in S. natans (I). Leaves
40-50 mm. long, 2.5-3 mm. wide, sharply dentate. Bladders about 3.0 mm.
diameter, their pedicels 2 mm. long or less. This specimen has also been found
by Burkenroad to have an atypical epizoan fauna dominated by Sertularia.

A somewhat divergent, more densely foliate variety of S. nafans (II), with
extremely sharply dentate, but quite narrow leaves and relatively numerously
retained bladders is shown in silhouette 22 (figure 16, p. 34) for comparison
with S. natans (IX).

Silhouettes 8 and 9 (figure 12) represent very narrow-leaved specimens of S.
natans VIII, so designated on the basis of their epizoan fauna (dominant: 3 X
Aglaophenia). Leaves 50-60 mm. long, 3-3.5 mm. wide, sharply dentate (9) or
rather weakly serrate (8). Bladders about 4 mm. diameter, pedicels about 2 M
mm. Silhouette 9 shows a bladder in a terminal position on a leaf or foliate
pedicel 17 rom. long. .

Since epizoan fauna could not regularly be taken into consideration in mass
sorting on shipboard, it is evident from subsequent determinations on pre-
served material that many of these narrow-leaved S. natans VIII have been
entered in the field records as S. natans II. This discrepancy between field
records and final determinations mainly affects the data from the waters near
the coast of the West Indian Islands and within the Central American Seas but
is not significant for the open Atlantic, in which the bulk of the weeds without
bladderspikes of the 8. natans series occurs in the typical form of S. natans 11
shown in silhouettes 5 and 6.

In silhouette 10 (figure 13) an increase in leaf width and coarseness is noted.
Leaves 40-55 (65) mm. long, 3.5-4.0 mm. wide, moderately dentate. Bladders
3-4 mm. diameter, their pedicels 1-2.5 mm. long, except when alate or foliate,
wheri they may be as much as 20 mm. long. Silhouette 10 shows several nar-
rowly alate pedicels, and one broadly foliate with dentate margin and with the
terminal vesicle carrying a long, slightly foliate distal spike.

Silhouettes 11-13 show further variations of S. natans VIII with moderate
leaves. In silhouette specimen 11 the leaves are fairly short and blunt, 40-50
mm. long, 3.5-5.0 mm. wide, and sharply dentate. Bladders small, 2.5-3.0 mm.
diameter, on 1-3 mm. pedicels. In specimen 12 the leaves are longer and more
pointed, 50-60 mm. long, 3.5-4.0 mm. wide. Bladders 3.5-4.0 mm. diameter,
on 2-4 mm. pedicels. .

Sithouette 14 (figure 14) represents a very vigorous specimen of S. natans
(VIII), in which the comparatively narrow and pointed leaves still point towards
the intergradation with S. natans (II). Leaves 40-50 mm. long, 3.5-4.5 mm.
wide. Bladders 4 mm. diameter on 1-3 mm. pedicels. .4

Silhouettes 15-17 (figure 14) show an assortment of moderately robust but
quite typical S. natans (VIIT) with relatively short and broad leaves, which
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Sce text. Scale, see figure 16,
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Tigure 13.  Silhouettes 10 13: Sargassum natans (VIII),
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Flgure 16.  Silhouetto 22: Sargassum natans (I1) and silhouctte 23: S. natans (VILI), for
comparison with silhouette 24: S, natans (1X).
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Figure 17. Silhouettes 25-27: Sargassum natans (IX). Silhouette 28: Transition from
S. natans (JX) to S. natans (VIII). Scale see flgure 16.
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integrate with S. natans (II) through such intermediates as that shown in
silhouette 11 (figure 13). Leaves 4045 mm. long, 5-6 mm. wide (Nos. 15 and
17), 6~7 mm. wide (No. 16). Bladders 3—4 mm. diameter, on 1-2 mm. pedicels.

Silhouettes 18-21 (figure 15) finally illustrate various examples of luxuriant
S. natans (VIII) at the end of this series. Leaves 35-45 mm. long (Nos.
18-20), 45-55 mm. long (No. 21), 5-6 mm. wide (Nos. 18-20), 6~7 mm. wide
(No. 21). Bladders 3-4 mm. diameter, on 1-2 mm. pedicel. No. 18 with one
slightly alate pedicel 4 mm. long with one denticulation.

Silhouette 22 (figure 16) shows a comparatively densely foliate variety of S.
nalans (1), with moderate, narrow, sharply dentate leaves and comparatively
numerously retained bladders, pointing towards S. natans (IX ). Leaves 45 mm.
long, 1~1.5 mm. wide. Bladders 2.5-3 mm. diameter, on pedicels 1-3 mm. long.

Silhouette 23 (figure 16) shows a robust specimen of 8. natans (VIII) of the
same general type as that shown in silhouctte 9§ (figure 12), but with more
numerous bladders. Apart from the latter feature, silhouette 23 is here given
for its contrast with rather than its resemblance to S. natans (IX). Leaves
50-55 mm. long, 2.5-4 mm. wide. Bladders 3-3.5 mm. diameter, on pedicels
1-3 (7) mm. long.

Sithouettes 24-27 (figures 16-17) give typical examples of S. natans (IXx),

with its small, sharply dentate leaves, dense growth, numerous bladders, ete.,

which clearly show the actual distinctness of this form from all other members
of the S, natans series illustrated in this report. Leaves 3040 mm. long, 2-3
mm. wide. Bladders 1.5-2.5 mm. diameter, on pedicels 1-2 mm. long.

In silhouette 28 (figure 17), we have a specimen caught in the same haul as the
others shown in figure 17 which combines the profuse foliation and numerous
small bladders of S. natans (IX), with a leaf-size and form pointing clearly
towards such representatives of S. natans (VIII) as that shown in silhouette 11
(figure 13, page 31) while its relations are still further complicated by the
presence of long, foliate, distal spikes on several of its bladders. Leaves 4045
mm. long, 24 mm. wide, Bladders small, 2-2.5 mm. diameter, on 1-2 (4) mm.
pedicels.

S. Fluitans SERIES

The group here referred to under the taxonomic designation of S. fluitans
Borgesen scems much simpler than the S. natans series in the sense that its
variations, apart from the dimorphism to be described below, seem to he indi-
vidual rather than serial and systematic. The entire range of individual varia-
tions with reference to leaf form, etc. in S. fluitans is also narrower than the
range of serial variations in S. natans. It is therefore possible to give the general
definition of the 8. fluitans series a more positive form than that given in the
diagnosis of S. natans, as follows:

Receptacles absent. Branches with thorns, frequently extending to the
pedicels of the bladders, but sometimes quite scarce and mainly observable only
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near the actively growing distal ends of the branches. ILeavest typically 4-5
mm. apart, usually simple, very rarely forked, their width usually 3-5 mm,,
normally contained about 5-12 times in their length, which usually varies
between 20 and 60 mm.? Cryptostomata almost always present at least on some
of the leaves, sometimes on all, but always small, inconspicuous and irregularly
arranged. Costae distinct, but without conspicuous ridge. Edges of leaves
vaguely dentate to strongly serrate.

The separate plants of S. fluitans occur chiefly in two typically quite distinct
forms, of which we shall here begin with the description of the form designated
as 8. fluitans (X).

In its typical form S, fluitans (X) is most conspicuously characterized by its
general habitus which is that of a dense, globular or oblong cluster, of quasi-
radially arranged, short, subequal, richly foliate, branches. The overall length
of such plants is usually only about 20 ¢m. or less and rarely exceeds 30 cm. in
any direction. The branches on the average originate less than 6 mm. apart.
The leaves are relatively short, usually less than 50 mm. long,?® and typically
only about 30 mm. or less, although average leaf lengths approaching 50 mm. is
occasionally characteristic of specimens with a general habitus entirely typical
of S. fluitans (X). The leaves are thick, comparatively very firm, and relatively
straight and flat, without conspicuous morphological twist. In fresh material
they also differ from the leaves of . fluitans (I111), in being of a dark olivaceous
green color, instead of yellowish brown. Cryptostomata seem to be always
present, and indeed fairly numerous, although inconspicuous and irregularly
arranged. The edges of the leaves are typically less sharply serrate than in S.
fluitans (I11), although the scrrations are extremely variable and always dis-
tinct. While most of the bladders are smooth at the distal end, typical speci-
mens often show a number of aristate vesicles with the apical point sometimes
continued into a fully formed leaf up to 20 mm. length. The pedicels of the
bladders also frequently show an unusual length (up to 9 mm., at least), although
their length is normally only about 2-5 mm. In this variability of the vesicles,
their pedicels and apical appendages rather than in their usual form S. fluitans
(X) seems to differ from S. fluitans (I11), as it also does by its typically much
more abundant cryptostomes and by the other features mentioned in the
preceding. An epizoan species occurring exclusively on 8. fluitans (X) is
mentioned by Burkenroad on page 23.

! Only leaves sufficiently far below the distal end of the branch to be considered
fully developed are taken into account in this description.

* As also in the S. nafans scries, exceptionally long leaves exceeding 80 mm. length
are occasionally found in the basal portions of the plant (see figure 18). These
exceptional leaves would appear to have had an increased growth in length only and
therefore show n very high ratio between width and length (1 : 20 or more). But
since there are rarely more than a single or a couple of these long leaves present on
any single specimen, they do not contribute significantly to its general appearance.

3 Leaves of exceptional length occur also in this form.
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Figure 18. Herbarlum sllhouettes showing abnormally produced leaves In Sargassum
fluitans (11I), above; and in S. natans (II), below.
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From its more typieal form described in the preceding and illustrated in
fig. 4, 8. fluitans (X) shows numerous individual variations illustrated in figs.
19-20.

Figure 19 shows various specimens of typical S. Sluitans (X) of more or less
circular or slightly oblong! shape without differentiation of major (main) and
minor stems or primary branches. Considerable variation of leaf form and size
may be noted even within this relatively homogeneous group. Sithouette 29,
overall length 37 em.; leaves 2540 mm. long, 3-4.5 mm. wide. Bladders 4-6
mm. diameter, circular or ovate, a few with small distal spikes, one with distal
spike broadly foliate. Silhouette 30, 15 em. overall, leaves and bladders as in
No. 29. Silhouette 31, length 20 em., represents a variety with slightly more
slender growth. Leaves usually not over 4 mm. wide, 30-40 mm. long, with
more distinct midrib than in the forms with blunter leaves. Silhouette 32, 30
cm. overall, has generally smaller leaves than the other specimens shown in
figure 19, the length of the leaves being predominantly less than 25 mm., al-
though a few reach 35 mm., their width predominantly 2-2.5 mm., exceptionally
4 mm. Silhouette 33, on the other hand, shows a long-leaved variety of S.
fluitans (X), with leaves 45-60 mm. long but only 2-2.5 mm. wide.

Figure 20 shows various examples of S. fluttans (X) of looser growth, pointing
towards S. fluitans (ITT). These specimens all have naturally fairly flat, straight
and thick leaves and would all, on the basis of fresh material, without hesitation
be sorted with 8. fluitans (X). Silhouette 34 shows the large, strongly ovate
bladders (up to 6 mm. largest axis) which seem particularly common on the
more luxuriant plants of S. fluitans (X). The leaves are 35-50 mm. long, 3.0-
4.5 mm. wide, with not very strongly serrate margins. A bifurcated leaf is
conspicuously shown. Silhouette 35 agrees with 36 in foliage, ete., differing
only in its general habitus. Silhouette 36 shows a rather aberrant form with
straight, narrow, only weakly serrate leaves, 35~40 mm. long and 2-2.5 mm.
wide. The type of growth is also unusual, and the cryptostomata slightly less
inconspicuous and more regularly arranged than normal for S. Suitans (X).
It is not without hesitation that this plant is included in the &S. fuitans (X)?
series, not as part of its intergradations but rather as a divergent extreme
variety.

Silhouette 37 shows a nearly isodiametric, fairly typical, though rather loosely
grown, plant of S. fluitans (X) in which one single branch has been produced to
assume the appearance of S. fluitans (III). With regard to general habitus,
the “basal” part of No. 37 compares with such specimens as No. 35.. With
regard to leaf size, form and texture it is in perfect agreement with No. 31.
Leaves 25-35 mm. long, 25-35 (40) mm. wide. While the produced branch if

! The oblong shape of the two larger specimens is due to a selection of plants of
this form to fit the herbarium sheet rather than to a normal preponderance of elon-
gate over iso-diametric form with larger size,
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separated from the basal branches would unhesitatingly have heen classified as a
fragment of some such typical representative of S. fluitans (I1I) as that shown
in sithouette 43.

Several larger examples (too large for herbarium preservation) in which still
more fully developed and branched stems of S, Jluitans (I1I) are organically
connected with still more typical, dense clusters of . Juitans (X) are available
in liquid preservation.

8. fluitans (I11) is typically very easily distinguished from S. fluitans (X) by
its loose, open and stringy general habitus, dominated by one or several long
main branches sharply differentiated from the much shorter and subordinate
secondary branches which generally originate on the average more than 6 mm.,
typically around 7 mm., apart. The plants may reach an overall length between
ends of main branches approaching 1 meter and usually occur in sizes of 30 cm,
or more in any region of vigorous growth. The leaves are usually longer than in
S. fluitans (X), generally more than 30 mm., typically 40-60 mm. long in well-
developed specimens, with the width (typically 4-5 mm.) usually contained
8-12 times in their length, The leaves are crisp and firm but not so thick as in
S. fluitans (X), typically conspicuously twisted and curled, the twisting and
curling being more pronounced the more luxuriant the general appearance of
the plant. Color in fresh plants yellowish brown (light tobacco brown). Crypto-
stomata often absent from single leaves but very rarely absent from all leaves on
& plant of reasonable size. They also commonly occur throughout the foliage
but are usually much fewer on each leaf than in typical representatives of .
Suitans (X). Edges of leaves usually sharply serrate. Bladders without spikes,
smoothly rounded at apical end, on short pedicels, normally less than 3 mm.
long. -

The specimens classified as S. fluitans {111} also show a considerable diversity
of individual variations particularly with regard to general appearance of foliage
and abundance of thorns on the stems,

Figure 21 shows various luxuriant examples of typical S. fluitans (II1 ).
Leaves 45-60 mm. long (35-45 mm. in No. 40), and 4-5 mm. wide.

Figure 22 illustrates the intergradations toward smaller and narrower leaves,
and variations in general habitus. In No. 42 leaves are 35-45 mm. long, and
about 4 mm. wide. In No. 43, 35-40 mm. long, and 3-3.5 mm. wide. On No.
44 about 35 mm. long, and 2.5-3 mm. wide.

Figure 23 shows several examples of the finer-leaved forms of S. fluitans
(I11) (Nos. 45-48) and compares these with specimens of thé S. natans series of
the same general appearance. No. 45 is a densely foliate branch of S. fluitans
(I11), with leaves 3040 mm. long, 2.5-3.5 mm. wide. No. 46 is & quite common,
slender and rather sparsely foliate type with leaves about 35 mm. long, 2-3 mm.
wide. The actual specimen represented in sithouette 47 is in some respects
intermediate between S. fluitans (III) and S. fluitans (X) with regard to foliage

Figure 21.

mens.

m:.mocozmu 38-41: Sargassum fluftans (III). Luxuriant, broad-leaved speci-
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Figuro 22. Silhouottes 42-44: Sargassum fluftans (I1I1). Slender, narrow-leaved spoci-
mens. Beale seo figure 21. Flgurs 23.  Sthoucttes 45 47 Siendor specimons of Sargassum fluituns (III) for compari-
son with similar speeimens of S. natans (11- VIII) shown in sithouettes 49-50. Scale seo figure
21,
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and general type of growth. Leaves 35-50 mm. long, 2-2.5 mm. wide. No., 48
is a single stem of g very long-leaved §. Juitans (111), presented for comparison
with a long-leaved branch from the S. natans series shown in silhouette 49,
Leaves (of No. 48) 5060 mm. long, 3.5-4.5 mm. wide.

Silhouettes 49-50 belong to the S. natans series (narrow-leaved (VIII), or
broad-leaved (I1I)). In No. 49 leaves are 50-65 mm, long, 34 mm. wide. In
No. 50 leaves are about 35 mm. long and 2.5-3 mm. wide, Comparisons of No.
50 with Nos. 46 and 47, and between Nos. 48 and 49 will probably sufficiently
illustrate how even the differentiation between S. Sluitans and S. natans may

stems seems associated with a reduced apparent vigorousness of the entire
plant, so that a close inspection of each specimen to differentiate between S.
Jluitans-and similar members of the S. natans series is much more often required
in the marginal zones of the pelagic vegetation (as, for instance, in the Gulf of

Mexico during the cold season) than in the Sargasso Sea proper, and in the
Cayman and Caribbean seas.

PRELIMINARY DISCUSSION OF RELATIONSHIPS

In the preceding we have described how the 8. natans group forms & single
continuous series of intergradations in the manner indicated in our figure.
While the derivation of such a series might have oceurred from either direction,
S. natans (VIII) is, in the author’s opinion, the form most suggestive of ben-
thonic origin both from the point of view of its geographical distribution (p. 66)
and its morphological character, which frequently recalls the irregular growth
of sessile plants to a much higher degree than does any of the other extremely
regular pelagic forms of the S. natans series. In this statement the author has
in mind the commonly observed lack of equivalence in 8. natans (VIII) between
branches of the same order originating near each other from a common stem.
Occasionally this lack of equivalence extends beyond a mere difference in size
and general appearance between such branches, to a perceptible difference in the
form of their leaves. This lack of equivalence between branches of the same

the main stem from its basal to its distal end. In all other forms of S. natans
adjacent branches from the main stem will usually be found to be of approxi-
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mately the same general size and appearance and their size will show a gradual
decrease towards the tip of the main stem. irmn this is, o.m course, u“_mo fre-
quently true of S. natans (VIII), it seems mmm:zm_% impossible to %&B @ma
this is any general rule for that form in anything like the extent S which .3.5
true of the others. Under otherwise equal circumstances such mﬂomﬁmm_sm&
should suggest orientation in three dimensions rather than to a linear axis in
one dimension only.

Without pretending to claim that it amounts to much more than a personal

GROWTH . OPEN OPEN+ OPEN ++

HABITUS FINE MEDIUM COARSE

LEAVES NARROW MEDIUM BROAD

BLADDER SPikES . PRESENT ABSENT ABSENT
| I = \/ﬁ\\ = YIIT

X

BLADDER SPIKES ABSENT

LEAVES FINE-MEDIUM

HABITUS ) FINE

GROWTH \ DENSE

Figure 24. Table illustrating apparent intergradations in Sargassum natans. Features
given are those of typical representatives of each form.

guess, the writer would therefore be inclined to look for the derivation of the
entire S. natans scries through S. natans (VIII). .

In the preceding description we have already mentioned that there are cases
in which the differentiation between a relatively robust but sp.ﬂos._mmﬁwm S.
natans (VIII) and a slender and nearly mEooSTmnm.BBmQ S. fluitans (I1I) also
seems to become quite arbitrary. It is probably unlikely that the true S. natans
(VIII) could actually have been derived from S. fluitans, and the E.;woa Em.z.wq
wishes to state that he has not been able to satisfy himself that this @.ommnv_:@
can be entirely excluded on a morphological basis, and that ooE.:m_.onm may
occasionally arise in the identification, particularly of mEm:an. specimens or
fragments, on the borderline between 8. natans (VIII) and S. JSluitans in general
appearance. . L

In the S. fluitans group we also find a considerable <p.:meo= In general appear-
ance which has been sufficiently described in the preceding #nd only two features
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remain ».,oa.&mo:mmmoz here, namely, the interesting dimorphism shown by this
species in its floating state and the single fertilo specimen which apparently
can be 8.?:6& to this form without serious hesitation.

The &_BnncE.mB between 8. fluitans (III) and (X) may seem insignificant
g&m:. mmmom_vmm in words and pictures only, but in the fresh material the differ-
ence Hm.@?om:% 80 striking that the two forms were without difficulty segregated
for d.qm_m.gum in the routine sorting of the hauls from the beginning of the in-
vestigation long before the Proper status of S. fluitans (X) had been established
by a more critical examination of long series of samples. Among the healthy
weeds in the Sargasso Sea proper, S. fluitans (X) could, as a matter of fact
undoubtedly have been sorted from the rest blindfolded, by a mere feeling om
Its form and the characteristic stiffness or crispness of touch by which it differs
mmoE the thinner leaves and more flexible form of §. Auitans (ITI). The general
differences between . Juitans (ITT) and (X) have been sufficiently described
on v..ww. .Ooommmouw:w we find a perfectly typical branch of . fluitans (I11)
with ;m. thinner, larger and more twisted leaves, its looser growth and more
open foliation, dangling from an otherwise quite typical S. fluitans (X), with its
dense ﬁod:r:. growth of short, stiff branches, densely foliate with mmmm.ma and
less twisted leaves than those of 8. fluitans (I11), and closer examination of this
stem of m Jluitans (I11) reveals that it is actually a true branch from the clump
of S. .\NW:SE. (X). An only moderately well developed example of this sort is
shown in herbarium silhouette No, 37, fig. 20. Other examples in which the
Uw.msor of S. fluitans IIT is larger and still more completely characteristic of
szm form, a}.zm the basal clump of S. Sluitans (X)) is also denser and more typical
ow.. its own kind are available in liquid preservation. In view of the scarcity
iﬁr which these two forms of . Sluitans are thus found in organic continuity
with each other, it is evident that when an S. fluitans (II1) branch is formed it

If we consider the relationship between the long branches of S, JNuitans (I1T)
Sﬁ.m and the short, crowded branches of 8. fluitans (X) form in the plants in
which co.aﬂ occur together, the situation obviously offers great similarities with
the relationship between the long distal shoots and the ring of short basal
branches so commonly observed in various forms of sessile Sargassum ?:.:.o.:-
larly among the more robust species. .

.: therefore seems fairly reasonable to see g certain parallelism between the
dimorphism of the pelagic Sargassum Suitans and the dimorphism between
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tion.  While the writer is not. able to suggest any definite theory bearing upon

this problem, he feels that referenee might be made to the fact that once the

long distal branches have split off from the basal clump, the latter will, as it rolls

around in the turbulent motions of the sea, only be able to maintain a radial

orientation with reference to some point in its middle which becomes its average
center of rotation; while the long distal branches (8. Sluitans (I1I)) must tend
to rotate around the qzes of their main stems, and if they also have long lateral
branches flattening out at the surface due to the buoyancy of their bladders,
they should indeed tend to become relatively stable with reference to their
position relative to the sea surface. If the ability to maintain a fairly steady
axial orientation with reference to light, gravity, ete. favors growth of the S.
Sluitans (111) (distal shoot) type, and the complete lack of this ability favors the
development of the basal shoot habitus of S. fluitans (X), we shall therefore be
able to understand why either form tends to become self-perpetuating within its
own type of growth after the plant has become pelagic and the two types of
branches have become separated from each other by fragmentation. .

FERTILE ATTACHED SPECIMEN OF S. Fluitans

A complete plant with fertile branches and a basal holdfast attached to what
would appear to be a rather weathered piece of root (mangrove-root ?) was
obtained in haul No. 133, on August 27-28, 1934, in average latitude 37° 50’ N.
and longitude 69° 25’ W. The sterile parts of this plant fall completely within
the usual range of variation in pelagic representatives of . Auitans, with regard
to all features of leaves, bladders, thorniness of stems, etc., even to the great
paucity, irregularity, and inconspicuousness of the cryptostomata. The sterile
branches, if collected separately, would therefore unhesitatingly have been
referred to this species, and there is accordingly little reason to hesitate about
identifying the entire plant in the same manner. It is, on the other hand, not
possible to obtain an at all satisfactory agreement with any description of the
currently recognized benthonic specics of Sargassum from the Atlantic, and the
name of S. fluifuns Borgesen is therefore retained. While the general character
of the plant points towards an affinity with the Sargassum vulgare group, the
writer has, at least tentatively, come to the conclusion that this group in itsel{
probably constitutes a very heterogencous assembly of forms among which
several taxonomically distinet units will probably become recognizable when
more adequate collections are obtained. Adiagnostic description of the specimen
in hand follows:

Stems rather toarsely muriculate, with thorns extending on to the bases of
some of the larger leaves and also occurring between the receptacles on a few of
the ultimate receptacular hranchlets. Leaves on ordinary hranches, or on short
spur branches of second or third order; subsessile, conspicuously assymetric at
the base; fully developed leaves about 30-35 mm, long and about one-fifth as
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Figure 26. *‘Atlantis" routes over whi
ch 8argassum weed collections have b
Dots mark noon positions with dates given at intervals (o. B. 3: 14 to be read: zw..nwo “Mwuwam.

DOMINANT FORMS

Among the eupelagic forms which altogether constitute more than 99 per cent
of the total pelagic vegetation of the investigated portion of the mm_.,mmmf.o Sea
proper, MMHS%@E; nalans (I) (S. natans ciliatg Bérgesen) and S, .\NE.SE. 0249)
far outweigh all other varieties in quantitative significance, comprising together
between m@. and 99 per cent of the total. S. fluitans (X ) and 8. nalans an (s
nalans NS:S. Borgesen) are next in importance in the order Eoimm:mm 25“
former occasionally, the latter only very rarely occurring even on the W»Em
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order of magnitude of abundance in single hauls as the two varieties first named.
Certain gross features of distribution would seem to be'shared in common by all
forms of the S. fluitans and 8. natans series, except S. natans (VIII). These
(sce figure 26) consist of a common southern boundary of occurrence within the
Caribbean along a linedrawn from about 16°~17° northern latitude at the eastern
end to about 14° in the west; in a very sharply marked change in abundance
from the scarcity of the Caribbean region inside of the Antillean chain of
islands to the relative richness of the Sargasso Sea proper outside; and in the
occurrence of a secondary maximum in the inner portions of the Gulf of Mexico.

20 10

Figure 27. “‘Atlantis” routes (dot and dash) Inserted in tho contour line of the 8argasso
Sea boundary drawn according to Winge (1923, Fig. 2). Dotted line indicates course over
which weed was collected with dipnet by Mr. D. Spencer Berger during the summer of 1934,

CARRIBBEAN AND CAYMAN SEas

The location of the southern boundary of significant occurrence of pelagic
weeds within the Caribbean has been determined by visual observation over
about 900 route miles on four crossings of the empty area in 1933 (see figure 26),
and by 648.6 towing miles with net empty? of eupelagic weeds (except S. natans
(VIII)) over about 800 ronte miles in 1934.

! Within the first 100 miles south of the boundary marked on figure 28 isolated
small sprigs of eupelagic weeds too scarce for quantitative measurements are oc- -
casionally obtained, but still farther south even such rare fragments are totally
absent from all hauls (except S. nafans (VIII)). That scattered weeds must oc-
casionally spread beyond the normal boundary of pelagic vegetation is of course
obvious.
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Between this southern boundary .9. w
the Caribbean area includes about 375

. H:om ?:.E.w of the pelagic vegetation to penetrate southward into the Carib- .
Humms ea 13 in excellent .mmnmoawso with the findings of Nielsen (1925) 5.& of S
! arr M.How.\. p. 85), showing that the surface water of the Caribbean is 53:@ M
m Mnmuﬁmm vmu of Moﬂwz.ﬂwmm&mg origin, while the Sargasso Sea water only .wm:mﬂggm '
mb H-p 3 . » . . . u»
calinity faor merican basins at intermediate depths in the maximum \
. The change in abundance of

eed occurrence and the Yucatan Channel
,000 square nautieal miles.

pelagic weeds per mile from the Sargasso Sea

occurs abruptly at the various passa den -
. . ges betweern
Mrm >Mw_.~mm= Hmuwcam. 13 not a mere matter of differences in precise amounts but

ne of , ESmaom.m in the order of magnitude of weed abundance, the average

quantities per mile found inside of the Caribbean region north of the southern

boundary of weed &migao: (91.7 towing miles in 1933; 911.6 towing miles ;

1934; 540.7 towing miles in 1935) being for both of the dominant

.om. natans (I) and S. fluitans (I11)) less than one pelagic forms

~tenth of the averages obtained

, must play a very important part in the quantitative relati i

M%MNWMMM: mﬂmmmﬁmmmmo Sea vegetation, and that this relationship can therefore
o pected to show any m:u.mn degree of constancy from time to aBmW

; _5 pelagic .Smomw of the Caribbean and Cayman Seas are generally fresh
mrm thy and vigorous _owas , With no evidence of significant mortality E,Jh

where. Nor mo. €pizoan Incrustations, although on the average somewhat more

mc::mm:a than in the Sargasso Sea, ever seem to reach an intensity which would

constitute a threat to the buoyancy and the survival of the smmum " °

GuLF oF Mex1co

March-April, 1935) reach or approach the order of magni iti
observed in the Sargasso Sea proper, without reachi i

average amounts. As we may see from the table on page 59 8. natans (I)
accounts for 87 per cent of the eupelagic weeds, and among the z.memEmw 13

peey—ry

o
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per cent, S. nalans (VIIT) and S. fluitans occur in about equal quantities.
Holobenthonic weeds are surprisingly rare in comparison with their occurrence
in the Caribbean and the Straits of Florida in similar semi-neritic waters, being
far too scarce for quantitative recording.

As shown on our map the secondary region of abundance includes about 90
thousand square nautical miles; with an average of about 1 ton per square mile
(see table, p. 59) its total flonting vegetation at the time of observation may
therefore be estimated in rough approximation at about 90,000 tons wet weight.

That there should be an accumulation of floating weeds in the inner portions
of the Gulf is natural to expect when we remember that the transportation of
these plants must be ‘as much, if not more, influenced by winds as by ocean
currents, and that the winds over the Gulf of Mexico and adjacent waters have
A prevailing easterly component at all times of the year. There would thus be
a general tendency for weeds floating in through the Yucatan Channel to be
driven into the Gulf in a westerly or northwesterly direction, and to accumulate
there in the northwesterly portion, even though the waters of the Caribbean
current turn sharply to the right and flow directly out through the Straits of
Florida (Parr 1935).

The secondary maximmn in the Gulf of Mexico is entirely separated from the

Sargasso Sea proper without any continuity of abundance through the inter-
vening region (660.8 towing miles in the southwestern part of the Gulf and in
the Straits of Florida, April 1935). This complete segregation of the two com-
munities of abundant pelagic vegetation is further confirmed by other evidence
from the character of the weeds themselves and their epizoan fauna, as we shall
immediately see.
" Compared with the vegetation of the Caribbean and the Sargasso Sea proper,
the eupelagic weeds of the sccondary maximum in the Gulf of Mexico were, at
least at the time of sampling (March-April, 1935), of a relatively unhealthy
appearance throughout. Of the three varieties above mentioned, S. fluitans
shows the effects of the presumably adverse conditions in the Gulf even more
strongly and more generally than the other two, being present chiefly in the
form of small, chopped fragments of only a few inches length, while complete
plants are relatively very scarce. In the case of S. natans (VIII) larger plants
are much more frequent than in S. fluitans, but small fragments also abound,
and a majority of the larger picces bear evidence of a more or less extensive
loss of leaves, bladders and branches. Of the three eupelagic forms S. natans (I)
may perhaps appear to be the varicty most, or longest, able to withstand the
adverse circumstances, although this distinction is very difficult to draw. Ex-
cept in the northwestern houndary zone, this form is usually comparatively
fresh in its most distal portions, while the proximal parts generally show strong
evidence of degeneration and decay to an extent only rarely seen in other waters.
The prevailing size of plant also differs less from the normal in the case of S,
natans (I) than in the case of the other two varieties just discussed.
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rimilar to that of the Sargasso Sea proper (see pp. 68-84), but is rather to be
regarded as a comparatively stagnant accumulation of slowly perishing weeds
deflected from the surface drift of the Caribbean current on its passage from the
Yucatan Channel to the Straits of Florida (see Parr, 1935). A relatively high
mortality is apparent from the character of the weeds themselves, particularly
in the northwestern portion of the maximum during the period of sampling, and
can further be deduced from the fact that the strict confinement of the weeds
and their characteristic epizoan fauna to the inner portions of the Gulf clearly
shows that this secondary maximum of pelagic vegetation has no significant
outlet to adjacent regions and that its mortality must therefore on the average
compensate for the additions received from Caribbean waters.

It should be mentioned at this point that S. nalans (I), constituting as we have
seen more than 85 per cent of the floating weeds of the secondary maximum,
ghows no more morphological evidence of recent derivation from the bottom in
this region than it does in the middle of the Sargasso Sea proper. On the con-
trary, it does as a rule, when reasonably well preserved with fresh distal portions,
show an even more general lack of plane or axial orientation (see page 46) than
the average in the Sargasso Sea, being usually of a quite regularly globular
habitus. On general appearance one would therefore without much hesitation
or doubt judge it to be an old pelagic weed, and the author is quite confident
that the possibility of significant local sources may be completely disregarded.
In regard to the other two relatively insignificant weeds, it is more difficult to
have a definite opinion on this point, partly due to their poor condition in the
secondary maximum (S. fluitans) and partly for other reasons connected with
their general distribution. :

Although we have thus come to consider the secondary maximum as a chance
aggregation of moribund plants, the fact that an accumulation does occur and
that a special epizoan fauna can develop in connection with it and can reach an
abundance not seen elsewhere, clearly shows that the process of destruction
must even here require on the average a very considerable time. How long
must for the present remain an open question.

That the presumably high mortality of weeds in the secondary maximum will
probably not be equally distributed over all seasons of the year goes without
saying. Undoubtedly the mortality must reach its maximum during the period
of minimum temperatures (air and water, see page 81-82) and must then in all
probability be even greater than indicated in our material which was all collected
after the spring equinox (apart only from a few samples in the presumably
healthier southeast corner of the secondary maximum). .

Although the loss by mortality (including sinking of overloaded living plants)
must be sufficiently in cxcess of growth increment to balance the addition of
drifting plants from the Caribbean, since otherwise the accumulation would
become infinite, there is nevertheless every indication in the appearance of the
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apical points of the weeds in better condition that some slight growth may have
been occurring even at the time of sampling, and this growth should be expected
to increase during the warm season. It must, on the other hand, probably be

during the relatively unproductive winter months with their high mortality that .

the sea must, however, be quite as Insignificant in the Gulf of Mexico a3 in the
Sargasso Sea proper for the reasons explained on pages 67-68.

It is probable that the secondary maximum in the Gulf of Mexico may change
its location from time to time according to changes in meteorological and hydro-
graphie conditions, but it might be worth mentioning that the Gulf of Campeche,
1. e., the southwestern part of the Gulf of Mexico west of the Campeche Bank
was found to be free of floating weeds also when visited by the Mabel Taylor
expedition in April, 1932,

: SARGASSO SEA

Tigures 28 and 29 shows the poundage per mile of Sargassum fluitans (1)
and S. natans (I) in the Sargasso Sea proper, i. e. in the region between Bermuda

sampled with the collector actually operating in the surface. The total towing
mileage within the Sargasso Sea proper (south of Bermuda) adds up to 1318
nautical miles distributed on the individual years in the following manner:
1933: 268 miles; 1934: 526 miles; 1935: 522 miles. From these hauls a total of
3090 pounds of pelagic weeds (1933: 689.5 pounds; 1934: 1635.5 pounds; 1935:
765.5 pounds) were obtained, weighed, sorted and examined,

From the records for 1934 it looked ag though there might be a center of
abundance of floating weeds in the approximate geographical center of the area
investigated, but the figures obtained in 1935 show this feature of distribution
to have been only of transitory character subject to very great changes with
time. It is quite evident from our figures that it would be absolutely impossible
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with averages of observations many times repeated over esmmawmam wosoom.nw MWM .
lves to a discussion of the gross ave
the present stage we must confine ourse 8 0 e
i tes falling with the Sargasso
ch year over the entire length of the rout :
”MMMM. wE.mmm averages distribute themselves in the manner shown in the table

i the next page. . .
EMMJNM region of mvm Western Sargasso Sea north of 35° northern latitude (see

AvERAGE AMOUNTS OF EurELAGIC WEEDS ESTIMATED
IN KiLoarams PER S8QUARE NavuTticaL MiLe

Nassau to Virgin Is. Bermuda to Turks Is.

1935
SARGASSO SEA: . 1933 1934 Ltm
S.natans(I)............. 2,019 ?me .o.mw
S. fluitans (III)......... 1,445 - ol
All others.............. 85
1,997
Totals, Sargasso Seas:. . ... 3,549 5,367
NORTHERN CARIBBEAN: 1933 HQMM
S.natans (I)............ 68 o
S. fluitans (III). .. ...... 46 0
All others......... e —
Totals, Caribbean: 114 127 -
CAYMAN BEA: "
S.natans (I)............ :
S.natans (VIII)......... a3
S fluttans...............
71
Total, Cayman Sea: o
SECONDARY MAXIMUM, GULF OF MEXICO: b
S.natans (I)............ o
S. natans G\:C..f.. R &
S. fluitans. . .. .. .. FERERS
ax 1,017
Total, Secondary Maximum:
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T ions i ion of the northern limits of survival a.
Seasonal fluctuations in the location o . : vival and other
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variable factors of the environment in r : ise to
izati tations of averages until mue
attempt any generalizations and compu aver 4 ol Thore
i i that which is now at hand.
information may become avnilable than . )
“anam from this northwestern area are owmumm,onm simply presented without
further comment in the route-histograms given in figure 30.
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ANNUAL FLUCTUATIONS

From the table on page 59 we see that the variations observed from year to
year are not merely variations in distribution but also variations in the ratio of
almost 1 :3 in the total abundance of weeds over the routes traveled, which
were virtually identical in 1934 and 1935. The greatest ratio of variation
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Figure 31. Variations in average relative abundance by weight of Sargassum natans (I
and Sargassum fluitans (I1I) in the Sargasso Sea, south of Bermuda, in 1933, 1934, and 1935,

(almost 1 : 5) is observed in the quantities of S. natans (I}, although this remains
by far the most abundant weed in all three years. That these annual variations
do not merely appear fortuitously in our records due to inadequate sampling
but actually express a real difference in the abundance of pelagic weeds between
January 1934 and February 1935 may safely be taken for granted when we
consider that the cumulative towing mileage in each year covered s little more
than two-thirds of the total distance between Bermuda and Windward Passage.
There is, according to the statements of the guard at Fort St. Catherine beach,



|
i
]
i
i

64 Bulletin of the Bingham Oceanographic Collection [VI: 7

Em.o corroborative evidence for this con
drifted into the beaches of Bermuda in 1935 than j

. o . 18, however, in the author's
annual changes in abundance
; Sargasso Sea, the combination
marginal zones being more favorable in

might not affect the total vegetation of the entire
of growth conditions and loss in the
some years than in others,

100 >
* L .
[
[ [
. . o
® [
- o 9
(2] [} o ] e
M o «*%
g . .
=z * hd .
i 50-%
- ¢ ** )
n.u._ _ . - o®
e o o
w .- .
a. . .
7 * . b
? °
. . A
7 [ N )
®
o-¢ ® . .
i 1 T T .
0 b e 1 T T T
PERCENT S. FLUITANS I ° 100

Figure 32. Correlated varlatio
on successive hauls.
obtained of each spocl
toxt.

ns in amount of Sar
Amount per haul expressed in
es in the haul considered and in

gassum natans (I) and S. flultans (111)
per cent of tho sum of the quantities
thoe haul immediately preceding. See

Shicla

ik i

1939] Parr: Pelagic Sargassum Vegelation of the North Atlantic 65

CORRELATED VARIATIONS IN WEED DISTRIBUTION

1t is perhaps a purely fortuitous circumstance that the year of maximum
abundance of S. natans (I) is the year of minimum abundance of the other
pelagic forms over the routes traveled. On this point a comparison might also
be made with the relative quantities obtained on the route from Bermuda to
Nassau, Bahamas, by random sampling with a dip net (see page 51).

FREQUENCIES OoF PeLAGIC WEEDS IN PR CENT OF ToTAL

1933 1934 1935
Nassauto  Bermuda
Virgin Isl.  to Nassau  Bermuda to Turks Isl.

S. natans (I) 56.3% 62.0% 90.7% 55.9%
S. fluitans (I11) 41.3% 36.4% 8.2% 32.6%
All others 2.4% 1.6% 9% 11.4%

If we consider the variations in the amounts of the different weeds obtained in
the single hauls, we generally find a very definite positive correlation between
the quantities of S. natans (I) and S. fluitans (I11), showing that these forms,
as were to be expected, follow the snine general laws of local dispersal or aggre-
gation under the influence of winds and currents and do not normally show any
tendency to alternate in their occurrence over short distances. This positive
correlation in the variations of single catches is shown in our figure 33 where
the amount per haul of the two varicties above mentioned is expressed in per
cent of the sum of the quantity in the haul considered and that in the preceding {
haul so that values from 5097 to 1009, express an increase, and values below 509,
a decrease from the preccding catch. This positive correlation between the
variations in the quantities of the two species in succeeding single catches refers
only, of course, to local variations in distribution and has absolutely no direct
bearing upon the problem of possible fundamental differences in their distribu-
tion of abundance over larger areas or in point of longer time intervals.

DISTRIBUTION OF LESS ABUNDANT FORMS

In view of the great predominance of S. natans (I) and 8. flustans (IIT) in the
pelagic material the preceding discussion of the general quantitative distribution
of floating weeds also constitutes a specific discussion of the distribution of these
two forms. For the less abundant varieties the quantitative data are not
adequate for a discussion of distributions in numerical terms.

In general, S. natans (II) and 8. flustans (X) show the same distribution
pattern as S. natans (I) and S. fluitans (I11I), being most frequent where the
latter are most abundant.

S. natans (I1X) can, on the other hand, almost be described as endemic of the
Cayman Sca east of the main Caribbean current, where it may even exceed the
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The peculiar dwarf form, Winge's Sargassum V, seems generally distributed
in the western Sargasso Sea and also occurs in Central American waters, but is
everywhere so scarce that no discussion of relative variations in abundance
seems possible. Our material entirely confirms Winge’s observations on the
peculiarly high frequency of this otherwise scarce weed in the bundles of floating
Sargassum of which the flying fish form their nests. .

TOTAL QUANTITY OF PELAGIC VEGETATION

In spite of the great differences in the average quantities obtained from year

to year, it will be seen from our table on page 59 that all our records for the
Sargasso Sea proper remain within the same order of magnitude and it is prob-
ably safe to assume that this therefore expresses at least the order of magnitude
of the abundance of pelagic weeds for the entire Sargasso Sea. As outlined by
Kriimmel and by Winge, the region of the Sargasso Sea includes about two mil-
lion square miles. From our table on page §9, we see that the total quantity of
floating weeds per square mile is to be reckoned in tons, the total vegetation of
the entire Sargasso Sea must therefore be on the order of magnitude of millions
of tons. Specifically our records for the various years applied to the entire
region would give a total cstimate of about 4 million tons on the basis of the
1935 data, 7 million tons on the basis of the 1933 observations, and 11 million
tons according to the records of 1934. Other things being equal it is, of course,
most likely that the true value should be within the range of those above esti-
mated, and until further data become available, we may accept this probability
with proper reservation as a working hypothesis. Regardless of the still very
tentative character of this assumption as to the limitations within which the
exact value is likely to fall, there is no valid reason to doubt that at least the
correct order of magnitude is indicated in our figures as already above men-
tioned and to that extent we shall in the following discussions consider them
valid without further reservations.

A floating vegetation of millions of tons of pelagic Sargassum seems very
impressive at first thought, and has already tempted such eminent investigators
as Hjort (in Murray and Hjort, 1912, p. 718) to refer to the presence of these
floating weeds at the surface in explanation of an increased abundance of animal
life at the deeper levels of the Sargasso Sea. But a comparison with the esti-
mates of total oceanic productivity now available immediately shows that the
drifting Sargassa can only he a quantitatively very insignificant element in the
general metabolism of the sea, even within the region of their maximum abun-
dance.

Atkins (1923) and Cooper (1933, 1934) have calculated the total annual
phytoplankton production in the British Channel to be around 1.4 kilograms
wet weight per square meter of surface, corresponding to nearly 5000 tons per
square nautical mile, and Sciwell (1935) has given reasons for assuming that the
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least about half a year (53 months) to drift around to the easterr: part of the
Sargasso Sea (that the possibility of eastern sources of weeds deri,ed from the
bottom is without quantitative significance has long been recodnized) and a
much longer time would of course be required for them to be :pread over the
entire oceanic domain of the pelagic Sargassum. Xriimmel a<tordingly postu-
lates that the weeds must at least be able to endure a peligic existence for
several years since their oceanic distribution otherwise becomes quite inexpli-

-cable. 1t is difficult to see how any valid objections might be raised against

this argument, and its general import has also been accepted by Winge (1923).
On this point one may also now claim definite support from the results of the
Danish eel investigations! which show that the pelagic larvae of the European
eels, hatched in the southwestern part of the Sargasso Sea, take 2~214 years to
reach the coastal waters of Furope, towards which they are being carried by the
North Atlantic Current system which is also responsible for the distribution of
the pelagic Sargassum.

2) Although direct observational evidence is as yet lacking, the vigorous ap-
pearance of the entire vegetation in the central erea of the Sargasso Sea speaks
very convincingly of plants in active growth, a fact which was first commented
upon by von Humboldt,? and has been repeatedly confirmed by independent
observations of numerous later investigators,® most recently by Ostenfeld, who
states (in Winge 1923, p. 19) that “there is no doubt that Sargassum-shoots
grow rapidly while drifting.” Disregarding the problematical question of the
speed of growth, which can he definitely settled only by direct experimental
observations, the present writer entirely fails to see how any doubts could ever
be entertained in regard to the universal occurrence of growth as such by any-
body who has had opportunity to observe the living, pelagic weeds at sea, with
the healthily-colored budding leaves, branches and vesicles on their distal
portions and their vigorous older parts.

3) From Kriimmel's and Antze’s fizures Winge (1923, pp. 17 and 20) has also
claimed to be able to extract definite statistical evidence of growth among the
pelagic weeds by showing that their frequency is subject to a simultaneous
increase in all regions of the Sargasso Sea from summer to fall, a phenomenon
which would be inexplicable on the assumption that all increases of the floating
population must be due to the detachment of new contingents of weeds from

1 For a summary see Johs. Schmidt (1932).

2 Through this observation von Humboldt was led to conclude that a bank of
benthonic Sargassum (*“ Fucns Bank”) would have to be found to the west of the
Azores and another to the South-West of Bermuda (see Winge 1923, p. 5), assump-~
tions which have since been thoroughly refuted by the development of our knowl-
edge of the geography of the Atlantic Ocean.

* Meyen, Thunberg, Harvey, Leps, Martens, Perrier, Schiitt, Hentschel (see

Winge 1923, pp. 6-7).
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frequency with which drifting weeds are encountered by passing ships, particu-
larly on the point last mentioned in the preceding, i. e. with regard to the sur-
prisingly high rate at which the decline in the frequency of the weeds is continued
up to midsummer, as shown by the following relative frequencies for the entire

Sargasso Sea taken from Winge (1923, p. 16).!

Spring Summer Autumn Winter
169.5 148.9 189.6 177.2

It now becomes necessary to call to mind again the fact that these figures are
only a cumulative expression of the frequency with which drifting weeds have
been observed within each 1° coérdinate unit, regardless of amount of weeds
observed on each occasion. It is evident, of course, that the aggregation of the
drifting weeds in relatively large rafts or floes with wide stretches of empty
water between will serve to reduce the numerical frequency with which floating
vegetation would be encountered, and will therefore serve to reduce the number
of entries in records of the sort upon which Kriimmel’s and Antze's figures are
based. It is also obvious that periods of relatively calm weather will favor the
concentration of the drifting weeds into larger and larger aggregations, reducing
the frequency of the rafts as their average size increases, and that the onset of
greater surface disturbances in the fall will serve to break up and disperse the
larger rafts even more than it affects the partitioning of the individual plants.?
In the author's opinion, the continued decline in the frequency of pelagic
Sargassum observations during the warm season until the sudden increase
oceurs in the fall is probably largely to be explained in this manner as an expres-
sion of the annual cycle in the number and average size of the weed-patches,
and is only to a much lesser extent due to fluctuations in the number of indi-
vidual plants, while it is not at all directly connected with geasonal variations in
the total bulk of the floating vegetation. .

It might also be mentioned at this point that such variations in degree of
dispersal or aggregation of the floating weeds will, of course, have a geographical
as well as a seasonal aspect and may perhaps serve to explain some of the
irregularities in the geographical distribution of the Kriimmel-Antze frequency

values.

1 The figures represent the sums of the Kriimmel-Antze frequency percentages per
5° geographical codrdinate unit, 45 such units being included in the entire Sargasso
Sea area.

* The concentration of the weeds during calm weather into large, more or less
circular rafts, offering the lenst statistical chance of intercept with the course of &
ship, and their dispersal by the wind into thinner and thinner stripes and single
plants or small tufts, has been fully described by Winge himself (1923, pp. 11-12)
and his observations are entirely in accordance with our own.
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4) The proponents of the theory of an enduring pelagic existence have with
perfect justification pointed to the inability to find any benthonic fields of the
pelagic weeds of an extent and abundance which would be at all adequate to
account for the large amount of floating plants on the assumption that their
pelagic existence was of g short duration and this we shall attempt to elaborate
further in the following pages. One weakness in this line of reasoning has been
the uncertainty as to the identity of the benthonic forms from which the pelagic
weeds might be derived. Aga result of the present investigation, this problem
has now been solved for one of the two floating species which make up the bulk
of the pelagic flora, but the discovery of its benthoni
served to strengthen the argument concerning the inadequacy of the benthonic
flora to explain the pelagic one, since this benthon
common variety even among th
Sargassa,

ic form is certainly not a
e generally apparently rather scanty sessile

disposed of today.! The criticism which still has to be met is mainly that of a
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i y confirmed by

plied by vegetative proc-
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existence was first observed by Meyen (1884) and has been full
every subsequent investigator, except Kiintze (1881), whose claims to have
found fertile pelagic specimens in his collections have already been discredited

» and only in the one instance of a
specimen of S, flustans floating attached to a piece of mangrove root (?) in the

! The tendency for refuted contentions to survive in the general literature is un-
fortunately fairly universal, Thus Kiintze's unfortunate claim to have disproved
the existence of any Sargasso Sea at all reappears as a statement disposing of the
entire phenomenon in a work as recently published as J. E, Tilden’s “The Algae and
their life relations,” University of Minnesota, 1935 (page 334).
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1, since the e erator i A v is st Hu_% the seco power { the de 1
’

(2b) D41 =:

2) DA1=1-k k. .......... AU

. . P e
and, since the expression on the right side of equation (2¢) for an infinite ser:
’
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approaches the limiting value of L. this gives:
, :

1 -k
D+1= F or D = ||1~
1—k Tt
Introducing again d = 1 — % we thus have
3) pD=1_,
d
If we now go back to e i
quation (1), substi = i
i : o . ), substitute £ = 1 — d, and introduce the
gk gorthesenes 1 +k k. 4k owe obtain
P=gq 1
1 -k
Substituting againd = 1 — and solving for d this gives
d=1%
P
Substituting for d in (3) we have
“ D= P_ 1
a

Fr. . S
om this equation it is evident that if the average duration of the pelagic

hase sl
Mro mM m “MMW“W@ one %mE,.o:_S Sx.w annual recruitment must equal one half of
arny e floa ing Nmmmg:ou. A six months average duration would require mo
ment equal to two-thirds of the total vegetation. Converscly u”

w::cm.~ HQOnCm&Eumsﬂ Om O:Olﬂmcﬂr Om swm mopﬁ n V m.90= OOnnmw—uo:Qw OQ an

aving tentatively established in the preceding chapter that the total pelagic

S L .
argassum vegetation is apparently on the order of magnitude of 5-10 million

metri i
ic tons, wet weight, we may now proceed to discuss whether it is at all con-

cei .
eivable Sm; the annual recruitment could be in a proportion to this total

) te a short ; .
cording to equation (4), ort average duration of the pelagic phase ac-

(A) Considering first the
find these to be very restric
the pelagic forms may be
limited under any cireums

possible sources of benthonic weeds, we immediatel
SQ. both in extent and in richness of flora from SEow
derived. The constal areas in the Eastern Atlantic
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and the Canaries have already been eliminated from discussion in the previous
literature due not only to their insignificant extent but also to the fact that they
do not actually fall within the Sargasso Sea proper, but are barely touched by
its extreme boundary in the case of the Azores and fall entirely outside of the
region of the floating weeds in the case of the other islands. We can therefore
confine ourselves to the question of possible benthonic sources in the Western
Atlantic.

The fact that the Caribbean area south of Jamaica and Honduras is empty of
floating weeds excludes the coasts of the Lesser Antilles and the South American
continent from quantitative consideration. There remains then in the East only
the coasts of the Greater Antilles, the Bahamas, Florida, the Gulf of Mexico
and Bermuda, and the banks between Jamaica and Honduras. .

(B) Within these constal belts algae of the type of Sargassum can, of course,

only occupy & relatively shallow belt. The literature does not seem to contain
any unquestionable records of sessile Sargassum from depths over 50 meters
and it does, at all events, on the basis of present knowledge, seem extremely un-
likely that there can be any quantitatively significant Sargassum flora below this
depth, but for the sake of the argument we may consider the entire zone down
to 100 meters depth as being potentially inhabitable by benthonic Sargassa.
From the available hydrographic charts the total area of this zone along the
coasts and on the banks mentioned above has been estimated as somewhat less
than 220,000 square miles. Inclusion of all areas down to 200 meters depth
would not change this amount in any significant manner, due to the prevailing
shape of the bottom contours, nor would exclusion of all areas below 50 meters
depth change its order of magnitude, although it would result in a more appreci-
able reduction in the amount. Taking all factors and allowances into considera-
tion, the author is inclined to believe that the estimate above given cannot be
much less than twice the actual potential area of vegetation. It might further-
more be pointed out that quite probably several large areas here included, such
as the northern bank in the Gulf of Mexico should actually have been excluded
from consideration in relation to the pelagic flora for hydrographic or other
reasons. However, we may let the estimate stand as a maximum figure of
potential vegetation area, with reference to depth, in the order of magnitude of
hundreds of thousands of square miles, or more precisely about 200,000 square
miles.

(C) But this large area is far from being uniformly covered with a blanket of
Sargassum vegetation. Quite to the contrary, the local fields of sessile Sargassa
have to be patiently and diligently searched for in most regions. In the first
place at least half of the total area included in the figure arrived at under point
(B) consists of large continuous stretches of fine sands and muds entirely unsuit-
able ns a substratum for sessile Sargassum, and in the stretches defined as “‘shell
and sand” or “coral and sand,” which constitute by far the greater portion of
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the other half, fine sand undoubtedly covers by far the largest part of the
actual area. The 200,000 siinre miles above the 100 meter contour line can
thus, extremely conservatively, be reduced to about 50,000 square nautical
miles potentially inhabitable by benthonic Sargassa. If, further, the author’s
experience in shallow-water collecting in the regions here considered is any
index of the frequency of the weeds, even those portions of the total area from
shore to 100 meters which may be considered in a general way, i. e., spotwise,
inhabitable by Sargasswm are nctually covered only to an extent to be reckoned
in hundredths of their total area. Since quantitative data are not available,
and are probably impossible to obtain at any time in view of the character of
the bottoms with which we are here dealing, a simple visual presentation of
1/10 and 1/100 as coverage given in figure 33 may perhaps help the reader in
evaluating his own impressions. If the coverage should be on the order of
magnitude of tenths of the arca, the reader’s impression of the average density
of Sargassum inhabitation on suitable bottom throughout the Central American
region must correspond at least to the density shown in the right part of our
diagram, or to a multiple of this density. If the reader’s impression is of a
density intermediate between those shown in the left and in the right part of
our figure, then a coverage to be reckoned in hundredths of the area is implied.
For the purpose of our discussion, we shall merely assume that the average
density throughout the inhabitable half of the bottoms of the coastal belts here
considered does not exceed {wice that shown at the right of our figure, or one-
fifth coverage, which, in the writer’s opinion is probably nearly 10 times the
actual coverage. By this generous allowance for coverage, which the author
is convineed will be more than acceptable to anybody experienced in shallow-
water collecting in these waters, combined with our reduction of potentially
inhabitable area to 50,000 square miles, or less, the order of magnitude of the
possible area actually covered by benthonie Sargassum vegetation has now
become reduced from hundreds of thousands to tens of thousands of square
miles, more precisely to about 10,000 square miles, or less. And it seems most
probable that we have at this point left a margin of safety for our further

calculations on the order of the ratio of 10 : 1.
(1) But as already pointed out by others, and abundantly confirmed by the

collections of benthonic Surgassa available to the writer, the benthonic forms
from which the pelagic weeds may be derived are not those which occur most
abundantly where a sessile flora is found. On the contrary, so far as present
knowledge indicates, the henthonic form from which we now know that the
pelagic S. fluitans (sce page 49) may be recruited must certainly be very
limited in its occurrence in the sessile fields so far investigated, and we have no
definite knowledge as yet of any form at all being taken on bottom which may
with any assurance be considered the “parental” form of the pelagic S. natans.
The species (or varieties) constituting the overwhelming majority of all avail-
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perhaps even say the only effective wave-action in the shallow-water belt, will
be obtained from a wind direction with an on-shore component, which, ipso
facto, should be expected to deposit the better part of its harvest directly upon
‘the adjacent shores. Taking all things into consideration, it certainly seems
very improbable that wave-action should be able to harvest and successfully
bring info the pelagic population more than at most 1/10 of the total annual
production of the benthonic vegetation. But now we are down to an annual
contribution from benthonie fields to the pelagic phase on an order of magnitude
of tenths of the total pelagic population, even assuming a benthonic productivity
at least on the same order of magnitude as the productivity of terrestrial vege-
tation or the total productivity in the British Channel.

In other words, it would be beyond all reason to assume that there are sources
of benthonic vegetation adjacent to the Sargasso Sea which could mske an
annual contribution to the pelagic population on an order of magnitude greater
than one-tenth of the order of magnitude of the pelagic population itself; and
that therefore in accordance with equation (4) (page 74) it seems inconceivable
that the average duration of the pelagic existence should have to be reckoned
in less than tens of years (at least 10), probably in hundreds or thousands.

There i3 also another approach to the determination of at least the order of
magnitude of the average duration of the pelagic existence through an approx-
imate evaluation of the size of the annual contribution a to the pelagic flora
from direct observational records. It is obvious, of course, that weeds torn
loose from the bottom will retain, in a recognizable form, various features of
general habitus, characteristic of their sessile phase, for a certain length of time
after they have entered their pelagic existence. These features are particularly
associated with polarity of growth, which in the sessile form is a polarity of the
entire plant with reference to a single plane, the horizontal, or the solid sub-

stratum, but in the pelagic weeds of long standing is merely a ploarity of parts
(branches, ete.) with reference to an axis, or a system of axes, represented by
stems and branches. There are also other characters more difficult of definition
but easily recognized on actual specimens, Since the change from benthonic to
pelagic habitus can only be accomplished through growth, it probably requires
a very considerable period of time (see Winge 1923, p. 20). Certainly those who

are willing to doubt the ability of the floating weeds to form a self-sustaining

population by vegetative growth must also be more than willing to grant this
point. If we assume then that the floating weeds will retain recognizable
evidence of their recent derivation from the bottom for 1/10 of & year, the weeds

in our pelagic collections thus recognized should represent approximately 1/10

of the annual contribution from the benthonic vegetation to the pelagic flora,

But in the case of the S. natans series of floating weeds, the total amount of

plants observed with any indication of an at all recent derivation from the

bottom is less than one-thousandths (1/1000) of the total amount collected,
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when we allow for the possibility that this entire scrics might be derived v
form of 8. natans VIII, described on page 46. If S,

more than 9/10 of the pelagic volume of this series
manner, the indicated contribution from bottom f
than 1/1000, in fact it ig absolute 0. Tor the S. natans series the value of the
annual recruitment a in our equation () (page 74) thuy seent fo be less than
10/1000 or 1/100 of the floating population ’y and the average duration of the
pelagic existence for these weeds D should consequently be at least one hundred
years, or more.
In the case of the S, Sluitans scries, the problem becomes somew
cated by the question of the extent to which the form S, Sudtans
should be considered as showing evidence of rece
existence. By far the greater portion of S. fluitans X, however, has already lost
its benthonic and developed a pelagic polarily, and if we include, with generous
allowance, only those plants of 8. fluitans X and IIT which definitely show the
kind of evidence of recent benthonic derivation mentioned above, we are also
in this case down to an order of magnitude for the 1/10 annual contribution of
thousandths, only, of the total pelagic stock,! 7. e. to an amount to be reckoned
only in fractions of hundredths, putting the entire annual contribution a at
fractions of 1/10 of the population P, and the average duration D of the pelagic
life of 8. fluitans at least at multiples of 10 years, approaching 100 years or more,
‘rom an entirely different set of premises we thus again arrive at the conclu-
sion that the average duration of the pelagic existence must probably be at
least multiples of 10 years for S. fluitans, and 100 or 8 multiple of 100 years for
S. natans, and it does not seem as though any reasonalle allowance for seasonal
variations (our data being mostly gathered during the carly spring) or other
possible errors in our second method of approach could bring this minimum
value down to less than 10 years for either group of cupelagic weeds, certainly
not under any circumstance in the case of S. nafans.

In the preceding discussion we have deal
loss by mortality? in excess of increment by
entire pelagic population over its entire arca of distribution, having for con-
venience assumed this loss to affect equally all pelagic year-classes, 1. e., all
annual contingents from the benthonic vegetation regardless of the past dura-
tion of their pelagic existence. It now becomes necessary to look into the nature
of this loss by mortality and in particular to inquire into the extent to which it
may prove to be geographically limited or at lenst u geographical variable,
The nuthor’s conclusions on this point may be very briefly stated. In all the
collecting on which this report ig based no evidence suggestive of any mortality

! But not to less than 1/1000 88 in the case of S. natan
1 8inking due to loss of buoyancy or exces
included 08 a form of death in our use of the

ia the
natans I, constituting
should not be derived in thig
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hat compli-
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vegetative growth, d, suffered by the

3.
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of entire plants was noted among the eupelagic weeds in their oceanic domain,

-south and east of the so-called “Gulf Stream,” at sca between Bermuda and

the Antilles. That is, we have never, in the Sargasso Sea proper, seen any
evident degeneration of the plants :,mama.émr such as that observed in ozwmn
waters, nor any over-incrustation which might ::apnm:. to mchQmw an msrq.o
weed.  The observations recorded on page 10, showing how strictly their
buoyancy confines the floating eupelagic Sargassa to zwm very J::.wo.a &.osm,
might also be referred to at this point since they m__moN ‘..So.:.: ar.m: :E_npso.um.
serve to show the absence of plants approaching mp_.:__c::B sm_su the @vmm:ma
gravity of sea water as an initial step towards .?E._. destruction by sinking.
In other words, the assumption of a heavy ESS__.Q in the Sargasso Sea proper
secems purely speculative and quite discordant .2;.: any observable evidence.
That some loss will oceur in the form of the sinking nm _Emmm fragments of a
plant which may become severed from their no::cc:.osm with ::.w c:.owmzn
distal portions, when the weed “multiplics” by a Eoe_:m_:g_ cwmm_:_v is evident,
hut there is no reason whatsoever to assumne :.::.\ this loss is not ma.ma:mnm_%
compensated for by the growth of the younger H__mg_.vp:m which remain afloat.
The more so since we can only assume that it is mainly through ar.m Eonmmmmm
size of the entire plant due to this distal growth that the m.Smm.m on its stems in
the action of the waves reaches the point where fragmentation is ES_%. to oceur.
In the author’s opinion it is essentially only through the chance of their drifting
away from the central area into the marginal zone, m:.m even onto the .mro:w.m~
that death of the entire plants threatens the weeds which have once arrived in
, rgasso Sea proper. .
:,M,mw .wﬁnm:i Nwsow of mortality during mid-winter m:a the very early spring
apparently include at least the northern half of the Gulf of Mexico, the entire
Giulf Stream north of Floridn, in particular the expanse rmos.mmu Bermuda Eﬂ
Cape Cod, and the northern boundary of the Sargasso Sea in general; and in
these waters ohvious degeneration of the entire plants can be abundantly ob-
served also among the cupelagic weeds still floating on the high gens. The plants
commonly appear dark brown and battered, seem w.o suffer oonmz._o..mzm _Ommmm
of leaves and bladders, and give little or no indication of fresh distal mwoszw.
It secins most probable, of course, that low temperatures must be the main
causative factor of this degeneration. Winge Comwm p. 18) makes the statement
that [pelagic] Sargassum apparently cannot nrw?m in a temperature ~ozm~.. than
18° C., but in the author’s opinion it is insufficient to look for an explanation of
their distribution in the scawater temperatures alone, for the reason that the
weeds through their buoyancy are actually always in part above the mcamwoo of
the water directly exposed to the air, although only by a very small fraction of

1This deseription, of course, applies only to the plants which are vnomcsnwzw
dying. The marginal zones above mentioned are by no mecans entirely free from
healthy-appearing weeds even in mid-winter.
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their mass at a time. In this manner portions of a plant may have been exposed
to a chilling from the cold winter storing frequent in the Gulf of Mexico and in
the other marginal zones above mentioned, of which we would find no adequate
indication in the surface temperatures of the sea. The parts which would first
be exposed to these detrimental effects would natarally be the most buoyant,
which are normally the most distal ones in which the potentinlily of future
growth is also located. If the parts thus exposed are killed and d
fall off, other buoyant parts would then turn towards {he suface to be similarly
destroyed, the basal or central parts of the weed, with the least buoyaney,
always remaining the longest, until the buoyancy of the entire plant has become
reduced to the point where the final remnant ultimately sinks to its destruction.
Probably this process of gradual, rotating killing of distal parts by exposure to
air temperatures and chilling winds is the explanation of the ball-like degener-
ating weeds consisting chicfly or entirely of proximal parts only, with relatively

few leaves and bladders left, which we have often observed in the Guif of
Mexico.

isintegrate or

Weeds which have been washed ashore and washed off again before their decay
had been completed, and which therefore continue their degeneration at sea
will, of course, also have to be reckoned with in the marginal zones.

During summer the Gulf of Mexico can probably be climinated as a region of
temperature-death in open sea, and the lethal zone will be shifted farther to the
West of the Gulf Stream boundary and to the North and East of Bermuda, but
the fact remains that thie western boundary of this current and the area towards
which its main flow is directed will all year round represent the main regions of
mortality for the pelagic flora, since these are the regions in which the floating
weeds will be most rapidly, and in greatest bulk, brought into contact with
unfavorable temperature conditions. That a very considerable amount of weeds
is actually carried into these lethal regions is amply shown by our own collecting
in the cross-section between Cape Cod and Bermuda, both in the summer
(healthy weeds at this point) and in the winter (many unhealthy specimens
among healthier ones) and the further transportation to the North-West into
still more dangerous waters is clearly indicated by the tongue-like extension of
the boundaries of pelagic Sargassum occurrence to the NW of Bermuda, shown
in Winge's map (Winge, 1923, fig. 2).

It is evident that the weeds most likely to be carried by the Gulf Stream into
these areas of dangerous temperatures are those which have just started their
pelagic existence within the very waters of current system with which we are
dealing, that is, the fresh annual contingent from the benthonie florn of the
Antillean, Central American and Southern North American coasts; while the
likelihood of the plants which have already safely reached the central re
the Sargasso Sea heing returned to its Gulf Stremn boundary iy,
considerably less, although still significant,.

gions of
of course,
The recently detuched benthonie
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recruits to the pelagic flora which have escaped the danger of being immediately
washed ashore, therefore still have to survive the hazards of the northward
flow in which they find themselves, and through which they undoubtedly n.u:ma
suffer a considerable reduction in numbers, before they can actually be mwwm to
have become definitely a part of the pelagic population. For observational
confirmation of this speculative deduction, we may refer to the fact that the
occurrence of all the rapidly perishing holobentlionic weeds, and also wn the
relatively long-lived quasi-pelagic S. hystriz is strictly confined to z_.o region of
the Gulf Stream system (Winge 1923, as well as our own observations), e.r:m
showing no evidence of a significant direct translation across the mE.Suo into
the central region of the Sargasso Sea proper. We may ?E.Sn .Uo.iﬂ out that
all the specimens of eupelagic weeds showing any possible indication arw.omogmn
of a fairly recent derivation from bottom have also been ..o_:.a mxo_:m:\m_%._”
the region of the Gulf Stream system.! It thercfore seems possible to state 9..;
a fair amount of assurance that a large part if not the bulk of z_.m presumptive
annual contribution from henthonie vegetation to pelagie flora will be forced to
traverse the dangerous region North and East of Bermuda before p%:.w:% be-
coming incorporated in the population of the mﬁmmmmo Sea proper. r.” is gm:.w-
fore probable that only a very much w&:nc&. now;_:mmi._ finally wn?oém orm
goal, or in other words that the loss by mortality in excess of <mmmo.m:<a growt
is not equally distributed on all pelagic year classes but affects or_wm.% the new
contingent or O-class, and that the average expectancy of duration of the
pelagic existence for the older contingents which have once successfully mmnwvm.a
the hazards of the Gulf Stream drift and arrived in the mE.mwm.mo Mmp proper is
therefore very much 1. e., probably many times, greater ?p.: E&ommom in our
estimates of minimum possible average duration for the entire pelagic popula-
tion including the O-class still floating in the EB,E_.E_ zone, ) .
Tor the assumption that a relatively heavy mortality momm.go:q in the region
North and East of Berimuda, particularly North of 40° _psec@m. we have our
own observations of an inereasing frequency of —-s__oazé-_oofsm weeds :o.lr
of Bermuda during winter, and we may also refer to ﬁ%:::m_om o@mm_ém:o:
(Kriimmel, 1891, p. 138) that pelagic weeds are found north of 45 ._.mi:mm. only
in late summer and fall, but not during the rest of the year. Kriimmel ::a.T
preted this as evidence of a periodic (seasonal) contribution from the benthonic
vegetation farther south which in the normal course of events would reach
these higher latitudes at that time, but Winge (1923, pp. GLQ rmw mroe.n the
lack of necessity for resorting to this assumption in explanation of this mwnn:&_ﬁ.
phenomenon, and has in general proved the incorrectness of Krilmmel's theory.

1 Wo here include in this term tho entire territory of the Og:”w_ American mﬁw.m.
including also the outer constal waters of the Buhamas and Antilles, swept gm the
Antilles Current which joins with the Florida Current before Cape Hatteras to form
the so-called “ Gulf Stream.”
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Winge instead refers the disappearance of the pelagic weeds from the higher
latitudes during late fall and winter to the onsct of the North and Northwesterly
winds of the cold scason. While it i3 quite possible that these winds might
drive some surviving weeds back to lower latitudes, it is also evident that they
would at the same time provide & most effective chilling mechanism for the
destruction of the weeds under their influence.  With some allowance for the
factor of regressive transportation in termns of latitude the author therefore
sces in Kriimmel’s observations mainly the effect of a shilting southward of the
lethal zone during the cold season. Linally, one may « priori submit that il &
relatively high degree of mortality is not to be found at the northern cold
boundary of the Sargasso Sea towards which a major portion of the new con-
tingents from the benthonic fields are driven, it would be preposterous to assume
the existence of any significant mortality contrary to all appearances in the
central area of the Sargasso Sea proper. Arguments against the assumptions
on this particular point would therefore be arguments in favor of the main
conclusion in regard to the longevity of the sterile floating weeds, in which the

author joins such previous investigators as Krinnnel und Winge themselves,
Meyen, Hentschel and others,

While it thus seems evident that the annual contingent ae
the Sargasso Sea proper is certainly very small in proportion to its entire pelagic
Sargassum population, it is on the other hand also obvious that such a contribu-
tion from benthonic vegetation, however small, if it sctunlly does exist! must
gerve to increase the total floating population until a balance is reached where
it compensates for the loss by mortality in excess of the vegetative increment and
multiplication of the entire pelagic stock. And it would be unreasonable to
assume that the pelagic population has not been in existence for a sufliciently
long time to have reached this equilibrium between loss and reeruitment today,

Through the reasoning explained in the preceeding we therefore arrive at the
conclusion that the pelagic Sargassum population of the so-called Sargasso Sea,
apart from its marginal zones, is probably an essentinlly self-sustaining unit
with a potentially infinite longevity and a very long normal expectancy of life
for its individual plants, receiving (at most) only a very slight annual contribu-
tion from benthonic vegetation merely sufficient to compensate for its own loss
by a slight excess of mortality over vegetative growth increment, suffered mainly
through a continually oceurring chance return of some of jtg members to the
dangerous marginal zones from which a corresponding recruitment of freshly
detached plants which have escaped its hazards are received in exchange.

tually received in

! The author is as yet inclined to’ consider it in terms of a

possibility only, at least
insofar a8 Sargassum natans i concerned.

1939] Parr: Pelagic Sargassum Vegelation of the North Atlantic 85

LIST OF HAULS MADE WITH PELAGIC WEED COLLECTOR

The following list is a definitive account with wwmm.&. to the amounts on. :Mm
dominant forms of pelagic weeds obtained in the :E.Smcm_ hauls. ,Hr%e Ww 0
say, it presents the final figures and notes concerning the ﬁnmmwm.um B.w a MMM
dance, or the absence, of S. natans (I) and S. fluitans (I11), or o ..\::ma:u -
whole (III 4+ X) where no distinction has been BE_.@ between nrmreﬁw S.M_m
which this apecies may oceur. The list is also final with regard to the a =~=o muom
of any other type of pelagic Sargassum, 4..._6.3,:: such o:._o.a forms 22@% wn._mm :
in sufficient quantity to be recorded by ﬁno_m_;. In addition to these ro:”: M:
quantitative figures one will also find msa:mm.om p: notes so far Emm?% e mn.w_
shiphoard or during the subscquent mﬁ::_:::cc.& the preserve Jw n%vm
concerning the mere presence of the rarer forms in amounts Sonmam o
weighed. These non-quantitative records of the mere presence of a form nmsem om
however, be guaranteed to be entirely complete, in view of .35 vast wEM:cm .
weeds which had to be sorted on board, and m_.m_..owzmn discarded, an o . e
likewise very large amount preserved, um is quite __._8_% m_:; the Smxm:ﬁ:m _MM
of the preserved material alone, planned E.oossmo:ou with the fina 8ys MB: i
analysis alter sufficient henthonie collections rwé. m_.mo .rmms. obtained, wi
incrense the number of records of rarer weeds v:wmm:a in 5&.25:»._ hauls. toot

There is also considerable variation in the details given in the moE-wm.nB.. mm
each haul. When made under instruetions in the wwmomg of the Swwmn the
standard entries are simply the weights of “fine-leafed Q.v and of oomam-
leafed” (I1I) weeds, which, together with a total wammﬂg:o: of m._M :ucmcﬂ-
looking weeds, and a random sample oﬂ. :,% dominant ones, provides ample
i ation for the purposes of this investigation. . :
E...w\wn..u: _w small oiuo: _:sm preserved in its oss_da.a the weight of the mmvm;:”..
forms was subsequently determined, after mmnasn in the laboratory, mﬂ Mrmmﬂn
weight in formalin, which will not differ significantly ?03.26 A.<o_u Sm__mm 00 e
fresh material. The weight of such small samples determined in the mao«w MM%
could naturally be recorded in more accurate figures than those Hsmo ” mn he
weighing of large samples on hoard (usually :mmnm.ma 14 pound). mﬂ.&o %M"M..
stances, when difficultics in sorting arose on board in the iw.mmuaw_o m_ o j
the total weight of the deseriptive eategory :nci.wc-_g_.mm or wnma_._ ow_o ,
was taken on board and entered in the :or_..qooo:_. with a specially large
random sample preserved, from which the S_ps.ﬁw :Eo::g of the modumm ooaﬂ-
bined in this eategory were subsequently mmﬁmﬂs_:m.m in the _pvo;noarww % .wm

case of the hauls made in the Gulf of Mexico m:.::m.uowm (Nos. :mﬂ* V.m .

natans VIIT and S. fluilans were commonly noB_Vu:& in the moE.SSn_ s -5 M_.

the heading of ““broad-leaved” weeds, and the weight recorded under this head-

I Hauls Nos. 1-113 and 141-172 were all made and sorted under the supervision
of the writer with the assistance of the ship’s company.
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ing has only subsequently been divided according to the relative abundance of
the two forms in the large random samples. In the Gulf of Mexico the true
S. fluitans generally occurred only in such fragmentary (although not quantita-
tively insignificant) material that it was not found practical to attempt to dis-
tinguish between its two forms. The discovery of the actual identity between
S. fluitans I1T and X (on 1934 winter-cruise material) also lessened the emphasis
upon a geparate sorting of these two forms. In the 1935 records X has therefore
only been entered as a notation of its presence in the quantitative record of S,
fluitans given under I11 (the always predominaut form) when some well-
developed plants of the X form were conspicuous in the catch.

The following example may serve as an interpretation of the entrics used in
the records of the individual hauls.

Example:

1930] Parr: Pelagic Sargassum Vegetation of the North Atlantic 87

#51. 1/27. 23°23.5' N. 69°57.5' W. 19.0 Mi. 44.00 I. 5.00 III. IL V. X.

Read:

Haul No.

51.

(I1I). Sargassum II, V, and X present in small amounts.

January 27. Median Intitude 23°23.5’ N. Median longitude
69°57.5" W. ILength of haul through the water (log-distance) 19.0 nautical

miles.! 44,00 pounds of S. natans (I) (wet weight).  5.00 pounds of S. fluitans

1838

SOUTH OF BERMUDA.

f1.2/13. 31°255’ N. 60°45%. W. 30ML. 501 200 1L

12.2/13. 31°24* N. 60°525'W. BOML  2751. 97511

#3.2/13. 81°22. N. 67°3. W. 100ML. 3761 13.60 IIL
BARGASSO SEA. NASSAU TO ANEGADA PASSAGE.

74.2/20. 25°38' N. 76°16' W. I41ML 4001 6GOIIL 1IN, X,
#5.2/20. 25°30" N. 75°0' W. 160ML 12001 1650111 200X, II.
16.2/26. 25°34' N. 74°415'W. 165MIL  12251. 1275111. 1.25 X,
17.2/28. 25°30.6' N. 74°23' W. 143 MiL 8501 1500 IIL.

#8.2/27. 26°40' N, 72°35' W. 144 Ml 5261 1550 HI. 125X. IL
10.2/27. 25°46' N. 72°23' W. BOML 10251 60.00 II[. 200X
f10.2/27. 25°456'N. 72°16/ W. 67 ML  7.001.  4.00 LI,

f11.2/27. 25°44.6'N. 71°67" W. 130Mi. 251 8001l

#12.2/28. 25°31.6'N. 6€0°23' W. 162MIL 21001 17.50 I, 2.50 X.
f13.2/28. 26°30' N. 00° 6 W. 17.0MI. 28501 22001I1l. 175 X, .261II
#14.2/28. 25°20' N. 08°40° W. 13.0ML. 306001 2850111, 350 X.
#15.3/1 . 25°17.5'N. 66°41.5' W. 14.1 ML 10751 30.2511[. .50 X.
#10.3/1.  25°17" N. 06°23 W. 17.2ML 9501 10.50 1[I, .50 X.
117.3/1. 25°16’ N. 66° 7.6’ W. 7.1ML 17751 3500 III. 1.00 X,
#18.3/3.  23°10" N. 62°30' W. 167 Ml 24001 20251, .25 X.
710.3/3.  23° 5’ N. 62°40’ W. 94 ML 1700 I. 20.50 111, VIIL.
#20.3/4.  22° 25'N. 62°43 W. 127ML 4501 1050 III

#21.3/4.  21°51' N. 62°40' W. 9.2 ML Less than I Ib, total haul
#22.3/4.  21°42.8'N. 62°44’ W. 87ML 3501 3000 111

i23.3/5.  21° 8" N, 62713 W. I180ML  10.601. 1025 LIl

#24.8/5.  20°60’ N. ©2°8 W. 10.7ML 13751 1675 111,

! Not necessarily {dentlcal with the geogra

nificant currenta.

phical length of the hau! in the prosonce of sig-

1833
CARINBEAN.
4 No weed
5 C16° 11 N. 01°28.5° W.  14.0 ML
“mmw“% 17°2 N. 71°40' W. 2L.4MI.  100L _.8:”.
427.3/27, 17°30' N. 72° ¢ W. 3LEML 1001  100IIL
CAYMAN SEA NEAR WINDWARD PASSAGE. -
ML  GOL . \
08, 4/18. 20° 0 N. 74019 W. 110
“S;“;. lo°51’ N. 74°36' W. 27.8ML 2001 .60 LIl
1934
CATE COD TO BERMUDA,
£30.1/22. 30°21’ N. 00°39° W. 69MIL. 0L u.pom“. v.
§31. 1722, 3e°18 N. 66°21' W. 86.8Mi  .50IL 1100 IIL
SARGASSO SEA. BERMUDA TO TURKS ISLAND.
§32.1/23. 31°67" N. 05°52' W. 145ML 2150 m _m.wmmm. X.
~1/23. 40MIL 6501 & )
433, 1/23. 31°4¢’ N. 06° 2 W. 1 It
80 ML 18501, 1.00 HI,
131, 124, 30° O N. 06°61° W. L
9.7 MI, 80001 5001 IL
135, 1724, 20°06' N. 00°53' W. 1 iz, 11
, 8 Mi. 46601 10001 II
130, 1/24. 20°38' N. 67°0° W. 14. LI
) 16.8 Mi. 83251, 3.00 111, 1.00IL
137. 121, 29°20’ N. ©7° 9 W. L L .
, , 2L 5L00L 500 L II
438, 1/24. 20°11' N. 07°17" W. 16. oL X
70407 ' 104 ML 40001, 425IIL. .60IL
430, 125, 27°40’ N. 08° 0’ W. L SOIL X
' ] 5.8 Mi. 103.001. 3.00I1I, 2.50 11
110, 1725, 27°33 N. 08°10' W. it 25011 X.
' 57 ML 71001, 6.256 111 1.00IL
#11. 1/25. 27°28.6' N. 08°13" W, oL 0z IL LOOIL X
5 27°01.5' N. 08°10' W. 7.5ML 123001 6. . 2.
mw ““WH 27°18 N. 08°18' W. 2.6Mi. 118001 6.25IIL uwmoﬁ. Mn.
414, 1725, 27°13° N. o820 W. 7.7 ML 1600 L r.awm. I v. X
§15. 1/25. 27° 5.6'N. 68°23’ W. 658ML _.mww. c.wwE. oL S0,
416, 1/26. 25°60.5' N. 68°56’ W. 18.0Mi 127.00L 9. . I 80X
251I1. 1.50 IL. .90 X.
#17.1/20. 25°33 N. 08° 2 W. 107 Ml 100001 4 90 X
£18. 1/20. 25°12.6' N. 060°12' . 20.0 Ml .8.8“. M‘ww“ﬂ. r%w. Mm:unn
1726, 215 30N 70001 6. . 001l .00 X.
110, 126, 21°50.6' N. 09°19" W. 1 1L S0l
306 M. 33001 8751IL IL V.
#50.1/27. 2348 N. 00°40 W, L LY. X
7 9.0 Mi, 44001 5.00IIL, IL V.
§51. 1/27. 23°23.5' N. 00°67.5' W. 1 LoIL V. X
43 Mi, 80001 10001IL IL V.
152, 1/27. 23° &' N. 70° 8 W. 2 ut. i V. X
o 182 ML 128001 14.00 IIL. 1L V.
153, 1/27. 22040’ N. 70°20' W. L Mo IL L Y. X
5 | ooeomr N, 7032’ W. 235ML 50001 3. .
“mm wannm. o1°68' N. 70°52' W. 46.0 Ml 94001 400 IIL IL V. X
TURKS ISLAND TO WINDWARD PASSAGE.
456.1/28. 21°377 N. 71°9' W. 70M. 300L .mwmw.
#57.1/28, 2127 N. 71915 W. 146Mb 1600L  LIOIL o
i58. 1/28. 21°13° N. 71°21' W. 18.4 Mi. S.Sw. w.wwwm. LI X.
5o 1/28. 20°66' N. 71°38' W. 32.4 ML 12000L 7. . IL
“mw. __“ww 20042’ N. 72° 4 W. 191ML  100L 150 IIl. VIIL
CARIBBEAN 1. WINDWARD PASSAGE TO PANAMA. N
461, 1/20. 19°53° N. 73°277 W. 433 ML 1200 “ ?mmmm. M\.H.: .
- 1/29. o 1, 300IL -. . .
62, 1720, 19°24’ N. 74°10° W. 60.21
“S Kmo. 18957.5' N. 74°4%" W. 17.6MIL 1001 .20 wm 1.
104 172030, 18°26.5' N. 75°23* W. 70.0 Mi. .10001. 2.0 Lo
ws, 1730 17°%2 N. 7610 W, 403 ML 350 L Fewseprigelll
100 272, 17°96° N. 7030 W. 174 ML 2401 .uc““. o X
107, 2/2(-3). 17°20’ N, 76°3¢' W. 1650MIL 2501  40IIL 1L )
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1934
OARIBBEAN I 1834
- WINDWARD PASSAGE TO PANAMA.—Cont
£5.2/3. 17°3 N, 70090 w. 109 : BETWEEN CAPE COD AND BERMUDA.
100.2/3. 16°33' N. 7027 W. 4301 wmw “ 200 111 1114.7/18-10. 30°47' N. 68° 77 W. 482Mi. 1201 .55 IIL
| #70. 2/3-4). 15°53' N. 70°30' Ww. 403 ML 1201 4o HLo1X? 115.7/19. 38°59" N. 67°47’ W. 30.5 Mi. Only 2 small plants altogether.
I71.2/4 180 2 N. 730 W, gppag. S0l Ltonn #116. 7/19-20 37°50’ N. 67°24° W. 75.2 M,
#72.2/4-5. 14°12 N. 70050 w : ol #117.7/20. 37°33° N. o67° 9 w. 187 p [i6501.  S8.00IIL
: ¥73.2/5. 13°14" N, 770000 vy ook M Onesprig 1. [7/20. 3710 N. 87°2 W. 80M. 4251
. - 403 ML One sprig I. . #118.7/20. 37°19' N, 67 . OML 4251
“wmwww& “w”uo. N. 77°8 W. 188 301 11 #110. 7/20. 36°58' N. 06°42’ W. 38.8 M. T.,:: I
. . 2.5 N, 7810 W, e A 7120. 7/20-21. 30°21' N, a6°5R* w. o621 py. (2378 % L
#70.2/6. 117" N. 78045 vy, wwm”__“ Vi #121.7/22-23.30° 3’ N. 05°62 W. 53.56 ML 2500 1.
#77.2/6. 1043 N. 790 ¢ vy 37.1 ML, Fragmont I #122.7/23-24.37° O’ N. 67°30’ W. 102.9 ML 16751, 4.00 III
#78.2/7.  10°13' N. 7909y W. 278 Mi. No woed 1123. 8/18. 40°21' N, 66°47' W. 594 ML 5501 2.25III
CARIBBEAN 1T ' . f124.8/18. 39°33" N. 09°20’ W. 43.8Mi. 28751. 6.25IIL
- PANAMA TO EAST POINT OF JAMAICA, #125.8/21. 38°20° N. 68°64 W, 71.6ML 4001 150 III. VIIL
179. 2/14.  9°35' N. wgogys #120. 8/21-22,37°33' N,  07°56’ W. 44.7 Ml 105.00 I. 20.25 I1I.
180.2/18) goter N auen w 125 iy Do sprig 111, #127.8/22. 37°17 N. 67°31' W. 72ML  1001. .95 IIL .
f81.2/14. 10° ¥ N, goog W 310 M. <f:§.. £128. 8722, 37° ¢ N. 67°377 W. 900Ml. 43001 8.75IIL
#82.2/15. 10°34' N. goesg g ey 11 #120. 8/22. 36°3¢’ N. 67°29° W. 61.3 Ml 24501 2.25IIL.
183. 2/15. 1066 N. 81994 W, 459y o0 VIIL 4130. 8/22-23.35°56' N.  67°21’ W. 155MIL 6.00L° .25 III.
184.2/16. 11965 N. ge3s W, q1pang poo i ih #131.8/26-27. 36° 4'N. ©08°12" W. 9023 ML 13251 .76 1L
ﬁ 185.2/16. 12° 0 N. goopor vy 110 ML m::;« #132.8/27.  30°653'N. 68°58’' W. 201 Mi 2150 1. 4.25 IIL
#80.2/17. 13°23' N. ggo g W 7.0 M1 ﬁz:,: 1133. 8/27-28. 37°50’ N. 69°25’ W. ©04.5MI. 1450 1. 4.50 III.
187.2/17. 13°20° N, g2 or y 16.4 M1 w,m__w”w #134. 8/28. 38°46° N. 09°49’ W. 27.6MNIL 5251 2.25I1IL
° * . . Y oy R’ o 47
“mm_ wmm “wwm u m““mw H« 26.2 MI. No Sargarsum, 135. 8/28. 30°18° N. 70° 4’ W. 41.9 ML 12501. 9.00 III.
100.2/18. 1390 N goe g ! aronty o Suroasium, 1035
. . °59’ og7e : .
192. 2719, _c_mwuo M” wmww ﬂ. wwmwm Bmpty CAPE COD TO BERMUDA.
193.2/19. 14%5' N. 790100 et wwww .Ni:. Il VIIL #136. 1/21. 38° 2.5'N. 68°10’ W. 248Mi. 1761 125II. X.
194.2/20. 15°40° N. 7850’ w. 3g ML gy cfonnoan #137.1/21-22. 37°33’ N. 68° 0’ W. 359 MI. .76 I. 1.25IIL
195.2/200 16° 8 N. 7ge30 vy yreny ook 2511 YL VL, 1138.1/22. 35°53' N. 67°17° W. 28.8 MI, 1.75 111
198.2/20. 16°24’ N. 7821 w.. 20 hp S0k B0 111 VIIL, 139, 1/23. 33°42’ N. 05°31’ W. 300ML 1761 6.0 IIL
#97.2/21. 17° ¥ N, 78° 00 wy. 358 Mi. 1601 1140. 1/23. 33° 7.6’ N. 05° 2.5' W. 409 ML 4.76 1. 14.50 11, TI.
198.2/21122. 17953 N 70 o o BML 1601 130HL I VgL ,
orvar © 8O5ML p00L 1c0nL I v. v IX. SARGASSO SEA. BERMUDA TO TURKS ISLAND, !
AN 8EA. EAST POINT OF JAMAICA TO YUCATAN CHANNEL, £141.2/6.  20°50’ N, 65°55' W. 17.65 Mi. 13.76 1. 7.25 IIL. 1.00 II. VIII. X.
#990.2/22. 18°28' N. 7gespr . 388 ML 2001 1142.2/6.  29°38’N. 00° 4’ W. 21.5MIL. 22.00 I. 11.00 111. 4.00 II-VIII. V. 1.00 X.
#100. 2/22-23. 10°19/ N. 790217 vy 7ie . SOOI L70 I II. v, v 7143.2/6.  20° 0’ N. 00°23’W. 448 Mi. 12.001. 11.00 I1I. 1.50 II. 2.00X. VIIL
FI01.2/23. 10%55' N, 70041 . you M STl L2011, 1. v, wp f114.2/7.  28°30°N. 60°41’ W. 25.0 MI. 16.50 I. 87.20 ITL. 1I. 1.50 X. VIIL
1102.2/23. 2011 N! 700310 19, 1o ML gop  OHLOIL v, i, #145.2/7,  28° 3'N. 06°50° W. 28.0Mi. 18.001. 10.00 III. 1.50 X. 1.50II. V1L, V.
F103.2/23. 2098 N 70003 vy 04N 1agl AONL 1 v, . -~ 4146.2/7. 27°35'N. 67°17'W. 33.1 Mi. 16.00 1. 12.00 1II. 3.50 Il. 5.50 X. VIIL
$104. 2/24-25. 2105 N, 80° 9 vy, 11y g ML Lo h.mo 1. #147.2/7.  26°57'N. 67°44’W. 555M). 47.00 1. 21.00 III. 5.00 II. 6.50 X,
1105.2/26. 19°22' N. 81531 w. 100 ML 801 :r 1148.2/8.  20°11’N. 08°10' W. 460 Mi. 20.001. 1200 IIf. 3.0 II. 3.50 X.
#106.2/26-27. 10°1 N. 820 o0 w. on 7ey oF I VIIIL £149.2/8.  25°37'N. 68°25°W. 204 MI. 10.001. 250 X. II.
107.2/27. 19° 5 N. googqr W, 2801 2201 :.mo_:. It V. VIIL #150. 2/8.  24°55'N. 08°42'W. 173 Mi. 54.001. 7.5III. 225II. 6.00X. IX.
f108.2/27. 19° 22 N. 83200 W, 104 at. 2501 140y VHL #151.% 2/8-9, 21°35' N. 68°54’ W. 243 M. 37.50I. 000 I1I. 1.50 1. 400 X,
1109. 2/27-28. 19°20’ N, g3o50- W. 205 M1 ~.wc I. :.Cc L. ! £152. 2/9. 23°58.5’ N. 69°27* W, 39.5 MI. 88.00 I. 35.00 III. 3.00 II. 17.50 X. VIII. I1X?
#110. 2/28, 20° 2’ N. 83°56” w. wc.m 72. .Nc —. :—‘ #153. 2/9. 23°31.5" N. 69°16’ W. 23.3 MI. 23.00 1. 7.00 I11. 2.00 II. 1.0 X. VIII,
7111.2/28. 21°21' N. sgo18 vy, 422 ML, 2401 1.40 ~___~_ vir 1154. 2/9. 22°66° N. 70°13’ W. 58.4 Mi. 17.00 I. 2.75 III. 1.25 II. 1.50 X.
GULF STREA . #155.2/10. 22° 4’ N. 70°40’ W. 67.0 ML 10.50 I. 15.00 III. 2.00 X. II. VIII,
PAM NORTH OF MIAMI, FLORIDA, TURKS ISLAND TO WINDWARD PASSAGIE
f112.8/8-0. 27°10¢ N. 790410 . R ) URKS ISLAND 58 .
M13.3/0. 30° 5 N, 700128 W, ama i ool Bt v, vi x. m £150.2/10. 21°17.5' N, 71°1'W. 49.4 MI. 8251 2.60 IIl. 1.25 X. :
- - . . . By 1. 1.90 X. #1067, 2/10-11, 20°30" N, 72°40.5' W. 02.3 M|, 14.00 1. 4.00 III. II, VIII. X,
cograph. length 240
* For account of subsurface nets used at this station see page 10,
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1935
CAYMAN BEA. WINDWARD PASBAGE TO YUGCATAN CHANNLL,.

F168.2/11-12. 19°67'N. 74°14'W., 00.3 ML 4251 111 11 v

#1159, 2/12-13. 19°24’ N. 76°30’ W. 172.6 MI. 1.72 1, 120 ——".+A\Vh—.-.mm~un.<uw. 11
#100.2/13. 10°20'N. 78°37'W. 47.3 Mi. 110 1. 3.00 111 4 X. .05 V1L, 1511, 301X
1101 2/13-14. 194N, BOIUW. 116.1ML 1701 400 11T 4 X. 10 VIIL 1L
#102.2/14. 19°63' N. 81°4’' W. 67.0 MI. .80 1. 220 111 | X. 2 pq VIIL 11, 132 1X.
#163. 2/14-15. 20°27'N. 83° 2'W. 78.6 Mi. 2.00 Ib. Total haul. Detatls not avallable,
#164.2/16. 21°12.6'N. 84°20'W. 80.0MI 381 81111 110 VIIL IX. .

GULF OF MEXICO I SOUTHEASTERN REGION BLT
. ETWEEN
AND BTRAITS OF FLORIDA, YUOATAN DANK

1165. 2/18-17, 22°15’ N, 8gop2’ W. 73.3 ML No polagic woods,
#166. 2/18. 24°15' N, B5°51’ W,  24.4 M. 201 7511 10 VIIL. 11,
#167. 2/18-19. 23°40’ N, 84°16’ W. 143.5 MI. .40 I. 1.30 III. .20 VIII,

GULF OF MEXICO II. NORTHERN GULF,

#108.3/5-6. 27°32 N. 88°21'W. 004 ML 4501 + III 4 VIII
$109.3/6. 20°65' N. 8°21'YW. 400 ML 4001 4 1T | VIIL
J170.3/0. 26223 N. 88°12'W. 487 ML 33.60 I, Fragmonts 111 vin
F171.3/0. 25°64.5'N. 88°18' W. 14 ML 1. VIIL . )
#172. 3/7. 25°43’ N. 88°23’ W. 10.9 Mt 17.25 1, 111, L0 VIIT

$173.3/25. 28° 8 N. 89°24'W. 08.9 ML 4525 1. 185 111, 160 Vi
#174.3/25-26. 27°30' N. 8047’ W. 35.5 Mi. 20.601. .05 111. 280 VI
#175.3/20. 27°33' N. 8093 W. 184 MI 17.00 1. 140 111, a5 vt
$170.8/20. 27°67.5'N. 80°63' W. 200 ML 14501, .60 111, 60 VIIT

#1177, 3/26. 28°22.5' N. 80°50' W, 21.3 Mi. 12251 a5 :—,. .aO <—-.

#178. 3/27, c.28°45" N, c.89°50’ W. 42 .3 MI. 60.75 1. 4.50 111, .&UO <—.——
$100.8/27. 28°21' N. 00°18'W. 4LOMI 33751 300 1L 300 VIII
$180.3/27-28. 27°40'N. 01°24' W. 923 MI. 64001 1175 111 +varn
$181.3/28. 27°25 N. 0212’ W. 30.5 ML 11001, .75 111 10 VI
1162.3/20. €20° T'N. 02°41U'W. 27.0 ML 3060 1. 575 111, 3.25 VIII
#183.8/20. 29° 7' N. 93°10'W. 40.2 MI. 18751, 4.0 11T, 1.00 VIII. X
#184.3/314/1. 27°41' N, 00°20' W. 542 ML 27.601. 4.50 111 3.00 VI, X
FI85.4/1. 270158 N. 00°30' W. 144 ML 6751 200 111 25 VIIL
F180.4/2-3. 26°57' N. 04°44’ W. 624 ML 13001 120111 4.80 VIII,
FI87.4/34. c25°12' N. ¢94°6' W. 64.1 ML 13501 .80 III 1.20 VIII.

GULF OF MEXICO III. YUCATAN BANK.
1188.4/8-0. 24° &' N, g7op7” W. BB8ML I. VIII.

GULF OF MEXICO IV. FLORIDA BANK.

#180. 4/11-12. 25°48'N. 84° 5' W 86.4 Mi. 5.251 00 11
. . . 8. RN I. 40VIIL, 11,
7100. 4/12. 24°36’ N. 83° 2'W. 40.0 MI. 4251, 1.30 IIL. .45 VIIIL,

B8TRAITS OF FLORIDA.

:m:.A\—w. 23°41’ N. 81°52' W, 777 Mi ‘
. . . . 1251 175TI1. II. VIIL
#1192, 4/13-14. 24°42' N, 80°33° W. 50.4 MI LOO L IIL. II. VIII.

GULF STREAM NORTH OF MTIAMI, FLORIDA,

7103. 4/10-20. 28°10’ N, 79°42.p5’ W. 1353 ML 7.501. 050 T 4 VI
1104, 4/20, 30°24' N. 70°25' W, BL6ML 3751 325111 1.00 VIII. X.
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SUMMARY

The frame and net of a collecting apparatus specially designed to gather
floating weeds from the sea surface on a quantitative basis is described, and the
method of operation discussed (pp. 4-8).

It is pointed out that this collector has been in actual operation in the surface
of the Sargasso Sea and of the Central American Seas for a total cumulative
towing length of nearly 7,000 nautical miles, and that as a result of this towing
more than 4,700 pounds of pelagic weeds have been sorted and weighed on board
(pp. 34).

An account is given of experiments confirming the lack of vertical dispersal
of pelagic Sargassum weeds (pp. 8-10).

The taxonomy of the pelagic Sargassum weeds is discussed in a preliminary
fashion, with a practical key for their identification, and a descriptive atlas of
herbarium silhouettes. A non-binominal, purely descriptive classification of the
dominant forms is used as a basis for comparisons and discussions of distribu-
tions. The opinion is expressed that the fixed, more or less distinet external
forms in which the truly pelagic weeds oceur, probably represent only pheno-
typic variations of not more than two separate species, S. natans and S. fluitans,
It is further pointed out that even the distinctness of these two species, although
apparently most probable, cannot as yet be considered to be established entirely
beyond all doubt (pp. 11-51),

A fertile plant attached to a drifting piece of wood (mangroove root ?), but
otherwise indistinguishable from sterile representatives of the pelagic S. fluitans,
is described (pp. 49-51).

The quantitative distribution of the dominant pelagic weeds is described
(pp. 51-68). It is pointed out that the floating vegetation in the Caribbean
and Cayman Seas is always very sparse, and that it is virtually completely
absent from the entire southern half of the Caribbean itself. In the northwestern
region of the Gulf of Mexico, however, a secondary accumulation of apparently
deteriorating weeds in considerable abundance was observed over a wide area.
At least during the winter period in which observations were made these weeds
were obviously in a very poor condition and on the average extremely heavily
overgrown by epizoan incrustations (pp. 54-58). )

The main region of occurrence of thriving pelagic weeds was found to be
entirely outside the Central American Seas in that part of the open North
Atlantic designated as the Sargasso Sea. Observations in the western Sargasso
Sea during three separate cruises with a total towing-length of over 1300 nautical
miles indicate an abundance of pelagic weeds, varying in the records for the
three years between ahout two and somewhat more than five metric tons wet

weight per square nautical mile.  If these figures are representative of the entire
Sargasso Sea, the total pelagic vegetation might be estimated at four to ten
million metric tons. It is suggested that this may be accepted as a usable
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statement of the order of magnitude of the total
of the North Atlantic (pp. 54-58).

Annual fluctuations in the relative frequencies of the two predominant types
of pelagic weeds, S. natans I and S. Judtans 111, are pointed out (pp. 59-64),
and the distribution of the less abundant pelagic formy is discussed separately
(pp. 65-67). 1t is shown that the distribution of the broadleaved S. natans
V11 differs fundamentally from that of all other pelugic Sargassa in that it has
its maximum abundance within the Central American Seas and not in the open
Atlantic (p. 686).

By a process of elimination on the principle of reductio ad absurdum, it is con-
cluded that there is no conceivable source and proce
pelagic Sargassum vegetation from benthonic flora wh
tain the floating vegetation in its observed abundance
of the pelagic state of the individual plants to be reck
(pp. 68-84).

The distribution of the pelagic Sargassum w
graphic conclusions on two points. 1) The failure of the drifting flora to pene-
trate southward across the Caribbean agrees with the assumption that the
Caribbean surface water is mainly derived from the SI via the North Equatorial
Current and not from the Sargasso Sea itself (p. 54). 2) The accumulation of
floating weeds in the northwestern part of the Gulf of Mexico must be inter-
preted as a result of pure wind drift, due to prevailing easterly winds, moving
the weeds in relation to the water, and this accumulation could scarcely take
place in the presence of a significant tendency to outward movement of the
surface water itself towards the Straits of Florida (p. 56).

pelagic Sargassum vegetation

s of annual renewal of
ich could possibly main-
with an average duration
oned in less than decades

ceds confirms previous hydro-
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IN THIS REPORT
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