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vestigated in the Norman Bridge Laboratory.
Mr. Chairman, it is a great pleasure to me
to express the best and most hearty wishes for
the good success of the work that has now been
set on foot.
H. A. LorENTZ

BIOTIC AREAS AND ECOLOGIC HAB-
ITATS AS'UNITS FOR THE STATE-
MENT OF ANIMAL AND PLANT
DISTRIBUTION

MORE precision in the statement of animal
and plant distribution has become an urgent
need. A specimen - labeled “California” or
“Africa” is obviously of little value in a eriti-
cal study of distribution. But, though less
obviously at fault, a record giving merely a
city or county as a locality is still not of the
greatest use. A number of distinetly different
kinds of life conditions occur within a short
distance of most towns, and in the western
parts of the United States the life conditions
within a single county may range from desert
to moist forest and even to perpetual snow.
Unless the life conditions under which a
species lives are known we can gain little in-
sight into the factors which govern its dis-
tribution.

A knowledge of the life conditions under
which a species lives can not be obtained from
a statement alone of geographical localities,
no matter how exactly these may be given.
Even a record of the precise acre on which a
specimen has been taken means little unless
the environmental conditions of the spot also
are stated. Exact geographical records are
necessary, but mention alone of a locality is
not enough, and a complete record must in-
clude a statement of the environmental condi-
tions as well as the locality.

Some sort of classification of the environ-
mental conditions must, of course, be adopted
if the conditions under which a species lives
are to be stated concisely and with precision.
Although I do not intend to propose here any
new system of eclassification, either for en-
vironments or for biological distribution, I do
wish to call attention to some of the units on
which a classification must be based.

SCIENCE

335

The units of biogeographical -elassification
which I believe will prove most generally use-
ful are two in number: (1) a unit of geo-
graphical extent forming a natural life area
(faunal or floral area), and (2) the habitat
or ecologic community. The statement of the
faunal or floral areas and the habitats or com-
munities in which a species is found, together
with records of geographical localities, should
give very accurately both the geographical
distribution and the conditions under which the
species exists,

Biogeographers have long made use of
floral and faunal areas for the classification
of distribution, and the importance of this unit
of distribution is generally conceded. Some
ecologists employ practically the same con-
cept under such designations as “climatie
formation” and “climax formation.” The best
term available to include the concept of both
floral and faunal areas seems to be biotic area.
A biotic area, then, may be defined as a geo-
graphic district, characterized by an assem-
blage of species and of ecological character-
isties differing from those found in adjacent
areas. A biotic area will usually, though not
always, be also a climatic area, and will often
be a distinet physiographic area as well.

The animal species found in a biotic area
constitute a fauna; the plant species found in
the same area constitute a flora; and the com-
bined animal and plant species of the area
may be termed a biota. ,

It has been generally presumed that the units
of clasgification for ecological distribution and
the units of biogeographical classification be-
long to different categories and can not be
used together. However, I see no reason why
the unit of ecological classification, the eco-
logic eommunity, may not, for the exact state-
ment of distribution, be combined with the
unit of geographical distribution, the biota as
above defined. In fact, I firmly believe, after
considerable experience in the use of this com-
bination in the field, that it forms an excellent
method of stating distribution.

By this method each biotie area is considered
to be made up of a number of ecologic habitats,
the animals and plants of each habitat form-
ing an ecologic community. The community
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then, may be considered as a subdivision of
a biota, with the same geographical limits.
Some communities will extend over two or
more adjacent biotic areas, and they may re-
ceive the same name in the various areas in
which they oceur. But no community is likely
to be exactly the same in two biotic areas, for
between the various areas there are definite
general differences in the fauna and flora, and
usually also in climate and physiography.

The terms ecologic habitat and ecologic com-
munity are here used to designate ecologic
divisions of any rank. Field workers dealing
with different systematic groups of animals
and plants will probably find it convenient
to use different grades of ecologic units, de-
pending partly on the size and mobility of the
organisms considered. The ecologic com-
munities recognized for ants will probably be
smaller in average area covered, and lesser
in ecologic rank, than mammal communities
will be.

The rank of ecologic community which will
probably be most generally useful in field
work is the association, using this term in the
sense of any relatively stable community
whether climax or not. For finer distinetions
the association may be divided into communi-
ties of lower rank, such as strata, societies,
and the like. However, if the habitats and
communities are carefully described, the field
worker need not worry about the rank of the
ecologic divisions. The important thing is to
record the field observations in such a way
that the environmental relations of the species
considered are clear.

The diserimination of biotas and ecologic
eommunities is not easy. We must recognize
at once that there are few sharp divisions in
nature, and that the lines we draw must in
many cases be arbitrary ones. Communities
or biotas which are very distinet where typi-
cally developed, at their edges frequently
shade off gradually into adjacent divisions.
But often taxonomic groups, such as sub-
species, pass gradually into other taxonomie
forms without sharp boundaries. The eclassi-
fication of biotas and ecologic communities is
no more difficult, and not essentially different
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in kind, from the elassification of animal and
plant species and larger taxonomic groups.

“Probably the best ecriterion for character-
izing faunal (biotic) areas is the dominance
of particular habitats. It is evident that in
passing from one area to another a situation
will be met where the dominant habitat of one
area will equal in extent the dominant habitat
of the other area. It is at this point that the
line separating the two must be drawn.”!

In the western parts of the United States,
where the topography is often much broken
and where the climatic distriets frequently are
sharply limited, it is often possible to mark
the boundary between adjacent biotic areas
with considerable precision. But in regions of
slight topographic and climatic diversity, such
as is the case over much of the eastern United
States, the limits of the biotic areas are often
not clearly defined. Indeed, in some cases, it
might be impossible to determine within several
hundred miles the position of the boundaries
between adjacent areas. The biotic area, how-
ever, is still a useful concept, even though the
position of the boundaries of some areas can
not be stated exactly. To attempt an exact
definition of the houndaries of adjacent areas
between which there is a wide belt of over-
lapping is certain to result in confusion rather
than in precision.

The distinguishing characters of animal
habitats are frequently based on the vegeta-
tion, though sometimes on the physical char-
acters such as the occurrence of rocks or
water. There is a close correlation between the
distribution of animal species and of types
of vegetation, and even in places where the
vegetation is not the dominant factor in the
environment it often can be depended upon
to give an index of the physical factors which
affect the distribution of animals as well as
plants.

However, it is not yet certain that the small-
er animal communities correspond exactly in
distribution to the smaller plant communities.
The mollusks and insects and other inverte-
brates often seem to be restricted in distribu-

1 Dice, 1916, Univ. Calif. Publ. Zool. 16: p. 299,
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tion by other factors than the plants are, and
it may be that the smaller divisions of eco-
logic communities will be different in ani-
mals and plants; and perhaps these smaller
communities will differ even in different groups
of animals. It will be well, therefore, for
field workers not to depend too rigidly on the
plants or on any other one factor in deserib-
ing distribution.

Indeed, it may sometimes happen that even
the faunal and floral areas, or the principal
ecologic associations, for the various groups
of organisms will differ. It certainly will not
be best to force unruly facts of distribution
to conform to any rigid system of description.

On the other hand, a classification of habi-
tats and biotic areas will be of the greatest
use when it is applicable, so far as possible,
to all groups of animals and plants. For this
reason the ecologic communities recognized for
all organisms should correspond as nearly as
possible without obscuring the faets.

To form a universal classification will re-
quire the establishment of more divisions than
would a eclassification for one group of or-
ganisms alone. For mammals, for instance,
the grouping of all the fresh-water environ-
ments of a faunal area into one nominal habi-
tat, the aquatic, would probably suffice; but
if fresh-water fishes, invertebrates, and plants
are to be considered, a number of habitats in
the water must be recognized. KEven when
mammals alone are considered it can do no
harm to describe more than one aquatic habi-
tat, and it is of great advantage to have a
classification of wide application.

One of the great advantages of using eco-
logic habitats and biotic areas for the state-
ment of distribution is that these units are not
founded on the assumption that any one parti-
cular factor of the environment is most im-
portant in the limitation of distribution. Units
of distributional classification based on a bias
for some one particular factor, such as tem-
perature, as being most important in the con-
trol of distribution can not have the confidence
of persons who consider the basis of classifica-
tion unsound, or at least unproved. But the
facts of distribution can be deseribed by the
use of biotas and ecologic communities with-
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out an assumption that any one factor is all
important. However, if one factor is actually
the most important one in the control of dis-
tribution over any area, this relation is not
obscured by the employment of the units of
deseription suggested.

It is my opinion that we are not as yet
sufficiently informed as to the exact distribu-
tion of any group of animals or plants to
render possible anything more than a pre-
liminary eclassification of distribution in any
part of the world. I would emphasize, there-
fore, the need for the precise statement of dis-
tribution in terms of units which are capable
of combination into a number of possible sys-
tems of classification, rather than to describe
distribution in terms of large and relatively
unstable biogeographical regions, life-zones,
or ecologic formations.

With a knowledge of the biotas and eco-
logic communities’ of the world it will be
an easy matter to compare floras and faunas
of different geographic regions; or the com-
munities of similar habitats of different biotie
areas may be compared as desired. Zoogeog-
raphers and phytogeographers may, if they
wish, combine biotic areas to form provinces,
regions, or life-zones; and communities may
be combined at pleasure by the ecologists to
make formations or other large divisions.

_The time has come in the study of the factors
limiting distribution when little more progress
can be made by statistical methods, the attempt
to correlate the distribution of climate or other
barriers to distribution and of groups of ani-
mals and plants in the mass. Rather we must
critically determine the factors concerned in
the distribution of individual species. To do
this will require carefully eontrolled experi-
ments in the laboratory, correlated with long
continued measurément and observation of the
physical and biological factors of the natural
environments.

Before laboratory experiments can be ef-
ficiently carried out, however, we must know
the exact distribution in nature of the species
of animals and plants and their environments.
This is the greatest need of biogeography at
the present time: to describe biotic areas and
habitats and to determine the precise habitat
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distribution of each species. This work can
be performed without any expensive equip-
ment; good judgment and hard work in the
field are the main requirements.

There is pressing need that the work of
describing the biotic areas and habitats of the
world should be speedily done. Through the
influenece of man’s industrial activities the
natural conditions of the world are rapidly
passing, and in our more settled districts it
is now difficult or impossible to find even
small areas of the original habitats. It is im-
portant to determine quickly the habitat
preferences of the native plants and animals,
for these can surely be determined only in
natural habitats. With the changes due to the
presence of man numerous species have been
introduced, others have greatly changed their
abundance, and the whole balance of nature
has been upset. It behooves us to record all
we can of natural habitats and habitat prefer-
ences before it is too late.

L. R. Dice
MUSEUM OF ZOOLOGY,
UNIVERSITY OF MICHIGAN

THE MOST NORTHERLY RECORD
OF THE CAPTURE IN ATLANTIC
WATERS OF THE UNITED STATES
OF THE GIANT RAY, MANTA
BIROSTRIS

LixE many other ichthyologists I have long
known that Manta drifts north with the Gulf
Stream as far as Cape Lookout, North Caro-
lina, where it is sometimes found in the Bight
of the Cape or playing over the shoals which
extend some 15 or 20 miles out to sea. Further-
more, I have presumed that it occasionally
drifted further north, but until my attention
was called to the matter recently I did not
know that any scientific records of its oceur-
rence north of that point had ever been made.
However, as a matter of fact the earliest ree-
ord of the occurrence of this gigantic ray in
our waters is found in Lawson’s voyage to

1 Lawson, John, ‘‘A new voyage to Carolina;

containing the . . . natural history of that coun-
try, ete.”” London, 1709.
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North Carolina (1709)!. Lawson describes
the “divil-fish” as shaped like a “scate,” of
great size, and having a very large pair of
horns on its head. He notes its occurrence in
the inlets of the great sandy bars separatfing
the ocean from the sounds.

The next notice is found in Mare Catesby’s
“Account of Carolina and the Bahama
Islands,” an appendix to Vol. 2 of his “Natu-
ral History of Carolina, Florida, and the Ba-
hama Islands, ete.” 2 vols. London, 1743.
Speaking of “Diabolus marinus, the devil-fish,”
which he says is a great ray having two horns
on its head, he describes how one came afoul
of the cable of “a sloop of 80 tons,” in the
harbor of Charleston, South Carolina, and
dragged it about the harbor.

The first scientific record of the capture of
the fish, with a careful description and excel-
lent figures dates in the year 1824. In August,
1822, there was captured near the mouth of the
Delaware Bay a specimen which was brought
to Philadelphia and secured for the Academy
of Natural Sciences. It was figured and de-
seribed by LeSueur? in 1824. It was 15 or
16 feet wide, and 7 feet, 9 or 10 inches long
without the tail (which LeSueur says was
slightly over 8 feet long) and had a mouth
214 feet wide. He described it under the name
Cephalopterus, head-winged.

It seems to have been a matter of general
knowledge at that time among the fishermen
of Capes May and Henlopen that this gigantic
ray occurred in the ocean off that region. At
any rate, it is recorded that late in August,
1823, a crew of fishermen set out to capture
one of the fishes, and that on September 9
they brought a specimen to New York. Here
it was measured and described by Dr. S. L.
Mitehill who published his account in the same
year with LeSueur, 1824.2 It was a record

2 Le Sueur, Description of several species of
the genus Raia, of North America, Journal Acad-
emy Natural Sciences, Philadelphia, 1824, Vol. 4,
pp. 115121, 4 figs.

3 Mitehill, 8. L., Description of a new and
gigantic species of the genus Cephalopterus of
Dumeril, 4nnals Lycewm Natural History, New
York, 1824, Vol. 6, pp. 23-29, 2 figs.



