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DISCUSSION AND CORRE8PONDENCE 

BOTANICAL EYIDXNOE 01' COASTAL SUBSIDENCE 

INa recent number of S ~ I E N ~ E '  Mr. EI. H. 
Bartlett, writing under the above title, criti- 
cizes an earlier paper of my own concerning 
"The Supposed Becent Subsidence of the 
Massachusetts and New Jersey Coasts," ' on 
the ground that it represents hasty conclu-
sions based on the examination of one locality 
where conditions are far from typical. Mr. 
Bartlett is of the opinion that the hypothesis 
there advanced to account for the appearances 
of recent subsidence along the coasts in ques- 
tion has " as a matter of fact . . . no bearing 
whatever on most of the evidence which has 
been offered." 

Inasmuch as the brevity of my paper may 
be responsible for Mr. Bartlett's failure fully 
to understand it, perhaps a few words as to 
the development of the hypothesis presented 
in that paper may serve to make the hypoth- 
esis itself clearer. The writer's active interest 
in the problem of subsidence began a number 
of years ago when he was retained by counsel 
for the commonwealth of Massachusetts, in a 
case involving title to lands now below high 
tide level, to determine if possible the nature 
and extent of the recent subsidence along the 
Massachusetts coast. He entered upon this 
investigation with the belief that recent 
coastal subsidence in this district was a fact, 
well established by the studies of various 
students of shoreline phenomena; and his 
efforts were mainly directed toward ascertain- 
ing whether the subsidence was continuous in 
time and regular in rate, or whether it was 
intermittent and at varying rates. I n  con-
nection with this investigation examination 
was made of numerous publications on recent 
changes of level in the United States and 
Canada, and many foreign reports on the same 
topic; and so fair familiarity with the litera- 
ture of the subject was gained. 

Even before undertaking the above investi- 
gation, certain geologically recent changes in 
the form of the shorelines about Boston had 
attracted the writer's attention; and in the 
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succeeding ycars more or less consideration 
has been given to this subject. Several of his 
students have made special studies of selected 
areas along the coast, in each case giving at- 
tention to the problem of coastal subsiclence. 
Their observations and his own, supplemented 
by studies of maps of certain areas not vis- 
ited, led the writer to conclude that the coast 
had remained essentially stable for a long 
period of years; and that if any considerable 
subsidence had taken place, it must have oc-
curred long ago. 

The botanical evidence of recent subsidence 
was still a puzzle. Manifestly, the upper-
most layers of the Spartina turf, and the 
stumps of cedars and other trees exposed in 
the marshes, could not be due to a remote sub- 
sidence, even if the lower laycrs of turf and 
the more deeply buried stumps hi~d been de- 
pressed long ago. Careful attention has been 
given to this phase of the problem, and in this 
connection let me express my great indebted- 
ness to Dr. Charles A. Davis, who gave me 
the opportunity to accompany him on several 
of his field excursions, and who took the time 
to visit with me two or three localities where 
I had studied the physiographic features of 
the shoreline. On these excursions I became 
fairly familiar with the botanical evidence of 
subsidence, and with the interesting methods 
of investigation which Dr. Davis has devel- 
oped for the study of salt marsh deposits. By 
means of the ingenious peat sampler devised 
by Dr. Davis, the writer has endeavored to 
increase his knowledge of the structure of 
several of our marshes; and one of his stu- 
dents has made a detailed series of sections 
across the marshes at the mouth of the Ne- 
ponset River, which will be referred to in a 
future publication. 

As a result of these studies, it seemed to the 
writer that while the lower portions of the 
marsh deposits might indicate subsidence in 
times long past, the upper portions (the por- 
tions which furnish supposed evidence of re-
cent subsidence) might be explained in either 
one of two ways: they niight represent a 
resumption of the downward movement of the 
coastal region in recent times, after a long 
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halt; or they might be explained as the result 
of local fluctuations of marsh level or of tide 
level, independent of a downward movement 
of the coastal region. The long halt in the 
supposed downward movement seemed to be 
demanded by the physiographic evidence. 

Observations in the Scituate-Marshfield 
region revealed a cause of fluctuations in 
high tide level which appeared competent to 
explain most, if not all, of the evidpnces of 
recent subsidence. After a consideration of 
the tidal conditions along the Atlantic coast, 
and a study of the nature of the high tide 
surface about the coasts of England, as re-
ported by Wheeler and others, the conclusion 
was reached that the conditions in the Sci-
tuate region had been repeated in a greater or 
less degree all along our coasts in recent geo- 
logical times, as a necessary consequence of 
the nature of the high tide surface and the 
changes effected by wave action on all shores, 
particularly those composed of poorly consoli- 
dated materials. Thc cause scemed compctent 
to explain a deposit of pcat varying in thick- 
ncss from a few inches to a possible maximum 
of 15 feet or more, according to thc former 
rangc of thc tides. As all of the supposcd 
evidence of recent subsidence on the Massa- 
chusctts and Ncw Jersey coasts arc, so far as 
known to thc writer, capable of explanation 
on the basis of a fluctuating high tide surface, 
and as the conditions on those coasts make 
such fluctuations in the past a secming ncces- 
sity; and as thc physiographic cvidcnce, on 
thc Massachusetts coast at Icast, points to a 
long pcriod of coastal stability in recent times, 
thc conclusion seems reasonable that, while 
subsidcnce in the past may have occurred, thc 
cvidence of reccnt subsidence in these two 
areas is not decisive. Further study convinces 
me of the correctness of that conclusion. But 
whethcr it is corrcct or not, i t  was not reached 
with undue haste, nor was the botanical evi- 
dence of subsidence "lightly disregarded." 

When a problem that has been discussed for 
many ycars, on the supposition that it in-
volves but z factors, is found really to involve 
x +1 factors, all of the carlier conclusions 
should bc carefully reconsidered; not that they 

are necessarily wrong, but because it can not 
be known that they are right until the addi- 
tional factor is fully considered along with 
the others. The problem of recent subsidence 
of the Atlantic coast has long been discussed; 
but the importance of a high tide surface 
which fluctuates with changes in the form of 
the shoreline, as a possible explanation of this 
apparent subsidence, does not appear to have 
been considered in the published discussions 
of the problem. It is an element of possible 
value in all cases of tidal shores which are ir- 
regular in outline or which are borrlered by 
barrier beaches. Hence all conclusions which 
have been reached in regard to recent subai- 
dence in such cases ought to be revised in 
order to take this element into account. What 
the result of revision in each case will be can 
not be foretold; and for this very reason the 
revision seems the more necessary. The writer 
is attempting such a revision for several lo- 
calities, without prejudice in favor of any par- 
ticular conclusion, and in most of the cases 
without any idea as to what the final result 
will bc. 

My statement as to the inconclusiveness of 
the cvidence of recent subsidence on the Mas- 
sachusctts and Ncw Jersey coasts, was made 
after a careful reading of Mr. Bartlett's very 
interesting paper on the sub-marine Clzammcy-
paris bog at Woods Holc, Mass. Although 
this paper presented a most ingcnious and in- 
teresting argument in favor of reccnt sub-
sidence, the validity of the argument dependcd 
upon ccrtain assumptions which seem to mc 
untenable. I t  was not the objcct of my brief 
papcr to discuss thc voluminous evidcnce in 
favor of recent subsidence, but rather to make 
a short preliminary announcement of an 
hypothesis which appeared to be of consider- 
able importance; for this reason I did not deal 
specifically 'with Mr. Bartlctt's observations. 
Full attention will be given to all accessible 
evidence in favor of reccnt subsidence in a 
future publication. 

A careful reading of Mr. Bartlett's criticism 
of my paper leads mc to think that he has 
failed to discriminate sufficicntly betwecn low- 
lying peat deposits which may be of consid-
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crable antiquity, and the uppermost deposits 
unquestionably of modern date which alone 
can be invoked as evidencc of recent subsi-
dence. It would appear, also, that he has not 
clearly understood my paper; for i t  is other- 
wise difficult to account for such statcments 
as "the hypothesis of a fluctuating high-tide 
lcvel has no possible apl~lication" to thc bo- 
tanical cvidcnce of prcscnt subsidencc as pre- 
sented by Dr. Davis; or that the hypotliesis 
"has no bcaring whatcvcr on most of the evi- 
dence which has becn offered." Surely if the 
hcight of ordinary high tides gradually rises 
one or more fcct as the result of changcs in 
the form of the shorcline without change in 
the level of the land, this increas~ in tidal 
height will produce all of the phenomcna 
wl~ich would be producecl! by actual subsidence 
of the land, " now going on." The task which 
confronts the student of shoreline changcs in- 
volvcs a discrimination between different 
causes producing lilie results; and thc best 
method of making such a discrimination is, 
in the opinion of the writer, to deduce the 
character and magnitude of thc rcsults which 
each hypothetical caure is theoretically capable 
of producing undcr thc varying conditions 
which cxist along an irregular coast, and 
then to compare the deductions with thc 
actual pbcnomcna as observcd in the field. So 
far  as I have carried such an analysis for thc 
Massachusctts coast, the evidences of sup-
posed recent subsidence are all capable of 
intcrpretation on the basis of a fluctuating 
high tide surface; whcreas physiographic 
features of much importance scem incom-
patible with the theory of continued recent 

and their allics should be of grcat servicc t o  
teachers of zoology and biology, since they 
admit of thc study a t  first hanrl of this iater- 
esting phenomenon. It is possible, with a no 
rnorc elaborate outfit than an ordinary stu-
dent's niicroscope equipped with a three-
fourths objective, a ~riicroscopic slide and a 
fcw cover-s:lasscq, to Obser\ e tlic, vital activities 
of the young larva, to sce the muscular, res-
piratory, digestive and nervous systems, to 
idcntify the ovaries and to wdch  the gradual 
developmcnt of the semi-transparent ernbryos 
within the body of the living mother larva. 
Furthermore, these fornis are well adapted to 
more exact histological mcthods, bcing soft 
and thercforc cxcellent subjects for serial sec- 
tions and stains, particularly as i t  is conipara-
tively easy to sccure frorn one colony a series 
of individuals representing different stagcs of 
developmcnt. 

Asidc from the interest attached to their 
morphology and biology, therc are other con- 
siderations which sliould appeal strovrgly to 
the teacher of zoology. These larvz are widely 
distributed and, with an undc~standing of 
their habits, there should be littlc difficulty in 
finding them. Thcy are small, and a piecc of 
wood six inchcs long, three inches wide arid 
half an inch thick, may contain or produce 
enough material for a fair-sixcd section or 
class. The larvz are prolific and, undrr favor- 
able conditions, would probably multiply a t  
any season of the year. This is certainly true 
of thc fall, the early winter and thc spring. 
Thcy can be kcpt aIivc for a t  lcast a month in  
microscopic cells, and with carc a larval gcn- 
eration will develop in such restricted quar- 
ters. We have kept larvz healthy and multi- subsidencc. D. W. JOHNSON 

MIASTOR AND EMBRYOLOGY 

REPRODUCTIONinsect Iarvze, a form ofby 
parthcnogcncsis linown as pedoge&esis, is  ex- 
tremely interesting. The writer was fortu-
nate last fall in finding, in the partially dc- 
cayed chestnut barlr of a rail fence, numerous 
Miastor larva,, forms not previously rccog-
nized in  this country, though several specics 
and representatives of allied genera have been 
studied by a few Europeans. Miastor larvze 

plying for nearly thrce months with nothing 
more elaborate than a moist piece of decaying 
wood clamped lightly to an ordinary micro- 
scopic slide and kept in a moist, dark box. 
Many of the larvz werc content with condi- 
tions on the surface of the wooil, next the 
glass, and wcre therefore easily observed. 
These remarkable larvcc are very hardy; pro- 
longed dryness simply results in a suspension 
of activities, while they are quite ~ w i s t a n t  to 
an abundancc of moisture. Embryos wiII con- 
tinue their developn~ent in mother larva, evrn 


