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THE K~\TEES OF THE BALD CYPRESS: A NEW THEORY \\-hat an engineer \I-oulcl pronounce a most dangerous foundation, 

OF THElR FUNCTIOS. ' - loose submerged s a ~ ~ d .  the saturated morass. or the soft allu- 
rium of lo\\- river-margins. But. not\\-ithstanding this seeming 

FROM time to time, during and since my first visit to our insecurity, I hsve nerer founcl a healtliy cypress that had fallen 
southern tier of States in 18'iG. I hare es:imined, sketchecl, and before tlie fierce hurricanes that sweep througli the southern 
photograpliecl the roots of the decicl~~ous c-press. tlie Trczoditcin forest-lands. It is a pleasure to follow Bartram in his enthusi- 

DENUDEDROOTSOFTHE BALDCYPRESS,SHOWINGKNEESANDUNDERGRO'u'i<3STRUCTURE. 

disticlnim of Richard. I was attracted to the tree because of the astic burst of admiration for this tree as he mites of it in east 
singular beauty of its form and foliage, and by the unusual Florida one hundred and sixteen years ago: "This Cypress is in 
boldness with which it raises its great gray, sn~ooth column, the first order of North American trees. Its majestic stature is 
sometimes over a hundred feet, perpendicularly, above and upoil snrprising. On approaching it we are struck with a kind of awe 

1 Copyright, I%O, by Garden and ~ ~ ~ ~ ~ t , throcgh whcse ccurtesr are 
at beholding the stateliness of its hunk, lifting its cumbrous top 

able to reproduce it, with the illustrations. toward the skies and casting a wick shade on the ground as a 
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clark interveiling cloucl. ii-hicll ir3111 tiiiie to t,inle excludes tile 
rays of the sun. The d e l i c a c ~  of its coior ancl the texture of its 
leaves exceed everrthing in ~egetation. . . . I'rotligious 
buttre;ses branch from the trunk on erery side. each of mhich 
ter~llinates nnderground in 11 T7er>- large. strong. serpentine root, 
which strikes off and l~ranclles erer;i \my just under the surface 
of tlie earth, and frolll these roots grow ~voocly cones, called 
Cypress knees, four, fivc and rix feet h ig l~ ,  ancl froill six to eigh- 
teen inches aiid t \ \ - ~  leet i11 clinmeter a t  the base." Elliot 
(Botany of South Caraiilia alid Georgia, 182.1, p. 048) says, 
' (This  cj-press resists the vio:eace of our autunlnal gales better 
than any other of onr forest-trees." By illy friei~d. Dr. J. 8. 
Nelx-berry, TI-hose extencled geological labors have led hi111 to 
exailline ill all^ ~videly separated cyl~ress-bearing regions in the 
IIjssissippi valley ancl else7~-here, I an1 assnrecl that he renleiilbers 
no instance of the o~-erthrow by the n-incl of a living T. c7isticI~zt1i~. 

The surprising and characteristic temerity of the tree is accom- 
paniecl by another striliiug peculiariiy : it alillost in~variably, in  
soft soils, tllron-s up\~arcl fro111 the upper surface of its roots con- 
spicuous protubamnces thai are k n o n ~ ~  :' cypress Irnees. ' 'ns 
Professor TTTilson, who has ri~acle a careful and valuable study of 
tlie species in  the forests of southern Florida, and also by culii- 
vation, >\-rites, regarcliilg the forilrntioli of these protaberances, 
' . The smr~11 roots, which are s i r  or eight inches below the sur-

HYPOTHETICAL 1 CYPRESS 

face. grow upward. . . . and, upon reaching the surface, 
turn and go down into the soil ;.' . . . . . at  each point 
where the root comes to the surface. begins later the clevelopment, 

"on its upper side. of the so-called . knees. ' In the organ of 
the Pennsylvania Forest Association Forest Lemes (December. 
1889), is an excellent article by Professor Wilson on the T, dts- 
tichum. and a remarkably fine engraving of a tree with enornlous 
knees. 

These seenlingly abnormal growths hare attracted much atten- 
tion. and for more than half a century have funxished an enigma 
to the solution of which scientific trarellers have addressed theill- 
selves. 31ichaux made a careful study of the cypreises. and in 
his ..Sylva. ' ' published in 1819, saya. ' . The roots ale charged 
with protuberances eighteen to t\renty-four inches high. [I have 
ridden among them in central Floricla in  temporarily dry upland 
basins, where they arose to my breast as I sat upon the saddle. 
ancl were not less than seven feet in height abo\-e the root.] 
These protuberances are aim-ays hollow. ancl sn~ooth on the sur- 
face. aiicl are covered mith a reddish barlr, llke the roots. ~vhich  
they resenible in softness of wood. They exhibit no sign of \-eg- 
etation, and I have never succeeded in obtaining sl~oots by 
wounding the smface ancl coverlng it  ~ v i t h  earth. They ale 
peculiar to the cypress. and begin to appear ~v'lien it  is t\x7enty to 
twenty-five feet high. ' ' XIichaux adds. mith the fraiilmess nat- 
nral to a scientific mincl, . ' S o  causp can be assignet1 for their 
e~ i t t ence .' ' Hoopes says, in his ' .BOOS<of E-rergreent ' ' (1868),- No apparent function for which tlle knees are aclapted has been 
ascertained. ' ' And Veitch, ~ * h o  seeills to have stuclied the pro- 
tuberances in England, giaes in  hi+ .. Jlanual" (1811. p. 216) :? 

picture of a tree growing at l i e s ~ o r t h .  surro~ulcled by scores of 
knees. and says? ;: They are p e ~ ~ a l i a rto this c:il?ress; a11d no 
cause h:ls been assignet1 far their existence. ' ' That the question 
continued in this unillnminated condition until  recently, m7as 
sllo~vn in 1882, n-hen i had the 1)ri~ilege of 7-isitiag, in  coni- 
l>anj- with the l~ighe3t botailical authorities. Dr. Grny, Tllonlas 
3Ieehai1, Jolnl H. Rediiel~l~ Carruthers, ancl Jchil Ball. Professor 
others: tlie classic collection of trees pln~ltecl hy 11-illia~n Bartrani 
on the \,orders of the Scliuyl1;ill. There n-e e:iaminecl :l fine 
cypress ilnd the Bilees it  h:ril lprocluced. Dr. Gray then told me 
that ilie nse to the tree of the knees n-as un1;non.n. I remarlied 
that they 11zight be a lile:ilis 3f raising a poill? on the root aha:-e 
surrouilcling n-ater, to tile e~lil  illat n leaf.-bearing slioot could 
readily sprout therefrom. To this suggestion lie iliacle the same 
staie~lie~ltmade by Nichanx ancl a1~o.i-e recorded. Unaware that 
the subject had been so thoroughl:; i~lrestigatcd. I liave since that 
period esailiinecl hunclreds of liviqg ' knec? " in southern 
s~-:tmp;~.and found upon then1 1x0 trace of io~ld, leaf, or sprout. 
eucep where some ma: lodged in n decayecl or de- seed l l r ~ ~ e  
pre,sed portion of tlie surface, nad there tnBi.11 rooc. 

111 188'7 I hncl the good fortune to fincl a i i ~ ~ ~ n b e r  cypress-of 
trees under such unusnal conditions that t,heir aforetinle subter- 
raileaii anatonly could be studiecl ~vithout obstruction: and I 
reachecl a conclusio~l respectiilg the use to the tree of the protu- 
berances,m7hich I have retained in my note-bock, awaiting an op- 
portunity to nlalre some further ii1ustrati.r-e slretches before 
placing it  before botnnists. Soille recent publications on the sub- 
ject, by widely and favorably knom711 autl~ors. hare, however. 
a.;cribecl to the cypress-knees the sole frulction of aerating the sap 
of the parent tree, ancl this iclea bids fair to become embedtled in 
botanical literature. Therefore this comnlunication comes to 
you earlier than I had purposecl sencling it. 

Stretches of the shore of Lake Jlonroe, in central Florida, are 
closely set \\-ith large cypress-trees. They grow in vartous kinds 
of bottom. -clay. mncl, and sand. Those of which I shall here 
spealr stoocl i n  sand. so loose that. hen the level of the v-xter 
mas lowerecl, tjhe waves readily \\-ashecl it away, ancl carried i t  
into the clepths of the lalre. Some four vertical feet of the root- 
system mas thus finely exposed. After several days spent in ex- 
anlining a score or nlore large brees that had been thus clenuded; 
I became conx-incecl that the most iillportant function of the 
cypress lrnee is to stiffen nild strengthen the root: in order that a 
great tlee iilay anchor itself tafelj in  a yielclinp: material. 

The word ..anchor is indeed an apt one here: for the livlng " 

root, curved to its work, and firmly grasping the sandy bottom, 
suggests vividly the best bower-anchor that a man-01-war m a r  
throw into similar loose sands, n hen threatened by the rery at- 
n~ospheric forces that the TaxocTiztnz has been fitting itself to  
resist since tertiary times. Professor Shaler, in a il~ost interest- 
ing treatiie on the nature and associations of T. Cii~ticJ~zin~,shows 
that the cypress n hich existecl in the miocene age has since then 
probably graclually changed it5 habitat from tlle clrier ground t o  
to the swamp areas. 

Truly a moit adnurable and econoinical arrangement to stiffen 
ancl stlengthen tlle coinlection between the shank of tlle anchor 
aiicl its flnlie is this lrnee : and usually in the li\-iiig anchor the 
fluke branches or broadens as it  descends, so tllat ~ t s  effectireness 
is greatly increased. like the sailor's anchor of many flulres. cr 
tlle . 'nlushroom anchor' ' that he luay have learned to depencl 
upon where the bottoill is softest. 

The acco1npan:-ing picture is from a photograph that I made In 
1887 of the lom~er poition of a tree that rises some se\-enty feet 
above the bhore line of Lake JIonroe. The original surface of thc 
sand mas near the ie7-el of the higher roots. The picture shov-5 
the lnanner in which this peculial species throws out horizontal 
roots f ~ o u l  its conical (usually hollow) buttlessed base. =It 
different clittances froin this conical base thesc h o r ~ ~ o n t a lroot. 
project stiollg branches illore or less perpendicularly into tlie 
earth. Kliere tuch perpendicular ' .flukes' ' branch from thc 
illain horizonta! -.shaiili," it ill be seen, tlleie is forineci A 

lnrqe knob, nh ich  15 the ' knee" under (liseu5ti~ll This knee. 
\\*hen fullg derelopeil. is generally hollow. coinparatirely ioft 
:aarletl ancl rery cliflicult to rupture. so that it  ha? the clual~tr 



SCIE 

of a spring that beconles more rigid as it is extended or com- 
pressed out of its normal shape. Illy friend Thomas Meellan in-
forms nle (Dec. 17, 1889) that he has "observed a case where the 
interior hollow makes an annual layer of bark equally with the 
exterior, ' ' and he is of the opinion that ' 'it is by the decay of 
the outer layer of this inside course of bark after several years 
that the knob beconles hollow. ' ' If this habit is general, it  is an 
aclinirable means of forming and of preserving unclecayed, at the 
smallest cost to the tree; a living elastic strengthener at the fork- 
ing of the roots When in a hurricane the great tree rocks back 
and forth on its base, and with its immense leverage pulls upon 
this odd-sliapecl wooden anchor, instead of straightening out in 
the soft material, as an orclinary root might, thus allowing the 
tree to lean over and add its weight to the destructive force of the 
storm, it grips the sand as the bower-anchor would do, and re-
sists every motion. The elasticity at the point of junction allows 
one after another of the perpendicular flukes attached to the same 
shank to come into effective action, so that before being drawn 
from the sand or ruptured the combined flukes present an enor-
nlous resistance. 

The clrawing opposite I have made for the purpose of simplifying 
the discussion. It shows an hypothetical cypress with two roots 
of the same length and diameter,-one with knees, the other 
without thern. The superior strength of the stiffened root woulcl 
seem sufficieiitly evident; but, with the view of obtaining the 
judgment of a mind thoroughly trained in questions of this 
nature, I submitted the clrawing to my friencl, Charles Nacdonald, 
late director of the American Society of Civil Engineers, whose 
eye has been accustomed to estimating the value of strains in 
structures by an active experience of twenty-five years, and who 
has just finished the largest drawbridge in America, at New Lon- 
don Mr. Nacclonald ageeed with me that the root B, which is 
trusseti with the knees C and Cf, would very largely exceed in 
capacity for holcling the tree firmly in yielding material the root 
A, which is similar but destitute of knees. This greatly in-
creased security against destruction by storlns is, I think, a suf- 
ficient advantage to account for the existence and maintenance 
of an organ that draws so slightly upon the vitality of the 
plant. 

I t  is proper to record here another observation that may explain 
the existence of the elerated, narrow point which the knee some- 
times develops, and which rises higher than the curved growth 
that would be necessary to secure the maximum resistance to 
compression and extension. The home of the cypress is in broad 
level ri-iei.-margins sub-ject to periodic overflow, where hundreds 
of square iniles become covered with a shallow bed of slowly 
moving water, or in basin-like depressions, sometinles of vast 
extent, where from time to time water rises above the level of the 
horizontal roots. Then these stake-like protuberances, rising in- 
to and through the current formed by the drainage or by the 
winds, catch and hold around the roots of the parent trees many 
thousand pounds of L.plant-foocl' ' in the form of reeds and grass, 
or small twigs among which dead leaves become entangled. 
The tree that exclusively possesses this source of nutrition is at an 
aclvantage over all others in the neighborhood ; and the higher 
these attenuated ' drift-catchers ' '  rise in the stream, the more 
drift will they arrest, for the highest stratum of water is richest 
in float. The theory that some distinguised writers have sug- 
gested that the knee is a factor in the aeration of the sap and 
that the tree's death is prevented by such aeration taking place 
in the upper portion of the knee dnring. periods of high water, 
woulcl seen1 to need careful experimental confirmation. Where 
Nature forms an organ whose purpose is to preserve the life of 
the individual, she takes special care to adapt such organ to the 
function it is depended upon to perform. In this case the rough, 
dry bark of the knee offers a most imperfect means of access for the 
oxygen or other gases of the atlnosphere to the interior vessels of 
the plant, and instead of presenting 'broad surfaces of permeable 
membrane, formecl for transmitting elastic fluids, at its upper 
extremity the protuberance becomes more narrow, and presents 
less surface as it rises, so that when, during periods of high 
water, the life of the tree is most jeopardized, the life-saving or- 
gan attains its minimum capacity. In the presence of this mani- 
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fest want of adaptation, it also seems important for the accept- 
ance of the agrating theory, that some one should experinlentally 
show that the aerating organ of the cypress really aerates 
to an extent sufficient to make it of material advantage to the 
plant. The cheinical theory of the cypress knee seems to be but 
a revival of the elaborate hypothesis of Dickinson and Brown, 
published in their memoir on T. distichurn in the American 
Jozcr?tulof Scifnce and Arts, in January, 1848. These industri- 
ous observers discard the mechanical theory entirely, and con- 
sider both the spongy knees, and, strangely enough, even the 
spreading base of the tree, as organs of colnmunication with the 
air, forgetful that the successful and most celebrated lighthouse 
in the world-the Edclystone-was avowedly modelled after a 
similar spreading tree-base for the purpose of withstanding the 
stor111 shocks of the English Channel. By means of a curious 
drawing they show how the swollen portions of the base rise ' to 
the top of the highest water level, which must, in some instances, 
attain an elevation of at least twenty-five feet;" thus continuing 
the functions and the structure of the knees, "up the body of the 
tree to the atmosphere. ' ' 

I t  was long ago observed that no knees are developed when the 
tree grows in upland upon a firm bottom, in which orclinary sim- 
ple roots can obtain in the ordinary way the holcl necessary to 
resist oveikurning forces, and where there is no stratum of water 
to transport food. So conservative is Nature, that she reverts to 
an original or adopts a simpler form of root even in a single 
generation, if the need for the more complicated arrangement 
ceases to exist. 

Finally, I may perhaps be permitted to add an observation re- 
garding the roots of other trees that trench upon the same soils 
affected by the cypress, and often take advantage of the anchors 
it sets so boldly in treacherous bottoms. These trees project their 
cable-like, flexible roots in every direction horizontally, inter-
lacing continually until a fabric is woven on the surface of the 
sott earth like the tangled web of a gigantic basket. Out of this 
close wicker-work, firmly attached to it, and dependent for their 
support upon its integrity, rise the tree-trunks. Thus slowly, 
and by a community of growth and action, a structure is formecl 
that supplies for each tree a means of resisting the stornls. 
Such coininunities of trees, provided with ordinary roots, advance 
against and overcome enenlies where singly they xvould perish in 
the conflict. The cyclone, the loose sand, the morass,- these 
are the enemies they contend with, as it were, in unbroken pha- 
lanx, shoulder to shoulder, their shields locked, their spears 
bristling against the foe; but the graceful pluinecl cypress, the 
linight-errant of the sylvan host, bearing with him his trusty 
anchor,- the emblem of hope,-goes forth alone and defiant, 
afar from his fellows, scorning the methods of his vassals, and 
planting hinlself boldly aillid a waste of waters, where no other 
tree date venture, stands, age after age, erect, isolated, but ever 
ready to clo battle with the elements. Twenty centuries of clriv- 
ing rain and snow and fierce hurricane beat upon his towering 
form, and yet he stands the there, stern, gray, and solitary sentinel 
of the morass, clinging to the quaking earth with the grasp of 
Hercules, to whom men were building temples when his warden- 
ship began. 

ROBERTH. LAMBORN. 

THE GESNER RUST-PROOF PROCESS. 

IX Science of Dec. 27, 1889, we printed a report by Professor 
IIaupt on the hydrogen process of protecting iron against corro- 
sion. Since that report was made, a long and exhaustive series 
of experiments have been cairied out b l  Dr. G. W. Gesner of this 
city, with the result of greatly iinproving the process, making 
it more uniform in its effects, simpler in operation, and less ex- 
pensive in cost The general features of the process are the same 
as described in Professor Haupt's reports, but the operations have 
been so simplified that the process nlay now be worked on a 
commercial scale by any workingman or laborer of ordinary in- 
telligence, after a little practice and instruction. 

Dr. Gesner has now in constant operation in Brooklyn a plant 


