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CONTRIBUTION TO THE KNOWLEDGE OF THE 
HYDNACEAE AND PHYLACTERIACEAE 

OF IOWA 
K. CEJP 

Deparlmcnl of Cryplogam ic Bolany, Charles University, Praha, Czechoslovakia 

Through the kindness of Professo r G. W. Martin of the Un iversity 
of Iowa I have received rich collections of species belonging to the 
families H ydnaceae and P hylacter iaceae from various localities in t he 
state of Iowa, together with a few specimens from New J ersey and 
Ohio. Among them are many species not hitherto cited from North 
Amer ica and which a re only rarely mentioned in European literature, 
for example, Acia denticulata, Acia ucla, Acia setosa, lvlucro11ella agre­
gata, and Odontia corrugata. 

GRANDINIA Fr. 
Craudinia fa rinarca (Pers .) B . and G. On branches of va rious 

frondose trees, Estherville, Iowa, August 7, 1926; North Liberty, 
Iowa, July 5, 1924, G. W . M . 

0DONTIA Fr. 
Odontia st,ipata (Fr. ) Que!. On Quercus, Towa City, October 25, 

J 925 , July 17 , 1924, G. \V. M. 
Oclont,ia arguta (Fr. ) Quel. On coniferous plank , \\' est Okoboj i, 

Iowa, August 16, 1926, G. W. M. 
Odontia corrugata Fr. On Tilia ainericana, Dickinson County, Iowa, 

July 7, 192 5 ; E . side of West Okoboj i Lake, Iowa, July 7, 1925, G. \ \T. 
M. On Quercus macrocarpa, West Okoboji, Iowa, June 15 , 1926, 
Lohman , Longnecker a nd l\1artin. 

AcIA Karst. 
Acia setosa (Pers.) Cejp, Monographia, p. 61 , 1928. On trunk of 

dead Crataegus. Iowa City, Apr il 6, 1924, H. N icholson . In Europe 
a dangerous parasite on fruit trees, especially apple trees ( = H yclnum 
Schiedermayeri H eufl.). Broadly effused , like a sulphur cover , fi lling 
hollows under old bark and in fissures. Attacks dead branches at first, 
later healthy wood. Although the fungus produces a huge quantity 
of spores, there is no rapid infection from tree to tree . Infection is 
oftener caused by the transmission of bits of infected wood from tree 

3 
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to tree. The species seems to form a transition to the genus Dryodon, 
which it resembles in many respects. 

Acia denticulata (Pe rs .) B. and G. Iowa City, No vember 2, 1923 . 
The American specimens co rrespond in every detail with the European 
ones, for example, those which 1 collected at Letiny in Bohemia, on 
Fagus ( i\Ionographia, p. 6 1). Fairly rare. 

Acia uda (Fr .) B. and G. i\Iuscatine County, Iowa, November 10, 
1923, G. \\' . :\I. In Europe very rare, on various kinds of wood. Char­
acterized by the lemon or sulphur yellow color of the hymenium and 
:;pines. The American spec imens co rrespond completely with the Euro­
pean ones. 

.-lcia criozona (Bre~.) Cejp. (= Odontia eriozona Bresadola , :My­
cologia 17 : 71. 1925.) E stherville, Iowa , August 7, 1926, G . W. M. 

Acia stenodon (Pers.) B. and G. Resupinate on dead log. Pine 
barrens of New J ersey, August 26 , 1920, G. W. M. 

RADULUM Fr . 

R adulum membru11ace11111 (Bull. ) Bres . North Liberty, Iowa, Jul y 
s, 1924, G. \V . i\I. 

Radulum conce11trirnm Cooke and Ellis, Grev. 1885. On Quercus, 
Iowa City, June 25 , 19 24, G. W . M. 

Radulum orbirnlare Fr. Iowa City , October 14, 1923 , G. W . M . 

Radulu1n pallic/11111 Berkeley and Curtis. Iowa City, August 2, 1923, 

G.W.M. 
l\Iu cRO NELLA Fr. 

lllucronella agregata Fr. l\ lidriver , Johnson County, Iowa, Novem­
ber 8, 1924, G. \V. i\f. A rare species, easily escaping observation, 
character ized by very short spines, which are simple, free , and a r­
ranged in groups . Aff iliated with M. calva (A. and S.) Fr. 

MYCOLEPTODON Pat. 

Mycoleptodon fi mbriatum (Pers.) B. and G . Very frequent. West 

Okoboji , Iowa, August 14, 1926; Estherville, Iowa, August 7, 1926, 

on Populus tremuloides. 

Mycoleptodon ochraceum ( Pers .) B. and G. North Liberty, Iowa, 
June 8, 1923 ; lowa City , September 2, 1924 ; on Betula alba var . 
papyrifera , New Brunswick, N . J., August 26 , 1920, G. W. Martin 
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and E. \,Vest ; Iowa City, August 2,* 1923. Very ab undant, often cited 
from North America. T he American specimens have a rather broadly 
effused receptacle, they a re larger than the E uropean forms , and the 
spines a re longer and darker, otherwise they closely resemble speci­
mens from F rance and Czechoslovaki a . T his is the species referred 
to by Banker ( 1, p. 125) as Strccherinum ochraceuin (Pers.) Gray. 

STECCHERINUM S. F. Gray 
Steccherinu111 pulclterr,imum (Berk . and Curt. ) Banker . On Quer­

cus, Iowa City, J une 25, 1924, F. F. Smith ; Iowa City, Apri l 6, 1924, 
H . N icholson . 

Steccherinum strigosum (Swartz ) Banker. On Quercus, North Lib­
erty, Iowa, September 27 , 1925, G. W . M . 

Stccchcrinuin. agaricoides (Swartz) Banker. On Acer, Preble County, 
Ohio, August 29 , 1925 , M. L. Lohman. 

DRYODON Quelet 
Dryodon septentrionalis (Fr. ) Cejp ( = Steccherinum septentrionalis 

( Fr. ) Banker. On Carya ovata, Iowa City, June 25, 1924, G. Newbro. 

PHELLODON Karst. 
Phellodon Ellisianum Banker. Under pines, Cedar Bridge, N . J., 

Aug ust 22 , 1920, G. W . M. 

PheUodon delicatus (Schw.) Banker . North Liberty, Iowa, July 5, 
1924, G . W . lVL 

REFERENCES CITED 

1. Banker. A contribution to a rev ision of the North American H ydnaceae. 
Mem. Torrey Bot. Club 12. 1906. 

2. Bourdot & Galzin. H ymcnomycetes de France. Bull . Soc. M yc. de France. 

3. Cejp. Monografie H ydnacei republiky ceskosloYenske. Praha 1928- '29. 

4. Saccardo. Sylloge fungorum , v. 6. J 888. 



PLATE 1 

Figs. 1, 2, 3. Odontia stipata (Fr.) Qucl. 

Figs. 4, 5. Acia drntirnlutu ( Per,.) B. & G . 

. \11 iil.(urcs 11 :1tur:t l , ize. 
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PLATE 2 

Fig. 6 . 1l l ycuft>pt odo11 fi111briat11111 ( Per~.) B. & G 

Fig. 7. Acia sel osa (P ers.) Ccjp. 

All figures natural size. 
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THE MORPHOLOGY AND BIOLOGY OF 

CERATOPHYLLUM DEMERSUM 
EDvVARD K. JoNJ,s 

Among the seed plants more completely adapted lo an aquati c 
environment is Ceratopltyllu111 demersum L. Its dissected leaves, slen­
der and weak stems, total lack of roots, sub-surface pollination, and 
complete submergence through all phases of the life cycle give abund­
ant evidence of a long association with water. Arber ( 1) pays 
tribute to its achievements by say ing, ''ln the genus Ceralophyllum 
the aquatic habi t seems lo have reached its ultimate expression." 

Ceratophyllu m (Plate I , fig . 1) , is commonly known as the horn­
wort, hornweed, morass weed, fish blankets, coonta il moss, and coon­
lail. Classification of the species is based chiefly upon the fruit. Its 
vari ability in shape, in size , and in the presence, exact location or 
absence of marginal spines (Pl ate I , fig. 2), has s timulated t he sug­
gest ion of many species. The total number to date is thir ty-five, 
according to Hooker and Jackson (9) and ( 10). The pre ent ten­
dency is to limi t the number of species to two. L'nder this plan C. 
de111el'suin incl udes all the forms having fruits with spines of any type 
and C. submersuin all those without sp ines. This is a commendable 
solution of the question , at least until experimental morphology can 
determine the degree of the modifiability of the fru its. Many of the 
thirty-five descriptions of species have been based upon immature 
fruits and other unsound considerations. 

In distr ibution Ceratophyllum is world wide. Specimens in the 
herbarium of the Kew York Botanical Garden may alone serve as 
the basis fo r this statement. These were reviewed by the wri ter in 
December, 1924. At that lime the localit ies of collection included 
all of the continents, the Phil ipp ine l slands. and several temperate 
and subtropical islands of the Atlantic. 

PART J. V EGETATIVE ::\JoRPHOi.OGY 

The vegetative organ ization of Ceratophyllum fo llows a d ist inct 
nodal and intcrnodal plan. The nodes bear whorls of seven lo twelve 
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leaves which are two or three times rli chotomously forked into nearly 
cylindrical segments (Plate I , fig. 1). Each leaf segment bears short 
lateral projections whi ch arc quite acute. They serve to make the 
leaves rough to the tou ch. /\ dense growth of Ceratophyllum is in 
appea rance somewhat like a " rinc forest under water .'' 

Th e Stem 

The stem is slender , from one to three millimeters in diameter, and 
in length may be from a few cent imeters to three and four meters . 
One large plant, taken fr om West Okoboji Lake, had a main stem 
3.73 111. ( 12 ft. , 2 in. ) in length . Lateral branches are numerous. 
Their total length on thi s specimen was 14 m. (3 7 ft. , 7 in .). 

The internocles increase graduall y in length from fraction s of a 
millimeter at the growing tip to eight to ten centimeters in the fully 
elongated portions of the plant. The short internodes of the apical 
regions cause the imbrication of the leaves of the first fifteen to 
twenty nodes so that compact and almost bud-like tips are formed, 
both on the main ax is and on the lateral branches. Tf stripped of 
these numerous leaves the stem sinks, which indicates that its spe­
cifi c gravity is greater than one; also that the plant depends upon the 

leaves for buoyancy . 

Ceratophyllum does not develop roots. l\fodifiecl branches, called 
" holdfasts," serve as anchorage organs. The basal portion of the main 
axis, with attached lateral branches, may be buried in the substratum 
for purposes of attach ment. The degree of anchorage seems to be 
largely dependent on the nature of the bottom. In West Okoboji 
Lake, where most of the plants are over soft mud , attachment is so 
efficient that they resist removal as well as do many of the plants 
possessing root systems. The lack of roots is clue to the failure of 
the radicle to develop beyond the rudimentary stage in the embryo. 
>Jo further development takes place during or af ter germination. 

Internally the stem of Ceratophyllum shows many structural adapta­
tions which have been induced by an aquatic medium . In compari­
son with stems of terrestrial angiosperms these changes may be re­
garded as distinct reductions in structural complexity. However the 
three main tissues of epidermis, cortex , and vascular cylinder are 

present. 

A very definite adaptation to the aquatic habitat is the non-cutini-
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zation of the epidermal cells (Plate IV, fi g. 21, E) . There is little 
differentiation of the cells of the cortex. The ai r spaces, which are 
in the form of canals, are situated in the inner portions of the cortex 
( Plate IV, fi g. 21 AS ). The small bodies in the cells of the inner 

portion of the cortex are starch grains. The substance, which com­
pletely fill s some of the cells and photographs black , is tannin. 

The vascular tissue is so modified as to make difficul t the recogni­
tion of xylem and phloem . There is an encl odermal layer surrounding 
the vascular cylinder (Plate IV, fi g. 2 l , EN ). This is one indication 
of the rather primitive structure of the stem. The phloem is concen­
tric to the xylem. There are no spec ial mechanical cells in either 
tissue. Repeated tests of free-hand sect ions with sta ins specific for 
lignin failed to indicate its presence. 

Sieve-tubes, companion cells, and phloem parenchyma are the cell s 
found in the phloem . Surrounding each of the tubes are small cell s, 
some of which are compan ion cells and others a re phloem parenchyma . 
Some of the sieve-tubes show evidences of transformat ion into a ir 
spaces. This degeneration is part icularly evident in stems in which 
the aerenchyma is strongly developed. as in the " pond " type of plant 
to be described later. In such stems the walls of the cells bordering 
the sieve-tube-like cells are cu rved in to them and the tubes are very 
large (Plate IV, fig. 26, AS ). T his inward convexity is characteristi c 
of the cells surrounding true ai r spaces as wi ll be noticed in the cortical 
aerenchyma on the same figu re. Stems of the lake type, with less 
development of aerenchyma, do not have this convexity of cell wall. 
Hence, it seems that stems in which there is a demand for a large 
air space system, the erstwhile sieve-tubes are being modified for this 
purpose. This is an additional indication of the modification of struc­
ture rela ted to the aquatic environment. 

The xylem is so degenerated that there is in reality very slight 
evidence of this t issue. There are two kinds of cells composing the 
xylem . One is larger than the other in diameter and has th icker 
walls. It is probably a reduced vessel (Plate IV, fig. 23, X) . The 
other is of the xylem parenchyma type . 

There is abundant evidence that the reduced vessel-like cells are 
becoming parenchymatous. Tannin, a storage product, is found in 
some of them . It appears as black cell content, chiefl y in cells of the 
cortex (Plate IV, figs. 21-26). In fresh material chloroplasts are 
sometimes observed in this same type of cell , which is a condition 
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far removed fro m th e true xylem conducting and mechanical ele­
ment . Sta rch gra ins, a nother storage product, a re also sometimes 
found in some o f the thi ck wall ed cell s surrounding central canal 
(Plate IV , fig . 25 , C CA). These observations all support the sug­
gest ion tha t the xylem is very degenerate. It is perhaps more appro­
p riate to designate all the t issue inside the phloem as pith since the 
cell s appear to be assum ing the fun cti on of parenchyma, and in a few 
cases, even that o f chl orenchyma. F ur thermore they are quite similar 

to parenchyma cells in appearance. 

Some o f the ou tstanding features of s tem structure which show 
modifi cation by the aquatic medium are non-cutini zation of t he epi­

dermis; lack of mechanical cells in either xylem or phloem ; develop­
ment o f a n occasional sieve-tube in to aerenchyma ; and transformation 

of some of xylem vessels into parenchyma . 

Leaf D evelopment 

The meri stem develops the usual p rimary layers, dcnnalogcn, from 

which the epidermis arises; periblem , from which the cortex is formed ; 

and plcrom e, which gives rise to the vascular ti ssue. 

The or igin of these layers in Ceratophyllum has been much d isputed . 
Th e view which is probably co rrect is that advanced by Sanio ( 18) 
and upheld and fu rther developed by Haberla ndt ( 7) and Klercker 
( 13). According to these observers, the dermatogen always forms by 
an ticl ines and may, in the case of young stems, develop from a single 
ini tial cell , supplemented by more initi als as development proceeds. 
T hey beli eved that the periblem and plerome arise from single initials. 

There is sca rcely any differentiation in the terminal 125 microns 
of the vegetative axi s. At 150- 175 microns from the apex the firs t 

sugges tions of lea f p rimordia appea r . A slight bu lge in the derma­
togen a nd a disrupting of the even cell layering of the periblem are 

ea rly evidences of leaf formation . 

The initial step in lea f development cons ists of the periclinal di­
vision of a cell of the periblem (Plate II , fig. 7, at PB D ). The outer 
o f the two cells resulting fr om this division then d ivides an ticlinall y 
and produces the first two cell s of the leaf periblem (Plate IT, fig. 7, 

cell s 1 and 2 at P1 ) . The laying clown of these two cells produces 
the first slight protuberance on the side of the stem axis (Plate II, 
fig . 6, at Pt and P ~) . Further divisions, both in the same plane a nd 

at right and inclined angles to the original, result in t he proliferat ion 
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of the periblem in three dimension:. ( Plate IT , fi g. 9, PB ). T he de­
velopment o f cell s in this manner does not p roduce a solid peribl em 
tissue, however . The protrusion o f the p lerome as a central core causes 
the perilJl em tu develop in the form uf a cyli nder , as desc ribed below . 

The dermatogen increases its a rea by cell div ision and thus ac ­
co mmodates the ti ssue developing wit hi n. l\Iitot ic figures in the der ­
matogen ( Plate Tr , f,g. 8, at D ) , have been noted in leaves as far from 
t he apex as the fifteenth node. This indicates that increase in the 
epidermal layer by ce ll div is ion continues for a co nsid era ble t ime. 

The p lerome of the leaf ori gina tes by the division of a cell which 

has become surround ed by the peri blem on all sides except towa rd the 
cen ter o f the axis (Plate II , fi g. 11 , PL ). By continued anticlinal 
divisio ns the plerome enla rges a nd protrudes into the periblem like 
a fin ger in a glove (Plate II , fi g. 7, PL and fi g. 12 , PL ). T his strand 
is apparent even at the first visible node below t he apex where it 
may be di st inguished by the darker staining reaction a nd by its 

periclina l divisions (P late II , fi g. 6, PL S). The connection between 
the vascular cylind er of the stem and the vascul a r tissue of the lea f 
is indicated by t he dark , heavily nucleated rows of cell s seen ex­

tendin~ out to some of t he leaves (Plate II, fig . 7). 

T he cell divisions taking place in the leaf p rimordia of t he first 

three or four nodes a re chiefly ant iclinal but there is some increase 
in dia meter due to cell enla rgement. H owever, the first real radial 
thickening comes with the division of t he origina l single layer o f t he 
periblem to fo rm two radially a rra nged layers of the leaf co rtex . 
T his thi ckening is apparent at the fifth or sixth node so that in t he 

leaves of these nodes and those subsequent below, a distinct diamet ­
ri ca l increase acco mpan ies the longitudinal. T he latter far exceeds 
the fo rmer, however, for t he leave become as much as 20 mm. 111 

length , whereas th ey are but 0.6 to 0. 7 5 mm . in diameter. 

Tanniferous trichomes a re fo rmed at the api ces of young leaves 
by the enl argement a nd protrus ion of epidermal ti ssue into rows of 
cell s which secret e tann in . The leaves show the beginnings of this 
speciali zation at t he s ixth to eighth nodes where they a re 150-200 
microns in length. The ta nnin imparts a brown to redd ish tinge 
to t he tips. The imbri cation of the young leaves in the bud results 
in these tr ichomes form ing a layer which covers the growing point. 
Klercker ( 13) suggests that these may be of value also in protection 

against parasites. 
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Air spaces begin to develop when the leaf is 350 to 400 microns 
long-on 11th to 12th nodes . They originate by the pull ing apart 
of certain cortical cell s in the abaxial portion of the leaf near the 
base. The development of air spaces is thus schizogenous. As the 
leaf elongates. the rl evrlopmrnt of these spaces progresses toward 

the apex (P late 111 , fi g. 13, AS). 

The aerenc hyma becomes well developed, even in immature leaves 
(Plate Ill , fi g. 15) . Jn mature fo li ar orga ns it constitutes about 
one-third of the total volunw. This accounts for leaf buoyancy . 

T he leaves of the " holclfasts" have less extensive a ir space develop­
ment , clue to their subterranean surroundings. 

As the ai r spaces en large , their borders come to be composed 
of several cort ical cell s instead of pa rts of two, as in the younger 
stages . I ncrease in the number of cells along the lateral walls of 
t he lacunae is acco mpa nied by simila r divi sions in t he septa, so 

that the spaces enlarge in di ameter as well as in length (P late III , 
fig. 14, C and c~). The a ir space system of the leaves is directly 
responsible for keep ing Ceratophyllum plants anoat. The stem itself 
sinks in water, although eq ui pped with small a ir spaces , as previously 

desc ribed. 

The l\Iature Leaf 

T he mature leaf differs from the yo unger stages in sl ightly changed 
relations of the parts . The slender vascular strand is central in posi­
tion in the terminal porti on of the mature leaf but stops SO to 60 
microns short of the t ip (P late III, fi gs. 16 and 1 7). 

The co rtical cell s are arranged in rows radially . Air spaces oc­
cupy the interstices. This general radial plan is continued clown the 
leaf with a gradual change from the nearly radial to a true radial 
arrangement at 200 to 300 microns from the apex. H ere the vascular 
bundle has enlarged to a gro up of ten to fifteen elongated cells of 

small diameter. 

Beginning about a millimeter below the apex, the series of ai r 
chambers on the abaxial side of the leaf enlarge and push the vascular 
tissue to one side (Pla te III , fi g. 19, V). This continued enlarge­
ment of the ai r spaces, with the resultant eccentricity of the vascular 
tissue, continues in each of the dichotomous segments to the point 
where junction takes place. Just below the junction of the two forks , 
the vascular bundles of the two branches coalesce (Plate III, fig. 20, 
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V) . The air spaces from the bra ~ches a re continued in one ser ies 
of larger air cav ities which extends to the base of the leaf. 

Experimental l\forphology 
Ceralophyll um is easily mod ifi ed in form by var ious factors of the 

env ironment. The aq uat ic hab itats of the Okoboji region, exclusive 
of swamps, are class ifi able into clea r lakes, semi-stagnant lakes, and 
stagnant ponds. A characteristi c vegetat ive expression of Cerato­
phyllum is found in each of these ha bitats. 

The first is the lake t ype, rep resented by plants of sturdy habit, 
fo und in \\"est Okoboj i Lake. This la ke is characterized by clear 
water wh ich in summer reaches a temperature of 25 °-26 °C. A lake 
type plant has a stem of large diameter, and leaves which are rela­
t ively short , st iff, and rou gh (Plate IV , fi g. 22 , C). 

A second form, which wi ll be called the interm ediate type, is fo und 
in t he shallow M inneso ta proj ect ion of Spirit Lake, in Upper Gar Lake 
and in Littl e Spir it Lake. These habitats vary in depth from 0.3 m . 
to 1.3 m. The water is of medium clearness and at times reaches 
a tempe rature of. 3 2 ° -33 °C. The plants a re very bushy in form and 
have very long tip regions by mea ns of which t hey a re easily recog­
nized . 

The third form , call ed here the pond type, is very sp indling and is 
found only in shallow, semi-stagnant water which may be warmed to 
32 °-33 °C . The best examples o f this type (Plate I V, fig. 22 A), were 
found in Gull Po int Pond. The marshes to t he west of Spirit Lake 
and the one to the northwest of Swan Lake a lso produce this fo rm . 
Both stem and leaves a re very fine in textu re, and the latter collapse 
li mply when the plants a re removed from the water. T he leaves of 
the lake and intermed iate types remain rigid when the supporting 
action of the wale r is withdrawn . 

In order to dete rmine whether or not Ceratophyllum can be mod ified 
by being changed from one habitat to another, plants were taken from 
Mill er 's Bay of West Okoboji Lake and transp lanted in Gull Point 
Pond. T he transfer was made on Ju ly 4, 1923, and the marked plants 
were removed from this pond for examination on August 13, fol­
lowing. M odifi cation was considered to have taken place when newly 
developed portions of the plants were slender and spindling, and 
when the region of transition from the coarse lake type to the slender 
pond type was apparent. On this basis 61 % , or sixteen out of twenty­
six t•ansplanted specimens, showed modifi cation of form . 
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Typical results are shown on the experimental specimen (Plate IV, 
fig. 2 2, B) . The old lake type stem is shown below (Plate IV, fi g. 
22 , B al L S) with its whorl of stiff lake type leaves ( Plate IV, fig . 
2 2, B at L L ). !\ grad ual reduction in s ize of stem and coa rseness 
o f leaves is a ppare nt from the Gase toward t he apices of the newly 
developed branches, marked l' . This t rans ition is cl ue to the be­
ginning of the growth uf the branch while st ill in the lake under 
conditions fostering coarse growth , and its continuance in the pond 
und er conditions promoting slender growth . A portion of a pond 
type cont rol plant is pictured at A, and of a lake type control at C. 
There is ev ident similarity between the pond type control (Plate 
lV, fi g. 22, A), and the upper portion of the experimental spec imen 
(Pl ate IV, fig . 22, B) , and between the lake type control (Plate 
JV, fig. 22, C), and the lower portion of the experim ental plant. 

A comparat ive study of the stru cture of stems of the pond, inter­
mediate, and lake types shows that the factor s which cause slender 
growth also bring :ibout t he development of a relatively large amount 
of a ir space. T he stems of the slender pond type (Plate IV, fig. 26, 
A S) have more a ir space in proportion to their size than do the 
larger stems of the lake plants (Plate IV, fig. 23, A S). The inter­
mediate type of stem has also an intermed iate amoun t of a ir space 
(Plate IV, fig. 25, AS). 

T hus, it is apparent that modification of the vegetative form of 
the plants is acco mpanied by a parallel mod ifi cation in a ir space de ­
velopment with in t he stem. 

PART Tf. FLOWERS AND PoLJ .IN ,HION 

In floral habit the genus is monoecious and d iclinous. T he flowers 
are sessile to subsessile and are borne inconsp icuously at the nodes 
in the axils of the leaves. 

Both staminate and pistillate flowers are found only on the younger 
portions of the main ax is and of the larger lateral branches. D oubt­
less this is due to the abse nce of meristematic tissue in their older 
po rtions . To determine which nodes, if any, bear flowers the most 
frequently , eighty-nine plants from West Okoboji Lake were examined. 
The results show that pistillate flowe rs may be developed to a stage 
visible to the naked eye on nodes as near the tip as the nineteenth, 
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which is reall y the second visible .node1
• By far the greater ma­

jori ty are borne on nodes twenty to twenty-six. The staminate fl owers 
range in location from nodes nin eteen to fo rty-two but most of them 
are grouped from the twenty-seco nd to the twenty-ninth . Th us, on 
t he average, the staminate flowers are located slightl y farth er away 
from the tip of the ax is than are the pistillate, and , therefore, a little 
lower in t he water . Since the pollen grains of Ceratophyllum sin k, 
though slowly, it is probable that the relative position of the two 
kinds of fl owers tends to promote cross-pollination to some degree . 

Previous to 1806, it had been accepted as ax iomatic that pollination 
of all plants is aerial. Willdenow ( 21) was the first to suggest the 
completely hyd rop hilous pollinat ion of Ceratophyllum . All recorded 
observations state that anther dehiscence occurs only after the stamen 
has broken loose from the receptacle and risen to the surface. To 
check these reports staminate fl owers were examined while still in 
their natural position on the plant. In ord er to fac ilitate this study 
a water t ight cell was made by sealing together two 50x60 mm. micro 
slides with a 3 mm . space between them. Sections of the stem with 
fl owers still attached, were placed in this cell which was in turn 
placed on the stage of a dissect ing binocular microscope. The fol­
lowing observations were made with this set-up . 

The mature stamens have a mottled appearance under magnification 
due to the accumulation of gas in the endothecial tissue just under 
the ep idermis. The fir st visibl e step of clehiscence is the appearance 
of a large gas bubble at a med ian apical poin t on the surface of one 
of the two locules of the anther . As t he bubble ri ses in the water 
a small rupture is apparent in the wall of the anther at the point 
where it appeared. 

From this open ing one or two more bubbles of gas escape, followed 
by the emergence of the pollen grains. The aperture increases in size 
by the continuance of the slit down the face of the locule. T he pollen 
grains emerge rather slowly at first , and t hen, as the opening enla rges, 
tumble out as do apples being poured from a sack (Plate I , fig. 3) . 

These observations establish the possibility of actual dehiscence 
of anthers while t he stamens are sti ll attached to the plant. F urther­
more, stamens have been found with locules open and empty before 
separation from the receptacle has taken place . This qualifi es t he view 

1T he average " bud- li ke" tip, >CC figure 1, has fifteen lo twent y nodes within 
it wh ich are invisible to th e naked eye. Hence the seventeenth is taken as an 
average for the first visible node. 
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previously advanced by Du ta illy ( 3) and upheld by Rose ( 1 7) that 
dehiscence occurs only after ("a/ors seulc111e11t" ) the stamens have 
become detached and risen to the su rface. Tt was observed that all 
stamens do become detached ultimately, irrespective of whether de­
hiscence takes place before or a fter leavi ng the receptacle. This mode 
of behavior suggested the following e:--;peri ment on stamen shedding. 

During the summer of 1924, Ceratophyllu rn plants which had been 
received from West Okoboji Lake on June 5, grew luxuri antly in the 
aquaria of the University of Iowa greenhouses. Flowers were first 
noted on these plants on June 25 th , and records of the rate of sta men 
shedding were begun on Jul y 15th . T wenty-four staminate fl owers 
were examined three times dail y, at 7:00 A.l\I. , l :30 P.M ., and 6:30 
P .M. , and records made of the nu mber of stamens detached from 
each flower at each reading. 

It was found that most of the sta mens detach during daylight 
hours. The release of gas, presumably oxygen escaping as a by­
product of photosynthes is, seems to be the mechanical force which 
causes the stamens to break loose. It was fr equ ently noted that 
a vigorous stream of bubbles comes fro m the po int of attachment on 
the receptacle just after the stamen has been detached and ri sen to 
the surface. This, together with the fact that most of the stamens 
break loose during the da ily period of photosynthesis, suggests the 
theory that gas pressure is the immediate mechanical cause of detach­
ment. Wylie ( 2 2) observed the sa me phenomenon in Elodea ra na­
densis. He al so reported tha t the gas a ids in br inging the stamens 
to the surface. 

The stamens of Ceratophyllum matu re in centr ipetal order. Oc­
casionally some at the edge of the fl ower a re shed befo re those in the 
center are recognizable as s tamens . T he total elapse of t ime be­
tween the shedding of the first and last stamens of a Hower averages 
about seven days. 

The number of pollen gra ins produced is quite large- over 100,000 
grains per plant. This estimate is based upon the study of eighty-nine 
plants collected in Miller 's Bay, which revealed the fo llowing: 

Average number of staminate fl owers per plant_ __ __ ____ 3 

" " " stamens per fl ower____ _____ __ ___ __ 13 

" pollen grains per stamen _____ ___ __ __ 2600 

" " " fl ower ____ ________ _ 33 ,800 

" " " " " plant_ ___ ______ ___ l0l ,400 
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The num ber of poll en grains elev loping at one time on a plant is 
even la rger in the case of specimens growing in smaller and shallower 
bodies of water, such as Gull Point Pond and Littl e Spirit Lake, since 
the number of sta mina te fl owers per plant is greater. Furthermore , 
the plants in those habita ts grow in great pro fu sion and form regular 
und er-wa ter mats. Therefore, the number of pollen gra ins discharged 
per day into each cubic centimeter of water must run into the hun­
dreds. Truly it seems tha t the best assurance of pollination is the 
prolific production of the pollen gra ins . 

Preparatory to the di scussion of the actual process of pollination , 
consideration is gi ven to the structure of the style and stigma of the 
pistillate fl ower. The elongated style is usually more or less fl attened 
and twisted in its ap ical portion but is cylindrical below (Plate I, 
fig. 4 ). The adax ial surface of the sti gma is grooved, and this groove 
terminates at its lower end in a depression which is here called the 
stigmatic pocket . The poll en gra ins must come to rest in this pocket 
in order to accomplish pollination . Strasburger ( 20) reports the pres­
ence of a similar sti gmatic device in Cerat ophyllum submersum. 

It is possible to approximate lhe na tural conditions under which 
pollination takes place by the use of lhe water cell described in con­
nection with stamen dehiscence. Portions of stems with pistillat e 
flowers attached were placed in the water of the mount for micro­
scopic observation . 

Stamens in actual dehiscence were seen but rarely. It therefore 
became necessary to secure pollen grains by artifi cial dehi scence. 
Only these stamens were used which gave every indication of being 
mature. There were no noticeable differences in the appearance of 
the pollen from na tu rally and from artificiall y opened anthers. Ex­
posure of flowers, sta mens or pollen grains to the air was not per­
mitted at any phase of the procedure. 

Pollen grains of Ceratophyllum sink slowly in the water following 
dehiscence. It requires eight to ten seconds for an unobstructed grain 
to move across the microscopic fi eld of 1.6 mm. diameter. The rate 
of movement is thus approximately 0. 16 to 0 .2 mm . per second . While 
the tendency of most of the grains is to sink slowly, some have been 
observed suspended in the water a littl e more than two hours after 
dehi scence. Their buoyancy makes them responsive to currents. Trans­
portation of the grains from the vicinity of the plant is thus facilitated 
and with it the chances for cross-pollination are increased . 
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Poll en grains were carefu ll y observed as they came in contact with 
the sti gma but t here was no ev idence of sticky secretions, nor are t here 
stigma ti c hairs. The on ly poll en catching adaptat ion noti ced was a 
torsion of the sty le so as to place the sti gmatic pocket on the dorsal 
surface. T hi s was observed in a majority of t he flowe rs examined . 

All obse rvat ions made in this study indicate that in order to reach 
the st igmat ic pocket pollen gra ins must eit her fa ll directly into it 
or into the groove sit uated just above. As may be seen in fi gure 4, 
t hi s receptive area is relat ively small , even in compa rison with the styl e 

itself, which is seldom over three millimeters in length . T he chances 
of a pollen grain strik ing this small surface seem rather hazardous, 
a nd the best guarantee of successfu l pollinat ion is t hrough the ab und­
ant supply of poll en mentioned above. 

Sterility is quite common in Ceratophyllum . The plants growing 
in West Okoboji Lake flower fr eely but fruits are ra rely ever fou nd . 
On ly one record of such fruitin g could be obta ined. Dr. B. Shimek 
of the D epartment of Bota ny, Un iversity of Iowa , reported verbally 
to the writer the development of fruits on Ceratophyllum plants grow­
ing in the shallower portions of l\Ii ll er 's Bay duri ng the summer of 
1913 , when the water level became very low. 

Tn Gull Point Pond and Little Spirit Lake, both of which are shal­
low and semi-stagnant, fruits were set in la rge numbers during each 
of t he three summers t hat these a reas were under observation by 
the writer . A third observed habitat was in the large cement aquaria 
in Lhe University greenhouses at Iowa City during the summers of 
1924 and 1925. ~o fruits were produced in these although the plants 
fl owered profusely. 

D ifferences in temperature furn ish t he most promising suggestion 
as to the factor responsible fo r frui t production in some habita ts and 
sterili ty in others. The water in Gull Point Pond averaged 32 .5 °C. 
(9 1 °F.) from June 23 to August 13, 1923. The average in Mi ll er 's Bay 
of \Vest Okoboji Lak e was 25 .6°C. (78.5 °F. ) during the same period 
acco rding to unpubli shed records kept by Dr . G . E . Potter . T he 
average da ily temperature in the greenhouse aq ua ri a during the sum­
mer of 1924 was 25.7 °C. ( 78. 7°F. ). The average for the two habitats 
where fruits were not produced was thus very nearly the same, where­
as, in Gu ll Point Pond , where fruits were produced in abundance, it 
was nea rl y seven degrees higher. 

Guppy ( 6) determined that the temperature of t he water must 
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rise dai ly to over 26.5 °C. (80 °F.) bdore the fruits of Ceratophyllum 
will mature. It seems probable, therefore, that the plants in West 
Okoboj i Lake and in the greenho use aq ua ri a did not prod uce fruits be­
cause of the fai lure of the water to reach dail y , during the flower ing sea­
so n, the crit ica l temperature of 26 .5°C. The evidence ind icates that light 
is not a po tent factor, since t he lake and t he pond are both open, 
unshaded habitats. The plants in the aq uaria were shaded in early 
morning a nd late afternoon. H owever , t here is no correlat ion between 
light and steril ity , for t he lake plants, exposed Lo strong light , were 
also sterile. 

Wind co uld have had li tt le or no effect. Tn the lake, the dense 
vegetat ion at the surface of Little M iller's Bay, where the observa­
tions were made, a lmost entirely prevents wave formation. The aquaria, 
being in -doors, were protected, and Gull P oint Pond is too small and 
too shallow to permit the formation of more than ripples on its sur­
face. In that portion of Little Spiri t Lake where the fruits were 
fo rmed, t he water is also sha llow with resulting lack of waves. Ab­
sence of mark ed wave act ion is thus common to all of the habitats, 
and wind , t herefo re, could not have been important. Temperature is 
t he only factor which, as above desc ribed , could be co rrelated with 
sterility and its alternative of fertility. 

Vegetat ive Propagation 

The chief method of reproduction is by vegetative propagation . T his 
is read ily accomp lished by the breaking up of larger plants and by 
the shedd ing of shorter branches and also bud-li ke tips. 

The effi ciency of vegetat ive propagat ion is illustrated by the fol ­
lowing experi ment. Following a severe storm on July 5, 1922, three 
hundred and eighty fragments of Ceratophyllum were picked up on 
twenty meters of the shore of l\li ller 's Bay. T he average number 
of pieces cast up was nineteen fragments to the meter. These had 
been thrown clear of the water and were parti all y dried . In order 
to test the powers of rej uvenation and regenerat ion, twenty p ieces 
were selected , ranging from a bud-like stem-t ip 7 mm . long to a 
stem 14.8 cm. long, abso lu tely stripped of leaves. These were placed 
in an aquariu m a nd records of their growth were kept fo r fo rty clays. 
N ineteen of the fragments li ved , and at the close of the experiment, 
each was well on the way toward t he format ion of a new plant. T he 
average growth of each specimen was 1.78 cm., and nine developed 
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one or more secondary branches. The onl y piece which died was 
the naked stem . 

The fact that these fr agments were 95 per cent effi cient in the 
propagation of new plants proves that detached pieces of Ceratophyllum 
will continue growth even after temporary or partial drying. Frag­
ments which are stranded of course soon die, but those caught in 
the tangle of surface vegeta tion in the bays or carried into quiet 
wa ters commonly grow into new plants . 

In the fall of the yea r, the plant stem in many cases becomes quite 
brittle, which results in fra gmenta tion. The inception of brittleness 
is accompanied by loss of buoya ncy due presumably to decrease in 
photosynthetic activity with its release of oxygen. The pieces which 
brea k from the parent plants settle to the bottom. The fragments 
thus formed go through a period of winter dormancy and are apparent­
ly lifeless as they li e on the bottom where they gradually become 
covered, either in part or entirely, with si lt and other deposits . In 
the spring these fragments resu me vegetative act ivity and send out 
one or more new branches from branch buds which have remained 
dormant in the lea f axils. These fra gments a re here call ed winter 
buds in view of their marked power to develop new branches which 
subsequently develop into new plants. 

In the case of Ceratophyllum plants growing in greenhouse aquaria 
in the latitude of Iowa City , 42 °N., the period of dormancy begins 
during the latter part of October , and continues until the latter part 
of April. This winter dormancy was broken experimentally by means 
of increased illuminatio n and higher temperature. On November 15 
192 3, four 200-watt electri c bulbs were placed , by special insulatio,~ 
of the sockets, nea r the bottom of the aquarium and allowed to burn 
day and night. Continuous illuminat ion was thus provided and the 
water warmed from the usual average of 12-l4 °C. to 24 °C. The 
plants were completely rejuvenated by November 27, and were kept 
in almost midsummer luxuriance from then until February 23 1924 ' ) 

at which time the experiment was discontinued. 

While some plants undergo fragmentation in varying degrees, others 
vegetate during the winter. This fact is reported by Clark ( 4 ) and 
Irmisch ( 11) . Also, the writer took plants from beneath the ice on 
Miller 's Bay of West Okoboji Lake on 1\farch 3, 1923 , which were 
very similar in appearance to summer plants except that the chlorophyll 
was less vivid. 
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West Okoboji is a typical fresh water lake situated near the north­
ern boundary of Iowa , in Dickin on County. Its exact location is 
latitude 43 °35'N. and longitude 95 ° lS 'vV. Geologicall y, it is of 
glacial origin and is a feature of the \\·isconsin dr ift sheet. 

The following figur es quoted in co ncl ensed form from Birge and 
Juday (2), give size and depth. Area, 3788 acres ( 1535 hectares)2; 
greatest length, 5.45 mi . (8.79 kilometers): greatest breadth, 2.84 mi . 
(4.57 km .): length of shore lin e, 18.2 mi . (29.3 km. ): mean depth \ 
40.4 ft. ( 12.3 meters): maximum depth , 132 ft. (40.2 m.). 

A Survey of the Macrophytic Area-During the summers of 192 1, 
1922, and 1923, a survey was made by the writer of all portions of 
the lak e which support macrophytes, or those plants vi sible to the 
naked eye. One hundred and ninety-six survey stat ions were estab­
lished a long the 29 .3 kilometers ( 18.2 mi. ) of shore line. 

The lines numbered from 1 to 196 on text fi gure l , show the loca­
tion of these stations. The average distance between them was 149.S 
meters. The distribution of plants at each sta tion was determined 
by examining the vegetat ion along a line placed generally at right 
angle to the shore. The water was usually clea r enough to permit 
the recognition of plants in depths up to two meters, and beyond 
this limit of vi sibilit y a many pronged hook was used for dredging. 
A calibrated , weighted line was the means of securing depth measure­
ments. The distances out from hore and along shore between sta­
tions were determined by use of the H ymans Pocket Range Finder , 
an instrument rated as giving results with abo ut five per cent error. 
Notes were taken of the speciee1 at each stat ion and of their position , 
both as to depth and distance from shore. A rowboat equipped with 
detachable out-boa rd motor was used in making the survey. 

It is impracticable, in the scope of this report , to give all of the 
data secured, but as an example, the report on three typical sta tions 
is given in table I. A li st of the genera and species of the macrophytes 

precedes the table. 

~For comparative size of a n acre and a heotare see scale, text figure 1. 
3M ea n depth is fou nd by dividing volume by a rea of surface . 
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T ext Figure l. M ap of West Okoboji Lake showing dist ribution of Cera to­

phyll um (indicated by stippled areas). Su rvey stat ions shown by numbered 
lines extending out from shore. Lines marked a- b a rc referred to in Text Fig. 2. 
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List of, pecies Noted in . ur ey of \\'est Okoboji Lake 

Abbreviations in Table J are as follows: 

C _________ .Ceratoph·yllu111 dc111 crs11111 L. 

B _________ Bidcns B cckii T or r. 

Ch _______ _ C/ia m sp . 

E _________ J!.Jodca iocnsis (:-fichx .) ·\\'yl ie 

H _________ 77 _,,p1111111 fluitans var . 

ir_ ________ JlJyriophyllu111 spicatum L. 

N - --- _____ ,\' aias f lexilis (\Y illd. ) R. and S. 
X i _________ Nitclla sp . 

P _________ P ota111 ogeton a111plifoli11s Tuck . 

Pf _________ Pota 111 oueton folios11s Raf. 

Pn ________ .Pota 111 ogeto11 110/ans L. 

l' p ________ .Pota111 ogcto11 pcct i11atus L. 

Ppr _______ P olall!ogcton pra!'lo11 g11 s \\" ulf. 

l' pu _______ Pota111 of!,elo11 pusill11s L. 

PR ________ Pota111ogcton Richardso11ii ( Benn .) Ryd. 

Pz_ ______ __ Pota 1110 1!,C f on :;ostcri f oli11s Schumacher. 

R _________ Ra111111culus aq11a tilis L. 

T _________ Tolypella sp . 

\ ' ______ ___ 1 ·atlis11cria spiralis L. 
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TABLE I. DATA OF THR EE R E PRESENTATIVE SUR VEY STATIONS. 

Dist. fro m Substratum 
Sta. Location Vegetation* Depth shore at shore 
64 592 m. so uth Ch, P p, PR , Pn , Pa ns-3 .5 ns- 125 boulders 

of Pike's C, Ppr 3.5-4.5 125-23 1 cobbles 
Point T 4.5-4.6 23 1-247 

95 357 m. north Ch, PR ns-4.1 ns-74 boulders 
of The I nn Ch 4.1-6 74-111 cobbles 

174 In south west Nothing ns- 1.2 ns-30 cobbles 
portion Em- Ch, P n l.2-1.7 30-3 7 pebbles 
erson's Bay Ch, M 1.7-1.8 3 7- 74 

C, Ch 1.8-2 .1 74 -11 5 
Ch 2.1-3 11 5-160 
C, Pa, B 3-3.3 160-177 
C 3.3-5.3 177 -2 74 

*For key to a bbrevia ti on, used in t his colum n see List of Species given just 
preced ing this tab le. 

Sta. 64 has plant di stri bution typical of low, open-shore habitat; 
Sta. 95 of pre_cipitous, cliff-like shore ; and Sta. 174 of bays (see text 
fi g . I ). i\J easurements a re reco rded in meters. Letters " ns" (mean­
ing ' ' near shore" ) when placed in depth column indicate a depth of 
0 to 1 meter, and in di stance from shore column , indicate a distance 
of O to 5 meters from shore. 

The survey data as a whole indicate tha t the major vegetation is 
di stributed over three to fo ur zo nes, depending on the location along 
the shore line. These zones have been previously discussed by Wylie 
( 23) and by the writer ( 12), and are, therefore, onl y mentioned here . 
Zone I , near shore, is cha racteri zed by a lack of vegeta tion, zone II 
by Chara, zone III by Ceratophyllum , and zo ne IV by either Nitella, 
T olypell a , or Chara. This zo na tion is q uite marked off the shores 
which are low and slope graduall y up from the water. It is not so 
distinct , however, in the bays . H ere the la rge areas of shallow water 
over a mud subst ratum favor dominance by a ny or all such aquatic 
Angiosperms as l\lyriophyllu m, Bidens, Ranunculus, Ceratophyllum, 
and spec ies of Potamogeton. 

The distribution of Ceratophyllum in the entire lake is shown 
on text fi gure 1. The stippled portions which a re seen to be opposite 
most of the shore line, show the exact locations of the areas occupied 
by the plan t. It is estimated tha t Cera tophyllum covered a total of 
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434 acres , or 17 5.5 hectares, at the• ti me of the survey . As a basis 
for this estimate the width of the Ceratophyllum zone at each station, 
and between stations, was plotted on the map . The total map area 
so covered was determined and converted by scale into acres . 

The a rea of 434 acres covered by the plant is equal to 11 .S per 
cent of the tota l surface a rea of the la ke. The effects on distribution 
of such factors as depth, gradient of bottom slope, and nature of 
subst ra tum a re evident in the fact t hat 77.9 per cent of the total 
acreage is found on the west side as compared with the east side 
of the lake, and 72 per cent in the bays as cont rasted with the main 
body of t he lake. .-\ complete summary of these areas and percent­

ages is given in Table II . 

TABL E II- GEKERAL COMP ARISON OF :\RE AS COVERED BY 

CERATOPHY LLUM . 

P er Per Per 
Cent of Cent of Cent of 

Port ion Tota l Area of C. Total Total 

of T ota l Area :\ rea cleme r um Area C . Area 

Lake acre hecta re Lake acre hectare demersum Lake 

E ntire Lake 3788 1535 100.0 433.88 1 75 .5 100.0 11.45 

West ½ of 
La ke 189-1 767 .5 50.0 338.07 136.8 77 .9 9. 19 

East ½ of 
La ke 1894 767.5 50.0 95.8 1 38. 7 22 .1 2.26 

Bays only 1226. I 496.2 32.4 :\ 12.06 126.36 72. 14 8.25 

E ntire Lake 
exclud ing 
Bays 256 1 .9 10.18.8 67.6 121.82 48. 14 27.86 3.20 

There is a d irect co rrelation between the degree of gradient of 
substratum lope and the d istr ibution of Ceratophyllum . This co rre­
lation is graphicall y rep resented by the fig ures of vertical sections 
th rough E merson's and Miller's Bays which have gradual slopes ; across 
the N orth E ncl with a medium gradient ; and just off The Inn where 
the slope is very abrupt ( text fig ure 2). It will be noted by com­
paring the var ious d iagrams tha t the width of the Ceratophyllum zone 
is in a lmost direct proport ion to the rate of decl ine of the slope of 

the bottom . 
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T ext Figure 2. Vert ical seclions of West Okoboji Lake at various points to 
show effect of depth and subslrat um , lope on width oi Ceratophy llum zo ne 
( indicated by ,;'s) . Depth recorded in n,cters. Fo r locat ion oi lines a - b see 
T ext F ig. 1. 

Sectio n A- Th rough Emerso n's Bay 
Sect ion B- T hrough Mill er 's Bay 
Section C- Th rough north end of lake 
Section D- Through abrupl slope near The Inn 
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T he nature of the substratu m is influenced by the gradient of the 
slope and is, therefor e, correlated with it. Gradual slopes are usually 
of mud . Ab rupt slopes, on the other hand , a re usuall y of gravel and 
sand , and the waters above a re commonl y wind and wave swept 
because of non-protecting shores adjacent. This situation is unfavor­
able to a rootless plant such as Ceratophyllum . 

T he bays are the favorite habi tats of the plant la.rgely because 
of substratum which is mudd y in nature and gradual in slope. A 
co mparison of the bays with respect to their suita bili ty is given in 
Table III. l\1iller 's Bay has two-thirds of its a rea covered by Cera­
tophyllum , which is a la rger proport ion than that of any other bay . 
Emerson 's Bay supports approximately one-fou rth of all the Cera­
tophyllum fou nd in the lake, while :Mi ll er 's has the smaller fract ion 
of one- fifth . The former , however , is nearly three times as la rge . 
As a result of the comparison, it is fo und that Miller 's Bay is the 
most favorable habitat for the plant. In addi t ion, it has in its waters 
practicall y every other plant fo und in the lake. The under-water 
gardens of this bay are indeed an asset to the Iowa Lakeside Labora­
to ry situa ted on its western shore. 

TABL E I ll - AR EAS OF THE R F.S PECTJ\ ' r~ RAY S [ :-.I ACRES AND JN PER 
CENT OF TOTAL AREA OF LAKE. ACREAGE OF CERATO-

PHYLL UM AND PER CENT OF TOTAL JN EACH BAY 
ALSO INDICATED . 

Per Cent Per Ccnl 
Area Tola! Area Acreage of Total Arca 

Bay (Acres) of Lake Ccra tophyllum Ceralophy llum 

Emerson's 377 9.95 107 24.6 
Miller's 131 3.45 87 20.0 

North E nd 267 7.06 53 12.3 
Smilh 's 273 7.20 35 8. 1 

Hayward 's 71 1.9 15 3 .4 

Brown's 107 2.82 16 3.6 

Totals 1226 32.38 313 72.0 

It seems probable that light is the factor limi t ing the downward 
ex tent of the Ceratophyllum zone. A steep bottom gradient with its 
rapid increase in depth narrows the substratum area to which light 
sufficient for plant growth can penetrate. Rickett ( 16) found that 
in the two Wisconsin lakes, Mendota and Green, the lower limit of 
plant growth corresponds quite closely to the depth at which the 
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a mount of light penetrating is one per cent of that striking the sur­
face. T he lower depth limit o f the Ceratophyllum zone in Lake 
Okoboji is 8.5 m. or 27 ft. 9 in . approximately . Tests o f the amount 
of light penetrat ing to thi s depth were not made. 

The general dist ri but ional aspe-cts indicate that the predominance 
of Ceratophyllu m in the bays in general , is due to an average gradual 
substra tum slope, which in turn brings into operation the factors lead­
ing to favorable mud substratum and to extensive areas within the 
limits of efficient lig ht penetra tion. 

Statistical Interpretat ion 0f Sur vey Data 

Cera tophyll um was reco rded at one hundred and fifty -five of the 
one hund red and ni nety-six survey stat ions. Curves of variation or 
fr equency polygons have been prepared to show the variat ion in both 
the depth and dis tance from shore of the inner and outer margins of 
the Ceratophyllu m zone. 

Variation in the depth of the inn er margin is shown by the solid 
line on text figure 3 . The curve is bimodal with the two " popular" 
depths, being 2.6-3.0 111. a nd 3.6-4 .0 111 . This nuctuation of the depth 
measurement around two modes is clue to the two main types of 
habitat, t he bay and t he main body of the lake. T he substratum 
configurat ion and the surface protection found in the bays favor a 
wide distr ibutio n of the plants a t shallower depths. On the other 
hand, the wave act ion opposite less protectecl shores prevents their 
growth in shallower waters. The first mode of 2 .6-3 .0 m., therefo re, 
is in general that of t he bays, and the second of 3 .6-4.0 m. is that of 
the main lake. These latter figures ind icate the tendency of the 
under water cond it ions oppos ite the shores exposed to severe wave 

.act ion to fo rce the plants to grow on ly in the deeper water. 

T he more nearl y symmetri cal curve of the variation in the depth 
of the outer margin , the cl otted line on text figure 3, shows that, in 
this case, the contrast between the bay and the main la ke situations 
is not as marked as in the inner margin . Wave action can have little 
hindering effect upon the plants a t greater depths . H ence, while 
invasion of the shallows by the Ceratophyll um zone is h indered in 
the main body of the lake by this factor, there is , in the same hab itat, 
no similar prohibition placed upon the ou ter margin . Furthermore, 
deep water is fo und in all of the bays as well as in the main lake. 

JG 

34 

,, 
J O 

Z8 

Z6 

l4 

zz 

zo 

18 

16 

II 

IZ 

JO 

8 

4 

V 

BOTAN ICAL PAPERS 

I 
I 

' 
I 

I/ 
, 

I 
I I : 

.. 
' ' 

I 

I 

I / 

' 
0 ;; ; ~;;;;~;~;; ~~;;; 

~ ~ ' ~ ' ~ ' ~ ' ~ ' ~ ' ~ ' ~ ' ~ 
~ ' -..: '\l <\l tri"' ..,: It'. ½ ....; to \a I'-.'. "~ -.::, 

33 

T ex t Fi f( urc ., . ('unT, o f , ·ar iat in n in dcp l h of inne r ( ___ _ )a nd o u ter 
( ___ ) nn rgi;1, o f Cera toph Yllum zone . D ept h indi ca ted in mete rs o n ab-

!=-C i~:.:-a . 

.-\ !so Ceratophyllum grows in 1--'. merson ·s. ?II ill er ·s , and Smith 's bays at 
a considerable depth. These s imilarities in the bays and the main 
hocly of the lake al many points tend to permit t he more unifo rm 
invasion of the greater depths in both hab itats. T hus, the depth of 
the outer margin of the Ceratop hyll um zone is made more un iform 
aro und the enti re lake than is the dept h of the inner or shoreward 

ma rgin . 
T he variation in di stance fro111 shore is shown by the curves on text 

figure 4. It will be noted that the curves are markedly askew, with 
t he mode in each case nea rer the lesser extreme. T he skewness 
indicates that the zo ne at a majorit y o f the stations is qui te nea r 
shore but that at some points va rious factors permit an extension 
outward to grea ter distances. Over half of the stations ( 78 of the 
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T ext Fi gure.\. Cu n ·c, pf ,·arialion in d i, t.ancc fr<Jm , h o:-c o f inn er 
a nd ou \cr . ( ______ ) margin, of Ccr,1 top l1"ll um zo ne. 

155) haYe the in ner ma rgin between 30 a nd 74 m. out from shore . 

These a re fo und most ly in t he ma in body of t he lake such as stations 

No . 6, 7, 8, and 9, and in the more exposed po rt ions of t he bays 

such as stat ions l\o. 52-56 in t he bay-lik e nort h end . In t he case 

of the outrr margin , the most commonly found rl is ta nres from shorr 
were between 60 a nd 104 m . 

Al a majo ri ty of th e sta ti ons the ou ter margin is rela t ive ly nea r 

shore as is a lso the inn er ma rgin . This is due in bot h cases to the 

mo re un ifo rmly rapid slope of the substrat um off a brupt shores. 
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T here is the tend ency , on the other hand, for t he zone to expa nd 

outwa rd at certa in points. Thus the descent o f the curves of va ri a ti on 

fo r both ma rgins is rat her gradua l so as to comprehend the scat ter 

o f t he va ri a tes over a ll di stances from quite close in to a li tt le more 
than one-four th mil e out from shore. 

T he stations with t he greater distances from shore a re found in 

the bays. E specia ll y is th is t rue in the bay- like nort h encl of the 

la ke where, at sta t ions 33 to 4 2, th ere is a huge under-wa ter shelf 

causing ma rk edl y shallow depths . H ere th e zo ne, in th e fo rm o f a 

na r row ba nd , is foun d fa r out from shore as it pa ra ll els the outer ed ge 

of the shelf. At stat ion 2 7, the inner a nd outer margins a re 42 5 a nd 

492 m. respect ively , ou t from shore, or over one-fourth mil e. F urther­

mo re, t he un iavorable sand substratum south of Pike's Poin t a nd in 

H ay wa rd 's Bay p ushrs the zo ne q ui te fa r out al these poin t . The 

wid e la tera l sp read nf t he curves of vari at ion i due to areas such as 
thrse. 

T u conclude t he in te rp retation of the curves of va ria tion , it may 

I,<· po in ted out th at the skew nes~ of t hose in d ica ti ng d ista nce from 

shore shows, in a definit e mann er, that t here is a relat ively na rrow 

a rea o r zone opposite a I ittl e more t ha n half of the shore line: by 

th e sp read of the curves is shown th e lend ency o f the zone to extend 

to much great er dista nces from shorr where shall ower dep ths permit 
Ceralophy llum grow th. 

The avcragl' or 111 eun dr pths fo r the two ma rgins a re 3. 14 ± 0.55 n1. 

fo r th e inner, a nd 4.88 ± O.S8 m. for t he ou ter . The d iffe rence be­

tween t hem is I . 74 ± 0 .03 m. T his fi gure is s ignifi cant fo r it shows 

that the zone li es "on t he average '' wit hin a depth ran ge of less than 
two met ers . By tak ing ha lf of t his range o f l .74 m. a nd add ing it 

to the sha ll ower mea n, a th eo ret ical mean o f t he depth of the Cera­

tophy llum zone as a whole is secured . T h is figu re is 4.0 1 m . a nct 

is the depth most favo red by Ce ratophy ll um t11 \\'est Okoboj i Lake. 
ft is s lightly more tha n t hi rteen feet. 

T he favo red d ista nce from shore o f the zo ne as a whole is 11 l m . 

o r slight ly more t han 12 1 yards . The in ner margin has as its mea n 

t he d istance of 83 ± 3 .3 5 m. and that of the outer margin is l 39.23 

± 4.5 m. T h e difference between th ese two means is 56.23 ± 0 .15 m . 

T his is t he average width of the zone as a whole. The ha lf of this 

average add ed to t he small er mean g ives I ll . 11 111. as t he average di s­
ta nce from shore. 
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The amount of the flu ctuation o f the zone in depth and in di s ta nce 

from shore is, of co urse, an indication of the effects o f environmental 

factors. The factors , both in kind and cl egree o f potency , a re not the 

same al a ll stations. Variation from the average or mean i th e 

res ult. This variation o r deviat ion is di scussed in the foll owing para­

graphs. 

The standard cl eviation in depth is 1.04 ± 0.39 111 . for the inn er , 

and 1.08 ± 0.4 1 111. for the outer ma rgin. ln clista:i ce from sho re it 

is 6 1. 5 ± 2.38 111 . and 83 ± 3 .21 m . for th e same t wo marg ins 

respectively. 

The coefficient of variation provides a very satis facto ry expression 

of the amount of these deviations . It is simply a measure of the 

a mount of deviation in terms of per cent of the mean . Th e coeffi cients 

of variat ion in dep th are 33. l ± 1. 27 per cent for the inner , and 22. l 

± 0.85 per cent for the outer marg in. These figures defi nitely indicate 

more variation in the inner as compared with the outer margin. T he 

same comparative relationship holds in distan ce from shore in the 

large coefficient of 74 ± 2.86 per cent for the inner margin , a nd the 

smaller figure o f 58 .8 ± 2 .2 7 per cent for the outer. 

The outlines o f the inner and outer marg ins o f th e Ceratophyllum 

zone on the map ( text fi gure I ), reveal more irregul a rity in the former . 

The coefficients o f variat ion above given, provide a mathema ti cal 

indication of th e amo unt of this difference in the two margins. The 

curves o f variat ion , previously noted , also show th e same s ituat ion . 

Thus alt the m ethods and formulae applied tu th e problem agree 0 11 

the greater variability of the inner as compared with the outer margin 
in both depth and distance from shore. 

Fluctuation in the potency oi certain env iron mental factors is t he 

cause of this larger variabi lity in the inner margin. Of these facto rs 

wa.ve action is probably the most active. It has a tendency to di s­

turb the growth o f plants in shall ow wa ter , but fa il s to do so in 

greater depths . This di sturbance is la rgely mechani cal. Shiftin g 

of the substratum makes permanent anchorage diff icult a nd th e cur ­

rents set up by act ion of the wa ves actua ll y subj ect the p la nts and 

substrata to mechanical abuse. 

Analysis of the variation in the inner a nd outer margins of the 

Ceratophyllum zone is co ncluded with the s imple observation that 

there is less variation from the mean in the case of t he ou ter margin 

as compared with the inner, clue to the greate r uni fo rmity o f con -
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di ti ons at grea ter depths. The purpose of th is section has not been 

to minu tely ana lyze all t hese enviro nm ental facto rs. but ralher to 

in di cate what the actu a l \·a ri ation is, det ermin ed mat hemat ica ll y. 

The co nfi guration of a lak e basin effects pianL distribution. The 

shape o f th e basin of Lake Okoboj i is favorab le to a la rge a rea of 

Cera tophyllum and other mac rophytes in spite of th e fa ct t hat it is 

a deep lake. The survey indica ted that depths between one and on e­

ha lf to two meters and abo ut eight a nd one-ha lf mete rs a re most 

favorab le to Ce ratophyllum. lt is fo rtunat e t ha t the morphometry 

o f the basin of \Yest Okoboji Lake is such as to provide unusua ll y 

large a reas of substratum within this range. The whole basin is not 

arn il able for plant growth Leca use of lack of light and oxygen (Strom­
sten , 20) in the greater depths. 

Birge and J uday ( 2) state that in most lakes there is a "steep 

slope of the sides to below the level to which the work o f the waves 

ex tends, " and then a• grad ual slope to a nearly flat bottom, thus pro­

ducing a sau cer-shaped basin . Comparison of the basin of West 

Okoboji with that of a lake which more nea rly approaches thi s normal 

cond ition tends to emphasize the favorability of the Okoboji basin 

to large plant areas . Lake Geneva in Wi sconsin is an example of 

such a normal basin , and the compari son is made in text figure 5, 

which is adapted from Birge and Juclay ( 2). It will be noted that, 

on the average, the slope of the sides of \Vest Okoboji Lake is quite 

g radual and uniform to a depth of about 14 m. , whereas, that o f 

Lake Geneva becomes markedly steeper at the 5 111 . level. There 

is thus provided in West Okoboji an unusually large area between the 

shoreward margin and the lowermost , and hence, outermost , level at 
which the aquatic seed plants grow. 

The maxim um depth noted for the growth of Ceratophyllum wa 

8. 5 m . This depth was recorded at two stat ions, :\'o. 59 off Pike 's 

Point , and No . 168 in Brown ·s Bay. By taking this depth as a 

basis for compa riso n of the two lake basins, \Yest Okoboji is found to 

have a bottom area between the depths of 0 and 8 .5 m . which is 

equal to 41 per cent o f the total surface area, whereas, Lake Geneva 

has only 28 per cent. Thus Lake Okoboji , because of its unusual 

basin. has an area of favo rabl e depth fo r the growth of Ceratophyllum 

whi ch is 13 per cent greater than that of Lake Geneva with its basin 
typ ica l of the avera ge lake. 

Ceratophy llum is not very efficient however , in establi shing itself 



38 

a 

5 

8. 5 
I 0 

15 

.z 0 

- - - -

Z5 

3 0/ 
I 

5~ 3 

IOWA S1TDIES IK NATURAL HISTORY 

/0 2Q __ iO ... o so 60 ?O R/'l 90 /I rJ 

lrio.lJ~ ~ 
porfJCJ~ 

~eecl / 

- - - - - - - - - - - - - - - - - - - - - - - r----1~: ___ - - - - - - - - -
- - '----ie 

I / !~ / 
/ 

)i)\ I 

'O 
'f-0 -~/ 

~ 0 s~/ 
o~/ 

~ ,,e, , 
. / 

/v i.;f· 
~~ / 

'0-e/,,,. 

0~/ 
,i_.<?,/ 

;-J/./ 
/ 

/ , 
/ 

/ 
/ 

/ 

// 
/ 

/ 

0 / 

I 
I 

5 

Text Fi gure 5. Co mpariso n oi morphom etrv oi unusual basin of \Vest Oko­
boji Lake "·ith tha t of the usua l sa ucer-shaped ba sin of Geneva Lake, \Visco nsin. 
Cun·es sho\\" area of lake basin at a ny depth as a percentage of area of sur face. 

Th e Potential Seed Plant zone in West Ok oboji Lake is equal to 41 per cent 
(59- 100) oi su riace area , whereas it is but 28 per cent ( 72- 100 ) at sa me depth 
in La ke ( ;enc,·a . Depth in meter~ on ord inate ; percenl a!:!e of surface area on 
abscissa. Adapted from Birge a nd J uda,· (2) . 

in all of the area which is in the depth range of 0.5 m. to 8.5 m. This 
area is actua ll y 583 hectares ( 1439 acres) accordi ng to the percentile 
hypsographic curves prepared by Birge and J uday ( 2). It is termed 
the Potential Seed Plant Zon e ( text figu re 5) , since it is the portion 
of the substratum which is in depth suitable to the macrophytes. 
The total area covered by Ceratophyllum is 434 acres. It is, there­
fore , only 30. l per cent efficient in occupying the area potentially 
open to it. Competit ion with other plants, Chara chiefly, and un ­
favorab leness of slope and texture of substratum as previously referred 
to, are the factors contributing to this rather low efficiency . 

If there were absolute uniformity in the slope of the substratum 
around the entire lake, there would be perfect correlation between 
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depth and distance fro m shore. •T here is, however , no such uni­
fo rmity, and , as a resul t, some method of showing the actual degree 
of correlation is necessary . The coef}icient of correlation·1 provides 
such a measure. For t he inner margin it is 0.36 ± 0.4 7, and for the 
outer margin it is 0.07 ± 0 .054 . T hese fig ures mean that the greater 
depths at wh ich Ceratophyllum will grow fluctuate more than do t he 
lesser depths in their distance from shore. 

It has been sta ted previously (page 36) in connection with depth 
and distance from shore that, when each of these is considered 
separately , there is more variation in the inner as compared with the 
outer margin. T he higher coefficient of correlation of the inner 
margin is ind icat ive of the fact that , while its depth and shore dis­
tance do fluctuat e more, they vary together more consistently t han 
in the case of the outer margin . The conto ur of the substratum 
may be used to explain this situation, with the minimum and maxi ­
mum depths of the Ceratophyllum zone, 0.5 m. and 8.5 m. respective­
ly, se rving as examples. A depth of 8.5 m. may be fou nd quite near 
the shore line in the case of an abru pt shore, or it may be far out 
as in the case of the under-water shelf found in the north end of the 
lake ( see page 3 5) . On the other hand, the depth of 0.5 111. is fou nd 
more uniforml y at a given distance from the water 's edge, irrespective 
of whether opposite abrupt or gradual sho res. This greater uniformity 
at shallower depths is, o f course, clue to the tendency of the waves 
to level the substratum with which they actually come in contact. 
Thus, while the inner margin does have more variation than the outer 
in each of the attributes, depth and distance from shore, they flu c­
tuate together and thus have more correlation between them. 

~The va lu e of <t he coefficient of cor relation may va ry fro m O to I . O inJi ca tcs 
no corre lati on, and I indicates periect correlation . 
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TAB LE l\'~ SUMMARY OF STATISTICAL AKALY Sl S OF SUR\"EY DATA 

OF CE RATOPHYLLUM ZOC\T 

All figures arc in meters except coefficients of ,·a riati on a nd of co rre lation. 

Inn er Ma rgin 
Di st. from 

Depth shore 

Out er Mar<:in 
D ist. irom 

Depth Sta ti stical T erms 
T otal R ange of 

\ "ariation 

4 1 0 (15 to 6 (2 s to 
shore 

4-tS (4 7 to 
492) ( I to 8) 425) S.5 ) 

Range of \13riation 
ior Each Class 

M ode 

M ea n* 

Average Deviation 
Standard Deviation 

0.5 

Class of 
2.6 to 3 

3.14± 

I .> 

Cla ss oi 
45 to 59 

0.055 83±3.35 
0.82 41.9 

61.5± 

2.3S 

0.5 

Class of 
-t. 6 to S 

-t .88± 

0.058 

15 
Class of 
60 to 74 

139.23± 

-t.5 

0 .8 64.9 

I.OS± 

0.04 1 83±3.2 1 

Coeificicnt of Variation 

1.04± 

0.039 

33 .l ± 74± 2.86'. , 22 .1 ± 58.8± 

2.27Sl 
0.07±0 054 Coeffici ent of Correlation 

l.2Fc 
0.36±0.04 7 

*Mean depth of zone considerrd as a w hole is 4.01 m. 
l\1ean distance from shore J l l.11 mm . 
Average width is 56.23 m . 
Average depth range is l.74 m. 

Before passing to the next section, it should be observed t hat a 
stud y such as this biometrical interpretation of the Ceratophyllum 
distribution in West Okoboji Lake cannot yield its full value until 
similar studies of other lakes have been made. Compari son is neces­
sa ry for the fullest interpretation of the values of the curves of 
variation , standard deviation , coeffi cient of va riation, etc. 

The Value of Ceratophyllum as a Physical and Biotic Factor 

The abundan t growth of the plant and its dominance at depths 
of two and one-half to five meters where there is mud substratum, 
undoubtedly make it an important factor in the biology of West 
Okoboji Lake. 

T he value of Ceratophyllum as an oxygenating agent is marked , 
accord ing to Evermann and Clark ( 4) . The vegetative activity of 
the plant continues throughout the entire yea r, although in diminished 
amount during the winter . T he release of oxygen into the water 
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while the lake is closed by ice is et pecially helpful. During the sum­
mer months the activities of phytoplankton in most of the lakes of 
the Okoboji region undoubtedly acid greatly to their oxygen supply, 
but due to relatively small plankton growth in West Okoboji , its 
waters receive less from this source . The services of Ceratophyllum 
as an oxygenator are thus enhanced. 

The question of main interest is that of the immediate as well as 
secondary relations of this plant to the fi sh . It has been noted that 
the favorite fishing grounds of the lake are near the edges of the 
extensive Ceratophyllum beds at Pocahontas Point, near Elm Crest, 
and in the north encl . This would indicate that the beds are good 
feeding grounds fo r the fi sh and it is probable that they are also used 
fo r shelter. The plants harbor many small animal forms such as 
Hyallela. Their chief food value is indirect , for, as a direct source 
of food , they are known to be eaten only by the carp and the bluegill. 

Ceratophyllum rates high in fish culture according to two of the 
scientists formerly located at the United States Fisheries Biological 
Station, Fairport , Iowa. R. L. Barney5, formerly Director of the 
Fairport Station , stated to the writer in a letter of January 2, 1923, 
" I am satisfied that, from the genuinely practical outlook , the plant 
has no equal." H . Walton Clark\ then Scientific Assistant at the 
same Station, wrote in letters of December 7, and 22 , 1922 , " I have 
always been especially enthusiastic about Ceratophyllum as I believe 
it one of the best pond and lake plants we have. I like it because 
it suppli es food (via Hyallela, etc .), oxygen and shelter , and makes 
illicit seining difficul t. Ceratophyllum would be my first choice in 
stocking ponds fo r fish. " 

The writer is greatly indebted to Dr. R. B . Wylie, Head of the 
Department of Botany of the State University of Iowa, and former 
Director of the Iowa Lakeside Laboratory, fo r the suggestion of the 
problem · which has been herein discussed, and for his consistent 
inspiration and instruction in its pursuit. The cooperation of :Miss 
Lucille Sawyer in making the survey of West Okoboji Lake is a lso 
highly appreciated . 

SUMMAR Y AND CONCLU SIONS 

1. There is no adequate just ification for the thirty-five spec ies 
of Ceratophylluni which have been proposed to elate. I t is suggested 

5Qu_oted with permission . 
OQuote@I witb permission . 
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that two species only be recognized,-C. dcmersurn to include all 
fo rms having fruits with spines of any type, and C. submcrsum all 
forms with spineless fruits. 

Part I. Morphology 

2. Long association with water has modifi ed stem structure in sev­
eral ways, viz ., non-cutinization of epidermis, lack of mechanical cells 
in either xylem or phloem , metamorphosis of sieve-tubes occasionall y 
into air spaces, and transformation of some of vessels of xylem into 
parenchyma cells. 

3 . The first leaf primordia appears at 150-17 5 microns from the 
apex of the axis. 

4. The first step in leaf development is related to a periclinal 
division of a periblem cell. The outer of the two cells thus formed 
divides anticlinally to form two cells which by periclinal , anticlinal , 
and oblique divisions proliferate into the periblem , and , finally , Into 
the cortex of the leaf. 

5. The plerome originates by the division of a cell which has be­
come surrounded by the periblem on all sides except toward the cen­
ter of the axis . By continued anticlinal divisions the plerome is 
formed along the central axis of the developing leaf. 

6. The air space development is schizogenous in method. 

7. About one-third of the volume of the mature organ is occupied 
by air spaces in submerged leaves. Those which are subterranean 
on the " holdfast" branches have less extensive air space development. 

8 . There are three main vegetative expressions of Ceratophyllum 
in the Okoboji region- the lake, ,int ermediat e, and pond types. 

9. The form of the plant may be modified readily by transplanting. 
~ew branches which appeared on lake plants transplanted to Gull 
Point Pond developed the slender, fragile habit of the pond type in 
61 per cent of the transplanted specimens. 

10. The volume of the air space system in both leaf and stem 
is responsive to environmental conditions. The same factors which 
cause slender growth also bring about the development of large air 
spaces. 

Part II. Flowers and PollinaLion 

11. The pistillate flowers are borne most commonly on nodes twen­
ty to twenty-six , and the staminate flowers on nodes twenty-two to 
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twenty-nine. This relatively low r position of the poll en producing 
fl owers probably has a slight tendency to promote cross-pollination . 

12. The stamens may dehisce while still attached to the receptacle 
as well as after separation from it. The latter method has been 
recorded previously by other observers as the only mode of stamen 
dehiscence. 

13. Stamens become detached more commonly during daylight hours 
tha n a t night. 

14 . The theory is suggested that the immediate mechanical cause 
of stamen separation from the receptacle is the pressure of gas, pre­
sumably oxygen. 

I 5. The total elapse of time between the shedding of the fir st and 
las t stamens of a flower averages about seven days. 

16. The total number of pollen grains produced per plant averages 
over 100,000. 

I 7. The rate oi sinking of Ceratophyllum pollen grains in the 
water is 0.16 to 0.2 mm . per second. 

18. The mechanism of pollination is seemingly very inefficient. 
The success of the process depends almost entirely upon abundant 
pollen production . 

19 . The sterility of Ceratophyllum in West Okoboji Lake is due 
to the failure of the water to reach daily, during the flowering season, 
the critical temperature of 26.5 °C. (80 °F .), found by Guppy (6) 
to be necessary for fruit development. 

20. Beached and partially dried fragments of the plant are found 
to be 95 per cent efficient in regeneration and the beginning of de­
velopment of new plants . 

21. Vegetative propagation by fragmentation is common. 

2 2. Ceratophyllum in greenhouse aquaria in latitude 40 °N ., under­
goes a period of winter dormancy which continues approximately 
from October l 5 to May 1. The plants can be rejuvenated in mid­
winter and caused to vegetate luxuriantly by means of artificial light 
and temperature supplied by immersed electric bulbs. 

Part III. Biology 

23. The total area of Ceratophyllum in West Okoboji Lake was 
434 acres at the time of the survey in 1922 and 1923 . 



44 IO\\":\ S1T DI ES I'.\ ~ . ..\TCR . ..\L HISTO RY 

24 . During the survey, nineteen spec ies of macrophytes were found 
- eighteen Angiosperms and one aquatic moss. 

2 5. There is direct co rrelat ion between the gradient of substra tum 
slope and the width of the Ceratophyllum zone. The zone is na rrow 
on abruptly sloping substratum and proportionately broader , on the 
average, on more gradua l slopes . 

26. The bays contain 72.14 per cent of the total area of Cera­
tophyllum whereas their actual a rea is but 3 2 .4 per cent of tha t o f the 
entire lake. This fa vorability in the bays is due to the predominance 
of mud substratum with gradual slope. 

2 7. Miller 's Bay is the best habitat fo r Ceratophyllum in all o f 

t he lake. 

28. The Ceratophyllum zone lies, on the average, within a depth 
range of 1.74 m. ( 5 ft. 5 in .). The depth most favored by the plant 
is 4.1 m. ( 13 ft. 4 in .). The ma ximum depth is 8. 5 m. ( 27 ft. 9 in .) , 
occurring a t Stations 59 and 168. 

29. The width of the zone, on the average, is 56.23 111. (6 1.8 yds .). 
The distance from shore most favored by Ceratophyllum is 111.11 111 . 

( 121 yds .). The maximum distance from shore of the outer marg111 

is 492 m. ( 538 yds.) a t Station 37. 

30. The depth of the Ceratophyllum zo ne averages approx ima tely 
one meter more in the ma in lake than in the bays. 

3 l . The inner or shoreward margin of the zone is more variable 
t han the outer margin in both depth and di stance from shore. This 
is due to the greater uni fo rmi ty and decrease in potency of nega tive 
environmental conditions, such as wave action , a t t he greatest depths. 

32 . The shape of the basin of West Okoboji Lake-somewhat as 
a cone with sides curved inward- is especially favorable to a large 
a rea of seed plants. It has, fo r example, 13 per cent more sub­
stratum a rea within depths suitable to macrophytes t han does Lake 
Geneva , Wisconsin , which has the sauce r shaped basin typical of the 

average lake . 

33. For mode, mea n, average and standard deviation, coeffi cient 
of variation, coeffi cient o f correla tion , and genera l summary of bio­
metrical interpretation of survey da ta of Cera tophyllum distribution 

ee T able IV, page 40. 
34. Ceratophyllum has its chief value as a biotic fac tor in the 

lake in its oxygenation of the water and as a shelter and indirect source 

of food for the fish . 
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Plate I 

Fig. 1.. Ceratopltyl/11 111 de 111 ersu 111 L. as seen in water irom above . x % . 

fig. 2. Fri.uts oi th e three species of Ceratophy ll um found in North America . 
x 1' 2/J . a - C. submersum; h ~- C. echinatum; c - C. demersum. a 
and b photogra phed through courtesy of N.Y . Botanica l Garden . 

fi g . 3. Staminate flower showing method of deh isccnce. x 11. A - a nther 
with pollen grains escaping; a - anthers not yet dehisced ; S - stem ; 
L - lea,·cs; B - bra cts of involucre. 

Fig. -L Sty le of pisti llate fl ower showing natu re a nd posit ion of stigmatic 
pocket. x 30. s p - stigmatic pocket; o - ovary . 

Fig. 5. Photomicrograph of sty le showing stage just preliminary to pollination. 
x 31. '.\fote po llen grain. pg., ca ught in debris on st vle. At s p just 

be lo"· po llen grain , is silh ouette of the cavity in which t he st igmatic 
pocket is located. Th e pollen grain will likely ia ll into it if d islodged . 
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Fig. 6. 

Pla t e I[ 

Lea l Dc, ·e lo p m ent and .·\ nato m y 

M ed ia n lo ng it ud ina l sec ti o n oi t ip 

s tru ctu re of 111 cristc n1 a li c reg io n . 

in firs t stages o i deve lo pment. 

o f , ·cgctat i,·c ax i~ sho wing ge nera l 

x 225. P 1 a nd P ~- lca f p rim ordia 

I n a II fi g ures o n this p la t e , cl -
d erm ato,2:c n ; pb - pe rib lem ; a nd p l - p lcro me. Light st ipp ling in -

d icates derm a l ogen; m ed iu m - perib lcm ; a nd heav,· - p le ro m e. 

Fig. 7. T rans, ·erse secti o n o i m eriste m nea r a pex a l a nod e showing m eth od of 

origin o i leai p rirn o rd ia. D erm a t ogen o f lca i is conti n uo us w ith der­

ma t ogen of a':is . P e ri b lem o i lcai ar ises iro m a ce ll in oute r laye r 

oi pe .-i bl em of a xis. Plc ro m e o i lea f a rises fro m o u te r ce ll o f a stra nd 

of p lero m e ce lls rad ia ting i ro m st em p lero m c to leaf prirn o rdi um . 

This show n at P1 , P 2, P :1, a nd P.1. a ll o f \\·hi ch arc lea f prim o rd ia. 

Fig. 8. P hoto m icrogra ph o f port ion o f med ia n 1,rngitu d ina l secti o n of m er istcm 

sh o \\·ing leaf p rim ordium w it h cell o f dcrmato::,;L· n in mitosis, ill ust rat ing 

h ow dermatogen increases in size . Section th rough seco nd pr imo rd ium 

be lo w apex. x .J.U. 

Fig. 9. M edi a n lo ngitud ina l sectio n t hrough seco nd p rimord iu m be low a pex 

show ing pos it io n a nd nature of periblem . x .J .U. 

Fig. 10. Cross sectio n of lea f prim o rdium sh o 11'i n ,2 co nce ntr ic a rra nge m en t of 

de rmalogen , perib lem , a nd plcrome . Ple ro m c ce ll he re shown is sa m e 

in positi o n a.- that , ho1u1 in di,·i sion in F i!! . 11 . x .;o.;_ 

Fig. 1 l. M ed ia n lo ngitudinal ~ect ion of 11.•af prim orcliun1 :- ho\, ·in~ p lcro n1e inilia ! 

in milo:-i:--. This CP I] is same a~ :hat marked pl , !n Fi~. I and Fi.~. 12. 

x 30J. 

F ig . 12 . T\\·o iurth cr st ep, rn p lerome dc,·elopmem sholl'in!! incrca .,e in length of 

p lero m e strand a t pr imo rd ium .-\ and inc re:1,c in d iameter at prim ordi­

um H. 

);ot e. In leaf dc,·e lopmen t the mcristemati c laye r referred to as th e d crmatogen 

g i,·es r ise lo t he ep ider mis; t he pcriblcm to t he mcsop h, ·11 or corte x­

like p o rt ion : and t he plcromc lo t he ,·ascu l:ir ,lr::tncl. 
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Pla te 111 

I n Fi .,rnrcs l.i-:O. c - epidermis; c - cortex ; a s- air space: \" -

\·asc u la r ~l ra nd 

Fig . 13. Lon.~itudinal ~ect i0n ol lea! near apex showin g ~c hiz oge nous lHltdn 0i 
a ir spaces in mesoph,·11. x J08. 

Fif!. l-1 . L onµitu di nal sec tion oi port io n of lcai sh o11·inf! meth od o i enlargement 
oi air ,pa r<·, L,· c! i,·isio n oi cell , bo rderin<.'. the G1,·it,·. x 308. c , and 

c~- cc· ll s oi mernph_, II in prophase a nd a naphase. respcc1i,·e \,·. 

Fig. 15. M ed ian longi,udi nal sec ti on oi near \,· mature leaf sho 11·ing position and 

re la ti,·e size o f a ir spaces. x 25 7. 

F igures 16-20. Series of tra n•n rsc sect ions oi leaf sh o 11·ing a na tomy irom apex 

to ba se. 

Fig . 16. Section 40 microns irom apex. \' ascu lar st ra nd no, ,·ct differentiated . 
X 59. 

Fip;. J 7. Sect ion 70 mi crons iro m apex. \ 'a srn lar st ra nd apparent. x 58. 

Fig. JS. Sec tion 280 microns irom apex sho11·ing ce ntra l posit ion of ,·a srnlar 

strand . x 56. 

F ig. 19. Sect io n JJ00 micrcms from apex sh o11· ing eccentri c posit ion oi ,·a scular 

strand du e t o de,·elop mcnt of a ir spa ce. x 58 . 

Fig. 20. Sec tion 6030 microns irom apex and just bclo11· ju ncti on of th e t\\'O 

for king ka i seg m en t •. Th e Ya scula r stra nds haYe just joi ned but th e 

t11·0 air spa ces are still separate . x 65. 
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M uditi ca ti o n of Form and Structurl' I,,· l·: l\\·irn nrncnt 

Fi )! . 2 1. Trans, ·er,;c secti on o f m ature , u:m . .-\ r rci ne c1rn:nt of " 'k m a nd ph loem 
is concent ric. Phloem is t o oubid c· :ind i, cu mpo,ed of cell,; \\' hi ch 
re,emh lc a lacework . X \'lrm i, mack up nf ,c:u·c,-ly d iffc-rcnt ia t ,·rl 
ce lls in cent er. x 30. 

Fig . 22 . Nl odit'1 ra ti u n o f fo rm of plant 1,y tr:111, plant inl! from \\ ' l'si Okol>oj i 1.akl' 
l o C u ll Point Pond . Tin11' o f cxpo, un· t o cha ngt'd ,·n,·irun nw nt 10 
day~. x 2 _=; _ a pond co nt rol ; IJ t ran~pb nlcd ~1wcin1L·n ; r -
lakc rnnt ru l. Tli r lower porl ion uf I, dc- \'1·lo pcd in lhl' J:, k,· nut ,. 
sim ila rit y t o lake co ntro l : t he u pper purt ion ck n ·l<JJll'CI1 in t lw po nd 
no te simi la rit y to po nd co ntro l. I' po nd [(roll th ; I. I. la kl' l( ru\\'l li 
leaf ; I. S - lak e g ro 1nh , te rn . 

Fig ures ~.\ - 26 . . -\ ser ies of p ho tomicrogra ph, d, ·, ign,·d to ,- ho \\' t h,· m ucli t"1t·a l iun 
uf intl'rna l stru ct ure , c, pccia ll , t he a ,· rcnr hy m a, l,y co nd it io ns o f t h ,· 
l·n v ironn1e nt. .-\II a rt st1..:m c ro~s :-:.c ctions. ln all li gurc~: e L"p itk r­
mi s ; c - cortex ; a ~- air ~pace . Dark co ntent in ~o nl(• u i co rt ical 
a nd xy lem ec·lls i, tann in . Sm a ll object ,; in , o mc cell s are , larch g ra in< 

Fi le( . 2.\. Lake pla nt st em . W a ter clear , rclatin-ly coo l, a nd not , ta)! nant. .-\ir 
spaces m cdiuml y dc\'C lopcd . x i9 . 

Fig . 2-l . Subter ra nean st em fro m " ho ldfa , t. " l·'. xpo , u re to m ud . .-\ ir ,pa ces ,·er,· 
poo rlv dn·clupcd . indicat ed ll\' , ·s. x 10-l . 

Fi g . 25. In t crm cd ia l c t y pe o f s te m from L ittle Spir it Lake . Water m o cl era lch· 
clear , wa rm , a nd sli ght ly stagna nt. Air spaces 11·c ll cle \'l' iopcd . x 69 . 

Fi)!. 26. Pond ty pe fro m Gu ll Poin t Pond . Water t urbi d , , ·c ry ll'a rm , a nd s la~­
na nl. Ai r spaces we ll dc,·eloped . x 68 . 
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