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THE EFFICIE :S: CY OF l\IONOCOTYLEDON HOOTS I~ 
SOIL CO?\SERVA TION 

T he plant cove r is of prima ry im porta nce in soi l conse rvat ion. I t 
not onl y lessens th e e ff ects of ra in fa ll but a lso grea tl y fa ci litates per
colation of \\'ater since it increases so il porosity. S urface accumula
tions of humus also favo r the retenti on and abso rpti on of water. 
The importance of plan ts in so il conse rvation, however . is mainly 
cl ue to the effects of roots and root hai rs in binding soil. 

G rasses a re a dominant element in the na tu ra l plant associations 
which have fo r ages held and bui lt up the soil. These indigenous 
plants cove red the land twelve months of the year . Today, in m iclcl le 
western states as in many other reg ions, cultivat ion has des t royed the 
natural plant cover over vast a reas. increas ing the problem s of so il 
eros ion . P erennia ls have been replaced by annual crop plant s which , 
while efficient soil binde rs fo r a f e11· months of the year , do not 
present a plant cove r at a ll comparable to the indigenous climax asso
ciations. 

S ince g rasses ha ve compact fi brous root system , in upper so il 
levels they have occupied a part icula rly prominent place in erosion 
control. l\I onocotyledon roots are exceedingly numerous. branch 
free ly and reta in their roots ha irs. They lack cambium and a re con
sequently small in d iameter . The lack of secondary thi ckening is un 
doubtedly a fac tor in thi s multipli city of roots fo r such plan ts and 
furthermore it favo rs t he pe rsistence of root hai rs on older portions 
si nce the epide rmi s and co rtex do not slough off. 

A lthough some g rasses send roots seve ral f eet into the g round 
their more abundan t g rm1·th is in the uppe r foot of so il and in many 
cases within six inches of the surface. (Graber . 2 : Harr ison . 3). 
T his massing of roots in upper soi l levels favo rs so il conse rvati on, 
fo r there is a close correlat ion bet 11·cen the nu mber of roots and root 
ha irs pe r unit-vo lum e and the amount of soil ho un d by their surfaces . 

Q uan t itati ve studies of roots and root ha irs are valuable in giving 
definit e in fo rmati on concern ing the m1mbers and d istribu tion of sub
terranean plant parts. \ Veaver (5), (6) and his associates ( 7 ) have 
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published data on the lateral and Yertical dist ri bution of roots for 
many past ttre, 11·eed and crop planh of the prairie and pla ins a reas . 
H owever there are fe11· pub lished record s involving entire root sys
tem s of mature or large plants. Tn hi s qwtntitati1·e study of 11·ild oats, 
l\ [arr1ui s 11·heat and P rolific spring rye I 'a1·ylechenko ( -+ ) included 
estimates of t he rn t111her and length of rnob for these grasses both 
when g ro11·n in compet it ion and al so 11·hen gro11·n sqx1 rate ly . \\ ' hen 
grown apart these plants 11·e re found to have root systems one 
hund red times g reate r than 11·hen in compet it ion under field condi
tions. Hi s data included mc;isurcments of the ma in. secondary and 
tertiary div isions o f roots lntt mad e no men ti on of root hair s. 

In a prev ious paper the 11-riter ( l ) recorded his measurements of 
both roots and root hairs on a single 11·inter rye plan t grown in a 
plan t house. F ro m carefu l coun ts uf exlensi1·e samplings it 11·as deter
min ed that this plant had approximately 13,800.000 roots with a 
total length uf mer 385 miles. These roots had a surface area of 
about 2,550 square feet. exposed chi eAy by the smaller members. 
More significant 11-ere the figures fo r the root hai rs o[ thi s sing le rye 
plan t 1d1ich 11urnbered approximately i--J.. 300.000.000. These hairs 
had a total length of ove r 6 .600 miles and a surface area of about 
4.320 square feet. 

S imilar olJservations have s ince been made on t he roots and root 
hairs of oats, \Yinter rye and Kentucky bluegrass g-ro 11·ing under field 
conditions. Sample:; of soil 3 in ches in diameter and 6 inches deep 
( 42 cubic inches) were used as units in th ese studi es. Such soi l sam
ples were taken in the field by means of a cutting tube. washed to 
rem ove the soi l and the roots prese r ved f or study . .Averages were 
employee! to determine the statistical clata for cou nts. measurements 
and surface computations. Counts were made of all attached roots 
in the soil samples and also cut-off po rti ons fr om adjacent plant s. 
Includ ed _too, in the case of bluegrass, 11·ere roots ari sing from 
rhizomes. 

Fifty main roots in each sample 11·ere used to determine the average 
number of secondaries per main root and abo the average number 
of tertiary members ari sing fro m a secondary root. l~oot hair counts 
and measurements ,1·ere subsequent ly made fo r a ll root categories. 
Calcu lations based on these figures, 11·hi ch included abo ut one-th ird 
of the roots, were appli ed to the remaining units of each so il sample. 

Avena sath•a had approximately 4,700 roots of all categories in 
the sample so il Yolume ( --J.2 cubic inches). The total root length \\'as 
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about 150 feet 11·ith an e:-,posccl su rface area of nea rl y 50 square 
inches. Th ere 1yere approximately 6 .370,000 root hairs on these 
roots 11·i th a total length of about 5 miles and a surface a rea of nearl y 
535 square inches or 3 .7 sq uare feet . 

.Roots of ,,·inter rye in a similar sample n Jl um e o f so il numbered 
ove r 6.400 11ith a total length of nearl y 210 fee t and hav ing a surface 
area of about 78 square inches . E out hairs whi ch numbered approx
imately 12.500.000 had a tota l lcngth of about 10 miles and a tota l 
surface of nea rly 1190 square inches or 8.2 square feet. 

The subte rranean memliers u f P aa /1ra/c11sis ,1·e re far more nu
merou s. Th ere 11·ere appruxi mately 8--J.,500 roots per sample soil 
volume 1ri th a total length of nearly 1. 260 {eet and having a sur
fa ce area of about 330 square inches. There 11·e re approx imately 
51.600,000 root hair s 1\ith a total length of ove r 30 mil es and having 
a surface area of near ly 2.450 square inches or 17 square feet. The 
24 inches of rhizomes in this soi l sample gave ri se to 1--J. percent of 
the total number of ruot s. The latera l di st ribution of the plants was 
greatly increased by these stem s, which aid conside rabl y in the fo rma

tion of a compact soc!. 
There are obvious differences in the so i] binding capacity of these 

plants. Oats ,1·ouhl be least effi cient since th e secondary roots a re 
farther apart and therefore fe11·e r in number . As it is an annual, 
sowed in spring ancl harvested in late summer, it is actively gr owing 
a cornparativcly short time. 

\ A/i nter rye is. in general, superi or to other ce real s in its effici ency 
in retarding erosion. A lthough an ann ual. it is alive three- fourths of 
the yea r and tillers readily. givi ng ri se to numerou s adventitious main 
roots \\'hich in turn liranch freely and tend to thoroughl y permeate 
the so il near the plant. R ye is sowed in the fa ll and is well establi shed 
by winter: it thus bind s the soi l. retarding surface runoff both 
autumn and spring. 

I'oa pratc11sis is superi or to the other g rasses in retarding erosion. 
Because of its hardiness . ali undant roots. and ready propogati on by 
rhizomes it f orms a very compact vegetative cove r . S ince this grass 
is a perennial it protects th e , oil l.\1·elve month s of the yea r and 
throughout most of that time is growing new plants. new roots and 
new rhi zomes. A g rass which possesses thi s sod-forming habit of 
growth is better adapted to retard erosion than annuals or perennial 
bunch g rasses. IS::entucky bluegrass . ,vithin it s areas of favo rable 

growth. is the soi l binder par C' .rcelle11cr. 
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. These three g ra sses h;J1·e long been recogni zed a s of unequa l value 
111 soil conscn ·ation . Thi s survey. with its comparative data 011 the 
subte rranean pla nt parts o f a ll three. sho 11·s 11·hy 11·inter rye is much 
more efficient than oats , a nd 11"hy Kentucky bluegrass is far superi o r 
to e ither of the other s in retarding erosion. 

The write r 11"i shcs to ex press hi s tha nks to Professo r R. B. VVyli e, 
u11de1· 11·hose direction the 11·ork 11·as ca rri ed on. and for hi s continued 
interest :incl helpful c ri tic ism s. 
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In a previous pape r (Tran s. A mer. l\Ii croscop. Soc. 55: 277-280. 
1936) I reported sixty-s ix species o f i\Jyxomycetcs co ll ected in 
Panam[t dur ing th e su11m1 er o f 1935. Eleven species had pre,·ious ly 
been reported f ront Barro Colorado bland, o f 11·h ich nin e 11·e r e 
included in my li st, making the total number of spec ies kn oll'll for 
th e R epubli c, including th e Cana l Zone, sixty -eig ht . During the 
su111m e1· o f 1937, additi onal co ll ecti ons 11-ere made in the Ca nal Zone 
and in the i'rovince o f Ch iri c1ui. a considerab le proporti on o f which 
11·e rc unfortunately dest royed by fire. 0 f those that sun·i ved, many 

11·e re species included in the p revious li st. but in a number of instances 
from d iffe rent loca liti es. and se1-en spec ies are to be added. 

T he loca liti es in 11· hi ch co ll ecti ons ,1·e re m ade in 1937 included 
Balboa. in th e vicinity of the i\Ii ssouri Botanical Ga rd en Tropica l 
Stat ion at the base o f Ancon Hi ll. the Plant Int roducti on Gardens at 
S ummit. and Barro Colorado J ~land . all in the Canal /'.one . and all 
vi sited in 1935. An additi onal locali ty in the Zone 11·hich appears to 

be unusually rich myco log· ically. and 1vould undoubtcclly re ll'arcl mo re 
extcnsiY e co ll ecting . is the 1011· forest north o f the road bct11·cen 
Thatcher Ferry and A rraij (u1 and about three kil omete rs cast o f that 
village. Som e tim e 11·a s spent in Chiriqui , thi s time on the cast side 
of the n1 ountain , and co llections 11-cre mad e nea r the to11·11 of Boqucte 

( 10-1-0-1100 111 . ) . at the Finca L erida above the tmrn ( 1600 111 . ). and 
particularly in the vic inity o f Casita Alta . a small cab in on the trial 
bet11·een F inca Lerida and the summit (2000-2200 m. ) . 

T o Mr . A. 'i\l . ::\fonniche, 0 ll'l1e r o f Finca L e rida and Cas ita A lta . 
co rdial acknoll'leclgm ent is d ue for the courtes ies extended to our 
party . 11·hich included. besid es mysel i. Dr. R: E. \Voocbon. i\fr. Rus
sell E . Seibert and :.\[r. Jfobcr t S imon o f the ::\Ii ssouri Botanica l 

Garden. 
As in the previous note. an a ste ri sk indicates that the species so 

desig nated is repo rted upon the h;i sis o f fructifi c;iti ons de l'C:- loped in 
a ste r ile moi st chamber afte r return to l 011·a C ity upon substrata 
coll ected in th e region indicated. Di st ri bution is sh01rn by the sam e 
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symlJOls: Cl'., Ci na] Zone. except Ba rro Colorado I sla nd ; DC, Barro 
Colorado : l', l'ro,,ince of I\1nama : Chi . Province of Chiriqui. 

Flad/ia111ia afjiJ1is R ost. Chi . Spores globosc, 15-lG.5~1, or broad ly 
OYa l, 16-18x l-l- .5r1 . deep Yi olet. closely and even ly warted. 

1Jadlw111ia orbirnlata R ex . Chi. 
1Jidy111i11111 i11tcrn1rdi11111 Schriit. CZ. Thi s species, ori g inally de

sc ribed from B raz il on the basi s of one of 'C le 's coll ections ( 1~Tcd-
11· ig ia 35 : 209. 189G) 11·as also fo un d there hy A. :\Toller, 11· hose 
specimen 11"as desc ribed hy J ahn ( Ber . d. d. bot. Gesell. 20: 275 . 
1902) as l)id_\'J11i11111 rxcrls11111. I :oth coll ections 11·cre on decay ing 

leaYes. Li ster ( .\lycctozoa ed . 3: 122. 1925) notes a report o f its 
occu rrence on l\J t. i'\i kko . Japan. but Emoto ( J our. Ja p. Bot. 10: 758-
768. 193-J.) docs 11 ot include it in hi s li st of rn yxornycetes f rom that 
localit y. 'l \rn Califo rn ia spcci 111 cns in the Un iversity of I m1·a co l
lection are und er thi s 11a1rn.: . O ne of the111 is a por tio n of the coll ec
ti on ident ified by :\ [iss Li ster and repo rted by Plunkett ( ['uh. U niv. 
Cal. L. 1\. Biol. 1 : 40. 193-J.). 11·ith very dark . coarsely spinulose to 
subreticulate spo res . 12-l G~t in diameter. J\ n earl ier collection by 
E. Bethel is on cow dun g and 11·as determ in ed by h im as D. sq1ta 111ulo
.rn111. ll'hich both specimen s suggest in exte rnal appearance. It ha s 
spo res al most exactly like those of the JJlunkct t specimen, and I am 
11 011· inclined to bcl ie1·e that both rep resent either im perfectly matured 
fruiting s o f n. sq11a1111ilos 11J11. or. less probably, a d istinct lm t closely 
a lli ed species. T do not rega rd then1 a s properl y referred to i11t cr-
111cdi11111. 

Th e co ll ection here repo rted 11·as found 0 11 a fallen , partly decayed, 
rn oss-cm·crcd log at the Arraijan loca li ty ref erred to pre1·iously . T he 
fructifi cati on 11"a s a foo t or more in length and at least ha lf as broad. 
Th e lu xuriantly branch ed clu ster s s(·c111ed to suggest a n uncl esc ribed 
speci es . but reference to Schroeter·s or ig ina l descript ion and espe
ciall y to Jahn 's excell en t descr iption and figures seem to make it 
clea1· that the Pana111i1 gatheri ng is simply a m ore luxu ri ant and per 
haps m ore typical represen tation of the fo rm prev iously desc ri bed 
from Brazi l. O n the basis o f thi s material a rev ised descr iption may 
be in order , a s fo llows : 

G rega ri ous, sporang iate. stalked . solitary o r united in simple o r 
com pound co rymbose cluste rs. 5porangia white or g rayish . externa ll y 
glohose or so111 c11·hat irregular, 0.4-0.7 111111. broad . in rea lity di scoid 
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and deeply reAcxed so that the cente r is holl o ll' and t raversed by the 
limy stalk 11·hi ch simulates a co lu111 cl l;! _: peridium thin. frag il e . tran s
lucent, den se ly covered 11·i t h a po ll'dery . 11·h itc layer of stellate crys
tals: sta lk ye ll owish 11·hitc. smooth. sulrnlat c. 1- 1.3 mm . long. 11·ith 
a hyali ne cortex . the core opaque and fillecl 11"ith ro unded crysta ll ine 
concreti ons, arising from a concolorous branch o f the hypothall us. 
11·hich el se 11·hcre is colorless or some11 ha t cry stallin e on the sub
st ratum: columella sma ll , dome-shaped , inconspicuous : capi llitium 

C 
b 

0,. 

e 

Figure 1. Didy111i11111 i11tcn11cdi11 11 1 Schrut. a. clu ster o f sporang ia, x 15; b. free
hand sect ion of sporangium. x 25; c. microt ome sect ion o f sporangium. x 60: 
d. t,rn spores, x 1~00; e. crysta l from sta lk. x 1200; f. h\'O crystals from pcri 
clium. x 1200. F igs . c- f outlined with a id o[ camera lucida and r educed in r e-

product ion to n1ag11 i ficatio11 s given. 

deli cate, colorl ess. profuse. bra nch ing and anastomosi ng fr eely : spo res 
black in mass. dark brown by transmitted light. densely cove red 
11"ith long dark spines and by a partial and irregul ar reticulum. 10- 12~L. 

D iclcrnza sf>11111a rioidrs Fries. CZ. Thi s is the t ropical form 11·ith 

areo latc dehi scence reported fr om Ceylon by Petch ( An n. R oyal Dot. 
Ca rel . Peracl eni ya 4 : 3-1-3. 19 10 ) a nd recorded by Li ster (l\Tycctozoa 
ed. 3 : 8 7. 1925 ) from V cnezuela. Petch notes much variability in 
spo re cha ract er s. The spores of the collection here recorded are 
very uni fo rm . strongly lmt sparsely warted. 9-lO[L. 

* f :icra 111iHi11za F ri es. Chi. 

L 'ycogala coJ1irn111 P ers. DC. Coll ected by l\ l. L. S hields. 
*Hc111itric/1ia lciorarf>a (Cke . ) Li st . P. 
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*Clastodcn11a Dc/Jarya1111111 Blytt. CZ, BC. 
Cri/Jra ria dictydioidcs Cke. & Half . CZ. 

*Cribraria vio lacca R ex. CZ. 
F 111igo scj>t ica ( L.) \Vigge rs. Chi. 
II cmitrirhia Scr;,11/a ( Scop.) R ost. CZ. 
H c111itrirhia stij> it ata ( J\Ia~see) 1\facbr. CZ, BC. 
Hclllitrirhia Vcs/Ja ri1 u11 ( Batsch) l\Iachr. CZ. 

*Oj>hiothcca rhrysosj>en11a Currey . CZ . BC. 
Ph:/sar11111 /Jogo ricnsc Racib. CZ. 
Ph:>'sanu11 tc11 crn 111 Rex. CZ. 
Pliysant111 IVi11 ga.tc11 sc 1\facbr. CZ. BC. 

In the ea rli er note I stated that the species prev iously reported 
from Barro Colorado I sland as Hc111itrichia clavata \Vas in a\1 prob
abi lity H. slij>ita ta . Several specimens o f slij>itata were coll ected on 
Barro Colorado 011 A ugust 30. A ll were destroyed by fire , hut the 
species is usuall y recognizable by the naked eye and unmistakably 
so " ·ith a hand lens. Identical specimen s coll ected near Arra ij in 
were preserved. I have yet to see a coll ection of II . clavata from the 

tropics. 

HY:.[Et-,;I AL ORGA>l TZ ATION O F SEBA.CI NA CALCEA 

E. R \\inn.AK£ 

The genus Scbacina as establi shed by the Tulasnes (9) included 
t11·0 species previo usly assigned to Cortici 11111 hut found hy them to 
possess cruciate-septate hasidia. O ne of these. S. inrrusta 11s (Pers. ) 
Tu!.. to be regarded as the type, h;is a semi -gelatinous hym enium 
borne on a tough-fibrous basal port ion. The other, S. cacsia ( Pers.) 
Tu!. is completely ge latinous. S ince then a number of other species 
have been added to the genus. including some that are a rid and even 
a rachnoid. l\Iany o f them have litt le in comm on with S. i11rrnsta11s 
except the possess ion of cruciate-septate basiclia ancl ;i resupinate 
habit . Vari ous attempts have been m;ide to seg regate certa in groups 
of spec ies. Eichlcriclla Bres .. inc luding form s with dry . flesh y basidio
carps and free edges. as in StNc11111. has met with general acceptance. 
Bol(rdotia , characterized by the possess ion of g loeocyst idia , and 
H cterocha f tclla , \1·ith cysticlia, have both been adopted liy a number 
o f students of the group. Rogers ( 7) hcli e\·es that neither of these 
cha racters is alone suffici ent to justify more than subgeneric seg rega
tion. Thi s may lie g ranted. hut the question still ari ses whether the 
curiou s raccmose arrangement of the basidia in certain species as
signed to Hu11rdotia. well illu strated by lfogers ( I. c. pl. I , fig . 13: 

also vol. 17: pl. 3, fig . 18b), do not constitute a basis for generic 
recognition. In any event S f/Jaci 11a , as refl ected in cur rent usage. as 
l\Iartin ( 5 ) has pointed out . includes a gr oup of heterogeneous forms 
11·hich must sooner or later be recli strihutecl on more fundament;il 
characters than those at present used to de limit the genus. The 
present study of one of the more aberrant species of th e genus is 
intended as a step toward such needed clarification. 

1\Iaire ( 4) s tudied two species o [ Scbar i11a cy to logicall y with refe r
ence to the nuclear phenomena of the hasidium ;incl found that the 
spindles of the tll'o divi sion s 11·e re arranged tran sve rse ly. He be
li eved the chromosome number in both speci es to he tll' o. Neuhoff 
(6) gives a brie f but ca reful study of basidial deve lopment in S. 
calcca ( ,,e rs.) ]hes .. the species here discussed. and a lso acids obscr-
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Yati ll ns on S. efI11 sa ( Drd.) Pat.. one of the species st udied by l\Ia ire, 
fincli11 g th e chromosome number to be apparentl y [our . l,iihne r ( 3 ) 
,1·o rki11 g on 11·hat he refers to :1 s S . gloeocyslidiata. desc ril Jecl as a new 
speci es, but 11·hich l fourclut ancl Calzin ( 1 ) cite a s a sy nonylll of t heir 
l -Jo 11nloti11 ci11 erca . 11·as the fir st to study the cl eve lop111 ent o f accesso ry 
hy n1 e11ia l structures . H e sta tes that th e chromosomes a re probably 
t11·0 in number. althoug h some o f hi s fi g ures seem to ind icate a 
large r number. 

\\'hc lcl en has publi shed a11 im portant se ries o f cytologica l s tud ies 
011 tremcllaceous fun g i. inc luding four species u[ Scbaci11a ( 10) . a ll 
gelatinous forms. ] le found the dipl oid ch ro1110~0 111 e number to be 
six in S . dc111 i1111/a Bourd .. S. f11r;acissi111a B ourcl . a nd Ga lzi n, and S. 
cpigaca ( Berk. and Br. ) Bou rd. and Calz ., and eig ht in Prolodo 11tia 
11da v. Hohn ., Trc111cllodc11dro 11 ca11did11111 (Sclrn·. ) A tk. ( 12 ), S. 
glolwsj,ora \ Vhelde11 ( 11 ) and in the species of Trc111 clla a nd E .ridia 
studi ed. l le paid parti cu lar att enti on to s te r ile hymenia l structures 
and fo und that th e pa raphyses lnanched off f rom th e same hyphae 
that bo re basidia . 11·hil e cysti d ia. g loeocysti ck1. a nd dend ro physes 
originate from separate branches; all are bi nucleate a nd look much 
like youn g hasidia in th eir ea rly stages. 

l\Iorc information is need ed as to th e ori g in and development of 
the non-basidial clements in these fo rm s and since Scbaci11a calrca 
is a species in which t he hymeniu m is largely composed o f such 
element s. and since it represents the a rid form s which have been 
includ ed in the genu s. a reexaminati on seemed des irabl e. In the 
course of the stud y ce rtai n cytological phenomena in the basidia 
proved to differ f rom those noted in previous accoun ts and these 
find ings are also reported . 

Sebaci11a ca.!cra is not uncommon in the bottomland s in easte rn 
l o11·a and " ·estern Illin ois . \\'here it occurs chi efl y 011 th e bark of 
li1·ing Sali.r. It is dry . c rustaceous, becoming ,1·axy 1Yhe11 wet, and 
va ries in co lor fr om chalky wh ite to lig ht hrmrn. the color in older 
fr uctificati ons d iffering only slight ly fr om the exposed inne r bark 

o f the willow upon which it is growing, making it di stinctly incon
spicuous. The mate ri a l studied was coll ected by G. \ V. :\Iartin on 

th e han ks of the Iml"a River near Iowa City , kill ed in fo rmal -acetic
alcohol, Flemming's 1Y caker so luti on and Alle n 's modificat ion of 

Bou ins solution kno 11·11 a s J' FA". Of these. the last-named proved 
most sati s factory . \·ario us ~ta ins \\'e re used. hut al l cyto logical draw-
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ings 11·e re made fro lll sect io ns -1- - 1.'i[l thi ck. sta in ed 11·ith Hai denhain' s 
iron IIaelllatoxy lin and co unterstained 11·i th fast green. 

1\[or phologica l st udies 11·e re ba sed 0 11 th in . irce-ha ncl secti ons cut 
from dried mate r ial ,oaked in 11-cak alcohol and mounted ei th er in 
I, O T:--I and Phlox i1 1e o r lact ic acid and ac id fu chsin , th e lat ter 111 e th ocl 
sen·ing to prcsen·c the c rystalline st ructures 11·hi ch constitute so 
important an clcrn ent of the fruct ification. The genera l a rrangement 
11·as dete rrnin ecl i rom uncrushed sections. The sa111 e secti ons. 
cru shed. perrnit ted detailed s tudy of th e ,·a ri ous hymeni a l e lements. 

In sect ion the basidi ocarp consists o f a laye r o f closely 11·01·en 
septate hyphae para ll e l 11·ith the substratum and occupy ing about a 
th ird of the tota l th ickn ess, 1d1ich Yari es from 50-190~l. The hyphae 
adjacent to th e dead hos t cell s extend regular ly in to the host cell s 
with their 11·ove11 pattern loose r, but essentiall y unaltered . Fre

quently part ly broken dmrn fragm ents of th e host cell wall s are fo un d 
emb<'.dd ecl in hyphae hut are read ily di sting ui shed fr om concreti ons 
by their character isti c co lor and outline ( Fig. 2-1- ) . 

A second laye r o f loose ly \1'01·cn hyphae ex tends from the basal 
layer into the ma tri x o f the fructi11cati on. The basiclia and the nu
merous ste ril e structures . the pa raphyses. cysticl ia and g loeocysticlia 
originate f ro111 the many hyphal tips that occur in thi s layer. ;\ ea r 
the external surface o f th e matri x is a na r ro 11· delimited zone of 

crys ta ls. \ 1\lith th e exception pe rhaps o f concre ti ons found nea r the 
substratum . th e bas idia are the most conspicu ous st ructures in the 
hymeniu111. l\Iaturc bas idia a re \1idely spaced . Steril e structures tha t 

approach the s ize o i mature basidia prol i fcra tc into paraphy ses . 
Ad he ring to the ex ternal surface of the mat ri x a re numerous crystals 
a nd primary spores. the la tte r germina ti ng hy repet iti on. 

The loca li zation of the cytoplasm at the di sta l encl of the basicl iu111 
initi a l is precedent to the fu sion of t1rn stll a ll n ucle i lying diagonall y 
,,i thin the hypha ( Pig . 1, 2 ) . l3oth basidium and fusion nucl eus 
rapidly enlarge . Fo ll m,·ing di sappea rance o f the linin network, a 
spireme is fo nn ecl . bea ring about six teen deeply staining, spherical 
bodies, each approx imately 0.7t,L in clialllctc r ( Fig . 3. -1- , 5 ) . The 
spiremc is ba rely vi sibl e and the deeply stai ning bodi es r egarded a s 
ch romosomes becolll c a rranged in eig ht pairs . The obse rvat ion of 
many fu s ion nucle i suggests that the ch roma tin clra \l'S apart on the 
sp irem e to ,rn rcl locali zed places along the thread \\'here the chrom o
somes ta ke fo rm . The nucleo lus is a 11·cl l clefi necl body approximate ly 
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l.S!t in diameter. The persisten t clumping o f the ch romosomes in 
g roups of fo ur and six. or with the nucleol us. is a condition that 
makes an accurate count very diffi cult . Fortunately. the spireme on 
which the pa ired chromosomes a re a rranged is vis ibl e at high magni
ficatio ns of the fu sion nuclei . 

A s successive stages o f mitotic d ivision take place. the basiclium 
tends to become irreg ularly ell ipso id in shape (Fig . 9). The centro
somes are very small. not ove r 0.3µ in diameter. In m ost cases, the 
spin dle fibers can not be seen, hut the a rrangement of mig rating 
chromosomes indicates their presence and pos iti on (Fig. 6) . Around 
the spindle a less den se cytoplasmic area developes producing the 
effect of a halo. The number o f chromosomes in the second mitos is 
in the basidium is definitely less than that seen in the nrst div ision 
and is approximately eight . neve r more. The t11·0 nuclei of the fir st 
divis ion ( :r ig. 8) are intermediate in size between the fu sion nucleus 
and the fo ur nuclei of the second divi sion ( Fi g. 11 ). The spindles 
of the second divi sion are usuall y situated encl to end. or if ti lted 
s li ghtl y, are parall el ( Fig. 9, JO). A ll spindles observed in liasicl ia 
were ori ented t ransver sely. 

Af ter the formation of t he four monoploid nuclei resulting from 
the second di v ision . septa develop cutting off the hasicliurn from the 
parent hypha and isolating each nucleus in it s respecti ve cell ( Fig. 
12) . The elongation of the epihasiclia and the irregula r rnigrat ion 
of n ucle i toward the sterigmata is essentially the same as fo und in 
othe1- tremcllaccou s fungi. Occasionally , a basiclium is found in 
which one nucleus migrates in adva nce of the others (Fig . 14). The 
steri grnata are short and acute in contrast \\'ith the stcrigrnata of 
othe r species ( Fig. 37 ) . The nucleus mig rat ing t011"arcl the stcrig
ma g raduall y changes its outline from globose to narrowly fu sifo rm 
( Fig. 16, 20). 

A wide diversity of sterile elements is apparent throughout the 
basicl ioca rp. 111 additi on to t,rn types of concretions. there may be 
fo und g loeocysticlia and paraphyses o f three sorts. namely, slender, 
branched. incrnstecl paraphyscs . thi cker , unbranched or branched, 
unincrustecl threads originating from the same hyphae as the basiclia , 
and simi lar branched threads appa ren tl y representing proliferat ing 
prohasid ia. 

Very conspicuous a re the conc retions em hedclccl in the hyphae next 
to the substratum. Observati on indicates there is a correlation be
tween the thickness of the fr uct ification and th e number of concre-
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tions but not as to their s ize. In many spec i111cn s studied the con
cretions are s ituated in t\\'O regular ' li nes whil e in others a much 
thicker . irregular zone exists ( Fig . 2-+ ) . Close to the exte rnal su r
face of the matrix is a rather evenh d istrilmtecl zone of small 
crystals ( Fig. 2-+ ). 

G loeocystidia adjacent to basiclia are co lorless and conta in t11·0 
nuclei in the younge r stages, one usu;tlly large r than the other, 11·hich 
mig rate t011·ard the denser cytoplasm at the dista l encl of the struc
ture ( Fig. 10). Later stages of the g loeocyst id ia sh0\1· no evidence 

of cytoplasmic or nuclear conten t. 
The most numerou s paraphyscs throughout the ent ire hymcnium 

arc the long, slender and branched structures whi ch Burt (2) illus
trates in hi s taxonomic treatment of the genus S c/Jacina ( Fig . 30. 31 , 
32). Observation suggests that thi s type of paraphys is prod uces by 
secretion the man y crystals 011 nodular pro jections along· its axi s. 

Many paraphyses pro liferate from the same hyphae which bear the 
hasidia. These elements arc much stouter than those of the preced ing 
type. They not on ly possess a variety of contours but exhibi t in 
many cases t wo or three consecuti ve clamp connecti ons (Fig. 33). 
The loops of the clamp conn ect ions are long and form a la rge eyelet 
by the t ime the hyphal ti p fu ses ,,·ith the "peg'' ( Fig. 25, 29 ) . 

Another noteworthy type o f paraphysis. much less numerous than 
oth er types. develops fro 111 a smaller hyphal tip wh ich in al l of it s 
physical cha racteri sti cs resembl es a young basid ium about to produce 
epibasiclia. Tnstcad, a stout apica l pa ra physis possessing- severa l 

branches takes form ( :rig-. 27 ) . 
This work was cl one under the direction of Professor G. \ V . Mar

tin in the mycological laboratory of the S tate l: ni ve rsity of Iowa. 

SUM!l f i\RY 

l. S e/Jacina rnlcca is characterized by a hymcnium in ll'h ich the 
widely spaced basidia arc interspersed liet 11·een g loeocysti dia and three 
kinds of paraphyses, many of whi ch originate from the same hyphae 
w hich bea r basidia. 

2. In addition to the small crysta ls prod uced by the slende r pa ra
physes, larger concretions form one or more irregula r layers near 
the ba se of the fructincation. 

3. X uclea r fu sion and division fo ll o\\·s the usua l sequence of 
events as prev iously clcscri becl for thi s and related spec ies. The 
mo noploid number of chromosomes is beli eved to be eight. 



356 IOWA S ' ITDTES I N NATU RAL Hf STORY 

L TTERATCR I-C: C [Tr•: D 

1. llourd ot , H. and Ga lzin, 1\. I-I y rncnomycctcs de France. -l-l. 1927. 
2. Burt. E. :-\ . Sr /J([ ci11a. :\1111. \l o . R nt. Ga rd. 2 : 73 1-770. 1915. 
3. J,iilmcr, R . Cont ribution a l' ctude des Hymeno111_,-cctcs ct , pecia lcmc11t de .s 

. \ g-aricacces. L e llotani s tc /7: 1-22-l , pp. 26-28. Pl. fig. 1- 12. 1926. 
-l. :--Iairc. R. R echerch es c_no lugiq11cs ct laxo 11 omiq11 es sur lcs Das idiomycetes . 

Bull. S oc. \!Ye. France. 18 : Theses 1-209. pp. 6/i-69. 1902 . 
J. :--Lartin , G . \\' . The genu s St_,,;,,·!!a . l.: ni ,·. Ia. Stud. Yat. Hi st. 16 : 145-

l50. 193-l. 
6. Xc11hoff, \\ ' . Zytoh,;ric 1111d ,y stcmati ,chc Stcl lung- der .-\11riculariaccc11 um! 

Trc111 e ll acccn . Bot. :\rch. 8 : 250-297, pp. 263-2/iS. 192-l . 
7. R ogers, D. P. Some note,rn rthy iu11g-i from Io"·;i. l,'11 i,·. fm ,·a S tud. Nat. 

Hi st. 15: 9-29. I 933. 
8. --- B asid ia l prol iferation through clam p formation in a new Sclwci11a. 

_\fyco log-ia 28: 3-17-362. 193/i. 
9. Tul asne, L R. and C. X e"' no tes 0 11 th e trc111e lli11cous fung- i and the ir 

ana loq ucs . J ourn . T. i11 11. S oc. 18 : 35-37. 1873. 
10. \\.h elckn, l< .. ]\J. Cytolog ica l stud ies o f the Trcmell accae IIT Sr/)(l ci11a. 

:\ 1,·cologia 27: 503-520. 1035. 
11. - - - The cytology of S, ·/l(lci11a ylubos.f>ora h. 8 p. Rhodora 37 : 121-128. 

1935. 
12. --- - - - [ \ ' />rolod,mtiu and Trc 11 1-cllodc11dro11. l\ fyco log-ia ?9: 100-

11 5. 1937. 



358 I 0\\ r\ STUD I FS J :-.; ): :\TCR.·\ L B I STO RY 

E.\PLA):A'J'l O \" OF FIGU RES 

A ll fi g ures drawn fr om sli clc~ stained \\·ith iron alum hacmatoxylin 
with th e aid of ca mera lucicla at a magnificati on of x 2570 and 

reduced to x 1000 in reproduct ion. 

Fig. 1. hasid ium in iti al: 2. young fusion nuc leus in hypobas idium ; 3-5, 
spircme stages ,h011· ing six teen chromosomes : 6. fir st a na phase; 7, la te ana
phase of fi rs t di ,·i sion ; 8, da ug ht er nuclei of fir st cli,·is ion; 9. a na pha se o f 
second divi sion; 10, metaphasc o f second di,·is ion a nd binttc lea te g loeocysl idium; 
11 , four monopl oid nuclei and gloe,JCystidium with ba sa l clamp connection ; 
12, 13. ha sidia 11·ith monoploi cl nuclei , each w ith nucl eolus and eig ht ch romo
som es : 14. nea rl y mature basidium sh011·ing migrat ion o f nucleus into epiba si
clium , upper nu cleus in cel l behi nd the for mer ; JS. ba sidium with two nucl ei 
beg inning migrat ion ; JG, nuc leus about tu pass in to developing primary spore; 
17, 18. nucl ei within you ng pri ma ry spores : 19, prima ry spore beg inning 
germ inat ion by r epet iti on: 20. passage o f nucl eus from prima r y spore into 
de ,·eloping secondary spore; 21-23, ba si cl iospores. 
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PuTF .\XI 

Al l figure s clra1rn from mounts o[ hand -sectioned. crushed mater ial 
with the aid oi camera lucida at a 111ag11i11cation of x 1980 and re
duced in reproduction to x 800 11·ith the exception of Fig. 2-1-. drawn 
at a magnification o f " 950 and reduced to >' -1-00 in reprod uction . 

Fig. 2-t. cliag- ramati c cro,s-, ectio11 o i fructificati<ln attach ed tu subst ratum 
sh011·ing the tin) hyphal layers and the rclati"11 oi ste r il e a11d ferti le structures 
to each other: 2j. 26. t11·•> paraph,·ses . one 11·ith a c:amp connection at its ba se : 
27, paraphy sis ll'hich ha s appare11lly dcn·l opcd irrn11 a hasidial initial; 28, 29, 
bas idia 11·ith g loency sti clia a t their bases; 30-32. s lender paraph.,·ses; 33, bas icli11111 
ll'ith pa raphysis p, ,sscss ing 111'0 SL1Cccss i1·c clamp co1111 cctions: 3-t. basiclium ll' itli 
um1 sual septati on: Jj . .36. bas iclia 11·ith young a11d mature gloeocys tidia r espcc
ti ,·e ly; 37, mature ba si dium ll'ith cpiha,iclia de ,·cloping slcr ig mat;i. 
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Tn 1915 t he late Pro fesso r Bohu mil S himek o utli ned ce rtain fea
tures of the di str ibuti on o f plant assoc ia ti ons in the reg ion of Lake 
O koboji. D icki nson County. l m\·a , a nd offered ev idence in support o f 
the theory that d ist ribution o f forest a nd g rassland in thi s di str ict is 
condi t ioned by exposure to evaporati on. Evaporation in turn is con
ditioned by the combin ed factor s o f temperature. relat ive humidi ty 
and topograph y as the latter mod ifi es 11·ind-A ow. H e states that g roves 
are fo un d only on slopes 11·hi ch are p rotected from the full effect o f 

the hot, dry, soutlrn·est wind. that is to say . 011 ea st or north s lopes, 
or on steep bluffs \1·hi ch face the lake in an y directi on. The latte r , 
acco rdin g to S himek, retard air Ao11· to such a n extent that moi sture 
fron1 the lake accumulates there. and thi s permi ts the development 
o f a for est. O nce started . the forest may expa nd beyond the orig inal 
blu ff a s the trees afford some m utua l protect ion. O n gentle slopes, 
even 011 th ose 11·h ich lead to11·ard the no rth o r the cast, the win d 
will fo ll u11· close to the surface and will prod uce suffi cient evapora

ti on to prevent the g rowth o f t rees. 
In 193--1- Professo r S himek induced the 11-ritc r to take up the prob

lem of c1·aporati on as a fa ctor in plant di str ibut ion with the expec ta
tion o f obta ining mo re detai led data 011 thi s p roblem . :\t that ti m e 
he identifi ed sc1·e ra l o f hi s o ld e1·apo rati o11 stati ons to the 11-ritc r so 
that data presented here is a fa irl y close check 011 hi s pre\·ious 
find ings . 

Evaporat ion records haYe been kept cit the l (rn·a L1kcside Labora
tory fo r seve ral su111111ers . Some o i these ha1·c been in Shi111ek 's 
station s : othe r seri es haYe been taken in other loca li t ies . The in stru 
ments used ha ve been for t he most part Livingston po rous cup 
at111 omcters. T11 su111 c cases Piche c1·apori 111 eter s 11·erc used. O pe11 
pans \1-c re tri ed 011 e sun1111er IJU t 11·ith ind ifferent resulb . The value 
and limi tat ions o f th ese different in struments has been 11·ell di scu ssed 
by LiYingsto11 in 1935, a nd in numcrnus earli er pape rs. 

During the summer of 193--1- data obta ined 11·ith the Piche e1·apo r i-
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meters ~ccrnecl more rckililc than that from other in struments. For 
a period of scn:ntcen clays . from July 2--hh to i\ugust 9th. a com
pari~on 11·as made of eYaporation s from the li ne of stations on the 
l,ahor:it ory ca111pu s. Lcgi11ni11g 11·ith the I ,ookout hill across the roacl 
to the 11·cst and end ing rn1 the lake hank. The clata presented here 
refers to Shimek',; stations 2. 3 and 5. 

Statiun 2 is locat ecl in open ground about seventy-fin· feet above 
the ln·e l of the lake a nd fil'e hun dred feet 11·es t of the shore : station 
3 is at the top o f the 30 foot k lll k of the lake near the laboratory 
boat house and sta t iun 5 is clmrn under the hank about 10 to 12 feet 
abm·e the le\'el uf the lake. The s lope from stati on 2 to station 3 is 
to11·ard the cast and an·rages 10 percent. 

Cha r t 1 shml's e1·apo ratio11 rat es per hour from Li vingston atmo
meter s ove r a period of 2-+ clays. T he result s arc such as wo uld 

2 

~ 
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23 2 4 25 26 2 7 28 29 30 31 I 2 3 456789 10 II 12 13 14 L5 

Chart l - A ,-crage losses pn hour ( day and night ) fro111 L ivingston 
at 111 0111etcrs. Lppcr line. Station 2. Lo,,·er Line, S tation 3. 

ord ina ri ly be expected. ll'ith the in st rument on the pra rn e sho11·ing 
consistentl y hig her eYaporation than that 011 the lilu ff unde r t he 
trees. H owever, the rat e of 1.67 cc. pe r hour ( 40.2 cc. for 2-+ hours) 

does not seem part icularly high. and thi s was the ma x imum obta ined 
for any t11·e11ty-iuur hours in the period during 11·hi ch the oliserva
tion s 1rerc in p rog ress. '!'he average da il y evaporati on from thi s 
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station for t he twenty-four days ll'as only 25 .9 cc. ,1·hil e Cates ( 19..?6) 
reports seasona l ave rages of from 23.'i to 33. 1 cc. at D ouglas Lake, 
Cheboygan Cou1 1ty. :\Iichigan. If prairies are kept treeless by the 
action of dryi ng summ er 11·i11 cls 11·c should surely ex pect a higher 
evapora tion rate in nort l111·estern Io11·a than in the G reat Lakes forest 
region in northern :\ l ichigan . 

l'i che evaporimeters 11·cre r ead t11·ice a clay. Chart 2 sho11· ~ the 
day and night rates per hour for the three stations. It is at once 
e\'ident t hat the rates of e,·aporat ion at n ight are rema rkably uniform 
and 1011· : in fact the prairie stat ion ( number 2) sho11· s a lml'cr night 

evaporati on than the ot hers. Thi s is uncl oulitecl ly clue to more rapid 
cooling caused by greater exposure, but the precise time in the 
eveni ng at 11·hi ch the cle11· point is reached remain ;; yet to be cleter
minecl . It is t ru e that stati on 2 showed consisten tly hi gher daytime 
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Chart 2- A ,·crag:e losses per hour from Piche e1·a pori111eters at three 
sta t,ons. clay and nig ht com puted sepa rately. 

evaporati on than eith er of t he others. S himek ( 19 11 ) stresses the 
point that it is not the average hu t the occas ional unusua lly h igh rates 
1\·hi ch cause the death of forest plants. O n thi s basis. clays like J u ly 
29th and August 4th . 193--1-. \\'h en 11·oocl la ncl stat ions show eq ual 
evapo rati on to that of station 2. destroy the adva ntage 11·hich the lake 
hank has as a place for forest to groll'. The unexpected ly low evapora-
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tion at stati on 3 as , how 11 011 thi s chart is umlouhtcdly cl ue to the 
shelte r u f a colony of su111ac ( Rl//1s gla bra L.) 1d1ich had gr om1 up 
since S himek' s investigat ions in 1909. 

A s a part of the new hui lcli 11 g program at the Laborato ry t he bank 
at station s 3 and 5 was cut back early in 1937, a ll the trees and 
shru bs 1-cmm·ecl and the upper pa rt reduced to a steep, soclclcd s lope 
which drops at a pitch nf a\Jo ut 60° to the roof o[ the new pump 
house. Compari son o f e1·aporat ion 011 th is denuclecl blu ff 11·ith that 
on the prairie as m :: 11 as that o f fo rmer records is made poss ible by 
thi s deve lopment . 

In 1937 Piche evapo rimeters 11·c re set up at evaporation stati ons 
2, 3 and 5, 11·ith the single change that a new statio n S 11·as establi shed 
at the foot of the steep g rass hank j ust abm·e the roof o f the pump 
house . Thi s is only a sho rt distan ce fro111 old stati on 5, and is like 
it except that it is not sheltered by trees and shrubs. Stat ion 2 n ow 
receives di rect sunl ight for a longe r period c,·e ry day than eit her of 
the others but as to the shelter o f 1·egctati o 11 the three stati ons a rc 
much a like. Ca re was taken that t he i11 st ru111 c11t set in station 2 11·mil d 
not he cut off fro m the 11·i11 d by 11 c11· lmilclings located near it . 

Cha rt 3 shows total evaporation in cubic centi mete rs f rom these 
three stati ons for three consecutive days , taken at interval s o f one 

I '9 0 II !i' I 2 J 4 ~ . 

Cha r t 3 - T otal losse:i from P iche c1·aporimclcrs ior each oi th ree days. 
l\ cadi ng:-; taken cn:-ry hour. 
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hour. O n the fir st of these clays . Jul y 22nd. the wi nd was fro m the 
soutlrn·est a ll day . The prairie stat1 on sho11·ed 36 '7o g reater total 
e,·aporation than either o f t he others, but t h is is clue to a steady high 
rate ll'hich began about 9 A.M. and continued through the day 
rathe r than to any aftern oon ·' peak ·' as described by S himek ( 19 11 ) . 
The other tlrn in struments show a decrease in rate of evaporat ion 
between two and three o 'clock, at the ti me 11·hcn they beg in to be 
shaded . 

O n July 23 rd the 11·i nd 11·as from the south west a ll day 11·ith an 
average of 14.8 miles per hour from noon unt il 7 P .~I. H ere the 
evaporat ion fro m the three stations is abo ut equa l. with the prairie 
stati on indeed running behind both the othe rs until af ter -J. P . .i\I. a t 
11·hich time their rates of loss slackened . Th is is entirely at va ri ance 
with S himek' s findi ngs . He emphas izes the fact that the criti cal 
period o f the clay is bet11·een 2 and -J. in the af tern oon . and that it is 
the evaporation stress o f thi s peak hour 11·hi ch is i11i 111ica l to the 
gro 11·th of fo rest mesophytes. 

'l'he th ird day, Jul y 24th, the wind 11·as in the cast in the fo renoon . 
shi (ting to the 1\'est in the aftern oon. O n thi s day the stati on 011 the 
bank of the lake ( number 3 ) took such a lead in the morning that it 
was not surpassed by the others a ll day. though stat ion 2 as be fo re 
showed a rate fo r th e la st tlY0 hours 1d1ich exceeded both 3 and 5. 
This is in perfect acco rdance 11·ith the 11-rite r· s findings in 193-J. 
( chart 2 ) when station 5. at the base o f relat ive ly large trees often 
shm1·ed higher evaporati on than did stat ion 3, which, though on a 
more ex posed part of the hank, 11·as partly sheltered by a lm1· g r01dh 
o f grasses and sumac. 

Tn rea li ty th ese result s a re not at va ri ance 11·ith S hi111 ek 's data 
( 19 15. p. 23) but the interp retation is quite different . J-le says of 
station 5, ' ·\\'hen the 11·i11d 11·as from the southwest evaporation 11·as 
g reatest. as 011 the 9th , 10th and 11th o [ .-\ug ust: when the wind 
11·as from the south or southeast and banked the vapors a ro und thi s 
stati on evaporati on 11·as much reduced.' ' \ Vhat actuall y ha ppens is 
that south wind s run parallel with the sho re. 1d1ich is heav il y 11·ooclcd 
for a quarter of a mile to the south. and gi ,·cs excell ent shelter to 
station S. -Cncler this co 11 cl itio 11. as on \ug ust 6th in S himek's repo rt. 
there is the g reatest difference IJetween thi s and the pra iri e stat ions. 
East 11·i ncls . 1\'hich blo11· directly off the lake. are genera ll y acco111 -
pa11 ied 11·ith fal li ng barometer , increas ing cloud iness and humidi ty . 
11·hich res ul ts in lm1·e rcd cYaporation all ove r the region. (Sec last 
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day . chart 3). Al thi s leve l (about 15 feet) the re is no evidence of 
cffec t iYc ha nking of Ya po rs frn m the la ke. 

J\s related lo p lant comnnmit ies. the sign ifica llt feat ure o f these 
result s is that sta tions 3 a nd 5 arc in a ,,·ooded a rea. a nd . t houg h 
ha re at p resent . ca n ~upport a gru,1· th of shrnhs a nd t rees. T hey d id 
suppo rt such a ,[; rO\\'th fo r part o[ the years 1Jct11·een 19 15 a nd 1937. 
S ta ti on 2 is in the ··tro ug·h " desc ribed by S himek. ,1·hich, according 
to him. affo rd s such a good cha nn el fo r the s ,1·eep of the south \\·es t 
,vi nd that it can 11 e,·e r he po pulated 11·ith t rees . 

I n ord er to test the comparat i,·e Ya lue of topographic shelte r a nd 
shelte r by Yegctat ion h1·0 colonies o f sumac 11·e re selected. O ne of 
these is on top o f the "Lookout ." a hi gh hi ll abou t ¾ of a mil e ,1·est o f 
the Ja ke shore and 152 feet a lJove its su r fa ce. The second colony is 
on the top of the lake bluff . nea r the site o f the old L abo ratory 
bui lding. and pa rtly sheltered l1y a n open gro ,1·th o f bur oak t rees. 
Hoth these co loni es are nea r bu il di ngs but not sheltered by them . 
T hree P iche cvapor imcters ,1·erc set up in each sumac colony; one 
at the top, unprotected . one am idst the fo liage and one at the g round 
leve l amongst the stem s. T hese were read a t the end of the clay a ncl 

I 68 2 . 4 0 4 .42 

LOW MID DLE HIGH 

3 .31 2.02 2 .32 

Cha rt 4 -A ,·e rage losses per hour from Pi che e,·apor imeters a t top. 
midd le and g rou nd level of two sumac coloni es. 
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the hourl y loss computed ( cha rt -1- ) . As is to lie e-"pected . t he highest 
ins trument on the L llokout. exposed ttJ hoth sun and ,1·in cl. lost mo re 
,1·ate r than a ny of the others. T he m idd le inst ruments 11·e re m uch 
close r toget her . that 011 the L ookout shm,·ing about 191/o more e\·ap
orat ion than t he one 011 the la ke hank . 11·here in the un protected 
inst rum ents that rm the hig h poi nt lost clo ulil c the amoun t o f t he 
other. 'J' he real surp ri se came in the e,·apo rat io11 rates close to the 
groun d. That on the lake ha nk ran higher t ha n any of the othe r 
protected in strumen ts. 75 7r o f the 111 0,;t exposed of a ll ' T h is res ul t 
1,·as so d is turbing that the entire set o f e,·apori meters ,1·as t;1 ke11 do\\· n . 

reassem bled an d the exper iment t ri ed a second clay. T he resu lts 
\\·e re essentia lly the same. I t ,1·as then rea lized t hat the hill top su mac 
1,·as growing among ta ll p ra ir ie plants : .·l11dropogo11 sropari11s . _} _ 
pro,! i11 cia!is, Jl clia11/l111s srnbcrrinws. Silpl1i11111 luci11iat11111, etc .. ,d1 ile 
the one on the lake hank had on ly grasses such as Paa pra!('Jlsis 
around it. O ne is fo rced to the conclusion that if evaporati on is the 
cr iti ca l facto r ,1·hi ch reta rds or inh ibits t he 0 To \\·th o[ seedlinos the1· 

b ~ b· • ., 

would lie in a more fayo rable pos ition on the h ighest knob in th e 
reg ion. i [ sheltered hy tall prai rie grasses a nd a fe ,1· sumac bu shes. 
than they ,rn u lcl in a n open oak gro,·e 1,·ith all the undergTo \\·th but 
sumac removed. 

Th e effect of d ryi ng \\·in ds a nd strong in sola t ion 011 vegetatio n is 
too ,1·ell kn o,n1 to need d isc uss ion here. At the same ti me it is 11·ell 

to remember that in t he study o f concomi ta nt fac to rs it is somet imes 
d iffic u lt to recogn i;,:e " ·hi ch is cause and which effect. '!'he data 
p resented here seem to ind icate that 01 1 thi s east \\·ard fa cing slope 
near L a ke O koboji d iffe rences in evaporati on are dependent on plant 
cove r rather tha n on contou r of the hill. 'l' he de velopment of shrub 
and tree gro ,1·th is a cause of reduced evapora t ion rather tha n an 
effect. 

\ Vhateve r may be the fac tors 11·h ich induce the g ro1,·t h of \\'Oody 
plants in th is pa rticular a rea . c1·aporatio11 stress a s measured in actua l 
eva poration d uring hot summe r clays doe~ not seem suffi cient ly di f
f erent to accoun t for the p resent dis tr ib uti on of ,rnocl lancl . 
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SU~L\li\RY 

1. Thi s pape r presents rccorcls of evaporation from three po in ts 011 

an east,,·ard sloping hilL leading clom1 to \Vest Lake O koboji. Dickin
son Coun ty . I O\l"a. 

2. Average eva porat ion. clay an cl night. from Li,·i11gsto11 atm o
mete rs sh011·s markecl difference in losses bet11" een a station on the 
prairi e and one on the lake blu ff. The average of the prai ri e stat ion 
is well ,1·ith i11 averages at D oug la s Lake, l\ l ichigan. as reported by 
Cates. 

3 . Rates of evaporation f rom P iche evaporimcters. clay and night 
read separately. sholl' less cliffcrence among the three stati ons than 
their posi t ions 1rnulcl indica te. \ \'hile the prairie station ran con
sistently h igher than the others. an occas ion;il high day on any of 
them makes them essenti a ll y alike if 11·e accept S himek' s th eory that 
the clays of greatest st ress ancl not averages are significant in the 
distribution of forest. 

4. E,·aporation from the three station s af ter shrubs and trees had 
been rcm O\·ed sho,1·s close correlation among all o f them . The pra irie 
stati on ran at a cont inuous high rate a ll afternoon. Thi s and not a 
maxi mum peak betll'cen t11·0 ancl fo ur P.l\I. accounts for higher total 
evaporation at th is point. ,,·hen it docs occu r . 

5. Fvaporirnetcrs placed in tlro sumac colonies ind icate that evap
orati on rates are more moclifi cd by plant cover than by positi on on 
this slope. 

6. There is no incl ica ti on in the da ta obtain ed that evaporation 
rates on thi s slope a re suffi cient ly high to inhibit invasion and g rO\\"th 
of wood land on any part of it. 
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