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A SURVEY OF THE SOIL ALGAE OF TWO VEGETATION 

TYPES IN CENTRAL OKLAHOMA

CHAPTER I  

HISTORICAL INTRODUCTION

Dom (15 ) in  1650 d e f in e d  N ostoc, a  common in h a b i ta n t  o f  th e  

s o i l ,  a s  being  "a k ind  o f  j e l l y  o r  slim e fo m d  o fte n tim e s  in  th e  summer 

in  th e  f i e ld s  and meadoves."

During th e  17th  and l6 th  c e n tu r ie s  b o ta n is t s  p la c e d  re p re se n ­

t a t i v e s  o f  a lg ae , m osses, l ic h e n s ,  and fu n g i v i t h i n  th e  same genus, and 

fe v  sp e c ie s  o f  s o i l  a lgae  were d is t in g u is h e d  from  th e se  groups (59)*

E a rly  in  th e  19th  c en tu ry  co n sid e rab le  i n t e r e s t  developed in  

th e s e  p la n t s ,  and a  conq)rehensive l i t e r a t u r e  on th e  a lg ae  a ro s e . By 

th e  m iddle o f  th e  cen tu ry  b o ta n is t s  had d is t in g u is h e d  s o i l  a lg ae  from 

o th e r  grovg)s o f  cryptogam s, some o f  th e  e a r l i e r  g e n e ric  name s  d isa p p e a r­

ed , and many new sp ec ie s  were d e sc r ib e d . At th e  c lo se  o f  th e  19th  cen­

tu r y  th e  monographers were beg in n in g  to  b r in g  o rd e r  o u t o f  chaos and 

succeeded  in  a t ta in in g  a  taxonom ic c l a r i t y  f o r  many o f  th e  sp e c ie s  ($ 9 ) .

P e te rsen  (59) r e p o r ts  t h a t  Ehrenberg in  1843 vas  th e  f i r s t  to  

p o in t  o u t th e  presence  o f  d iatom s on and in  th e  s o i l .  In  h i s  examina­

t i o n  o f  numerous s o i l  saaqples from v a rio u s  p a r t s  o f  America he found a  

number o f  a lg a e . N otably he found and d e sc r ib e d  th e  two c h ie f  s o i l
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d ia tom s, H an ttech ia  aaph loays^ and P ln a u la r ia  b o r e a l i s » L a te r , in  h i s  

M icrogeology (17) he has  f ig u re d  th e se  and o th e r  d ia tcm s found in  c u l­

t iv a te d  s o i l s  f rom d i f f e r e n t  p a r ts  o f  th e  w orld .

The c lo se  o f  th e  1 9 th  c en tu ry  saw th e  r i s e  o f  e c o lo g ic a l view ­

p o in ts  in  sy stem a tic  l i t e r a t u r e .  Subsequent works have, as a  r u le ,  con­

ta in e d  more com plete in fo rm a tio n  re g a rd in g  h a b i t a t s .  S ince th e  in f o r ­

m ation i s  s c a t te r e d  t h r o u f ^ u t  th e  l i t e r a t u r e  i t  i s  d i f f i c u l t  to  form 

any g e n e ra l id e a  o f  th e  s o i l  a lg a l  f l o r a .

G raebner (32) made an a tte n d ît to  l i s t  com pletely  th e  f l o r a  o f  a  

p la n t  community when he d e sc rib e d  th e  h e a th s  o f  n o r th e rn  Germany. He i n ­

cluded  th e  a lg a e , to  id iich  he a sc r ib e d  c o n s id e ra b le  im portance a s  th e  

f i r s t  in v ad ers  on new s o i l ,  causing  th e  f i r s t  fo rm ation  o f  humus in  th e  

poor s o i l .  F r i t s c h  (25) d iscu ssed  th e  im portance o f  th e  a lg ae  a s  th e  

f i r s t  c o lo n is ts  on new s o i l  and t h e i r  s ig n if ic a n c e  in  th e  subsequent 

e s ta b lish m e n t o f  h ig h e r  p la n t s .  O ther s tu d ie s  (5 ,  28, 60, 7^) have r e ­

l a t e d  a lg ae  to  o th e r  p la n ts  w ith  re fe re n c e  to  su ccess io n  o r  co m p etitio n .

Many in v e s t ig a to r s  (7 , 8 , S , 10, 11 , 13, l 8 , 19, 32, 38 , ^3,

4$, 51 , 52 , 59 , 64, 67 , 79 ) have t r i e d  to  approx im ate th e  growth o f  

a lg ae  in  n a tu r a l  environm er.t by means o f  enrichm ent c u l tu re s .  The use  

o f  enrichm ent c u ltu re s  has  in c re a se d  c o n s id e ra b ly  th e  l i s t  o f  a lg ae  found 

on and in  th e  s o i l .  I t  i s  now known t h a t  C hlorophyceae, Cyanoihyceae, 

and B ac illa rio p h y c e ae  a re  found on th e  su rfa c e  o f  th e  s o i l ,  b o th  on c u l­

t i v a t e d  la n d  and u n c u l t iv a te d  s o i l s .

4che m anuals (6 , 12 , 23, 2 4 , 29, 30 , 31, 33, 34, 35, 36 , 37, 42, 
49 , 53 , 54 , 55, 56 , 62 , 69 , 71 , 72 , 73, 77, 78 ) u sed  in  th e  c l a s s i ­
f i c a t i o n  a re  l i s t e d  under " L i te r a tu r e ."  A uthors o f  ta x a ,  i f  n o t  in  t e x t ,  
a re  l i s t e d  in  ta b le  2 .
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D uring th e  p re se n t c en tu ry  th e re  have been s e v e ra l  s tu d ie s  o f  

s o l i  a lg a e , b u t o n ly  F e h ^ r 's  (21) could  be c a l le d  a  b road  su rv ey . He 

examined s o i l  from A fric a , A sia , N orth America, and A u s t r a l ia .  Less ex­

te n s iv e  e c o lo g ic a l and taxonomic s tu d ie s  have been p u b lish e d  f o r  A frica  

(18), Germany (19 , 4 6 ), England (? ,  8, 10, 27, 39, 4o, 4], 4$), In d ia  

(5 0 ) , Denmark (5 9 ) , and the U nited  S ta te s  (13 , 4?, 51, 52 , 64, 67 , 68 , 

7 9 ). There have been a lso  some m orpholog ical and p h y s io lo g ic a l I n v e s t i ­

g a t io n s .  In  1928 Drewes (16 ) observed  th e  phenomenon o f  n ltro g e n -  

f lx a t lo n  f o r  sp e c ie s  o f  Anabaena and H ostoc. H is d isco v e ry  vas confirm ed 

by A ll is o n  and M orris (2 ) . A ll is o n , Hoover, and M orris ( l ) .  De ( l4 ) ,  

F r i t s c h  and De (2 6 ) ,  and Stokes (7 0 ) have a ls o  c o n tr ib u te d  to  th e  know­

ledge  o f  a lg a l  f ix a t io n  o f  atm ospheric  n itro g e n . S o i l  a lg a e  a ls o  add 

humus (23 , 65 , pp . l6 0 -l6 4 ) to  s o i l s  and p la y  a  v e ry  Im p o rtan t p a r t  in  

th e  s t a b i l i z a t i o n  o f  s o i l s  by  c r u s t  fo rm ation  ( 5 , 23 , 6 6 ) .

A l th o u ^  c u ltu r in g  o f  s o i l  a lg ae  has been p r a c t ic e d  s in c e  th e  

l a t t e r  p a r t  o f  th e  19th  cen tu ry , no s tan d a rd  p rocedure  has  been e s ta b ­

l i s h e d  In  th e  tech n iq u es  o f c o l le c t in g  and c u l tu r in g .  G raebner ( 32) 

o b ta in e d  Chlorophyceae and Cyanophyceae idien s o i l s  from h e a th s  were added 

to  f la s k s  co n ta in in g  s t e r i l e ,  washed sand m oistened  w ith  s t e r i l e  w a ter. 

L a te r ,  Jacobsen  ( 38 ) grew s e v e ra l  green organism s from s o i l  in tro d u ced  

in to  v a r io u s  l iq u id  n u tr ie n t  m edia o f  f i b r i n ,  album in, w heat s ta r c h ,  

su g a rs , m in e r a l - s a l t s ,  o r  m ilk . He a lso  s tu d ie d  th e  In f lu e n c e  o f  th e  

hyd rogen-lon  co n cen tra tio n  on th e  growth o f  c e r ta in  g reen  s o i l - I n h a b i t in g  

a lg a e .

A d i f f e r e n t  method was adopted  by Esmarcfa (1 8 ) f o r  h i s  s tudy  o f  

th e  Cyanophyceae in  th e  s o i l s  o f  German A frica n  c o lo n ie s . He p la ce d



4
1 cm. sampleB o f  th e  s o i l  in  s t e r i l e  P e t r i  d is h e s . The samples were 

m oistened  w ith  s t e r i l e  ta p  w a ter; th en  th e  s o i l  su rfa ce  was covered w ith  

a  s t e r i l e  f i l t e r  p ap er flzm ly  p re sse d  to  th e  su rfa c e  w ith  a  s t e r i l e  

s p a tu la .  The c u ltu re s  were Incubated  a t  approx im ately  19-21° C. in  th e  

d if fu se d  l i g h t  o f  a  greenhouse. The a lg a e  grew through th e  p o res  o f  th e  

f i l t e r  p ap er form ing b lu e -g reen  and b row nish-green  s p o ts . A fte r  the 

f i r s t  appearance o f  a lg ae  th e  c u ltu re s  were r e ta in e d  from two to  s ix  

weeks b e fo re  th e  f i l t e r  p ap ers  were removed and p re se rv e d . Most o f  th e  

s o i l  s a a ç le s  used in  th e  study  were tak en  a t  dep ths o f  1 to  $0 cm. ( l-2 5  

cm. and 25-50  cm. ) w ith  a  few san ç le s  b e in g  c o lle c te d  to  a depth o f  120 

cm. From th e  90 s o i l  samples 33 sp ec ie s  o f  b lu e -g re e n  a lg ae  were r e ­

corded .

Esmarch (19 ) in v e s t ig a te d  th e  d i s t r ib u t io n  o f  a lg ae  in  su rface  

sam ples and a t  depths o f  10 to  50 cm. in  c u l t iv a te d  and u n c u ltiv a te d  

s o i l s  o f  Germany. He sampled sandy, c la y , and marshy c u l t iv a te d  s o i l s .  

The u n c u ltiv a te d  s o i l s  sampled were sandy h e a th la n d , marshy s o i l ,  f o r e s t  

humus, and m o is t sand. C u ltu rin g  p ro ced u res  were th e  same as th o se  used  

in  h i s  s tu d ie s  o f  19IO ex cep t th a t  he m oistened  th e  s o i l  samples w ith  

s t e r i l e  d i s t i l l e d  w a te r . He was p r im a r i ly  in te r e s t e d  in  th e  b lu e -g re e n s , 

b u t he a ls o  m entioned t h a t  o th e r  a lg ae  (g reen s  and d iatom s) grew th rough  

th e  f i l t e r  p ap e r, as w e ll as m osses, m olds, and b a c te r ia .  F o r ty - f iv e  

sp e c ie s  o f  b lu e -g reen  a lg ae  were i d e n t i f i e d  in  th e  s tu d y .

Bobbins (64) c u ltu re d  a lg ae  from 22 s o i l  samples c o l le c te d  from 

a  v a r ie ty  o f  Colorado s o i l  ty p e s  (sandy loam , c lay  loam, heavy c la y , 

h a rd  g ra v e lly  c la y , heavy adobe, and r i v e r  bottom  s i l t )  to  see  i f  th e  

q u a n tity  o f  a lg ae  p re s e n t in  th e  s o i l  would be s u f f i c i e n t  to  sigpply a
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la rg e  p a r t  o f  th e  energy  f o r  th e  n itro g e n - f ix in g  A zo to b ac te r. A f te r  

rem oval o f  th e  su rfa ce  d e b r is  he c o l le c te d  th e  f i r s t  3 o r  4 in ch es  o f  

th e  s o i l .  The samples were c u l tu re d  in  s t e r i l e  $00 m l. F lo ren ce  f la s k s  

f i l l e d  to  t h e i r  g r e a te s t  d iam e ter w ith  ve il-w ash ed  q u a rtz  sand . Twenty- 

two f la s k s  were in o c u la ted  w ith  2$ m l. o f  th e  d i f f e r e n t  s o i l  su sp en sio n s, 

made by shaking  20 gn. o f  th e  s o i l  sample in  $0 m l. o f  s t e r i l e  d i s t i l l e d  

w a te r f o r  5 m inu tes. 3 ie  c u l tu re  f la s k s  were t ip p e d  to  form b o th  a  s o l id  

and an aqueous su rfa ce  f o r  grow th. In cu b a tio n  was s t a r t e d  in  a  sunny 

p la c e  in  th e  greenhouse and th en  con tinued  in  a  shady p lace  in  a  la b o ra ­

to r y .  Iftider th e se  co n d itio n s  a lg a l  growth appesired in  a l l  f l a s k s  a f t e r  

one to  two months o f  in c u b a tio n . Robbins sub c u ltu re d  some o f  th e  sp ec ie s  

on a  1$ a g a r  meditsa o f  a  s o i l  e x t r a c t  s o lu t io n . Twenty-one d i f f e r e n t  

sp e c ie s  o f  a lg ae  were found in  th e  s o i l  examined; 19 b lu e -g re e n s , 1 g reen , 

and 1 d ia tom .

B r i s to l  ( 7 ) used an aqueous m in e r a l - s a l t  s o lu t io n  (now known as 

B r i s t o l 's  s o lu t io n )  to  c u ltu re  13 d i f f e r e n t  samples o f  B r i t i s h  s o i l s  

which had been s to re d  from 22 to  70 y e a rs . The samples a f t e r  b e in g  p a r ­

t i a l l y  a i r - d r i e d  were p assed  th rough  a  s iev e  having  l /k - in c h  m eshes.

They were th e n  p laced  in  la rg e  b o t t l e s  and se a le d  to  p re v e n t in fe c t io n  

from o u ts id e  and e v ap o ra tio n  o f  th e  co n ta in ed  s o i l  m o is tu re . However, 

some o f  th e  c o n ta in e rs  were opened and m oistened  to  b r in g  th e  w a te r-  

c o n ten t up to  18^ . About 0 .5  in ch  o f  s t e r i l e  c u ltu re  s o lu t io n  and 3-^  

gm. o f  th e  s o i l  were th e n  in tro d u ce d  in to  s t e r i l e  sm all g la s s  boxes o r  

in to  sm all f l a s k s ,  tdxich were p lugged  w ith  co tton -w oo l. The v e s s e ls  were 

k ep t under g la s s  b e l l  j a r s  u n t i l  grow th appeared . As e v ap o ra tio n  

o ccu rred  in  th e  l iq u id  c u l tu r e s ,  s t e r i l e  c u ltu re  s o lu t io n  d i lu te d  one-
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q u a r te r  to  o n e -h a lf  vas  added. S ix tee n  s p e c ie s ,  in c lu d in g  12 b lu e - 

g re e n s , 3 g re e n s , and 1 diatom  v e re  found to  have r e ta in e d  t h e i r  v i t a l i t y  

d u rin g  v ery  long p e rio d s  o f  i n a c t iv i t y .  H ostoc muscorum and Nod'll « r l a  

harveyana Thur. resvued  grow th a f t e r  d e s ic c a t io n  f o r  70 y e a rs .

Moore and K arre r (52) compared th e  s o i l  a lg a l  f l o r a  o f  d i f f e r e n t  

re g io n s  o f  th e  U nited  S ta te s .  They examined heavy c la y , lo o se  c lay , sand, 

sandy a l k a l i ,  sandy g ra v e l, and hvmus s o i l .  C o lle c tio n s  v e re  taken  from 

th e  su rfa ce  end th en  every  10 cm. to  a  maximum depth  o f  120 cm. A ll 

su b te rran ean  c u ltu re s  vere  obtedned  from p la c e s  vhere  th e  s o i l  heid n o t  

been  d is tu rb e d  f o r  a  nuaber o f  yeeurs. A pproxim ately  10-gm. p o r tio n s  o f  

s o i l  taken  from veirious d ep th s  v e re  in tro d u c e d  in to  s t e r i l e  p in t  m ilk  

b o t t l e s  co n ta in in g  1 l / 2  in ch es  o f  sand and 150 m l. o f  a  m odified  

B ey e rin c k 's  so lir tio n  (nov knovn as M oore 's s o lu t io n )  d i lu te d  to  o n e -h a lf . 

The b o t t l e s  v e re  plugged vL th  co tto n  and th e  sand vas  s la n te d  so t h a t  

p a r t  o f  i t  vas n o t submerged. As e v a p o ra tio n  o ccu rred  In  th e  c u l tu re s ,  

s t e r i l e  w a te r was added to  re p la c e  th e  l o s s .  A t o t a l  o f  I 7 sp ec ie s  were 

i d e n t i f i e d ,  9 b lu e -g re e n s , 5 g re e n s , and  3 d ia tom s. Three sp ec ie s , 

Chinrococcum hi»ni c o la , H an tzsch la  amphloxys, and H avlcu la  atem oides 

Grun. were found a t  a  depth  o f  100 cm.

Coyle (1 3 ) endeavored to  determ ine i f  th e re  was any c o r r e la t io n  

betw een th e  a lg a l  sp ec ie s  found and th e  v a r io u s  s o i l  ty p e s . She made 

89  c o l le c t io n s  from a l l  seven  m ajor s o i l  a re a s  and 28 named s o i l  ty p e s  in  

th e  S ta te  o f  Ohio. A f te r  d e b r is  o r  l e a f  l i t t e r  had been removed, th e  

s o i l  samples were tak en  in  p a i r s  from th e  upper 1 inch  and a t  a  depth 

o f  12 in c h e s . The sam ples v e re  c o l le c te d  in  s t e r i l e  t in - c o a te d  "sa lv e"  

boxes 2 3 / 8  in ch es  in  d iam eter and 7 /8  in c h  deep . The c u l tu re  procedure
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v as  a m o d if ic a tio n  o f  t h a t  used  by Moore and K arre r (5 2 ) . Each sample 

vas  c u ltu re d  in  two d i f f e r e n t  m in e r a l - s a l t  s o lu t io n s ,  B r i s t o l 's  and 

M oore 's , from 9 to  17 months. H er 125-m l. Erlenm eyer c u l tu re  f la s k s  

co n ta in ed  50 gn. o f  f in e  q u a rtz  sand , tho rough ly  vashed v l th  d i s t i l l e d  

v a te r ,  and 30 m l. o f  m in e r a l - s a l t  s o lu tio n . The f la s k s  v e re  plugged v i t h  

c o tto n -v o o l and s t e r i l i z e d  f o r  one hour under 15 lb s .  p re s su re . The 

t o t a l  i d e n t i f i e d  vas 46 g enera  and 90 sp ec ie s  and v a r ie t i e s  o f  a lg a e .

The g r e a te s t  nim ber o f  sp e c ie s  and v a r i e t i e s  o f  a lg ae  ve re  members o f  

th e  b lu e -g re e n s , fo llo v e d  by d ia to m s, g reen s, and y e llo v -g re e n s  in  t h a t  

o rd e r . From h e r  s tu d y  th e re  seems to  be no c o r r e la t io n  b e tv een  d ra in ag e , 

s o i l  te x tu r e ,  o r  th e  presence  c r  absence o f  o rg an ic  m a tte r , and th e  

number o f  sp e c ie s  found in  th e  s o i l .

John (4 0 ) made a  d e ta i l e d  study  o f  th e  m ic r o s t r a t i f i c a t io n  o f  

s o i l  a lg ae  in  24 u n c u ltiv a te d  B r i t i s h  s o i l s ;  15 a lk a l in e ,  7 a c id , and 

2 n e u t r a l .  The pH v a lu es  o f  th e  s o i l s  v a r ie d  between 8 .4  and 3*7* The 

sasqples v e re  ta k en  w ith  a  smal 1 re c ta n g u la r  sh o v el from th e  to p ,  second, 

t h i r d ,  and fo u r th  cen tim e te rs  in  dep th  every  month f o r  a  p e r io d  o f  abou t 

two y e a rs . Each sample vas th o ro u g h ly  mixed and p laced  in  a  waxed t i n  

u n t i l  c u l tu r in g  was begun. P re c a u tio n s  v e re  teüœn during  sam pling to  

p re v e n t con tam ination .

About 1 m l. o f  s o i l  was in tro d u ce d  in to  s t e r i l e  h a l f - p in t  m ilk  

b o t t l e s  f i l l e d  t o  a  dep th  o f  2  in ch es  v i th  Benecke so lu tio n  and c lo sed  

v l t h  a  p lu g  o f  c o tto n -v o o l. A s e t  o f  m oist c u ltu re s  was a ls o  s e t  up by 

sp read ing  a  la y e r  o f  s o i l  1 cm. deep in  s t e r i l e  P e t r i  d ish e s  and m o is ten ­

in g  them p e r io d ic a l ly  w ith  s t e r i l e  d i s t i l l e d  v a te r .  They were th en  p la c e d  

in  an unheated  greenhouse under n a tu r a l  i l lu m in a t io n . From th e se  s o i l
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sam ples th e  g r e a te s t  nim ber o f  sp ec ie s  and v a r i e t i e s  I d e n t i f i e d  vere  

members o f  th e  g reens fo llo v e d  by th e  b lu e -g re e n s . diatom s and y e llo v -  

g reen s , a  re d , and a eu g len o ld . He found th a t  c e r ta in  a lg ae  v e re  c h a r­

a c t e r i s t i c  o f  th e  su rfa c e  la y e r s ,  w hile  o th e r s ,  e s p e c ia l ly  members o f  the 

X anthojiiyceae, v e re  commoner In  th e  low er la y e r s .

W illson and F o re s t  (79 ) made a  study o f  d i f f e r e n t  tech n iq u es  o f 

sam pling and c u ltu r in g  s o i l  a lg a e . Samples were taken  from a plowed 

f i e l d  and two u n c u lt iv a te d  p lo t s  (p ro te c te d  p r a i r i e  and a  s l i g h t ly  over- 

g razed  p a s tu re )  lo c a te d  in  c e n t r a l  Oklahoma. Three c o l le c t in g  p ro ­

cedures ( s u r fa c e , au g er, and s o l id  co re )  were compared. The core  samples 

were d iv id e d  In to  th i r d s  and each p o r tio n  c u ltu re d  s e p a ra te ly  in  s t e r i l e  

P e t r i  d is h e s . S u rface  and au g er samples were amalgamated and te a sp o o n fu l-  

p o r tio n s  were p la ce d  in  s t e r i l e  P e t r i  d is h e s . S e rie s  o f  c u l tu re s  were 

m oistened  w ith  s t e r i l e  c i s t e r n  v a te r ,  H oagland 's ÿ l  s o lu tio n  d i lu te d  to  

o n e -fo u rth  th e  o r ig in a l  c o n c e n tra tio n , and an o rgan ic  n u t r i e n t  s o lu tio n . 

The s e r ie s  o f  c u l tu re s  were su b je c te d  to  d i f f e r e n t  types o f  f lu o re s c e n t  

il lu m in a tio n  f o r  2k  ho u rs  p e r  day. One o f  th e  l i g h t  banks co n ta in ed  

" id iite "  tu b es  i l lu m in a tin g  th e  p la te s  a t  60-20k  fo o t-c a n d le s j th e  o th e r  

was th e  "d ay lig h t"  type  and il lu m in a te d  a t  $0-20^ fo o t-ca n d le  s .  In  th e  

study  l4  b lu e -g re e n s , 7 g re e n s , 3 d iatom s, and 1 eug len o id  were 

id e n t i f i e d .

S tu d ie s  on th e  s o i l  a lg a e  o f  Oklahoma were made by Booth (5 ) ,  

V inyard (u n p u b lish ed ), Fehér (2 1 ) , and W illson and F o re s t  (79)* Booth 

was p r in c ip a l ly  in te r e s t e d  in  th e  q u a n tity  o f  a lgae  In  th e  s o i l  c r u s t ,  

r a th e r  th an  th e  sp e c ie s  p r e s e n t .  V inyard o c c a s io n a lly  c o l le c te d  a lg ae  

from s o i l  c r u s t s ,  b u t n e i th e r  V inyard n o r Booth a ttem p ted  c u l tu r in g  to
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develop th e  inoonaplcuou* f lo r a .  S o i l  a aap les  tak en  from two o f  th e  

tw elve a re a s  s tu d ie d  by Fehér (21 ) in  N orth America were c o l le c te d  a t  

Ardmore and E u fau la , Oklahoma, p robab ly  from b la c k  ja c k -p o s t  oak f o r e s t s .  

He s ta t e d  th a t  21 s p e c ie s  o f  a lg ae  were found in  North Am erica, b u t d id  

n o t b reak  down th e  f in d in g s  f o r  each a re a .

The scope o f  th e  p re s e n t in v e s t ig a t io n  i s  fo u r - fo ld :  ( l )  d e te r ­

m ina tion  o f  th e  a lg a l  f l o r a  in  th e  upper 0 .5  in ch  o f  s o i l  c o l le c te d  from 

two b lack  ja c k -p o s t  oak f o r e s ts  and two t a l l - g r a s s  p r a i r i e s ;  (2 ) d e te r ­

m ina tion  o f  th e  se a so n a l d i s t r ib u t io n  o f  a lg ae  by sam pling a t  th e  same 

s ta t io n s  in  O ctober, 1956, and Jan u ary , A p r i l ,  and J u ly  i n  1957; (3 ) 

tre a tm e n t o f  sam ples w ith  m in e ra l - s a l t  s o lu t io n  to  develop  th e  Incon­

spicuous f l o r a  and su b cu ltu re  f o r  th e  purpose o f  s tu d y in g  morphology, 

anatomy, eco lo g y , and ph y sio lo g y ; and (4 ) com parison o f  th e  a lg a l  f l o r a  

o f  th e  two v e g e ta t io n  ty p e s .

The a lg ae  found in  t h i s  s tu d y  were c o l le c te d  from f o r e s t  and 

p r a i r i e  s o i l s  which in  th e  f i e l d  had been m oistened  on ly  by atm ospheric  

w a ter; e c o lo g ic a l ly  th e y  were e u - t e r r e s t r i a l  a lg a e .



CHAPTER I I  

LOCATION AND DESCRIPTION OF AREAS

Four l o c a l i t i e s  n e a r  Norman, Oklahoma ( f i g .  l )  ve re  sampled. 

A v a i la b i l i ty ,  r e l a t iv e ly  u n d is tu rb e d  c o n d itio n s  in  the  a re a s , and th e  

supplem entary  a v a ila b le  knowledge ( 4 l ,  48, 63 , 79) o f  th e  p lo t s  were 

th e  c r i t e r i a  used in  making th e  s e le c t io n s .  F o r convenience each o f  the  

a re a s  inves-cigated  has been a ss ig n e d  a  p lo t  number. P lo ts  1 and 2 

re p re se n t th e  b la c k  Ja c k -p o s t oak f o r e s t s ,  and p lo t s  3 and 4 d e s ig n a te  

th e  t a l l - g r a s s  p r a i r i e s .

P lo t  1 ( f i g .  1 ) i s  lo c a te d  approx im ate ly  I 5 m ile s  e a s t  o f

Norman, Oklahoma, in  th e  sou thw est q u a r te r  o f  s e c tio n  25, tow nship 9

n o r th , range 1 e a s t ,  C leveland  C o u n ty . Rice and Penfound (63 ) re p o rte d  

t h a t ,  accord ing  to  r e l i a b le  in fo rm a tio n , t h i s  f o r e s t  had never been c u t­

o v e r, g razed  on ly  s l i g h t l y ,  b u t b u m ed -o v e r p e r io d ic a l ly .  The a re a  

sampled has a  r o l l in g  topography w ith  a  g e n tle  w e s t- fac in g  s lo p e . I t  i s  

open w ith  s c a t te r e d  clim bs o f  g ra s s e s ,  small p a tch e s  o f  l ic h e n s ,  l i v e r ­

w orts  and m osses, and an o c c a s io n a l p i l e  o f  dead le a v e s . The dominant 

t r e e s  were Quercus s te i  i &ta Wang, (p o s t  oak) and Quercus marl l and ic a  

Muenchh. (b la c k ja c k  oak) (63 ) .

P lo t  2 i s  lo c a te d  3 1/2  m ile s  w est and 1 m ile  n o r th  o f  S t e l l a ,  

Oklahoma, in  s e c tio n  l 4 ,  tow nship 10 n o r th , ran g e  1 w est, C leveland

County. T h is  f o r e s t  was fen ced , m o d era te ly  g ra z ed , b u m ed-over
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p e r io d ic a l ly ,  and firew ood had been c u t from i t  u n t i l  19U5 (R ice and 

Penfound, u n p u b lish ed ). The a re a  saaqpled has a  r o l l in g  topography v i th  

g e n tle  n o r th -  and so u th -fa c in g  s lo p es . The f o r e s t  has a  dense woody 

underbrush v l th  some g ra s se s  in te r s p e r s e d  in  a  few c le a r  sp o ts  under th e  

domi nant  t r e e ,  b la c k ja c k  oak (R ice, u n p u b lish e d ). The su rfa c e  o f  th e  

s o i l  i s  m atted  w ith  dead le a v e s , ro o ts  and o th e r  d e b r is .

P lo t  3 ( f i g .  1 ) lo c a te d  in  the  U n iv e rs ity  o f  Oklahoma G rassland  

In v e s tig a t io n s  P lo t s ,  i s  lo c a te d  approxim ately  8  m i le s  southw est o f  

Norman, Oklahoma, along  S ta te  Highway 9 , in  s e c t io n  12, tow nship 8 n o r th , 

range 4 w est, in  McClain County. Die p r a i r i e ,  w ith  a  g e n tle  n o r th - fa c in g  

s lo p e , had been m odera te ly  g razed  up u n t i l  abou t 1^49. T his p ro te c te d  

p r a i r i e ,  as f a r  ais i s  known, had never been plowed o r  burned, and the  

s o i l  was covered w ith  a  th ic k  la y e r  o f  n a tu r a l  mulch and humic mulch.

From an e x ten s iv e  s tu d y  o f  t h i s  p lo t  in  1952, R ice (unpub lished) id e n t i ­

f ie d  60 sp ec ie s  o f  flo w erin g  p la n ts .  He found t h a t  Andropogon sco p a rlu s  

Michx. ( l i t t l e  b lu e -s te m ), Panlcum v irgatum  L. (pan ic  g ra s s )  and 

Sorghastrum  nu tans (L. ) Nash (In d ian  g ra s s )  were th e  dominant p la n ts .  I n  

an ad jacen t v i r g in  p r a i r i e  K e ltin g  (4 l)  found th e  same sp ec ie s  to  be 

dominant.

P lo t  4 ( f i g .  1 ) i s  lo c a te d  2 m ile s  n o r th  and I /2  m ile  e a s t  o f  

Noble, Oklahoma, in  s e c t io n  l4 ,  tow nship 8 n o r th , range 2 w est, C leveland  

County. T h is  p lo t  has a  g e n tle  n o r th e a s t- fa c in g  s lo p e , had been under 

c u l t iv a t io n  u n t i l  about 1937, and had been  burned about 194%. S ince i t s  

abandonment, about 1937» th e  c u l t iv a te d  f i e l d  h as  re v e r te d  to  a  g ra s s ­

la n d . In  re c e n t y e a rs  p a r t s  o f  th e  a re a  have been mowed fo r  hay , b u t th e  

n o rth  end, th e  a re a  sam pled, had n o t been  d is tu rb e d  f o r  approxim ately  20
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y e a rs  excep t f o r  be ing  burned once . The v e g e ta tio n  o f  th i s  a re a  had n o t 

been s tu d ie d , bu t th e  n o rth  end h as  a  good g ra ss  cover o f  l i t t l e  b lu e -  

stem (Andropogon s c o p a r iu s ) and b ig  b lue-stem  (Andropogon g e ra rd i V itm an). 

A lso th e re  i s  a  sm all community o f  Rhus c o p a ll in a  L. (sunac) which in ­

d ic a te s  th a t  the  a re a  had n o t been d is tu rb e d  re c e n t ly .  A «mAi i amount o f  

n a tu ra l  mulch was fo\md on th e  su rfa ce  w ith  some b a re  a reas  between th e  

clumps o f  g ra s se s .

The sy stem a tic  seaso n a l in v e s t ig a t io n  o f  th e  s o i l  a lg ae  o f  two 

v e g e ta tio n  ty p es  in  c e n tr a l  Oklahoma was s t a r t e d  in  O ctober, 1956, and 

com pleted J u ly , 1957* The f i r s t  c o l le c t io n s  were tak en  a t  th e  end o f  a  

d ry  season in  which th e  annual p r e c ip i ta t io n  was 20 .96  inches o f  idiich 

1 .89  inches were reco rded  f o r  O ctober, 195& (75)* The fo llo w in g  y e a r 

was an u n u su a lly  v e t  season w ith  56.^5  inches o f  p r e c ip i ta t io n  ( 76 ) ,  and 

th e  m o is tu re  c o n d itio n s  were fa v o ra b le  f o r  good a lg a l  growth. The annual 

p r e c ip i ta t io n  was m easured a t  Norman, Oklahoma, and n o t a t  th e  a re a s  

sampled.



CHAPTER I I I  

METHODS

Twenty s ta t io n s  10 yards a p a r t  v e re  e s ta b lis h e d  in  each p lo t .

In  a  p rev io u s  s tu d y  by W illson  and F o re s t ( 79 ) , th e  s ta t io n s  were lo c a te d  

every  10 p aces . For t h i s  work, in  o rd e r  to  o b ta in  a  more sy stem atic  

arrangem ent o f  th e  s t a t io n s ,  a  s t r in g  marked a t  10-y a rd  in te r v a ls  was 

u sed . Each s ta t io n  was i d e n t i f i e d  w ith  a  2 - in c h  square m e ta l ta g ,  cu t 

from a  t i n  can , numbered w ith  b lack  sc reen  p a in t ,  and w ired  to  a  1 0 -in ch  

p ie ce  o f  g a lv an ized  w ire . The ta g  ex tended  approx im ate ly  4 in ch es  above 

th e  su rfa c e  o f  th e  s o i l .  S t r ip s  o f  c lo th  and •vdiite marking ta g s  were 

t i e d  to  v e g e ta tio n  n e a r  each s ta t io n  to  a id  in  t h e i r  lo c a t io n .

A f te r  rem oval o f  th e  m ulch, approx im ate ly  0 .5  in ch  o f  th e  su rfa ce  

s o i l  was c o l le c te d  w ith  a  1 l /2 - in c h  m eta l s p a tu la  and p la c e d  in  new 

Kb. 1/ 2 , Rock K ra f t ,  p ap e r sack s . S ta t io n -  and c o lle c tio n -n im b e r, 

v e g e ta tio n  a t  th e  s t a t io n ,  d a te ,  and g e n e ra l s o i l  c o n d itio n s  f o r  each 

s t a t io n  were reco rd ed  on th e  sa c k s . B efore each c o l le c t io n  th e  s p a tu la  

was c leaned  and h e r te d  in  th e  flam e o f  an a lc o h o l b u rn e r. This p re c a u tio n  

was ta k en  to  reduce con tam ination  o f  sanqiles from d i f f e r e n t  s ta t io n s  and 

to  g iv e  a  c le a r e r  p ic tu r e  o f  th e  a lg a l  f l o r a  f o r  each . S o i l  c o l le c t io n s  

v e re  tak en  clockw ise around th e  s t a t io n  m arker v i t h  some o v e rlap p in g  on 

th e  p rev io u s  c o l le c t io n  a re a . The t o t a l  a re a  sampled a t  each  s t a t io n  

th ro u g h o u t th e  h  seasons was approx im ate ly  4 sq . f t .  The s o i l  sam ples

13
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were s to re d  in  a  c o n s ta n t teaipera tu re  room (21° C .) u n t i l  c u l tu re d .

Twenty sam ples from each  p lo t  p e r  season were c o l le c te d  in  

O ctober, 1956 ( f a l l ) ,  and Jan u a ry , A p r i l ,  and J u ly , 1957 (w in te r , sp r in g , 

and siaaner, r e s p e c t iv e ly ) .  Hie f a l l ,  s p r in g , and s ’saner sam ples v e re  

c u ltu re d  v i th in  5 days a f t e r  making c o l le c t io n s .  The w in te r  c o l le c t io n s  

from th e  f o r e s ts  were s to re d  f o r  a  maximum o f  I 6 days and th o se  from th e  

p r a i r i e  p lo t s  were s to re d  f o r  n o t more th an  28  d ays, p rev io u s  to  c u l tu r ­

in g . The s ta t io n  numbers, d a te s  o f  c o l le c t io n s ,  sample numbers, d a te  

c u ltu re d , and th e  p e r io d s  o f  exam ination  p e r  p lo t  have been  reco rd ed  in  

ta b le  1 .

Three 10-ga . p o r t io n s  o f  each s a n ç le , th o rough ly  m ixed, were 

p la te d  in  chem ica lly  c lean ed , s t e r i l e  (15 l b .  p re s s u re , 20 m in. ) ,  P e t r i  

d ish es  and m oistened  w ith  s t e r i l e  m o d ified  B r i s t o l 's  s o lu t io n  (4 ) made 

w ith  pyrex  d i s t i l l e d  w a te r . P la te d  s a a ç le s  (m oist c u l tu r e s )  were i n ­

cubated  a t  a  c o n s ta n t t a : ^ r a tu r e  o f  21° C ., a  r e l a t i v e  h ia a id ity  o f  6056, 

and an i l lu m in a tio n , f o r  16 hou rs  p e r  day, o f  15O-3OO fo o t-c a n d le s  p ro ­

v id ed  by S y lv an ia , w h ite , f lu o r e s c e n t  lam ps. O ccasio n a lly  s t e r i l e  

s o lu tio n  was added to  th e  c u l tu re s  to  re p la c e  th e  m o is tu re  l o s t  th rough  

ev ap o ra tio n . A c r i t i c a l  exam ination  o f  th e  sam ples was made a f t e r  a  

minimixn p e r io d  o f  k  weeks in c u b a tio n .

U n i-a lg a l c u l tu re s  were made from l iq u id  c u l tu re s  o f  s o i l  c o l­

le c te d  in  th e  f a l l  and w in te r .  Two 3-gm. p o r tio n s  o f  a  s o i l  sample were 

added to  4$ m l. o f  s t e r i l e  m o d ified  B r i s t o l 's  s o lu t io n  in  125-m l. c o tto n -  

s to p p ered  Erlenm eyer f l a s k s .  These l i q u id  c u l tu re s  were s u b je c te d  to  th e  

same la b o ra to ry  c o n d itio n s  a s  th e  p la te d  sam ples, and in c u b a te d  f o r  a  

p e r io d  o f  2 to  3 weeks, o r  u n t i l  a  g reen  r in g  o f  growth appeared  around
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th e  a e n lsc u s  o f  th e  c u l tu re  s o lu t io n .  A drop o f  th e  g reen  g ro v th  vas 

p la c e d  in  th e  bottom  o f  s t e r i l e  P e t r i  d ish es  and a  s t e r i l e  2$ m od ified  

B r i s t o l 's  ag ar vas added. I s o la te d  co lo n ies  p ick ed  from th e  poured  

p la te s  v e re  s tre a k e d  on a g a r s l a n t s .

A c r i t i c a l  m icroscop ic  exam ination o f  organism s sc rap ed  from 

p la te d  s o i l  samples vas made by th e  vater-m ount te ch n iq u e . F o r a  more 

d e ta i le d  exam ination o f  d ietcxas, th e  f r u s tu le s  ve re  c le a re d  by b o i l in g  

in  a  l iq u id  mounting medium v i t h  a  h igh  r e f r a c t iv e  index , Hyrax, td iich  

produces a  perm anent mount iqxon cooling  (3 ) .

A f te r  th e  f i n a l  exam ination  o f  s o i l  sam ples, d u p lic a te  p ack e ts  

o f  th e  d r ie d  samples v e re  p rep a red  as herbarium  specim ens. Each pack e t 

v as  id e n t i f i e d  by s t a t i o n -  and sample-number; i . e . ,  20-260  r e f e r s  to  

sample No. 260 tak en  from s t a t i o n  No. 20 in  p lo t  1 o f  th e  f o r e s t  on 

J u ly  4 , 1957 ( ta b le  l ) .  One s e t  o f  th e  d u p lic a te s  from th e  f a l l  c o l­

le c t io n  vas  s e n t to  D r. F ra n c is  D rouet f o r  v e r i f i c a t io n  o f  th e  a u th o r 's  

d e te n a in a tio n s  o f  th e  I^yxophyceae and f o r  s to rag e  o f  th e  specim ens in  th e  

Chicago N a tu ra l H is to ry  Museum.

H ydrogen-ion c o n c e n tra tio n s  o f  th e  f a l l  c o l le c t io n s  (80 samples ) 

v e re  determ ined by th e  method o u tl in e d  by P ip e r  ( 6 l ) .  A Beckman pH 

m e te r, model H2, vas u sed  in  m easuring th e  hydrogen-ion  c o n c e n tra tio n .



CHAPTER IV 

RESULTS

A t o t a l  o f  82 sp ec ie s  and v a r i e t i e s  f o r  the  k  seasons v e re  

id e n t i f i e d  from th e  p lo t s ,  72 from th e  f o r e s t s  and 58 from th e  p r a i r i e s  

( ta b le  2 ) .  In  th e  f o r e s t s  25 sp ec ie s  and v a r i e t i e s  o ccu rred  jji 1 season 

o n ly , 8 in  2 seaso n s, h in  3 seaso n s, and 35 in  a l l  seaso n s. Twenty-one 

sp ec ie s  and v a r i e t i e s  v e re  found in  th e  p r a i r i e s  f o r  o n ly  1 season , 4 in  

2 seasons, 9 In  3 seaso n s, and 24 in  a l l  seaso n s.

The average p ercen tag e  o f  occurrence  o f  each organism  p e r  season 

from th e  combined f o r e s t  and p r a i r i e  p lo t s  i s  shown in  ta b le  2 . The 

seasonal d i s t r ib u t io n  o f  a l l  sp ec ie s  and v a r i e t i e s  p e r  season and th e  

prédom inants found in  th e  4 p lo ts  a re  l i s t e d  in  ta b le  3*

The b lu e -g reen  a lg ae  ( Cyanophyceae) ccMpose th e  g r e a te s t  p e rc e n t­

age o f  t o t a l  sp ec ie s  and v a r i e t i e s  o f  a lg a e , o f  a l l  seaso n s, from both  

f o r e s t  and p r a i r i e  p lo t s  ( f i g .  2 ) .  Diatoms (B a c illa r io p h y c e a e ) were th e  

second most numerous w ith  th e  g r e a te s t  p e rcen tag e  o ccu rrin g  in  th e  w in te r . 

The h ig h e s t pe rcen tag e  o f  g reen  a lg ae  (Chlorophyceae ) ,  th e  t h i r d  most 

nvmerous group, o ccu rred  in  th e  sp rin g . In f re q u e n t groups o f  a lg ae  in ­

h a b it in g  th e  s o i l  sam ples were th e  y e llo v -g re e n s  (Xanthopbyceae ) and th e  

eug leno ids (Euglenophyceae ) each o f  id iich  com prised l e s s  th an  lOÿ o f  th e  

t o t a l  k inds p e r  season .

A pproxim ately th r e e - fo u r th s  o f  th e  b lu e -g re e n s  and abou t th re e -

16
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f i f t h s  o f  th e  diatom s v e re  found to  be comnon to  the  f o r e s t s  and p r a i r i e s  

f o r  s21 seasons ( ta b le  4 ) .  The range in  the  p e rcen tag es  o f  th e  sp e c ie s  

and v a r i e t i e s  in  th e  g reen  aJ^ae p e r  season  was g re a te r  th en  t h a t  f o r  th e  

d iatom s and b lu e -g re e n s . The y e llo v -g re e n s  v e re  encountered  in  th e  

V in te r , sp r in g , and sunner c o l le c t io n s  from f o r e s t  s o i l s ,  and on ly  one 

sp e c ie s  and v a r ie ty  o ccu rred  in  a  summer c o l le c t io n  from a p r a i r i e  s o i l  

sam ple. A member o f  th e  eu g leno ids o ccu rred  in  th e  sp rin g  c o l le c t io n s  

from th e  f o r e s t  s o i l s  and from b o th  v e g e ta tio n  ty p es  in  th e  sumner 

c o l le c t io n s .

S easonal d if f e re n c e s  in  th e  nuaber o f  sp e c ie s  and v a r i e t i e s  

v i t h in  th e  two v e g e ta tio n  ty p es  a re  shown in  ta b le  5* The g r e a te s t  nuaber 

o f  k inds was found in  th e  sumaer c o l le c t io n s  from th e  f o r e s t s ,  w hile th e  

g r e a te s t  nuaber from th e  p r a i r i e s  o c cu rred  in  th e  f a l l .  The l e a s t  nuaber 

o f  sp e c ie s  and v a r i e t i e s  v e re  found in  th e  w in te r  c o lle c t io n s  from th e  

f o r e s t s  and p r a i r i e s .  The lo w est p e rcen tag e  o f  k inds th a t  v e re  comaon to  

b o th  f o r e s t s  and p r a i r i e s  o ccu rred  in  th e  f a l l  and  th e  h ig h e s t  in  th e  

sp r in g  and sumaer. The average p e r  c en t o f  t o t a l  sp ec ie s  and v a r i e t i e s  

common to  b o th  v e g e ta tio n  ty p es  was 6 3 .4 .

In  th e  4 seasons a t o t a l  o f  24 sp ec ie s  and  v a r i e t i e s  were con fined  

to  th e  f o r e s t s ,  10 p re s e n t on ly  in  th e  p r a i r i e s ,  and 49 v e re  common to  

b o th  ( ta b le  6 ) . The occurrence  o f  a  sp e c ie s  o r  v a r ie ty ,  p re s e n t o n ly  in  

one v e g e ta t io n  ty p e  p e r  seaso n , vas l e s s  than  1 2 .$ ^  in  th e  saaQ)les, 

ex cep t f o r  Achnanthes c o a rc ta ta  which v a s  found i n  20-30$ o f  th e  c o l­

l e c t io n s  from th e  f o r e s t s .  Four sp e c ie s  (Achnanthes c o a r c ta ta , C haraciun 

p r in g « h e lm ii , Oedocladlum l e v i s i i ,  and S ta u ro n e is  anceps v a r .  l i n e a r i s  ) 

from th e  f o r e s t s ,  b u t none from th e  p r a i r i e s ,  v e re  p re s e n t in  a l l
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sea so n a l c o l le c t io n s .

A t o t a l  o f  36 sp ec ie s  and v a r i e t i e s  ve re  found in  a.i i  4 seaso n a l 

c o l le c t io n s  ( ta b le  7) . T h i r ty - f iv e  o f  th e se  were p re s e n t  in  th e  f o r e s ts  

and 24 in  th e  p r a i r ie s  v i t h  23 be ing  common to  b o th . E ig h t sp e c ie s  from 

f o r e s t  s o i l  sam ples and 7  s p e c ie s  from p r a i r i e  samples o c cu rred  in  4$ -100$ 

o f  th e  sam ples p e r  season. Of th e s e , Chlorococcum h m lc o la ,  H an tzsch la  

amphio^ys, H avicu la  m utica , Hostoc m uscoina, P in n n ia r i a  b o r e a l i s , and 

Plectonem a nostocorns a re  th e  sp ec ie s  most common in  b o th  ty p e s  o f  p lo t s .  

Cylindrospermum lich en ifo im e  and Scytonema h o fe a n n ^ . In  th e  f o r e s t s  

o n ly , and lyngbya a e s tu a r i i , In  th e  p r a i r i e s  o n ly , o c cu rred  in  45-100$ 

o f  th e  sam ples. The sp e c ie s  and v a r i e t i e s  t h a t  o ccu rred  in  45-100$ o f  

th e  s o i l  sam ples p e r season  have been a r b i t r a r i l y  d e s ig n a te d  as  "p ré ­

dom inants" ( ta b le  8 ). The g r e a te s t  p e rcen tag e  o f  p rédom inants o ccu rred  

in  th e  f o r e s t s  from th e  w in te r  c o l le c t io n s  and th e  lo w est o c cu rred  in  

th e  sp rin g  c o lle c tio n s  from th e  p r a i r i e s .

The number of sp ec ie s  and v a r i e t i e s  v a r ie d  in  th e  4 p lo t s  sampled 

( ta b le  3 ) .  Saarples taken  fro m p lo t  1 produced th e  g r e a te s t  number p e r  

season w ith  a  t o t a l  o f  6l  d i f f e r e n t  k in d s  f o r  th e  4 sea so n s. F if ty -o n e  

sp ec ie s  and v a r ie t i e s  v e re  found in  p lo t s  2 and 4 and 46 in  p l o t  3« In  

th e  f o r e s t s  21 sp ec ies  and v a r i e t i e s  were p re s e n t o n ly  in  p l o t  1 and 11 

in  p lo t  2 . Two o f  the s p e c ie s ,  O edoclad lm  l e v i s i i  and S ta u ro n e is  anceps 

v a r .  l i n e a r i s ,  occurred  i n  a l l  seasons in  p lo t  1 . E leven  sp e c ie s  and 

v a r i e t i e s  were confined  to  p l o t  4 o f  th e  p r a i r i e  and 7 in  p l o t  3»

H itz sc h ia  ig n o ra ta  vas th e  o n ly  s p e c ie s  p re s e n t  in  p l o t  4 t h a t  o ccu rred  

in  SLll sea so n a l c o l le c t io n s .

Chif>rococcm hm nicola was found to  be th e  most common organism
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i n  th e  l i q u id  c u l tu re s .  O thers th a t  v e re  fre q u e n tly  observed  v e re  

Achnanthes c o a r c ta ta . Micro co leus v s g in a tu s , K avicula m u tica , and 

U lo th rix  f l a c c id a .

The pH v a lu es  o f  th e  f a l l  s o i l  c o l le c t io n s  v e re  lo v e r  in  th o se  

s o i l  sam ples tak en  from th e  f o r e s t  p lo ts  ( ta b le  9)> Die range o f  th e  

hyd rogen-ion  c o n c e n tra tio n s  o f  th e  s o i l  samples vas g r e a t e r  in  th e  

f o r e s t s  th a n  in  th e  p r a i r i e s ,  and th e  mean o f  th e  hydrogen-ion  concen­

t r a t i o n  o f  th e  f o r e s t  s o i l s  vas lo v e r  than  th a t  o f  th e  p r a i r i e s .  No 

a ttem p t v a s  made to  e s t a b l i s h  a  c o r r e la t io n  betveen th e  pH o f th e  s o i l  

sanqples and  th e  sp ec ie s  and v a r i e t i e s  p re s e n t .



CHAPTER V

DISCUSSION

S ev e ra l methods o f  c u ltu r in g  a lg ae  from s o i l  have been used , b u t 

no p rocedure has been g e n e ra lly  accep ted . L iq u id  c u ltu re s  (7 , 13, 32,

38, 4o , 52 , 6k)  have been used e x te n s iv e ly , b u t a re  su b je c t to  c r i t ic i s m  

s in c e  th e  a lg ae  a re  s u b je c te d  to  obv iously  a r t i f i c i a l  c o n d itio n s . I t  

seems t h a t  a q u a tic  forms t h a t  th r iv e  on th e  s o i l  would be fav o red , and 

th e  development o f  t e r r e s t r i a l  forms would be in h ib i te d .

Q3ie m o ist s o i l  c u l tu re  methods u sed  by B saarch (18 , 1 9 ), John 

(4o), and W illson and F o re s t  (79) seems to  be th e  b e s t  method in  c u l tu r ­

in g  s o i l  a lg a e . By t h i s  method th e  h a b i t a t  o f  th e  organism s i s  n o t 

cooq)letely  a l te r e d ,  hence , one should  d e riv e  a  c le a r e r  p ic tu re  o f  th e  

sp e c ie s  t h a t  e x i s t  in  eu -t e r r e s t r i a l  s o i l s .  M oist c u ltu re s  a re  easy  to  

s e t  up , m a in ta in , and s tu d y  f o r  an e x te n s iv e  p e r io d .

The m o ist c u ltu re  method does n o t so lv e  a l l  th e  problems invo lved  

in  th e  c u ltu r in g  o f  s o i l  a lg a e , b u t more sp e c ie s  were observed idien 

u s in g  t h i s  method th an  in  th e  l iq u id  c u l tu r e s .  I t  i s  f e l t  t h a t  a  com­

p a ra t iv e  s tu d y  o f  th e  two methods w arran ts  in v e s t ig a t io n , u s in g  bo th  

p ro ced u res . John (4o) found th a t  a lm ost a l l  o f  th e  Cyanopbyceae, m ost 

o f  th e  B a c in  a riophyceae , and some o f  th e  Chlorophyceae, develop b e t t e r  

in  m o is t c u l tu re s ,  w hereas alm ost a l l  th e  Xantho]^iyceae and th e  rem ainder 

o f  th e  Chlorophyceae were more abundant in  l i q u id  c u l tu re s .

20
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The poured p la te  method i s  d ec id ed ly  fa v o ra b le  to  th e  developm ent 

o f  a l im ite d  number o f  s p e c ie s ,  e s p e c ia l ly  some o f  th o se  t h a t  grov a n d /o r 

reproduce ra p id ly .  On th e  o th e r  hand a g a r  c u ltu re s  o f  s o i l  a lg ae  a re  

com pletely  d e stro y ed  by b a c te r i a  and fu n g i w ith in  a  p e rio d  o f  te n  days to  

two weeks. Purthenm ore, th e  ag a r sometimes becomes dehydra ted  b e fo re  th e  

s lo w er growing a lg ae  dev e lo p .

One o f  th e  most s e r io u s  problem s th a t  must be so lv ed  i s  th e  

c l a s s i f i c a t i o n  o f  a lg ae  grown under a r t i f i c i a l  c o n d itio n s . !Qie h a b i t  o f  

a  number o f  th e se  organism s was v a r ia b le  in  d i f f e r e n t  c u ltu re  c o n d itio n s . 

Scytonema hofteanni i  showed s e v e ra l  forms in  th e  same c u l tu r e .  I f  grown 

on p a r t i a l l y  flo o d ed  s o i l s ,  i t  may resem ble T o ly p o th rix  o r  M icrochaet e .

There was a  m oderate v a r ia t io n  in  th e  number o f  sp e c ie s  and 

v a r i e t i e s  in  a l l  seasons in  th e  s o i l s  o f  b o th  v e g e ta tio n  ty p e s . T h is  was 

p r im a r i ly  due to  th e  occu rren ce  o f  th e  sp o rad ic  r e p re s e n ta t iv e s .  The 

g r e a te s t  number o f  k inds o c cu rred  in  th e  summer from th e  f o r e s t s  and in  

th e  f a l l  f rom th e  p r a i r i e s  ( ta b le  $ ) .  The sm a lle s t number o f  sp ec ie s  

and v a r i e t i e s  f o r  b o th  v e g e ta t io n  ty p es  was in  th e  w in te r . The w in te r  

d ecrea se  m ight have been caused  by th e  lo n g e r p e r io d  o f  s to ra g e  o f  th e se  

s o i l  sam ples b e fo re  c u l tu r in g .

From th e  f o r e s t  and p r a i r i e  p lo t s  in  c e n tr a l  Oklahoma the  

g r e a te s t  number o f  sp e c ie s  and v a r i e t i e s  o f  a lg ae  o ccu rred  in  th o se  p lo t s  

( l  and 4 ) t h a t  had  th e  l e a s t  accum ulation  o f  mulch covering  th e  s u r fa c e . 

T h is  confirm s th e  f in d in g s  o f  P e te rs e n  (6 4 , 6$) in  h i s  in v e s t ig a t io n s  o f  

th e  a lg a e  in  s o i l  sam ples ta k en  from v a r io u s  p la n t  foxm ations in  Ic e la n d  

and Denmark. He found t h a t  th e  a lg a l  f l o r a  was r i c h e s t  in  sp e c ie s  on 

naked ground, and p o o re r on s o i l  covered  w ith  w ith e red  le a v e s , moss, o r
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a  denM  phanarogMi v e g e ta tio n .

Ho d e f in i te  a n a ly t ic a l  method has been d ev ised  to  d e sc rib e  

a c c u ra te ly  th e  a lg a l  f l o r a  o f  a  community. The v a rio u s  te ch n iq u es  u sed  

In  sam pling th e  h ig h e r fozms o f  v e g e ta tio n  a re  n o t a p p lic a b le  in  th e  

a n a ly s is  o f  a lg a l  p o p u la tio n s , s in ce  th e  organism s Invo lved  aire m icro ­

s c o p ic . When d ea lin g  v l t h  s o i l  a lg ae  i t  i s  d i f f i c u l t  to  de term ine  th e  

frequency  and percen tag e  o f  cover o f  each s p e c ie s , due to  th e  s iz e ,  

numbers, d iv e r s i ty ,  and polymorphism o f  form s. In  t h i s  s tu d y  o n ly  th e  

p re sen ce  o f  a  sp ec ie s  o r  v a r i e ty ,  n o t th e  frequency , in  a sample vas 

reco rd ed . S ince  coverage v a s  n o t Invo lved , and s in c e  o n ly  th e  p e rcen tag e  

o f  o ccu rrence  p e r  saniple v a s  used , th e  term  "dominant'* had l i t t l e  o r  no 

meaning In  a  study  o f  t h i s  ty p e . In  o rd e r  to  c a te g o r iz e  th o se  sp e c ie s  

and v a r i e t i e s  o f  a lg ae  t h a t  v e re  encoun tered  In  4$-100$ o f  th e  s a a p le s  

p e r  season  th e  term "predom inant" vas employed.

P rev io u s  In v e s t ig a to r s  have, a s  a  r u le ,  ta k e n  a  sm all number o f  

s o i l  samples from a v a r ie ty  o f  l o c a l i t i e s .  Those (8 , 20, 4o, 43, 45) 

t h a t  v e re  concerned v i t h  se a so n a l s tu d ie s  made c o l le c t io n s  from g e n e ra l  

a re a s ;  o n ly  F ehér (20) had d e s ig n a te d  s ta t io n s .  He to o k  f o r e s t  s o i l  

sam ples from 30 s ta t io n s  lo c a te d  in  c e n tr a l  and n o r th e rn  Europe.

In  t h i s  study  conducted in  c e n tr a l  Oklahoma, a  la rg e  nuober o f  

sam ples from each p lo t  p e r  season  v e re  tak en  from d e s ig n a te d  s t a t i o n s .  

With th e  ex ten s iv e  sam pling In  th e  f o r e s t  and p r a i r i e  p lo t s ,  and th e  

ad o p tio n  o f  th e  m o ist c u l tu r e  m ethod. I t  I s  f e l t  t h a t  most o f  th e  a lg ae  

p re s e n t  v e re  p robab ly  observ ed . Hovever, I t  i s  d i f f i c u l t  to  be su re  o f  

t h i s  s in ce  th e se  organism s a re  m icroscop ic  and m ost o f  them d id  n o t  form 

conspicuous g ro v th s .
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The appearance o f  Volvox sp . in  a  s o i l  sample taken  from p lo t  4 

o f  th e  p r a i r i e  in  th e  f a l l  c o l le c t io n s  vas o f  i n t e r e s t ,  s in ce  th is  

organism  has been considered  to  be an a q u a tic  in h a b i ta n t ,  fiovever, th e re  

i s  a  la rg e  farm pond about 300 y a rd s  n o rth  o f  th e  p lo t  from which i t  

m ight have been tra n s p o r te d .

About 5 ^  o f  th e  sp e c ie s  and v a r i e t i e s  id e n t i f i e d  in  t h i s  s tu d y  

v e re  p re s e n t  in  bo th  th e  f o r e s t  and p r a i r i e  s o i l s .  From th i s  evidence 

th e  a lg a l  p o p u la tio n s  o f  th e se  two v e g e ta tio n  ty p es  in  c e n tr a l  Oklahoma 

appeared, to  be s im ila r .



CHAPTER VI

SUMMARY

This in v e s t ig a t io n  concerns th e  comparison o f  th e  seaso n a l a lg a l  

f l o r a  in  th e  iqpper 0 .5  inch  o f  s o i l  c o lle c te d  from two b la ck  Jac k -p o s t 

oak f o r e s t s  (p lo ts  1 and 2 ) ,  and two t a l l - g r a s s  p r a i r i e s  ( p lo t s  3 and 4) 

in  c e n t r a l  Oklahoma.

Seasonal ( f a l l ,  v L n te r , sp r in g , and sunnier) su rfa ce  s o i l  sam ples 

were c o lle c te d  from 20 s ta t io n s  10 yards a p a r t  in  each o f  th e  4 p lo t s .  

A f te r  removal o f  th e  m ulch, th e  samples were d ep o sited  in  new paper 

sack s  w ith  a  c lean  m e ta l s p a tu la  which had been flam ed w ith  an a lc o h o l 

b u rn e r . Three 10-gm. p o r tio n s  o f each sanqple, tho rough ly  mixed, were 

p la c e d  in  s t e r i l e  P e t r i  d ish e s  and m oistened  w ith  s t e r i l e  m odified  

B r i s t o l 's  s o lu tio n  co n ta in in g  pyrex  d i s t i l l e d  w a te r . The c u ltu re s  were 

in c u b a ted  a t  a  c o n sta n t tem p era tu re  o f  21° C ., a  r e la t iv e  hum id ity  o f  

60$ , and an i l lu a in a t io n ,  f o r  16 hou rs  p e r  day, o f  15O-300  fo o t-c a n d le s  

p ro v id ed  by S y lv an ia , w h ite , f lu o re s c e n t  lam ps. C u ltu res  were examined 

a f t e r  a  minimun o f 4 weeks in c u b a tio n . Sense su b -c u ltu re s  were made w ith  

B r i s t o l 's  256 a g a r .

From 960 m o is t s o i l  c u l tu re s  made from 320 samples c o lle c te d  

and c u ltu re d , 82 sp ec ie s  and v a r i e t i e s  were id e n t i f ie d ;  35 b lu e -g re e n s  

(ifyxophy’c ea e ), 23 diatom s (B a c i l la i io iù y c e a e ) , 18 greens (C hlorophyceae), 

5 y e llo v -g re e n s  (Xantho^xyceae ) ,  and 1 eu g len o id  (Euglenophyceae ).
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T h ir ty -S ix  o f  th e se  sp e c ie s  sad  v a r i e t i e s  v e re  p re se n t In  e l l  sea so n a l 

c o l le c t io n s ;  35 In  f o r e s t s  and 24 In  p r a i r i e s ,  23 being mmsin to  b o th . 

The g r e a te s t  number o f  sp e c ie s  and v a r i e t i e s  occu rred  In th e  f o r e s t s .

Of th e  72 d i f f e r e n t  k inds In  f o r e s t  s o i l  saoqples, 24 vs re  co n fin ed  to  

t h a t  a re a  as  cosq>ared to  10 o f  th e  t o t a l  o f  58 sp ec ie s  and v a r i e t i e s  

found In  th e  p r a i r i e s .  F o r ty -e ig h t  v e re  common to  both v e g e ta tio n  ty p e s .

Only th e  occurrence  o f  an organism , n o t th e  frequency . In  a  

sample vas reco rd ed . The a lg ae  t h a t  o ccu rred  in  4$-100$ o f  th e  s o i l  

sam ples p e r  season  v e re  a r b i t r a r i l y  d e s ig n a te d  as  "prédom inants."  There 

v e re  s ix  prédom inants common to  b o th  v e g e ta tio n  ty p es: Chinrococcun

h u a i c o la , H antxschla  amgphioxys, H av lcu la  m u tlca , Hostoc m uscorua, 

P in n u la r ia  b o r e a l i s ,  and P lectonem a n o sto co ru a . Two prédom inants,

Cyi i nd-rospermic llc h e n lfo n a e  and Scytonema hf>-ftn«.nn-ti. v e re  from the 

f o r e s t s  o n ly , and one o n ly , lyngbya a e s t u a r i l , from th e  p r a i r i e s .  The 

g r e a te s t  nuaber o f  prédom inants o c cu rred  In  th e  fo r e s ts  f rom th e  v ln t e r  

c o l le c t io n s  and th e  lo v e s t  o c c u rre d  In  th e  sp rin g  c o lle c t io n s  from th e  

p r a i r i e s .

A g r e a te r  nuaber o f  sp e c ie s  and v a r i e t i e s  o ccu rred  In  th e  open 

f o r e s t  ( p lo t  1 ) th an  In  th e  f o r e s t  v l t h  dense voody underbrush ( p lo t  2 ) . 

The p r a i r i e  v h lch  had been under c u l t iv a t io n  ( p lo t  4) y ie ld e d  more 

sp e c ie s  and v a r i e t i e s  th a n  th e  p ro te c te d  p r a i r i e  (p lo t  3 )«

From th e  evidence In  t h i s  s tu d y  I t  ap p ears  th a t  th e  sea so n a l 

v a r ia t io n  In  th e  nuaber o f  sp e c ie s  and v a r i e t i e s  vas p r im a r i ly  due to  

th e  occurrence o f  th e  sp o rad ic  r e p re s e n ta t iv e s .
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TABI£ 1
SOIL SAMPLE COLIÆCTION DATA PER PLOT PER SEASON. 

DATE CULTURED AND PERIOD OF EXAMINATION

P lo ts
S ta t io n

No.
Date 

o f  C o lle c tio n
Sample

No.
Date

C u ltu red
P e rio d  o f  

Exam ination

F o re s t  
P lo t  1 1-20 O ct. 23, 1956 

Jan . 2 , 1957 
A p ril  6 , 1957 
J u ly  4 , 1957

1-20
81-100

161-180
241-260

O ct. 28 , 1956 
J a n . 18 , 1957 
A p ril  10, 1957 
Ju ly  4, 1957

Dec. 5 -9 ; 1956 
Feb. 11-Mar. 1, 1957 
May 10- 15 , 1957 
Aug. 6 -9 ; 1957

P lo t  2 21-40 O ct. 26 , 1956 
J an . 2 , 1957 
A p r il  6,  1957 
J u ly  4 , 1957

21-40
101-120
181-200
261-280

O ct. 30 , 1956 
J an . 17 , 1957 
A p r il  10, 1957 
J u ly  4 , 1957

Dec. 17- 3I ;  1956
Mar. 4 - 13 , 1957 
May 17- 1 9 , 1957 
Aug. 13-15; 1957

P r a i r i e  
P lo t  3 4 i-6 o O ct. 27 , 1956

J an . 12, 1957 
A p ril  13; 1957 
J u ly  5 , 1957

4 i-6 o
121-140
201-220
281-300

O ct. 3I ;  1956 
Feb. 9 ,  1957 
A p ril  14, 1957 
J u ly  5, 1957

Dec. 3 1 ^ a n .  1 , 1957 
Mar. 13- 2 0 , 1957 
May 20-22 , 1957 
Aug. 9-13 ; 1957

P lo t  k 61-80 O ct. 30 , 1956
J an . 12, 1957
A p ril 13 , 1957 
J u ly  5, 1957

61-80
l 4 l - l6 0
221-240
301-320

O ct. 31 , 1956 
Feb. 9,  1957 
A p r il  14, 1957 
J u ly  5, 1957

Nov. 25-Dec. 2 , 1956 
Mar. 22- 27 , 1957 
May 24-25; 1957 
Aug. 16- 18 , 1957

%



TABIÆ 2
SEASONAL DI8TRIBWI0N AND PERCENTAGE OF OCCURRENCE OF ALL SPECIES IN FOREST 

AND PRAIRIE PLOTS (PERCENT.AGE BASED ON W  8AMPIZ8 PER SEASON) 
(F-FALL, W-WINTER, 8P-SPRING, SU-SIM4BR)

G enera, S p ec ies  and V a r ie t ie s F o re s ts P r a i r i e s
F w Sp Su F W Sp Su

AchnsQthes c o a r c ta ta  (B re b .)  Gi-un. 2 0 .0 3 0 .0 2 0 .0 2 0 .0
Anabaena in a e q u a ils  (K u e tz .)  Bom . & F la h . 2 .5 2 .5
A. o s c iU a r io id e s  Bory 5 .0 10 .0 10 .0 5 .0 1 0 .0 3 0 .0
Aphanothece s ta g n in a  (S p re n g .) A. B r. 57.5 U5 .0 30.0 U2 .5 65 .0 U2 .5 32.5 U7.5
B o rz ia  t r i l o c u l a r l s  Cohn 5 .0 12.5 2 .5
C a r te r ia  cord ifoxm is (C a r te r )  D i l l 5 .0
C. c r u c i f e r a  Kbrschikov 7 .5 # * # 2 .5
C. g lobosa  Kbrschikov 2 .5 •  •  • •  •  •

CharaciopA is p y r i f o m is  (A. B r. ) B orzi 5 .0 22.5 15.0
C. p y rlfo x m is  v a r .  s u b s e s s i l i s  Lenm. 5 .0 2 .5
C haraciim  ambiguum Hezm. 2 .5
C. operculum  Ackley 2 .5
C. p r in g sh e im ii A. B r. 5 .0 2 .5 2 .5 2 .5
Chlanydooonaa sp . 55.0 2 0 .0
C h lo re l la  v a r ie g a tu s  B eyer. 5 .0
C. v u lg a r is  B eyer. 27.5 20 .0 22 .5
ChlorococcuD h u n ic o la  (Naag. ) Rabh. 92.5 100.0 65 .0 95 .0 92.5 100.0 1*5.0 77.5
Chroococcus minimus (K e is s l .  ) Lemm. 2 .5 2 .5
C. mlnutuB (K u e tz .)  Naeg. 5 .0
Cosmariua pokom yanun (G run .) West & G. S. West 2 .5 15 .0 12.5 17.5 5 .0 2 .5 10 .0
C yllndrospezuua l ic h e n ifo m e  (Bory) K uetz. 77.5 80 .0 57.5 65 .0 67.5 Uo.o 15 .0 25 .0
C. m ajus K uetz. 10 .0 5 .0 2 .5 10 .0 2 .5 2 .5 2 .5
C. m u sc ico la  K uetz. 2 .5 •  •  •

C« s ta g n a is  (K u e tz .)  B om . and F la h . 7 .5 2 .5 17.5 2 .5 5 .0 2 .5
E u as tru n  sp . 10 .0 7.5



TABLE 2— Continued

G enera, S p ec ies  and V a r ie t ie s
F

F o re s ts  
W Sp Su F

P r a i r i e s  
W Sp Su

Euglena sp . 15.0 22.5 2 .5
G loeothece r u p e s t r i s  (ly n g b . ) Bom . 2 .5 •  • • •  •  • •  • • 7 .5
H an tzscb ia  emphioxys (E hr. ) Grun. 100.0 100.0 90 .0 97.5 90 .0 77.5 92.5 100.0
Lyngbya a e s tu a r i i  (M a r t .) L ieb . 30.0 25 .0 10 .0 17.5 67.5 75 .0 70 .0 75.0
M icrocoleus l a c u s t r i s  (R ab h .) F a rlo v 2 .5 • • • 5 .0
M. paludosus (K u e tz .)  Gom. 35.0 57.5 4o .o 55.0 37.5 22.5 12.5 32.5
M. n q > ico la  (T i ld . ) Dr. 42.5 10 .0 5 .0 2 .5 30.0 7 .5 2 .5
M. v a g in a tu s  (Vauch. ) Gom. 15 .0 35.0 17.5 7 .5 2 0 .0 2 .5
H avicu la  (? )  c in c ta  (E h r. ) K uetz. •  •  • •  •  • 2 .5
N. f r i t s c h i i  Lund 40 .0 22.5 20 .0 65 .0 2 0 .0 15.0 25 .0 55.0
N. g rim nei K rasske 2 .5 2 .5
N. ( ? )  m u ra lia  Grun. 5 .0 •  •  • •  • • • •  « •  • • •  •  • » * e

N. m u tica  K uetz. 100.0 97.5 95 .0 100.0 90 .0 95 .0 100.0 97.5
N. m u tica  v a r .  co h n ii (H lls e )  Grun. 72.5 17.5 12.5 10 .0 35.0 17.5 10 .0
N. m u tica  v a r .  n iv a l i s  (E h r .)  B u st. . . . 2 .5 2 .5 5 .0 5 .0 2 .5
N. m u tica  v a r .  v e n tr ic o s a  (K u e tz .) Cleve 2 .5 5 .0 12.5 5 .0
N. pseudatomus Lund 27.5 65 .0 12.5 60 .0 12.5 42.5 10 .0 22.5
N. seminulum Grun. 7 .5 5 .0 •  •  • •  •  •

N itz sc h ia  (? )  communis Rabh. •  •  • # # e 2 .5 •  •  •

N. ig n o ra ta  K rasske 5 .0 2 .5 2 .5 2 .5 10 .0 7 .5
N. p a le a  (K u e tz .)  W. Sm ith 10 .0 52.5
Nostoc commune Vauch. 35.0 50.0 10 .0 2 .5 12.5 2 .5 2 .5
N. e llip so sp o ru m  (Desm az.) Rabh. 7 .5 5 .0 7 .5
N. muscorun Ag. 70.0 85 .0 72.5 80 .0 97.5 82.5 57.5 85 .0
O edocladiuu l e v i s i i  L. W hitford 2 .5 2 .5 2 .5 5 .0
O o cy stis  l a c u s t r i s  Chodat 2 .5
O s c iU a to r ia  sp len d id a  G rev . 2 .5
Fhozm idlua sp . 12.5 5 .0
P . autim m ale (Ag. ) Gom. 2 .5 25 .0 30.0 7 .5 22 .5 35.0



TABI£ 2—C ontinued

Qenera> S p ec ies  and V a r ie t ie s F o re s ts P r a i r i e s
F W Sp Su F W Sp Su

P in n u la r ia  b o r e a l i s  E hr. 85 .0 72.5 80.0 82.5 80 .0 6 0 .0 85 .0 92.5
P . in te m e d ia  L a g e rs t.
P . m ic ro s tau ro n  (E hr. ) Cleve

65 .0 47.5 12.5 42.5 12.5 45 .0 5 .0 25 .0
47.5 67.5 2 .5 30.0 12.5 10 .0 7 .5 15 .0

Plectonam a nostocorun  B om . 50.0 77.5 65 .0 100.0 70 .0 70.0 52.5 100.0
P . purpureun Gem. 12.5
Porphyroslphon fu scu s  0<xn. 5 .0 5 .0 5 .0 5 .0 2 .5 2 .5 2 .5 2 .5
P. n o t a r i s i i  (M enegh.) K uetz. 15.0 42.5 37.5 42.5 7 .5 10 .0 10 .0 10 .0
R ap h id lo p sis  c u rv a ta  F r i t s c h  & Rich 5 .0
S c h iz o th r lx  b ra u n il  (A. B r. ) Qom. 2 .5
S. g iu sep p e i Dr. 2 .5
S . h e u fle i- i  Grun. 52.5 77.5 25.0 10 .0 50.0 27.5 5 .0 5 .0
S . pu rp u rascen s  (K uetz. ) Gom. 37.5 2 .5 5 .0 7 .5 25 .0 17.5 5 .0 17.5
Scytonema hofinannii Ag. 85.0 85 .0 75.0 57.5 52.5 35.0 37.5 37.5
S ta u ro n e ls  anceps E hr. • • • 2 .5 • • •
S . anceps v a r .  l i n e a r i s  (E h r .)  Cleve 2 .5 2 .5 2 .5 7 .5
S . (? )  b o r r i c h i i  Boye P e t . 2 .5 • • •
S . m u r le l la  Lund 37.5 75 .0 15.0 2 .5 55 .0 50.0 25 .0 32.5
8 . thexmlcola Boye Pet. 2 .5 . . . . . .
Symploca m u ra lis  lû ie tz . 2.5 4 0 .0 12.5 25 .0 2 .5 42.5 12.5 17.5
S . muscorun (Ag. ) Gom. 22.5 80 .0 52.5 30.0 25 .0 55.0 35 .0 65 .0
Synechococcus aeru g in o su s  Naeg. 5 .0 10 .0 15.0 5 .0 30.0 5 .0 2 .5
U lo th r ix  b a c i l l a r i s  (Naeg. ) F o r. 5 .0
U. f la c c id a  K uetz. 15.0 80.0 70.0 52.5 2 .5 35.0 12 .5 30.0
U. s u b t i l i s s im a  Rabh. 12.5
V aucherla  b o r e a l is  H im . 2 .5
V. ham ata (V auch.) DeC. 2 .5
V. t e r r e s t r l s  (V auch.) DeC. 2 .5
Volvox sp . 2 .5
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TABLE 3

S2ASQHAL DISTRZBUTIQH OF ALL SPECIES AHD VARTETIES IH THE FOUR PLOTS. 
HUŒEBS 1 , 2 , 3; AED 4 REPREBEKT FALL, VDRER, SPRIBQ, AHD 

SUMER. RBSPECnVELX. HIMBERS UHTRRI.THKD ( l ,  2 , j ,
4 ) IHDXCASS THE PREDQMTEAHTS (OCCURRED OT  

45-100 PER CERT OF THE SAMPIJSS)

G enera, S pec ies  and V a r ie t ie s
F o rests

P lo t  1  P lo t  2
P r a i r ie s

P lo t  3 P lo t  4

Achnanthes c o a r c ta ta  
Anabaena in a e q u a lis
A. o s c iU a r io id e s  
^d ian o tb ece  s ta g n in a  
B o rz ia  t r i l o c u l a r l s  
C a r te r ia  cord ifoxm is 
C. c r u c if e r a  
C. g lobosa
C h arac io p s is  py rlfo x m is  
C. py rlfoxm is v a r .  s u b s e s s i l i s  
C haraciim  ambigmm 
C. opercu lim  
C. p rin g sh e im ii 
ChlamydoBonas sp .
C h lo re l la  v a r ie g a tu s  
C. v u lg a r is  
Chloxococcim h u n ic o la  
Chroococcus minimus 
C. m lnutus
C osaariun  pohoroyanim
Cylindrospexmun lichen ifoxm e
C. majus
C. m uscico la
C. s ta g n a le
E u astru n  sp .
Euglena sp .
G loeothece n ç e s t r i s  
H an tzsch ia  am phio3^
I^ngbya a e s tu a r i i  
M icrocoleus l a c u s t r i s  
M. paludosus 
M. riQ>lcola 
M. v ag in a tu s  
H av lcu la  ( ? )  c in c ta  
H. f r i t s c h i i  
K. grimmei 
H. ( ? )  m u ra lis  
H. m u tica

2 ..

Ü 4 
1234 

3 .

34

1234

1...
1234

.234  
123R 
.23  
1

123^

. . 3 . . . 3 .
1 . . .
. .3 4
2 ^ 2234
1 . . .

.2^
1234 1234
1 . .4

. . . 4 . . 3 .
. . 3 4

. . . 4
. . . 4

1234 1234
iêÉL

1234 1234
12 .4 12 . .
1 . 3 .0

1 . . .

1234 1234

12& 2̂
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TABLE 3— Continued

F o re s ts  P r a i r ie s
G enera, S p ec ies  and V a r ie t ie s  P lo t  1 P lo t  2 P lo t  3 P lo t  4

H. m u tica  v a r .  co h n ii ^ 3 4  ]23« ^ 3 *  123 .
H. m u tica  v a r . u lv a l l s  .23* . . .  1 . .4  1 2 ..
B. m utica  v a r .  v e n tr ic o s a  123 . . . .  . . . .  1 . . .
S .  pseudatomus 3234 1234 1234 12 .4
B. sesilnulx ŝ . . . .  12.. . . . .  . . . .
B ltz sc h la  ( ? )  communis . . . .  . . . .  1 . . .
B. Ig n o ra ta  
B. p a le a  
BostOC m-wiiiHmm 
B. e U lp so sp o n m
B. muscorum 
O edoclad im  l e v i s i i  
O ocystis  l a c u s t r i s  
O s c iU a to r ia  sp len d id a  
Fhozm idim  sp .
P. a u tm n a le  
P in n u la r ia  b o r e a l i s  
P . in te rm e d ia  
P . m ic ro stau ro n  
P lec to n an a  n o s to c o rm  
P . p u zp u rem  
Porphyrosiphon fu scu s
P . n o t a r i s i i  _
Rggdiidiopsis c u rv a ta  . .3«
S cfa izo th rix  b ra u n i i  . . . 4

1 2 .. • • • • 1234
• • • • . . . 4 . . . 4 . . . 4
123. 1234 1 . . . 1 2 .4
1 2 .. 1 2 .. 1 . . . 1 . . .
1234 1234 1234 1234
1234

1,

. . . .
• #3*

1 .3 4

. . .  4

. . . 4

. .3 4 .234
. . . 4
.234

1 2 ^ 1 2 ^ 1 2 ^ 1234
1234 1234 1234 . 2 . .
1234 12 .4 1 2 .4 1234
1234 1 ^ 1234 12

0̂

.2^1 1 2 .. . 23 . 1 . A
1234 1234 12 . . 1234

S . g iu sep p e i . . . .  . . . .  . . . .  1 . . .
S .  h e u f l e r i  1234 ^ 3 4  12 .4  123.
S . pu rpu rascens 1*3* 1234 1 2 .4  1234
Scytonema hofinannii 1234 1234 1234 1234
S ta u ro n e is  anceps . 2 . « . . . .  . . . .  . . .
S . anceps v a r .  l i n e a r i s  1234 . . . .  . . . .  . . . .
S . ( ? )  b o r r i c h i i  . . . .  . . . .  . . . .  . 2 . .
S . m u r ie l la  1234 ^ 3 .  1234 1234
S • th c m i  colci ZL* •• • • • •  • • • •  • • • •
Syiq»loca m u ra lis  .2 .4  1234 .234 1 2 .4
S . m uscorm  1234 1 ^  1234 1234
Synechococcus aeru g in o su s  1234 1 2 .4  1 2 ..
U lo th rix  b a c i l l a r i s  . . . .
Ü. f l a c c id a  1234 1234 1234 .23-
U. s u b t i l is s im a  . . . .
V aucherla b o r e a l is  . .3*
V. ham ata . . . 4  . . . .  . . . .  . . . .
V. t e r r e s t r i s  . . . 4  . . . .  . . . .  . . . .
Volvox sp . . . . .  . . . .  . . . .  1 . . .
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XABIZ 3—C ontinued

G enera, S p ec ies  and V a r ie t ie s
F o re s ts  

P lo t  1 P lo t  2
P r a i r i e s  

P lo t  3 P lo t  k

T o ta l  o f  sp e c ie s  and v a r i e t i e s
p e r  p lo t 61 51 46 51

T o ta l  o f  sp e c ie s  and v a r i e t i e s  
p e r  p lo t  p e r  season :

F a l l ^3 34 33 34
W inter h2 32 31 31
S p rin g 43 36 28 30
S aaoer 44 35 32 29
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TABLI U

HOMBgR AHD FESCSTCACS OT SPECIES AHD VAROTIES OP ALQAE IH 
FOREST AHD PRAIRIE PLOTS PER SEASOH PER CLASS

C la ss snd
Season

Himber o f  S p ecies  

F orest P r a ir ie  T ota l

Percentage T o ta l S p ecies In  
F orest P r a ir ie  Both F orests  

Only Only and P r a ir ie s

Cyanophyceae
F a l l 26 22 28 2 1 .4 7 .2 71.4
W inter 21 19 23 17.4 8 .7 73.9
S p rin g 23 20 2k 16 .7 4 .2 79.1
Sm sser 26 22 27 18.5 3 .7 77.8

B ad  1.1 a riophyceae
F a l l I d 13 18 2 7 .8 1 1 .1 61 .1
W inter 17 13 19 31 .6 10.5 57.9
S p rin g l 4 10 15 33*3 6 .7 60.0

12 11 I k 2 1 .4 14 .3 64.3

Chlorophyceae
F a l l 8 6 11 45 .4 2 7 .3 27.3
W inter 5 3 5 40 .0 0 .0 60.0
S p rin g 8 7 10 30.0 2 0 .0 50.0
Sinm er 8 k 9 55.6 1 1 .1 33.3

Xanthophyceae
F a l l 0 0 0 0 .0 0 .0 0 .0
W inter 1 0 1 100.0 0 .0 0 .0
S p rin g 2 0 2 100.0 0 .0 0 .0
Stmmer k 1 k 75-0 0 .0 25.0

Euglenophyceae
F a l l 0 0 0 0 .0 0 .0 0 .0
W inter 0 0 0 0 .0 0 .0 0 .0
S p rin g 1 0 1 100.0 0 .0 0 .0
Stum er 1 1 1 0 .0 0 .0 100.0
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TABI£ 5

HIMBER AHD FEBCEHTAŒ QF SPECIES AHD VARIETIES OF ALGAE 
IN FOREST AHD PRAIRIE PLOTS PER SEASON

Seaoon

Himber o f  S p ec ies  

F o re s t  P r a i r i e  T o ta l

P ercen tage T o ta l 
F o re s t  P r a i r i e  

Only Only

S pec ies  in  
Both F o re s ts  
and P r a i r i e s

F a l l 50 h i 57 28 .1 12.3 59.6
W inter kh 35 50 30.0 8 .0 62 .0
S pring k8 37 50 26.0 8 .0 66 .0
Simmer 51 39 53 2 6 .4 7 .6 66 .0
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TABUS 6

SPECIES AHD VARIBTIBS PRESENT QHLÏ 
IH OHE VEGETATION TYPE

F o re s ts P x e lr le s

Achnanthes c o a rc ta ta C a r te r ia  co rd ifoxm is
C a r te r ia  g lobosa C h lo re lla  v a r ie g a tu s
C haraciun  ambigumi B uastrtm  sp .
C. o p e rcu les H avlcu la  ( ? )  c in c ta
C. p rin g sh e im ii H itz sc h ia  ( ? )  communis
C h arac iopsis  p y r i f o m is O o cystis  l a c u s t r i s
Chroococcus m lnutus Plectonem a p u rp u rem
Cylindrosperm ea m uscico la S d x lz o th r lx  g iu sep p e i
M icro coleus l a c u s t r i s S ta u ro n e is  (? )  b o r r i d i i i
H av lcu la  grimmei Volvox sp .
H. ( ? )  isu ra lis
H. sem inulea
O edoclad im  l e v i s i i
O s c iU a to r ia  sp len d id a
Ragphldiopsis cu rv a ta
S c h iz o th rlx  b ra u n i i
S ta u ro n e is  anceps
S . anceps v a r . l i n e a r i s
S . thexm lco la
U lo th r ix  b a c i l l a r i s
U. s u b tiU is s lm a
V aucherla  b o re a l is
V. ham ata
V. t e r r e s t r i s

P ercen tage  o f  t o t a l  sp e c ie s  and v a r i e t i e s  co n fined  to
F o re s ts  29-3
P r a i r i e s  12 .2
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lABIZ 7

SFBCZES USD VARIETIES OCCURRING IE ALL SEASOSB FRQK FOREST 
ASD PRAIRIE PLOTS (X*-PRESBR IE  k^-100  

PER CERT OF SOIL SAMPLES PER SEASON)

S pecies and V a r ie t ie s F o re s ts P r a i r i e s

Achnanthes c o a r c ta ta I -

i^phanothece s ta g n in a I X
Characiim  ambigmm X -

Chloxococcim h m ic o la X* X*
Coaaaxiim  pokomyanim X -

Cylindxospezmim l id ie n ifo x a e X* X
C. majna X -

C. s ta g n a le X -

H an tzsch ia  aorphioxys X* X*
I^ngbya a e s tu a r i i X X*
M icrocoleus paludosus X X
M. n z p ico la X -

M. v ag in a tu s X -

H av icu la  f r i t s c h i i X X
H. m u tica X* X*
H. m u tica  v a r .  co h n ii X -

N. pseudatomus X X
H itz sc h ia  ig n o ra ta - X
H ostoc comnune X -

H. musconm X* X*
Oedocladiim  l e v i s i i X -

P in n u la r ia  b o r e a l i s X* X*
P. in te rm ed ia X X
P . m ic ro stau ro n X X
Plectonem a n o s to co n m X* X*
Porphyrosiphon fu scu s X X
P. n o t a r i s i i X X
S c h iz o th r lx  h e u f le r i X X
S . purpurascens X X
Scytonema hofinannii X* X
S ta u ro n e is  anceps v a r .  l i n e a r i s X -

S . m u r ie l la X X
Symploca m u ra lis X X
S . musconm X X
Synechococcus aeru g in o su s X -

U lo th r ix  f la c c id a X X



TABIZ 8

FREDGNIKAKr SPECIES AHD VAR3TW  IH FOREST AHD PRAIRIE PLOTS 
PER SEASOH (F-FALL, V-VIJRZR, SP-SPRIHO, SU-80MŒR)

S p ec ies  and V a r ie t ie s F
F o re s ts  
V Sp Su F

P r a i r i e s  
W Sp Su

ChlorococcuB h u a i c o la X X X X X X X X
H an tzsch ia  aaphioxys X X X X X X X X
H avicu la  m u tica X X X X X X X X
H ostoc muscorua X X X X X X X X
P in n u la r ia  b o r e a l i s X X X X X X X X
Plectonem a n o s to co ru a X X X X X X X X
CylindrospezmuB l ic h e n ifo m e X X X X X - - -

Scytonema hofinannii X X X X X - - -

Lyngbya a e s t u a r i i - - - - X X X X
V^ihanothece s ta g n in a X X - - X - - X
Symploca m uscorua - X X - - X - X
P in n u la r ia  in te m e â la X X - - - X - -

S d iiz o th r ix  h e u f le r i X X - - X - - -

S ta u ro n e is  a n i r ie l la - X - - X X - -

U lo th r ix  f l a c c id a - X X X - - - -

H avicu la  f r i t s c h i i - - - X - - - X
H. pseudatom us - X - X - - - -

P in n u la r ia  m ic ro stau ro n X X
Chlamydoaonas sp . - - X - - - - -

M icrocoleus paludosus - X
H avlcu la  m u tica  v a r .  co h n ii X
H itz sc h ia  p a le a X
H ostoc comaaune X
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TABIZ 9

A CQKPARISœi OF THE pH QF SOIL QF THE FOREST AHD PRAIRIE FLOTS 
(EACH FIGURE BASED CfS AS AVERAGE QF THE ETDROŒH-IOH 

COBCEHTRATION OF 20 SAMPLES)

P lo ts D ate o f  C o lle c tio n s Mean Range

F o re s ts
P lo t  1 O ctober 23 , 195^ 6 .5 5 .7  - 7 .1
P lo t  2 O ctober 26 , 1956 6 .4 5-9  -  7 .2

P r a i r i e s
P lo t  3 O ctober 27 , 1956 6 .7 6 .3  -  7 .2
P lo t  k O ctober 30, 195^ 6 .9 6 .7  -  7 -3
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