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SPECIES COMPOSITION AND RELATIVE BIOMASS OF
ALGAL COMMUNITIES ON LEAF DETRITUS IN A
SPRING-FED STREAM

A. R. Koch' and P. G. mae,

Department of Botany and Microbiology, University of Oklahoma, Norman, Oklahoma

Niue genera of Chlorophyta, 113 tau of OlryIopbyta (BaciUariopbycae),
aiDe can of Cyanophyta, anel two genera of Euglenophyta were found to grow on
leaf detrinu and 00 glass slides placed in Byrd's Mill Sprins Stream (Pontotoc
Q)unty, Oldahoma). The algal biomass consisted mostly of diatoms, although
cbloroc:oc:calean algae were prominent in early January and early february 1972
.mpJes. SeYenty·1ix tau of diatoms new to Oklahoma are reported.

Recent investigations in stream ecology
have emphasized the importance that
autumn-shed leaves may have in the ener
getia of the recipient stream community
(1, 2). However, no previous studies have
attempted to relate decomposition of leaf
litter to growth of stream algae. The ob
jectives of this study were (a) to identify
the various algal taxa growing together on
autumn-shed detritus in a spring-fed lime
stone stream, and (b) to determine the
relative biomass proportions of the algal
groups found on leaf detritus surfaces.

MATERIALS AND METHODS

A portion of Byrd's Mill Spring stream
approximately 1.8 km below the spring
source and 7.2 km west of Fittstown, Pon
totoc County, Oklahoma, was selected for
the study site. Byrd's Mill Spring is a water
source for the city of Ad.. and the excess
water forms a headwater of a tributary of
Mill Creek. The stream may be character
ized as oligotrophic. high in carbonates,
and free from pollution. Surrounding land
is a densely wooded bottomland forest,
fenced off from several surrounding pas
tures.

Three study sites were established within
a lOO-m radius. Sites 1 and 2 were in regions
of fast current (0.25 m/sec) in a 2.5-m
wide raceway of approximately 30 em
depth. Site 3 was 100 m north of site 2
and at the bottom of a O.6-m-deep pool
which was formed by impoundment of the
Stream by an abandoned beaver dam. No
current was observed at site 3.
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Sample placement at sites 1 and 2 differed
in that samples at site 1 were tied into roots
of an ash tree (FrtlXi"us ameNCIIII4 L.) ex
tending into the stream so that these
samples never touched the stream bottom,
whereas site 2 samples were placed on the
deepest part of the raceway bottom to
reflect benthic raceway conditions. Benthic
substrates at site 1 and site 2 were sand
along the quieter stream edges, and small
pebbles, gravel, and rocks up to 20 em
diameter in the deeper portions of the
stream. The benthic substrate at site 3 con
sisted of silt and decomposed organic debris.

Leaf detritus of sycamore (PLlliltlus
occiJe"taJis L.), pin oak, (Quercus plllusl";s
Muench.), winged elm (Ulmus iIl4I4
Michx.) , black wmow (SlIli" "igra L ), and
red mulberry (Morus rubra L) were
gathered within a 2-km radius of the study
site. Leaves originated from single trees,
except that the oak leaves were gathered
from two adjacent trees near the spring
source. These leaves were judged to have
fallen during the week prior to collection,
and all leaves were in good condition.
Leaves were air-dried and stored in plastic
bags until they were placed in the stream.

Plastic-covered aluminum screening with
a 0.64-cm mesh was folded into approxi
mately 25 x 3O-cm begs and the plastic
was removed with acetone. Five leaves. one
of each of the selected species. together
with a dean Coming-brand glass slide were
placed into each beg; the slide and each
leaf were isolated from each other by m0no
filament nylon line sewn around all mar
gins. Edges of the bags were closed and
reinforced by stainless steel wire. Eight
begs were placed in each of the respectm
habitats on NOftIIlber 30. 1971. Rocks were



used CD we;pt the edpa of the t.p in the
sice 2 nceway. aod .moaofiJameot line was
used CD tie bass io tree IOOCI at sice 1. The
bass at sice 2 were pt.ced directly on the
lime:stooe bedrock, while the bass at sice
1 were situated approximacely 15 em a1:Joft
the bedrock. Bags at sice 3 were placed
directly on the substrate; at this sice cur
rent did not move them from their original
position.

One bag was~ from each site
beginning on December 19. 1971 and at
nvo-week intervals thereafter until the last
sample was raken on March 28, 1973. Bags
were removed borimntally from the wacer.
placed in plastic bags for transportation to
the laboratory. and sections of the leaves
were preserved in formalin-acetic acid fixa
tive. Five acid-deaoed glass beads, 3 mm
in diameter. were added to each container
and the containers were shaken for one
minute. The resulting debris was pipetted
into a centrifuge tube, rinsed in tap water.
aocl centrifuged at 3500 rpm. The sample
was subdivided; half was used for qualita
tive aocl quantitative determination of the
diatom species present, and half was used
to detennioe the relative biomass of the
ftrioas alp! divisions present.

One ml of the resultant ~ml subsample
was rinsed in distilled water by centrifuga
tion and spread evenly onto a cleaned, No.
1 thickness, 22 x .(().mm coverslip. The
mverslip was air-dried, and the diatomaee
oas material was cleaned by incineration in
a muffle fumac:e at 550 C for eleven min
utes, • modification of the method of 2Dco
et al. (3). The coverslip was then mounted
in Hyrax (i.r. 1.65). or in Carmouot (i.r.
1.62. Cargi1le Corporation, Cedar Grove,
New Jersey.) Identification to species was
made using a Leia dialux microsmpe with
an oil immersion lens, and a magnification
of l000x. Most diatom identifications were
made aexordiog to Patrick and Reimer (").
Hustedt (5) was cited for species of C"".
belJ4 and A.",pbor" and for the Epitbem
iacae, Nitz8Chiaceae, and SurirelJaceae.
Identification of GtHll/JborufIu species was
made aanrding to Mayet (6). All diatom
slides are OIl deposit in the diatom herbar
ium of Ohio State University.

A portion of the remaining leaf debris
aod glus slide ICftpiop was plaGd in
lOil-waaer culture aod incubated at 29 C at
300 hoe in • 12 hr light - 12 hr duk pboco-

lS

period. CultureS were eumiDed periodical.
Iy for aeoera of O1lorophyta, Cyuaophyta,
aod Eugleoophyta. All cultures were pre
pared by odalliziog either Byrd's Mill
Spring~ bank soil or University of
Oklahoma greeohouIe soil with water taken
from Byrd's Mill Spring creek. Tyodalliza
tion procedures were carried out at 100 C
for 1 hr OIl two successive days in aD auto
clave, after which DO growth of aIpe or
fungi was observed in uniooculated mnttOl
tubes. Identification to genus followed
Smith (7) and Prescott (8). except that
the Oscillatoriaceae were identified accord·
iog to Drouet (9).

TABU 1. A.,.bilrllrY ~s IHIiIs ilSsi6fNtl 10
....s~ M8M poll'S, 6i1S_ ."",.~
lin of /W01o,"'"

Biomass
Tau Wl TUues

Chlorophyta
OlJamydomoaad-sized zoospores 1
Cbloro",~~__like ,
Co.J.I,..,.like 10
Fi1ametuow a1pe u aec:eaary

asz=n ~«JUU, if.. .,;""tisn.u,
A."'~iI ofllllis Yar. ,.ktJ.s _

~~~~~.:~~~~_!~~----- ,
S~iI .u-. NilueIJM sflblitu,;, 10
C""b.u.. 1IInk-, Nil:CI~hitI si.",oU.",
Nuu~bitl litH,;, 2'

Cyaaophyta aad Eqleaophyta
Procoplucs aciaWed teJadve CO appropriaWy
.zed Oll')'lOPbfCa

In order CD indicace relative motributioos
the algal divisions might make to stream
productivity. biomass ratios of Chlorophyta,
Ouysophyta, Cyanophyta, and Eugleoophy
ta were determined. Arbitrary biomass unia
hued on the size of the protoplast were
assigned for representative taxa (Table 1).
Sweep cauna of a wet mount of the ~ml
biomass IlUDples were made until more
than 500 live biomass units (units with

. protopJasts) had been counted. Relative
biomasa percentages of Chlorophyta, Chry
sophyta, Cyanophyta and EugJeoophyta
were determined, and the relative propor·
tiona of livin,g and dead BaciUariophyC*le
in the respective size daaes were ooced. A
comparison of diatom biomass on g_
slida with diatom biomass on leal subsua_ was also made.

Masuremeots 01 stream velocity were
made by avenging the time (in teaJGds)
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for a f_cing marker CO move 10 m down
maID. Temperature was me8IU1'eCI with
a memary thermometer, and p~ dissolved
oxygen, total bardaea, aacl other param
eters were meaIUI'Cd using a Bach DR-EL
portable engineer's water laboratory (Hach
Chemical Co., Ames, Iowa). Wbeaever
.,..ible, all measwemeats were taken dur
Ing col1eccion; however, pH aacl total bard
DaI were ocauioaa11y determined, within
24 hr, at the laboratory.

RESULTS AND DISCUSSION

Current velocities at sites 1 aacl 2 in
creued aacl decreased with stream discharge
during and .fter mid-January and mid
Pebruary raias, but did not decrease below
a value of 0.2 m/sec. No current was de
teetable at site 3, although other physical
aad chemical conditions at site 3 were
similar to those of sites 1 aacl 2.

Water temperature was lowest on De
cember 19, 1971 03 C) aacl iacreased
gradually until a high of 18 C was noted
on Pebruary 29, 1972. Because of the spring
1OUJ'ce, variations in water temperature
were extremely gradual. The stream tem
perature was not ,ready affected by ruDOff
'Water and/or air temperature.

Dissolved oxygen aacl turbidity exhibited
lime change througbout the duration of
the study. Dissolved oxygen .decreased
slightly from 8 to 6 ppm in M.rch, but this
change is Dot oonsidered limiting for the
algal communities. Turbidity was found to
be eneatially nil in all sites througbout
the study.

A Deal' neutral pH of 7.1 was reoorded
ia December aacl early January for all sites;
by the middle of January, pH had increased
slightly to 8.4 and this level was maintained
through the end of March. Total hardness
decreased slightly in the December to
March period, but always remained above
300 ppm (Table 2). Silica levels of 14 ppm
in the fast-water sites and 16 ppm ia the
still water site were DOted in December and
early January. Since sand was present on
the stream bottom, silica is not thought to
be a factor limiting diatom growth. Be
cause phosphate and nitrate were not
measurable using Hach techniques on De
cember 20, 1971, or on January 4, 1972, no
further measurements of these nutrients
were made thereafter.

Using culture methods, preserved mater
ial, and bum mounts, 9 genera of Chloro
phyta, 113 taxa of Chrysophyta (Bacillario
phyceae) , 9 taxa of Cyanophyta, and 2
genera of Eugleaophyta were found in
association with the leaf detritus and glass
slides at the various times (Table 3). Com
plete absence of one organism from a par
ticular habitat was noted in only one or
two instances. Seventy-six taxa of diatoms
in addition to those reported by Maloney
( 10) and Leake (11) are reported; these
are believed to be new for the state. Varia
tions in oomposition of the diatom flora
were noted, and oomments on quantitative
dynamia of that community will be pub
lished in a later paper.

The flora on all leaves and on the glass
slides may be charaCterized as typical of a
wiater community in a limestone stream.

Tuu 2- PII,.. ..tI ell... ,..~ 01 d~' sita.

DEC. JAN. JAN. fEB. FEB. FEB. MAlL MAlL'ACTOIt SITB 19 " 17 1 15 29 14 28
pH 1 7.1 7.1 8.4 8.3 8.3 8.25 8.35 lLLa

2 7.1 7.1 8.4 8.3 8.3 8.25 8.35 ILL
3 7.1 lLLa 8.3 8.2 8.2 8.4 8.3 ILL

~
1 3.fO 3.fO 330 320 320 310 325 D'"2 3.fO 340 330 320 320 310 325 ILL(ppm) 3 3.fO 340 3.fO 330 330 330 3.fO ILL

Water 1 13 17 17 16 17 18 a.a. 17-... 2 13 17 16 16 17 18 ILL 17(C) 3 13 17 16 16 17 18 ILL 17
DiIIohecI 1 8 8 6 8 ILL 6 6 70ZJPIl 2 8 8 8.5 8 ILL 6 6 6(ppm) 3 7 7 8 7 D'" 5.5 6 6
• .... = ... DOC a"'"



TABU 3. Al6M s,m., 0"""'_ 011 lui tUIriIIIs
c.:.lMs slitks. AsHrisfl M.oHs fIftI1 10 Oru..

<1llorophyea
ChIortnO&ea--Ji.ke
ClosUrilltrl sp.
Co.Us,,"- sp.
DieI:/Osl/lm.- sp.
GNO&7s1is 'P.
MkrosltW_ sp.
0-6"";"'" sp.
S~-.M"" sp.
Sli6~1OfIiIIIrJs~.

Chrysophyea (BedIJariopb,ceae)
*A~"-'h., Iklk,,_ Reim.
*A~"m~ Gran.*A~"-'b., /MuftlUu Jkeb.
*A~"-'b., lHIUIM'is (W. Smith) Gran.
*A~~es ",itudissitru Katz.
*A~htlilfllh.s~ Hust.
Achtlilfllh.s 'P.
A_~bi~'-r.. /Jeu.eitU Kuu.
A.",~btW.. OClJis Katz.
*A_f!/Jortl OCItIlis var fJetlic,u,,, Katz.
*A._-.is 'P.
*Cllknuis bM:ilUmJ (Gruo.) One.
*cMo-is kwh;; (Schultze) Par.
*CMo-is Cltlfllricostl vat. "","11IIIlII (Grun.)

Meist.
*C_~lyotlis~IIs -.riclll Ehr.
Cocco"';' ~lMtIfII"'" Ehr.
CyclolelJ4 --8"""- Katz.
*CytIJtIIo~k,"tI.lli~lictl (Breb.) W. Smith
*C7"'tIIo~kw_ sol... (Breb.) W. Smith
CY"'b.l£I ~isl,"" vat• ..IIUu (Katz.)

V.Heurck
Cy"",.l£I ""xic_ Hlilt.
*CY"'belJ4 -wellllifOl'lllis Aaerswald
*CY"'belJ4 pros"iIU (Berko) Oeve.
CY"'bel£l CI#fllricos_ Kutz.
*DitIkJ"", CIIIlg.... Dory
Di~ .lli~ictI (Kutz.) (]eve.
*Di~ ....p,isIr. Hlilt.
*Di~ oblOfl8.l£I (Naeg. n Kutz.) 1lOII
D¥~o~IIUu(Breb.)Oeve.
Di~1o-n fHHtlJ4 (Schum) One.
Di~1o-n 'P.
*B/lilb..itI ,orn Katz.
*&_IitI~.Katz.
&.olitl
.Pr~c~ Desm.
·P,.-~ ~tI",mu ..... ",.,.,."., Ballla.
·Pr..~ klkJsIMIt'OfI (Ehr.) Haa.
PI'IISIII," CIIIl8M'is (Thwaita) De T•
•c;o",~ MIl IIi.... ...... «IfOfUI.fI

(Ehr.) W. Smith
.Go.~_ps"'" Kutz.
(;o",~~ I!br•
•~ vtICiH ...... U-UOUu (Katz.)

·c;o",I/Io.... iWrk"",., ~ Gran.
·GOfII~~s nib,.,.,.".

Grun.
·Go"""..... ..", _ ...... SIIlIdM.",.

Gran.
·GOfII~,...,.. ......~

(Kutz.) Oev...
Go_I/1 sp.
~ (Qaek.) Gd£ .... Hea&.
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PrGUD 1. ReJatioaIbip becweea sample time
aad cIiatoaa biomass • • perc:emaae of all aJpl
biomus at Site 1.
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4 and February I, 1972. Some difficulty
was experienced in distinguishing between
chloroc:oa:alean algae and spores of a phy
comycete fungus in site 3 material, and
relatively high amounts of chloroc:oa:a
lean algae (and correspondingly relatively
low amounts of diatom) biomass might
have been recorded. In most cases, biomass
values for blue-green algae and Euglen
ophyta were insignificant.

..

! T__

~ 'IGUD 3. Relationship between sample time
and diatom biomass as a percentage of all a1pl
biomass at Site 3.
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