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Algal Assemblage Distribution as Related to Seasonal
Fluctuations of Selected Metal Concentrations
RAMONA G. RICE and RICHARD L. MEYER

Department of Botany and Bacteriology. University of Arkansas
Fayetteville, Arkansas 72701

ABSTRACT

Seasonal variations of phytoplankton assemblages have been observed in a mildly
eutrophic lake in northwestern Arkansas for six years. The data indicated that certain
metal concentrations also varied seasonally. Sodium, potassium, calcium and magnesium
ion concentrations, and phytoplankton composition and abundances were examined

spatially and temporally. Four major algal blooms characterized the lake:

a spring, a

summer and an autumnal cyanophycean assemblage and a winter diatom-chrysophyte
dominated population. Each metal concentration was Inversely proportional to the abun-

dance of the cyanophytes. The presence of the winter assembl

was acc ied by de-

creases in sodium, calcium and magnesium and increased Imts of poiassium First and
second order linear regression models were developed for each assemblage.

INTRODUCTION

While certain alkali metal and alkaline earth elements are known to
be required for the growth of algae, the relationship of the concentra-
tion variations of these metals and algal assemblage fluctuations in
situ is largely uninvestigated. The purpose of this investigation was to
examine mhtionahips between variatlm nf natural algal assem-
blages and f1 of ion ghout the vear in
Lake Fayetteville, Arkansas.

Lake Fayelteville is approximately 420 ha in size, with a2 maximum
depth of 10.5 m, a mean depth of 4.3 m and an average volume of 3 x
10* m* of water. The lake is of a limestone, chert bed, with primary
water input from springs, two vernal streams, and a limited runoff
(Meyer, 1971). The lake is shown to have a consiant source of chemi-
cal input, with a slow, constant overflow at the dam area. This re-
search site was selected due to the previous investigations of Meyer
(1971) which indicated that distinct fluctuations of algal populations
oceurred with regularity both seasonally and spatially in this lake.

MATERIALS AND METHODS

A single rep site was ch for the i igari
Samples were collected weekly, from March, 1973, to Fchrunry
1974, at 1 m depth intervals from the surface to 10 m with a non-
metallic Kemmerer water bottle, Temperature and oxygen data were
obtained in situ by the use of a YSI Model 54 oxygen meter. Water
samples were retained briefly in 1 liter polyethylene bottles,

Samples were filtered within one hour of collection through What-
man GF/A glass fiber filters, and the water was stored at room
temperature. Sodium, potassium, calcium, and magnesium determi-
nations on filtered water unpm were made wilh the lnrml! Ash
Model 82-270 Atomic Absorp

phytoplankton species and sodi p i Icium and mag
ium jions and other simul ly collected p 5
have been reported, tabulated and ized by Rice (1974).

Algal abundance reflected the development of four major blooms
during the year, An mmblaga daveloped in Mny vrlm:h was com-
posed of a ;
flos-aquae Ralfs e: Bom et Flah., 1888 and Cncfo:phacﬁum nagelia-
num (Lemm.) Ung., 1910. Levels during this assemblage ranged from
2.90 x 10° 10 8,77 x 10* cells/1. Peak abundance levels for the year
were reached in mid-May with 8,77 x 10* cells/1.

A second major assemblage developed within a range of 1.52 x 10*
to 4.11 x 10* cells/1 during July. This blue-green assemblage was
dominated by Aph. flos-aquae, Anabaena flos-aquae Breb. ex Born.
et Flah., 1888, C. nagelianum and Oscillatoria limosa Lemm., 19X).
Near the end of July Merismopedia trollen Bach., 1920 was added 10
the assemblage.

In October a third bloom developed. Aph. flos-aquae, An, flos-
aguae and Coe. nagelianum, with occasional appearances of
Microcystis flos-aquae (Wittr,) Kirch.,, 1900 and Mer. trolleri,
reached abundance levels of lrom 1.47x 10" 104,17 x 10° cells/ 1.

Abund. levels decli npul!y with the development of the
fourth major blage in N ber. Levels fell to a range of 2.80
109,21 x 10 cells/1. This was chluctemd by the development of a
chrysophyte-cryptomonad assemblage characterized by
Chroomonas acuta Utumuhl 1925 and Crypromonas erosa Ehrbg.,
1838, In D b I lata (Ehrenb.) Ralfs in Pritchard,
1861, Mallomonas akrokomos Rultn. in Pascher, 1913 and Mailo-
monas caudata Iwanoff em. Kreiger, 1932 formed a secondary as-
u:mhhga within this lbundam:e range.

d from 1.88 to 4.60 mg/1 throughout
the year, Duplelkm of sodium was noted in late May when the con-

pouuhm and mlmum samples req uired no pre-tuulmeal Cal-
1 d with llnl.hlnum nitrate and concen-
mwd hy&ueh!oric scid (Lee, 1967).

Sample aliquots were fixed st the collection site with M fixative
(Meyer, 1971) immediately upon collection. This preservative main-
tains cytological detail, does not alter cell dimensions and allows for
long ge times of ples at room e. Phytoplankton
were identified and enumerated from 5 ml l.liquou with the inverted
microscope technique (Utermohl, 1958).

Standard curves and concentration determinations were calculated
with the use of a Monroe 1860 calculator, Each standard curve had a
linear regression goodness of fit greater than r = 0.9930. A linear
regression model for the data was determined by the use of the step-
wise procedure of the SAS statistical package with an IBM 370
computer (Barr, ot al., 1976).

OBSERVATIONS

Observations are based on 528 samples taken between March,
1973, and February, 1974, All of the temporal and spatial data for the

' ISBand!’?‘?mgll Follmlfingmlc
lation, sodi trations again declined to 2.51 to 2.9
mg/ | during July. A d lation period was abbreviated by a

decline of sodium concentrations during October, This minimum
ranged from 3.84 10 3.97 mg/1. A rapid depletion of sodium occurred
at the end of November throughout the lake. The resulting range of
2.56 to 3.93 mg/ 1 gradually declined to 2.42 to 2.54 mg/ 1, where the
ccmcenmlm remained for the rest of the inmligalion

ions were g ly ized as being
sublc wllh a trend d i 2 ions in the
foll d by a decline in the and an i in the urly

winter, Levels ranged from a minimum of 1.00 to a maximum of 7,42
mg/1 throughout the year. In May a period of d:pleutm developed
with values from 1.60 10 1,92 mg/1. H
were [rom 2,02 to 2.68 mg/1 in July, I..cvnh declined lo betwten 1.69
and 1,94 mg/1 in Oclober, Concentrations ol potassium markedly in-
creased to a range of 3.60 to 3.84 mg/1 in November, These levels
persisted through the end of the year.

Caleium ions were g lly higher in the spring, de-
clined during the summer regime and returned to high levels in the
autumnal bloom prior 1o a precipitous decline with the onset of
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winter. C i to a range of 11.00 to l98€lmg!!
m lhe epllimnkm and a range of 2040 to 2550 mg/l in the
hyy A in calci was observed m July

flos-aquae lnd Coe, muﬁauum mmbhgc but is less important in
the
The winter umnbl.lge consisted of Chr. acuta, Cry erosa, Mel.

d byl

resulting in a range of from 14.50 to 19.30 mg/1. Octob

levels were nearly homogeneous in a range of from 25.76 o 26.19
mg/1. A drastic reduction of this ion occurred, dropping levels to
15,10 mg/1 throughout the water column. Continued lowering of

granulata and Mal, caudara and was I d I,nvuls
of At et and m g . £ sad i
levels of potassium ions in the waler column The lmur regrenslon
model developed for the chrysophy

concentrations occurred through December to a range of 13.69 to abundance levels to be a result of the i tions of 1 f
15.95mg/1. with | ium and calei teraction of oxygen with m;neiium
A lmnd of lation with an and the interaction of calcium with potassium and a second order
1 was noted. The annual spread interaction of calcium. This suggests that the changes in calcium,
was from 1.27 to 2,10 mg/1. A rapid accumulation of the ian oc- magnesium and polassium were iated with the develoy of
curred in May to a range of 1,82 to 1.90 mg/1. July e the blage, but that sodi ion d were due lo
were from 1.57 o 1.68 mg/1 and in October they were fram 1.63 to other factors.

1.79 mg/1. Concentrations fell to an average of 1 44 mg!l in N
ber. These lower were istic of the winter
conditions.

DISCUSSION

Similarities in the three cyanophycean blooms were evident. Aph.
flos-aquae and Coe. nagelianum comprised the dominate algae in the
spring bloom and were also important species in the July and October
assemblages. Ana. flos-aquae, Mer. trollen, and Ose. limosa were
ndded to the July assemblage, but in the antumnal bloom Ose. limasa
was absent, while Mic. flos-aquae was evident,

During the spring blue-green bloom, levels of all ions decreased in
concentration. This trend was observed in association with lhl: July

blage with the ption of stable p i
Trends of decreasing ion concentrations ‘were again noted in con-

ing the limitation of individual blooms, a first and second
order regression mode! was developed for the site, without regard to
depth or populational differences. The multlng model indicated that
the annual cycle of algal abund: was infl d by the following
parameters: oxygen, sodium, lompanlum and calcium; tempera-
ture and p m ion and a d order temp inter-
i oxygen tion with mdillm mﬂ mgnedum and lef.oml
order i of Ve with
and i order i of calci and
action of sodium. This model indi that sodi i cal-
cium, and magnesium jons are required nutrients for the algne
present in Lake Fayetteville,
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