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1. Summary
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Microbiology

; EFFECTS OF SALINITY ON THE METABOLISM AND BIOLOGY
OF PHYTOP~~TONIC COMMUNITIES

Static and renewal algal bioassays were conducted in both the laboratory and
in situ to test for changes in algal metabolism and species composition under
elevated NaCl-salinity. .

In situ primary productivity incubation bioassays conducted in a small non­
salinized (ca. 250 ~mhos) eutrophic reservoir [Sangre Isle Reservoir (SIR),
Oklahoma] showed a variable acute phytoplanktonic response; including
inhibition (at either ca. 500 or 6000 ~mhos), stimulation (ca. 800-3700 ~mhos)

or !IO effect.

Static laboratory batch bioassays with Anabaena flos-aauae and Selenastr~m

catlncornutum showed significant inhibition of C-14 uptake above 2180 ~mhos

and at 1280 ~mhos respectively. For Selenastrum, 22,500 ~mhos caused nearly
total inhibition of C-14 uptake and cell division.

Flow rate variability between treatment and control cultures for 92-h and
22-h in situ chemostat bioassays confounded results. Enclosure of natural
phytoplanktonic associations either strongly inhibited or had no effect on
productivity and chlorophyll a. Species diversity increased in enclosed
cultures compared to SIR. A Ghroococcus population increase occurred under
salinized conditions during the 22-h bioassay. Preliminary elevation of
salinity from ca. 200 to 700 ~mhos did not confer greater tolerance to a
second salinity increase to ca. 3500 ~mhos.

Sodium chloride additions raising conductivity 4-5 times above normal levels
did not alter either the metabolism or species composition of a natural winter
algal association during a 170-h laboratory chemostat bioassay. Preliminary

'culturing at ca. 1000 ~mhos temporarily induced tolerance to a salinity
increase to 2000 gmhos. This tolerance may be attributable in part to a shift
in dominance from Cryptomonas to Synedra and Chroococcus. Stimulation of pro­
ductiVity occurred in salinized cultures at 145-h upon acute doubling of salinity.



2. Statement of Problem

Many large river-reservoir systems that dominate the surface water
resources of the American South and West face water quality degradation due
to an increased concentration of dissolved salts. Increases in total salinity
arise as salt loading from such natural sources as saline mineral springs,
saline seeps, and discharges from salt accretions occurs. Anthropogenic
sources that contribute to salt loading include oil and gas operations, munici­
pal and industrial discharge, leeching of spent oil shale, and saline irriga­
tion return flows (Blackman et al. 1973; Cleave et al. 1981). Additionally,
as consumptive loss of water occurs via municipal, industrial, or agricultural
withdrawals, and naturally by the process of evaporation, the quantity of
water available for dilution is diminished.

This salinity problem is acute in the two major river systems in Oklahoma,
with nine of the State's reservoirs considered to have poor water quality in
terms of total dissolved solids (Oklahoma Water Resources Board 1980). For
example, the Cimmaron River of the Arkansas River drainage basin is one of
the most highly-sa1inized streams in the State, draining areas containing
large amounts of soluble salts (NaC1, Na2S04, MgC12, CaC12). Keystone Reservoir,
at the confluence of the Arkansas and Cimmaron Rivers, receives ca. 10,800
metric tons of salt per day (Oklahoma Water Resources Research Institute 1980),
and salinity in the Cimmaron Arm of the impoundment ranges from ca. 2000-4000
micromhos (umhos).

In the Red River drainage basin, ca. 90% of the drainage area is down­
stream from major salt sources (U.S. Army Corps of Engineers 1976). Texoma
Reservoir, a large impoundment located in the middle of the drainage area,
has an average of 3000 metric tons of chloride enter it every day. In 1976,
one-third of the total chlorides were from controllable oil field activities,
with the remaining two-thirds from natural sources (U.S. Army Corps of Engi­
neers 1976). The 1976 cost estimate to control the natural sources alone, via
an elaborate system of dikes, dams, and retention reservoirs, was ca. 124
million dollars (U.S. Army Corps of Engineers 1976).

The biological and ecological consequences of elevated or fluctuating
salinity have been inadequately addressed in Oklahoma and in the entire
American West. Of the available studies, few deal with effects on the primary
trophic level. Any alteration in the composition or metabolism of the primary
producers of Oklahoma reservoirs, would affect changes in both higher trophic
levels, and in the physical and chemical qualities of the impacted systems.
This is especially important in large systems (such as many Oklahoma reservoirs),
where phytoplanktonic productivity often represents the major input of new
organic matter, as phytoplankton fix almost all energy used by the entire
system (Sakshaug 1980; Wetzel 1983).

This study employed an integrated laboratory-field approach to experi­
mentally test the following hypotheses: 1) rapid elevation of media NaC1­
salinity to concentrations typically found in sa1inized Oklahoma reservoirs
alters primary productivity in unsalinized monoa1ga1 cultures of Anabaena
f10s-aquae and Se1enastrum caericornutum, and in natural phytoplanktonic
associations, during static batch bioassays; and 2) NaC1 salinity concentration
affects phytoplanktonic metabolism (primary production and pigment concentra-
·tions) and community structure in both the laboratory and in situ under
continuous culture bioassay conditions.
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3. Results and Discussion

Laboratory Batch Bioassays

Results from a 112-h static laboratory bioassay using monoalgal cultures
of the filamentous blue-green alga Anabaena ~-aguae in late exponential
growth phase are shown in Table 1. Algae of this type play an important
role in the eutrophication of Oklahoma surface waters. Significant inhibi­
tion in relative carbon assimilation and chlorophyll a concentration occurred
between 701 and 2337 mg NaCI liter-I. Further inhibition did not occur as
NaCI salinity was elevated to 4675 mg liter-I. Cell density was not affected
by salinization. These data indicate that reductions in the productivity of
Anabaena flos-aquae may be predicted under moderate NaCI salinization.

In a similar type bioassay, the unicellular green alga Selenastrum
capricornutum showed significant inhibition in relative carbon assimilation
at 538 mg NaCI liter- l (Table 2). For· cells in exponential growth phase,
relative carbon assimilation was reduced further as salinity was increased.
A NaCI concentration of 11,500 mg liter- l effectively reduced carbon assimi­
lation and cell division to insignificant levels, a response consistent with
results from 1982 in situ bioassays using natural phytoplankton associations.
These data are important as a reference standard since Selenastrum is a
widely-used test alga for pollution bioassays.

In situ Primary Productivity Bioassays

Primary productivity incubation bioassays were conducted in situ for
January and June through October of 1983 in Sangre Isle Reservoir (SIR),
a eutrophic low-salinity (ca. 200 ~mhos) impoundment located 8 km southwest
of Stillwater in Payne County. Figure 1 presents productivity data for these
natural phytoplankton bioassays. Elevations in NaCI salinity most often
caused acute productivity inhibition initiated at either a relatively law
(ca. 500-600 ~mhos) or high (ca. 6000 ~mhos) conductivity for phytoplankton
associations composed mainly of green and blue-green algae. On relatively
fewer dates, a similar salinity range had no effect (23 June and 14 July),
or caused a stimulation of productivity (30 August). Variability in response
for similar phytoplankton assemblages on different dates indicated an unknown
factor interaction.

In situ Continuous Flow Bioassays

Continuous flow bioassays were conducted in situ at SIR using a continuous
culture system (chemostat) described by DeNoyelles and O'Brien (1974). Exces­
sively high and variable flow rates occurred during 92-h and 22-h bioassays.
Only selected results from the 22-h experiment are presented.

Injections of NaCI into the treatment culture of the chemostat raised
conductivity ca. 6-fold above the natural SIR and control culture levels,
although high flow rates caused rapid dilution. A strong phyto-inhibitory
effect by the chemos tat unit reduced productivity and chlorophyll ~ in both
cultures compared to SIR (Figure 2 - Productivity data only). Additional
injections of NaCI into the incubation bottles at 22 h were made, but control
versus treatment productivities were not significantly different under all

.-salinity regimes tested. Increased turbidity and/or increased grazing pres­
sure in the cultures may have been responsible for the inhibition of pro­
ductivity.
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Figure 2 shows algal density and species distributional results at 22 h.
Although Ctyptomonas remained the biovolume dominant in cultures and SIR, a
large numeric and biologically significant increase in the small-volume blue­
green alga Chroococcus occurred under NaCl treatment culture conditions.
Because of the Chroococcus population increase, treatment culture numeric
species diversity (a ) was reduced compared to the control culture and SIR
(Table 3). BiovolumR species diversity (d) for the treatment culture

vincreased, as the distribution of individuals among species increased (E ).
vThese phenomena can not be attributed solely to NaCl additions, due to

uncertainty caused by flow variation and other unestimated factors.

Laboratory Chemostat Bioassay

A 170-h laboratory chemostat bioassay was conducted using the general
methodology described by Barlow et al. (1973) and deNoyelles et al. (1980).
Unfiltered water was used in the bioassay, and was collected daily from SIR.

A flow gradient caused variation in inflows and outflows among cultures
to be greater than expected. Figure 4 shows the elevated salinity regime for
treatment cultures. A general trend of decreasing chlorophyll a in all cul­
tures caused the phaeopigment:chlorophyll a ratio to increase, With treatment
culture 1 significantly greater than the other cultures over the NaCl-treatment
period (Figure 5).

Salinization did not affect treatment culture productivity immediately
after introduction at 94 h. Final treatment culture productivities were
significantly different from each other and from the controls, being both
stimulated and inhibited relative to the more consistent control culture
responses (Figure 6).

To test the hypothesis that treatment culture phytoplankton would exhibit
a greater degree of tolerance to further acute NaCl salinity increases after
initial culturing at a moderately elevated salinity (ca. 1000 umhos) 145
and 167-h subsamples were incubated at both normal salinity and at ca.
2000 umhos. Figure 7 shows that preliminary culturing at ca. 1000 umhos tem­
porarily induced tolerance to an acute doubling of NaCl salinity. An 18%
stimulation of productivity occurred in 145-h treatment cultures.

A shift in the structure of the algal associations in all cultures from
a low diversity assemblage dominated by Cryptomonas to a more diverse associ­
ation dominated by Svnedra and Chroococcus may have been partially responsible
for the increased tolerance to a rapid secondary NaCl elevation (Figure 8).
In general, sodium chloride salinity elevated 4-5 times above SIR levels did
not alter a natural winter association of algae either metabolically or
structurally.

4. Groups Benefited

Research results summarized here and treated more comprehensively by
Thompson (1984) will be of benefit to the following groups: 1) water quality
management agencies (e.g. Oklahoma Water Resources Board, Oklahoma Department
of Health, Pollution Control Coordinating Board, U.S. Army Corps of Engineers,
etc.); 2) fisheries management agencies (e.g. Oklahoma Department of Wildlife
Conservation and U.S. Fish and Wildlife Service); and 3) academic ecologists.
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5. New Contributions

Collectively, these data represent the most comprehensive study to date
concerning phytoplankton-salinity interactions in Oklahoma reservoirs. To
our knowledge, this research effort represents the first time that in situ
continuous culturing methods have been employed to study the ecology of
mineral pollution in Oklahoma. Field studies on the structural and functional
changes that result from salinization of previously unimpacted natural associ­
ations prOVide a data base for comparison to future studies on salinized
Oklahoma impoundments. Seasonal data on the acute response of natural phyto­
plankton assemblages to elevated NaCl salinity allows for the first time a
preliminary basis for estimating impacts on higher trophic levels (i.e.
zooplankton and fish). The integrated laboratory-field experimental approach
used for this study allows for comparisons between methodologies that differ
in complexity and potential for extrapolation to natural aquatic ecosystems.
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Table 1. Treatment level data, relative carbon assimila~ion. and algal biomass for a 112-hour
laboratory batch bioassay with Anabaena flos-aquae in late exponential phsse of growth.

----------- ~---------------------------
Treatment

mg NaCl 1-1
Conduct ivity
(\lmholl 25 ·C)

Cell
denllity

(cells ml-1 x 106)

Relative carbon
assimilation

(CPMb + ISD x 104)
Chlorphyll a

(\lg Chl. ~ 1-1 + ISD x 102 )

ca 9 362 6.52 5.9 + 0.6 14.2 + 0.5

1'1 701 2180 8.75 5.4 + 0.2 14.1 + 0.6

T2 2337 52110 10.40 4.5 + 0.5 9.5 + 0.8

T3 4675 9710 7.39 4.7 + 0.2 9.0 + 0.2

a C a Control.
Tl a Treatment level 1 (etc.).

b Counts per minute (quench corrected).

co



Table 2. Relative carbon assimilation and cell densities for day 6 and 14 of a 14-day laboratory
batch bioassay with Selenastrum capricornutum Printz. The percent inhibition from the control is given
in parentheses below each relative carbon assimilation value.

--------- -
Relative carbon assimilation Cell density

Growth (CPHb + ISO x 103) (cells ml-I x 106)
Day phase Cn TI T2 T3 C Tl T2 T3

6 EC 27~ + 2.8 221 + 1.6 98 + 0.8 0.6 + 0.006 1.3 1.6 1.2 O.O~

(2"0) (64) (99)

14 E-Sd 19 + 4.4 1~ + 3.9 I~ + 3.2 0.7 + 0.2 3.8 4.2 3.4 0.11
(21) (21 ) . (96)

a C ~ Control (NaCl = ca. 9 mg liter-I; conductivity· ca. 360 ~mhos).
T1 ~ Treatment I (NaCI = ~)8 mg liter-I

o

l
conductivity ~ 1281 ~mhos).

T2 - Treatment 2 (NaCI = 273~ mil l1ter- ; conductivity· 6771 ~mhos).

T) = Treatment) (NaCL = 11.~0() mg liteCI ; conductivity = n.~OO ~mhos).

b Counts per minute (quench corrected).

c Exponential phase.

d Exponential to stationary phalle.



Table 3. Algal abundance and c01lllllUnity structure parameters for a
22-hour in situ bioassay.

Algal
association o h 22 h

variable Si[a SIR CCb TCc

Species rich:less 6 7 6 8

Equitabil1ty 0.44 0.47 0.32 0.88
(Ev )

Total cell density 3.6 5.2 3.5 . 13.2
(No. milliliter-1 x 104)

Species diversity 1.88 2.02 1.79 1.12
(dn)

Total cell volume 15.1 14.8 8.8 12.9
(I'm3 millil1ter-1 x 106)

Species diversity 1.11 1.40 0.73 2.31
(ifv )

a Sangre Isle Reservoir

b Control culture

c Treatment culture

10



Figure 1. Primary productivity for the in situ primary productivity incubation bioassays with natural Sangre
Isle Reservoir phytoplankton assoc:lations. Dates for 1983 include: 17 Jan, 16 Jun, 23 Jun, 1 Jul,
14 Jul, 29 Jul, 15 Aug, 30 Aug, 15 Sept, 18 Oct, 27 Oct. Conductivity during the C-14 incubation
period is shown at the base of each bar in "mhos at 25 °C.
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Figure 2. Final primary productivities for s 22-h in situ bioassay. Error bars indicate
± ISn for Sangre Isle Reservoir (81). control culture (CC). and treatment culture
(TC). Estimates were derived using 24-ml incubation bottles. Conductivity during
the C-14 incubation period is shown at the base of each bar in IImhos at 25 °C.
The bars are grouped as follows: Group A = samples incubated at the initial
22-h conductivity; Group n = samples incubated with an additional 19 III 5N NaCl;
Group C = samples incubated with an additional 144 III 5N NaC!.
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Figure 3. Final algal densIty and 'species distribution for a 22-h in situ bioassay. Open bars are
percents of either total numeric or volumetric density. Horizontally-striped bars represent '
total denslly all cells/mI. Vertically-striped bars reprellent total algal cell volume.
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Figure 4. Temporal varlations In conductivity for treatment and control cultures during a 170-h
laboratory chemostat bioassay. (Cl = control 1; C2 = control 2; Tl = treatment 1;
T2 = treatment 2)
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Figure 5. Phaeopigment:chlorophyll ~ ratio for treatment and control cultures during a 170-h
laboratory chemostat bioassay. (C1 = cantrall; C2 = control 2; T1 = treatment 1;
T2 = treatment 2)
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Figure 6. Temporal variations in productivity for treatment and control cultures during a 170-h
laboratory chellloslal bioassay. (Cl = control '1; C2 = control 2; Tl = treatment 1;
T2 = treatment 2)
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Figure I. Primal"Y productivity comparison at 145 and 167 h between iaboratory chemos tat cuiture sampie;;
at normal experimental salinity and at roughly 2000 Ilmhos incubation salinity. Culture
samples were withdrawn and incubated with and without additional NaCI. ~'or a given treatment
or control culture, both determinations 'are shown together, with incubation conductivity at
25 0C inside each bar. Error bars indicate ± lS)) (n~4) for control 1 (Cl), control 2 (C2),
treatment 1 (Tl), and treatment 2 (T2).
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Figure 8. Algal density and species distribution for control and treatment cultures at 24, 70, and
166 h during a 170-h laboratory chemos tat bioassay. Open bars are percents of either
total numeric or volumetric density. Horizontally-striped bars represe~t total algal
density as cells/mI. Vertically-striped bars represent total algal cell volume.
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