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ABSTRACT

One hundred samples of benthic algae were collected from surface
waters in eastern Montana suspected of being influenced by dryland
salinity. The class Bacillariophyceze (diatoms) was the most abundant
and diverse group, dominating 62 percent of the samples and represented
by 291 distinct taxa in 38 genera. Diatom species diversity was inversely
correlated with specific conductance and the relationship was significant
to the 1 percent level of probability. Several taxa with documented
brackish water affinities were among the more common diatoms encountered.,
The spectrum of salinity values for the waters surveyed (332-42519 ng/1 TDS)
eclipsed the maximum and minimum tolerances for many of the diatom
taxa described. Although blue-green algae comprised a relatively minor
portion of the total flora, potentially toxic taxa were present in 25
of the 100 collections. A determination of the immediate threat to
livestock from consumption of waters containing these algae and documenta-
tion of possible toxic algae blooms in stockponds across sastern
Montana could not be accomplished given the methods employed in this survey.
Proposals are made for educating ranchers on the potential toxic algae
problem and for establishing a biological salinity impact monitoring

network.

ii



TABLES AND FIGURES

Table 1. Rank frequency of diatoms and prominent non-diatom genera
in the periphyton of surface waters suspected to be influenced
by saline seep in eastern Montana. o« o o &+ o o o o o

Table 2, Freshwater blue-green algae suspected of producing strains
that are toxic to wildlife or livestock. o + & &+ &+ &+ & o

Table 3. Percent relative abundance, percent frequency (occurrence),
and abundance-occurrence index for the 18 most common diatom

taxa. L] ° ° L] L ] L] L] ° . . L] ] . . L] L] . . .

Table 4. Mean and range of TDS values and simple correlation co-
efficients (r ) for 25 common diatom taxa from waters subject
to saline seep in eastern Montana. o« « +« & o o « ¢« o« &

Figure 1. Percent relative abundance of Nitzschia dissipata and
Amphora coffeiformis as a function of specific conductance . .

Figure 2, Mean and range of TDS values for 25 common diatom taxa
from waters subject to saline seep in eastern Montana . . . .
s E oA S P m ey . « ~ 1 - 7/ 3
Table 5. Halobion (sailnlty spectrum nodified from Folbe (16)
as reported by Lowe (17). o & o o o o o & & o o o
Table 6., Reported salinity preferences for common diatom taxa from
waters subject to saline seep in eastern Montana. . . . . .

iii

13

14

16

18

19



INTRODUCTION

This report describes the attached or benthic algae (phycoperi—
phyton) found at 100 different sites on a variety of surface waters in
eastern Montana suspected of being influenced by dryland salinity. Most
of the waters sampled were small first and second-order streams, however
they ranged in size from tiny spring seeps to the Missouri River at
the Fred Robinson Bridge. An assessment is made of the susceptibility
of livestock and wildlife to potentially toxic blue-green algae en-
countered in these waters., Diatom taxa useful as salinity indicators
are identified and theilr respective salinity tolerances zre described.

Salinity in surface and groundwaters is a well-known and long-

standing problem in eastern Montana. In recent years salinity levels

iz

—

czirtain waters have besen increasing (5, 15). It is believed that
a2 major contributor to this growing problem is the process called saline
seep (4, 9, 20).

Salinization of surface waters used by livestock has been implica-
ted in recent reports of cattle deaths near stock ponds in saline
seep areas (29). These waters, in addition to the high concentrations
and array of dissolved minérals and nutrients they are known to contain,
may harbor strains of blue-green algae that are lethal to iivestock
and wildlife following water blooms (7, 19, 22, 31 ). Species containing

band across

+

toxic strains are known to occur in a brecad ne

northern United States and southern Canzda, and may be found in waters

o
@
<
!:Ju
fq
W
(.;_
]
(.4_
1)
p..l
}.J .
n
0n
(@]
‘r_.J
<
[}
o)
]
o]
H
},_l .
o,
v
@]
(o)

ntent of up to 20,000 mg/1 (25, 26).

this survey was originally to determine

n

vhether potentially toxic blue-green algae regularly form water bloom

T

in reservoirs frequented by livestock and, if they do, what factors



contribute to such blooms. Their occurrence in waters affected by
irrigation or dryland salinity may present an additional and unsus-
pected operating hazard to eastern Montana livestock producers.

Small streams in eastern Montana are often intermittent and cannot be
relied on as a source of stock water the year round. Impounded in
reservoirs, water is available for all of the ice-free season. DMNost
potentially toxic species of blue-green algae are planktonic and realize
their fuli lethality only following a bloom in the open, standing water
of lakes and reservoirs (?). It was therefore proposed initially that
at least 50 of the 100 algae samples be taken from the plankton of stock-
watering reservoirs (3). Unfortunately, due to time and access limita-
tions, only a handful of samples (eight) were collected from such

wvaters: 211 «

14

re tzlken from the periphyton and none were taken
the plankton. Consequently, the results from this phase of thevsurvey
are inconclusive,

However, another useful purpose has been served by completion of
this survey. Algae, particularly diatoms, are useful as monitors
of water quality. Because they directly utilize dissolved minerals
and nutrients in their metabolic proceses, they are orders of mazni-
tude more sensitive to changes in the ambient concentrations of these
elements than either invertebrates or fish. They reproduce much
er than invertebrates or fish, hence their response is more ime-
diate, They are also less mobile and less able to evade the conse-
quences cf pollution. As biological organisms they integrate the effectis

of all the various physical and chemical faclors io which they are

al requirenents and pollution tolerance of

®

nany Ireshwater diatoms have been documenied (17). The absence, or
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may indicate specific water quality conditions.

The waters sampled in this survey vary in salinity1 from levels
lypical of fresh water to and exceeding those of sea water., Given
Such a broad range in total ionic load, the correlation of dissolved
solids und electrical conductivities of these waters with the relative
abundances of their more common diatom tzxa will make it possible to
idcntify_certain species and varieties that may serve as salinity
indicators. Such taxa may be used in lieu of or in concert with physico-
chemical analyses as markers of salinization in surface waters of

eastern Montana,

8]

One incidental benefit will acerue from completion of this survey.
It will enhance our knowledge of the distribution of diatoms in Montana
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flora now in initial stages of preparation.

METHODS

One hundred samples of benthic (attached) algae were collecied
from 100 different sites in eastern Montana by personnel of the Water
Quality Burezu (Montana Department of Health and Environmental Sciences),
the Montana Bureau of Mines znd Geology, and by this writer. Dates

and locations of algae samples are lisied in Appendix A, Collectors

iEvre ! A 4 ~ ~ T ~ S —e 1 A ~d S A =4 ¥ 2

were i rucied to sample macroscopic algas in propsrtion to their
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abundnn 2t a gilven site and to scraps microscopic algae from ratural
33} 1 = e . (R ki o [ . P . 59
S vies roughly in proportion to the importance of each substrate
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The 2linity of an inland water ma as the concentrztion of
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ng to Hutchinson (13).



pocket knife. Samples were labelled, preserved with Lugol's (IKT)
solution and shipped to Helena for microscopic analysis. In most
cases a waler sample was collected on the seme date as the algae sample.
Water samples were analyzed for dissolved solids and electrical con-
ductivity at the Department of Health laboratory in Helena. In sone
cases, field conductivity measurements acccmpanied the algae sample.
Algae samples were anzlyzed microscopically as follows. Macro-
scopic filamentous algae were placed on a glass slide roughly in pro-
portion to their abundance in the sample. The sample was then agitated
and an aliguot of suspended microscopic algae was pipetted cnto the
same slide., A coverslip was added and this "wet mount" was scanned
under low magnification (100%) to estimate the relative importance of

algal taxa in the sample. (A magnification of 400X was used for critical

identification of taxa.) Whenever possible the more common taxz were
assigned an order of rank. At this stzge diatoms were considered as ~—
a group and all other algae were identified and ranked at the level
of genus.
The remainder of the sazmple was then "clezned” in a mixture of

concentrated sulfuric acid and potassium dichromate. This process

effectively oxidizes all the organic contents of the ornamented silica
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onic a coverslip. VWhen 211 roisture on ihe covers

medium,
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The peruanéni diatom slide was scanned, first under low dry

(100X) and then under oil immersion (1,000%), and a2 1list was prepared
of théose taxa that could be found within a reasonable length of time,
usually 30 minutes. Diatoms were identified to species, and to variety
and form where appropriate and possible using available keys (10, 23, 24).
Once a diatom flora was prepared for the site, the slide was examined
under oil immersion beginning at one edge of the coverslip until at
least 100 frustules were identified and enumerated. Work by McIntire
and Overton (18) indicated that 100 is about the samllest sample size
that one can use and still yield diversity and relative abundence values

reasonably representative of the diatom association as a whole. Per-
P

cent relative abundance values were calculated for each taxon and

Yy irde:
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Margalef's index (8)

S -1
in N

and Simpson's index (28)

where S is the number of species, N is the total number of individuals

h.

in the sample, and n, is the number of individuals in the i-th species

Percent relative abundance and frequency or cccurrence vare calc:laied

At those sites where water s samples were taken, specles rela

ebundance and diversity statistics were correlated with specific



conductance (SC) values. Salinity optimz and ranges of the more common
laxa were expressed in terms of total dissolved solids (TDS). Only
these two estimators of ionic load were selected for comparison be-
cause it is unlikely, over the wide range of salinity encountered,

that any other water quality parameters would be as effective at deter-
nmining species diversity or relative abundance., Temperature and nutrients,
considered initially (3) because they zre known to be significant

in promoting blooms of blue-green algee (12 ) were not used in this
analysis because (i) the plankton community was not sampled, (ii)

no knowm water blooms were sampled, (ii;) blue-green algae were only

a small fraction of the entire flora, and (iv) spot temperature
measurementis could not have been used with confidence because of temp-

eraiture’s tendency 1o undergo nerked diurnzi fiuctuation.

Non-diatom Algae

Non-diatom algae in six major groups and 57 genera were encountered’
in the periphyton at the 100 localities sampled. A complete list of
genera 1s in Appendix B. Because the plankton community was not samp-

led, the great majority of these genera are attached forms, however

ncidental plankters were encountered.
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genus., Following the gresns, the blue-greens, chrysophyt
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Table 1.

Diatoms (Bacillariophyceae)

Chlorophyta

Chara
Chlorococcun
Cladophora
Closterium
Enteromorpha
Gloeocystis
Hormidium
Mougeotia
Oedogonium
Platymonas
Rhizoclonium
Sphaerocystis

. Spirogyra

Stigeocloniun
Ulothrix
Zygnema,

Cyanophyta

*Anabaena
*Aphanizomenon
*Lyngbya
*Nostoc

Oscillatoria
Phormidium
Rivularia
Spirulina
Tolypothrix

Chrysophyta

B
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Chrysococcus
Tribonena
Vaucheria

encphyta

Fuglena

Rhodophyta

Audouinella
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*Genera containing species of blue-green algze suspected

that are

toxic to livestock or wildlife. -
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Rank frequency of diatoms and prominent non-diatom genera in the
periphyton of surface waters suspected to be influenced by saline
seep in eastern Montana.
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