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ABSTRACT

One hund.red sa:npIes of benthic algae were collected. from surface
xa.ters in eastern Montana suspected. of being lnfluenced. by d.r.yIand.

salinity. The class Baclllariophyceae (aiato.os) was the nost abundant,
and diverse 8roup, d.omlnattrg 62 percent of the samples and. representeC
by 297 distinct taxa in lB genera. Dlaton speci-es diverslty was lnversely
correlated with speclfic conductance and. the relationship was significant
to the 1 percent l-evel of probablli-ty. Several taxa with d.ocumenterl
brackish l'rater affinities were arong the nore coirr,lon d-iatons encountered..
The spectnrm of sa-linity va'tpss for the waters surveyed 33Z_UZ5!9 W/t tOS)
eclipse'i- the maximu,n and rni-nimurn tolerances for many of the d.laton
taxa d.escribed.. AlthoBh blue-green algae conprised. a relatively minor
r:ortion of tLre totaJ- fll-orar potentially toxic taxa were present, in 2J
of the 100 collections. A determi-nation of the immed.iate threat to
livestock froir consumption of r,-aters containing these algae an1 d.ocr:-rnenta-
t'j-on of r)os;sj-ble toxj-c algae blooirLs in stocklond-s a-crcss east,err
l'lontana could not be accomplished. given the methocs employed in thi s suryey.
Proposals are rnade for ed.ucating ranchers on the potential toxic algae
problem and for establishing a biological salinity impact monitoring
network.
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INTRODUCT10N

This report descrlbes the attached or benthic algae (phycoperi-

phyLon) found at 100 d-ifferent, sites on a'variety of surface waters ln

eastern liontana suspected of being influenced. by d.ryland salinity. liost

of the waters sampled. were sma11 first and- second-ord.er streams, however

they ranged. in size from tiny sprin€ seeps to the l{issouri River at

the Fred. .Robinson Srldge. An a.ssessrr,ent is nade of the susceptibility

of livest,ock and wild-Iife to potentially toxic blue-green algae en-

countered. in these waters. Diatom taxa useful as salinity i-nd.icators

are identified and. their respective salinity tolerances are describeC-.

Salinity j-n surface and gror.rnd..-aters is a r.reIl-knoirn and. long-

standing problem 1n eastern Montana. In recent years sallnity Ievels

in ce;ia'ia '^iaruers h:"ve bsen increasirg- (i, iil" It. is beli-eved- tl:-:t

a major contributor to this growing problen is the process cal1ed sal-lne

seep (4, g, zo).

Salinization of surface waters used- by livestock has been implica-

ted- in recent reports of cattle d-eaths nea:c stock pond,s in saline

seep areas (29). These waters, in add-ition to the high concentrat,ions

and a:rray of d-issolved mln6rals and. nutrients they are knomt to contain,

may harbor strains of bl-ue-green algae tha'u a:ce 1etha1 to livestock

and. uildlife foIlon'ing ;+ater tl-oons (/, 79, 22, 31), Srecies containing

suspec',-ed to:<ic sirains are }:nolrn to occur in a brcaC- b:.nd across the

rror',herr-i Lini'ued. St,ates anrf souihern Cana-d.a, a.nc1 niay be found- in',lart.=rs

havlng a total dissolved solids corient of up 'vo ZO,OCO nsft (25, 26),

The pri:;rary objective of this s'.:::r.ey Has origina.]'ly to d.e'Ler:rrine

'';hetner pote;r'uia11y toxie blue-green algae regular:Iy fot'ii r"ater bloo:';is

irt rese::voirs frequenteC by livestock and-, if they d.o, '*hat factors



contrlbui,e to such blooms, I'heir occu-r:rerrce 1n waters affected. by

i1:rigation or drylancl saJ-inlty rnay present an add.itional and unsus-

pected. operating hazard- to eastern l,lontana livestock prod-ucers.

Sna11 strearns in easte::n l{ontana are often internlttent and. cannot be

relied. on as a source of stock water the year round-. Impound.ed. in

reservoirs, water is available for all of the ice-free seasono liost

potentia-ll-y toxic species of blue-green algae ale planktonic anC real-'ize

their fuJ.l lethality onJ.y following a bloon in the open, stand-ing water

of lakes and. reservoirs (7). It was therefo::e proposed. inltially that

at least 50 of the 100 algae saiapl-es be taken from the pIankton of stock-

waterirg reservoirs (3). Unfortunately, d-ue to ti:ne and. access l-irnita-

tions, only a handfuJ- of sanples (eight) were collected from such

ir:-ters; =-i1 
.t--Te +uz\ien f:,:cn t,he perllh;-t.cn anP-i none',;ere ta}:en f,r:c:,-l

the plankton. Consequently, the results fron this phase of the su-rvey

are inconclusive.

However, another usefuJ- purpose has been served- by conpletion of

this su:r.ey. A1gae, particularly diatorTis, are useful as monitors

of water quality. Because they d.irectly utilize d-i-ssolved- minerals

and- nutrients in their metabolic proeeses, they are ord-ers of nagni-

tud.e more sensitive to changes in the a:ribient concentrati-ons of these

elements tha:r either inver'r,ebrates or fish. They reprod,rrce muclt

faster thair j-nvericbrai<:s or fish, hence tneir r€ispot-Ise is more j.i.ne-

d.iate' They are a1so less mobrle and less abl-e to evad-e the coiisr:-

quences cf pollution, As biologicaJ- or:ga"nisias they in''"egra-Le the effec-Ls

of all -uhe various physical and chemical factors to xlriclr they are

er-poseC" Tire envtio:'r::entirl reluirsrerrbs arC pollution 'LoJerance of

nany f-resh-,;:rter diatoi:rs have been clocu-rnen'r,ea (tZ). The absence, or

xhen preserrt, the rel-ative aburrCance, of cer-Lain speci.es and. varietj-es

-2-



. ni:r)' 1:r,-1i.c;Lte speclfic water qua-llty condltions,

'I'itc waiers sa.npleC in thls su.rvey vary in salinltyl fron leve1s

tyl.lca.] of fresh water to anrL exceed_ing those of sea Ha.Ler. Given

suslt i] bro:d. range in total ionle 1oad., the correlation of d-issolve1

solids iLnd. electrical cond.uctivitles of these waters with the relative
aLbunda.nccs of their moa'e cojnmon d.iatom taxa will make it possible to
idcrrLify certain species and varieties tha-L nay ser*re as salinity
j'rrdicatcrs. Such taxa nay be used. in lieu of or in concert with physico-

chemical analyses as markers of salinlzation in surface waters of
eastern licntana.

One i-ncidental

It wilt cnhernce oi:r

i'-,.':' l;.l 1_l_ r_.1!.r.3S-3n-,1 a.

flora now in inltial

benefit will accrue fron completion of this survey.

kncwledge of the distribution of d.iatoms in Jiontana

sigi:'i :-;-c::;.-; con'L:i br-Lic:i -L:, a" s-Lz-.Lu;i-j Ce d-il_.,o:r

stages of preparation.

}IETHODS

Q1e hundred- sarnples of benthic (a,utached.) algae were colrectg1
fron 1C0 rlifferen'r, sites in eastern }iontana by personnel of the liater
Quality Bureau (lfonta.na Departnent of Health ancl Ehvironmental Sciences),

the l'lotrtarr& Bureau of }lines a::d- Geology, and. by this r+-riter. Dar,es

anc locari-ions of algae sa-nples are list,ec i4 Apoend.ix A. colIect.ors
;.er'J i:r; i..r.uc-i.t:,.i. to sa:npl_e nracros.iopic a)-gaa in propo::,ulcl tc tlrel::
a.Liu11:i11,-;.1 : c..i:. e given sit.e zrnd. t.o sclai,e inic::oscopic algae f::on rr:i.,;-r-a.l-

si;i.; ,lr :-1,-,:. louglily .in pro;,o,r,Lion to tr-,e inportance of each suts,r,r,_Le

( t'o:1r3, nLid-, etc. ) u,t each s'ite, thus givilng a repl-es.3ntative co:ipo;-;it.:

I;-111i'll ''' (1.). Substrat,es i.rere s'Jl:aped- i.iith a carefull,r' clea:ied- scalpel o-c

I -..I ItC : r',.r- ! rrj ty
al_l tir,-- i-oni-c

of a:n it'rlarrC
constiuien Ls

v:z.irc: r:ay be regard-etl as the co::centr:at,ion of
prese:rt , a cccrdirrg to Hutciij-ns;on ( 13 ) .
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pocket knifec SttP■ es wCre■ al,el]_ed,presoⅣ ed with Llt01's(BI)

solutiOn and shippcd tO Ho■ ena fOr nicroscopi91 ana■ ysis.  In mOst

cases a water samp■ e was cO■lected orl the sane date as the a■ gae sanl― l■ e。

Water samp■ es were ana■ yzed for disso■ ved so■ ids and e■ ectrica■  coll―

ductivity at the DepnTtnent of Hea■ th laboratory in He■ona.  In sone

cases, fie■d conductiv■ ty neasllrenents accompan■ ed tho a■gae sanp■ e.

Algae samp■ es were analyzea nicroscopica■ ■y as fo■■ows.  Phcro―

scopic filanentous a■ gae were o■ aced On a g■ ass s■ ide rough■ y in pro―

portion to the■r abundance ■n the samp■ e.  The salTlp■ e ■ras then agitated

and an a■ icuot of suspendea n■ croscopic a■ gae l・ras pipettet1 0nto the

sane s■ ide.  A cOvers■ ip was added and this "wet nount" was scanned

under ■ow nagnification (100X)to estiI「 late the re■ative inportance of

alga■ taxa in the sanp■ e。  (A magnification of 与00X was usea for critica■

identificatioll of taxa。 ) Whellever possib■e the more connon ta)E were

assignea an Order of ranke  At this stage diatoms were cons■ dcre■ as

a grOup and a■ ■ other a■gae were identified and ranked at the ■eve■

of genus.

The rcma■ nder of the samp■ e l.‐as then "c■eaned" in a n■ xtllre of

concentratea su■fllr.c ac■d ana pё tass■un dichromateo  This process

effectively ox■ di7jes a■■ the or6-an■ c contents of the orna■ ented s■■ica

diatol■ fr｀ustu■ es, which is rlecessary for accurat.e i_dent,ificat.lon ani

erujierat′ ionっ   FO]_■ Olfing rcpeatea decantation and dillitioll with Cisti_1101

'raterF iし
10 C■ f)anここ sallp■ c liac thO:LCビ ご}11, 11■ x=:]_ allょ  a fe、 f drcr'S l i1 0tterl

onto a co・ `.OrS:Lip.  Then al]_ ricisture on the covors■ ip had e、
‐aPOIat9■

,

a pcェェancllt IPount ,「as prcParci by invertin■・ the coTersl_lp oll a htatcd

gl_acs 3■ ,de containirg tiro drol)3 of a high refractive illdex mOuヒ ltう ng

nediu■ .  The s■ iae was label■ cd and then stc)rea to a′ wait detailed diaton

ana■ ysis.

V
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The pcrf:,Itent di〔 tton slidc lfas scannod, first under low ary

(loOX)and then under oil in■lersiOn (1,000X), and a list was prepared

of thbse taxa that cou■ a be found ■・Vithin a rcasonab■ e lo・ngth of tilne,

usua■■y 30 m■nutese  Diatol■ s ilere ■dentifiea to spOc■es, and to var■ ety

and foIIn whero apprOpriate and poこ sib■ e using avai■ ab■ e keys (10, 23, 2年 ).

Once a diatOn f■ ora was prepared fOr the s■ te, the s■ ido ■ltas exan■ ned

under Oi■ innorsion beg■ ■ni_ng at one edge of the covers■ip unti■ at

■east 100 frustu■ es were identified and enuneratedo  Work by Mclntire

and OvёrtOn (18)indicated that 100 is abOut the salll■ ■est sanp■ e size

that orle can use and sti■ ■ yie■ d divers■ ty and re■ative abundance va■ues

reasonably represcntative of the diaton assoc■ ation as a whO■ e.  Per―

cent re■ ative abundance va■ues were ca■ cu■ated fOr each taxOn ana

tiro divcifcity i:id el13も 、fer〔: ⊂31c,■■■tOi fOr e■ ch s〔rip■ e:

}iar6-a■ef.s index (8)

⌒
S_1

D=
■n N

and Si-npsonrs ind.e* (ZA)

S
SD = 1 _  Σ

i=1

２ヽ

１

′

ノ

Ｌ
・
一Ｎ

／

１

ヽ

where S is the nunber of spec■ es, N is the tOta■  nlLnber Of indiv■ dua■s

in the samp■ e, and ni is the nunber Of ind_iviauals in the i― th spocie_..

FercOnt re]_ative abu_rlaarice alla freq.lellcy or occulrerice licrc calci■ ate■

for each taxOn over al■  100 3〔コlPles.  Th_・ se tIヾ o stati.3tics were thcri

rlu■ tip■ iea giving an abundance― occurrence indox, whicll j_s direct■ y

rc■ated to the chances of finding that particular taxon a′ t any ont

Or the 100 sites (1).

At th03e Sitcs wherc water sarlp■ es were tal[o rl, species re■ ative

abundance and divc‐ rsity statistics werc co_rre■ atea ■rith specific

-5-

| 
⌒



cond.uci,allce (SC) values. Sallnity optl'lei arid. ranges of the ncre con::roir

taxa were e:pressed. in terrns of total d-issolved. so1lds (tos). only

tirese rr,wo estirnators of lonic Ioad. xere selected. for conpar.ison be-

cause it is unlikely, over the ride ra:rge of salinlty encountered.,

that any other uater quality parameters wou1d be as effective at d.eter-

tnining species d-iversity or relat,ive abund.ance. Ternperat'.re and. nutrients,

considered. initial-ry (;) because they are knom to be significant

in promoting bloons of blue-green algae (t+1, were not used in this

analysis because (:-) tn" plankton cominunity was not sanpled, (li)

nc li:roim ',;ater bloons were sanp1ed., (iii) bl-ue-green algae xere only

a sma11 frac'cion of the entire f1ora, arra (iv) spot temperature

[Ieas'd]renenis cculC nc'r, have been used- with confid.ence t,ecause of tenp-

e,r':i-Lu''g's -l.errCer:cy t.c i^t:C-eri5t.i r:a.r'ke'i. iiuni:1 fluctuaiiorr.

RESULTS

NonrdiatOl■  A■gae

Non―diaton a■gae ■n s■x najor groups an■ 57 genera were encountereal

in the periphyton at the 100 1oca■ ities sampl ed.  A cOmp■ ete ■ist of

genera ■s ■n Appendix B.  Because the p■ ankton conmun■ ty was not sanp―

■ed, the great najority of these genera nre attached forns, hOwever

a few ■71c■ denta■  p■ankters Terc encounteredc

Tab■ e l gives the rank frenl■ Oncy of the rlost rrOilincnt nor― d iatoll

a■ gal generao  A, a grollp tho groen alぎ ae were tlle noEt hI)ortant

arlong the non―diato■3, ana CladophOra フras the I■ ost abulldartt non― diato■

genus.  FO■ 101ギing the greens, the b■ uc― grcells, chrirsop卜 =ytes, eug]_elloids,

rerl a■6ae, and cr)rt01lonaas I「 ere the other nOn― diato■ g]rollPs in des―

cellding ordcr of abtuaance,  BOsides 
晦 hora, 。ther significant

rAon_diat01■  gerlera )rere RhizOc]oniull alld spirOgyra a1long the green3,

-6_



Table 1. Rank frequency of d.iatoms and prominent non-diatom genera ln the
periphyLon of surface waters suspected to be lnfluenced. by sa11ne
seep 1n eastern liontana.

Rank
LZL!.5
6z zz LzDiatoms (Baclllariophyceae )

Chlorophyla
Chara
Ch].orococeun
Cladophora
Closterium
Enteroinorpha
Gloeocystis
Ho::rnid,iun
Ilougeotia
Oedogonium
Platymonas
Rhlzoclonium
Sphaerocystis
Spirogyra
St.J-5ecre1o:ii',r-n
IILothrix
Zygnema

.A CyanophyLa
*Anabaena
xAphanizomenon
*Lyngbya
*Nostoc
0scillatoria
Phormi d.ium
Rlvularia
Spim3.ina
Tolypothr ix

Chrysophl.ta
Chrysococcus
Tribonena
Vauche::ia

Et"rglenophyta
E,,rr.l eiia!_i5rL

Phod.ophyta
Audoriinefla
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１
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１

１

　

　

　

　

　

　

１

１

１

　

　

　

　

　

　

　

１

１

１

２

４
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１

１

１

１

１

１

　

４
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１

２

型
１
　
　
１
３
２
　
３

立
１
２
　
　
７
４

１
１
１

ヱ
ー
　
ー
　
４

１

′「
二
′―
一

１

一
　

１

　

　

　

１

一
１

１

一
　

１

　

　

　

１

一
１

／
２

１

２

３

　

１

一
１

4tz
I

3          1
1

１

一
１

*Gerie:ra cont.aining species of blue-green algae suspected- of producing s',rains
that are 'Lo>:ic t,o lives tock or yrildlif e .
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