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Statio:i 2. Logan c •••. El ., 1 on 5,4oo feet. 'l"h• C&ZlJ'OA 

her• ia narrow, nth hi • l •hie cut oft direct awll.igbt 

c -ch or he 1• The atr ~• ia narrow (25 to ;5 r et)• 

and eper Cl to 2 fHt) than h~ eection abo•e Red Bank.a. eaple 

Fork, one of the 

I.op.a Ca••· 

jor tribu 1 a, enters betwe n cl Banke aa4 

t.&tion }. DeS tt Culp. El••ation 5,t)5() !Ht. 'n:e e"7oa 

hen i• aore open tan at Lopi> C • bul t • •a.lla • higb aa4 

., .... The •e 1• aaeewbat wider aga1..n (}5 to ~5 feet ud 

froa thi.a atati• 

tllere i• a 00 yard aec io of tr ... ri.th s :iarro• chamiel aa4 

4eptha of 2 to ~ !Ht. The tat ion ia approzillat•~ 100 7U'd.a 

AN•• t!le bac -tera or the th.11'4 iapowulaent. Rig!it !l&Dd Fork, 

-1.l. tributary, eater• be ri•er between autio.n:s 2 ud ,. 

Station ~. Otatlet or third .iapou• nt. lp-proriaatel7 

\Jlr..-fourtb• ail.• fl'OII Station J. ,.. water nows froa tbe au.r­

fue of the daa th.roup a ••rtical ~ U into the pipeli.n eur .. 

cbaaber. '!'h at ton 1• at the p-111. 

tat • 5. Abo• t!r iapouncbent 

Thia tat Oil ... origi..nal y locat o c l ,-ard.a down.ah· aa froa 

tb confluence ot th• .. ri••r c nel a.nd the power tatioa 

•pi.ll• ' 
d j ab v h bacn~t a of th tiret 4a. Pre-

U.aiur, t t n ca ed th.at the ater wer z d t thia poi.At • 

..-.v, furt er t• ta t t 

• •er• taken on 

e nnin ot t e aeoond year abowed 

d er.at c, and he t ti 11 ... 
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fl'a t•• ll&iA ri••r cban.Jlel (5A) ud tbe po• r rac•~ (58) abo•• 

IMU coafi•ence. 'l'he data for tile firat year at atatioa 5 ••r• 

t aaal.7••d ei.nce it waa cona14ered iapoaeibl• to 1.aterpret . 

tation 6. Belo• fizet clall. El.eYatiOD 4t,620 feet. ft• 

alat1• 1• approz:iaately 200 feet do ... tr•- fraa the claa. fti.a 

ataU.• ... cMl'acteria d b7 aa eztr••1Y lmriaat grotrt.ll of .... 

• Ille rocu, •ch aore tMD ... foua4 at ~ other locati• • 

81at1• 7. Nea4oa Brit,.. D••atioa lt,lt,o feet. !Id• •ta­

u.. la .-.., IOU' ail•• fl'OII •tati• 6. It ie • ~• •al.1•7 

a.... Ml• tile city of Lopa. ft• ■tr•- 1• el••r -• ... per, 

- Ntt• of fi••l.7 ti•1••• -t•rial -• ■oa• sra••l. fte 

are ~ or .... rc t. Blackeaitll Pork Ri•er, a et..... . 
t Mlf tile ■la• (at tllat poiDt) of Lopa Ri•er, eater• bet .... 

..... Cit7 aad Nead• Brit,.. 

1a,1. a. 

n...- ...... ,.. coaai .. rablJ. ft• •tatioa i• not oa t•• to­

•..- ..-oper. It 1• on tile Little Bear lti••r a ellor\ tia\aaee 

Nlee ~• coanaeace of Little...,. ucl ttae Locaa lti•er. ftla 

ata'1ea ... eetabli.a .. to try to trace tb• fate oft• aouataia 

Nter■ of Catler Dea, d tile -t•r 1•••1 1• co troll .. 7 ...... 
t 1., to 2 feet per ■ecoad. 
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n. .. at tbe aoutb of tbe C&QJ'On ••r• bt.at11•d rr. h• 

ffioe or be ater R.e ur •• 01•1 r th u. 

... .,. 
now eatiaatea l tbe other etatl oa ~•r• .. . r • r• 

JIWfil.••· aacl pp heipt and ul t.y data 0 • t y 

, ...... 1. Profile• ot tb• natur•l et.re .. b d • re ... 1 

•Wl'l•I troa a reference 11n• tot• el •u tt. 

w.-,q nre recor4ecl at eacb co l•ctioa cli•t.an • tr • 
.., ..... 11.a• tot •t.•r urf •· 

fe oc1t7 .. u ... nt at• ch ro So • r• • ,. ...... at low, ..41Wl 1 and b -• t.er et.a •• urfa • •• • 
~ at later••~• aero tb etreu ad • •ei t 

1,, olttaia• . T • ••loc t •• ••r• •• C,lted 1 tbe 

Nt.r at t p 1At ot • aa re■ent. r •• ••eU • • • 
Alatae• froa tile p beipt 4 i,r ,u. 4a •• 
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~• pl.aatic plate to bri..!lg th 1.rougb to the center of the 

ftelil. With the pin through th hole tbe trough ooul.cl be eaaily 

ntat•• pa.et the field of rlew with tbe tiApre of l hand. The 

U'ft• could al.ao be ... 11y removed for e11pt7i.ng and cleaning. 

!'Ile d.1.aenaion& of the trougb Nre euoh that the flat bottm 

ft.11.eil qp tel.y 011e-h&l.f o! th• field, wi.th 151 oculare aad 

• ,x objecti•e• or 60 power. Tile trougli waa ligbted h-aa beDHtll 

... 1M vp■1- appeare4 to be aach better i.11••1nated aad aore 

edJ;r ncopiaed tlaaa nth top ligbti.ng. 

!lie SMl)l•• were pr-i,ared tor coutiAg bf decanting wi.~ an 

th• or1g1Dal ■aaple aa \Ac!l nu.i u ... con­

..._, ritll tile -011Dt ot debri■• The paeral l•••l• ••r• 

--..>tabN b7 ezperiuce, tlM criterion bei.Jag the aaintainaac• 

of a uouat of ubria 1n the couU.ng trough wbioh would not . 
lat.rt•• with coutiac, ancl 7et conoentrating the aaaple u -011 

acYed preci.ai.on. (For a further 4i•cnaaaioa 

el~ ,oillt ■ff the aectiOD on counting preciaioa.) RepeatM 

eses:teationa of the 4ecante4 fiuicl ahowecl no alpe. 

Alter c0Ac•tntio11 the YOluae of the concentrate eaa .... -

_... ill craduated centrifa tut>.e. '!'be aaaple waa then~" 

lilr altonaately filling anci expelling a 5 al. pipette who• poi.At 

M.& 1a ... broka off to g:i.Ye a lar 

--,le - ••ll 111.z d the pipette• 

41aaeter orifice. When the 

fi.llecl &Jld 1 al. 4eliYerN 

111,e ~• ccnmtiAg trougb. It ... 0W1d that tb eancl and h•••ier 

co-14 be kept troa r ing to tbe bottoa d enteri.ng 

the l al. aaap e by olclln he pipet • at a ow 

eedle, 
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tit• troup agitated aligbtly tor a f•• aoaent to shake the 

into the bottoa. The organi...- ••r• then coU.Dte4 b7 

._.eln.ac th• trough paat the objectiTe, ■tarting and enting at 

a llae ecribed on the bottoa ot the troup, and keepi.ng co11At of 

or-1 ... on a aul.tiple key counter. In a f•• cue• u 

p■1• ... too nuaeroua to be eaail7 coUAted, and the aaapl• 

- ~ tilated to a })Oi.nt which facilitated the countina. For 

repl.ar collectiona 3 count• of l al. each ••r• -d• fr• 

• ...,1 •. For apecial collection■, euch u daily and 2'+ boar 

.. , 5 cnnt of l al.• cb ••re_ .. froa each aaaple. ft• 

..... for each saapl• Nr• •••raged, and the •••rage Yalu•• uaed, 

llltll tile DOWD • ll' el!l, to calculate tbe !Uaaber of organi ... per 

Uter of ri••r -t•r. 

War4 (1955) •••• the trough to coWlt coaplete aaapl••• 

tiler fll• collection Yoluae ia adjuated eo u to aake tlda po••­

~• or --Ua•r t • .-pl•• are nb-aaapled u in tide cue, it 

•"aria Uaat the trough hae definite adYantapa o••r the caaaonl.y 

.... ~ell-Rafter cell. Aaong th••• adwantapa are quiclaae .. 

_. ataplicit7 of u••• •-• of coUDting because the •7• need acu 

eiill.7 a --11 area, and r-o•al of tbe proble .. caused b7 Wlequal 

tiawtblltioa in the Se4geri.ck-Rafter eel1 ( Serfl.i.Jig 19'+9). If 

u of GIily a part of th• circle are aade ho••••r, as augpat­

.. '7 Ward, aerioua distributional probleae arise since rando■ 

tiab'ilnation in tbe troup ~ be al.aoat iapoaeible to acbi•••• 

It ... aotieed that tbe liquid of the l al. eaaples tend d 

tiatribute iteelt eo■ewhat wiequally in the troup du to the 

~.:•~,..ttillg ebaracteriatice or the plaatic. Some decre • in the 



1, 

p YOllllN would be desirable to r ... q thia ait~tion. Per­

t• aborter angle on the ai4ea wou1d be nfficient, tGt 

'-bl.7 a decr•aa• iJl di ... ter would be neceaaary. An i.Jlcreaae 

..i ... to the nezt conTenie11.t uaount of 2 al. gaTa too -ch 

... for~ particu1ar trougll. 

toa. The water tor the 1UUU1oplaAktcm aaapl•• -

one-gallOA ricle aoutll slaa• jar fraa tlle 

each atatioa. Tia• jara Nre taken to tile 

tc17 for ••paration at tbe encl of the collecti• trip. 

lllabran• or llillipore filter• wre uaed for the aajor porti• 

eoncatratiOA. Tile ability of th••• filter• 

reco••~ of nannoplaakton baa been 4•on-

ho t7P9a of filter• .. re uae4: aillipore 

AAl ..... ,a, tn,e RA, diaaeter 157 -·, aanufactared by the Mill.3.pore 
. 

_. C:O.-,Oration, price 11.85 each; and ■-bran• filter•, coated, 

•--- porNity, d.ia■eter 150 -•• ■anafactured by Carl Scletcber 

lolaaell Co. (S. 8t s. filtera), price 1.46 eacb. The "coati.Dg" 

el tll• aeabrue filter• eonsuta of a ratller stiff backing to 

tlle tlli.D (lOOu) tilter■ are glued. Tile aillipore RA filter• 

nan •••rap pore aize of l.~ with a range f 0.9 to 1.5,1. 

•• • S. coarse grade ■e■brane tilter• ha•• an •••rage pore 

of 0.5Ja and a range of O.} to l.2Jl. Tb••• data are froa tbe 

lactvera specifications. 

a. filtera were uaed ri.tb a bolder eonetnacted of plaatic 

oepper in wllich the filter• are claaped between th• two 

holder and supported b7 a fri.tted glue d.iac 



a 1.n operation, a aealtrane tilter waa placed o•er the 

&A,11._ ud the top aec tioa placed o•er the gl,a.aa aacl 
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Aoaa. A ahHt ot coarse tilter pa1>4tr • uae4 uaur tile 

r. tilhra to g'l. e better eupport. Vac ne waa npplie4 b7 a 

..... ,........e PIIIIP, ut the ayat .. fUDctioaed juat aa ••ll 

a np.lar - er aapi..rator or trea the audfolcl Y&C1I 

Ue 1a U.. tie.lei. 

of u 

a.ell oae-pl.loa aaaple wu aizecl thorCNpl.y and Ua•) lit .... 

Tbe } liter ...,.1e ... paaaM tllroap tlle 

Y .. , and tM plaakt• •~H fr-• tM 

wt t~ ~• aid of a pre..-.re at.cwt Ml' _. 

!lier 1!•• were trwferr .. froa the petri ti.ah to lablecl 

pl'Ntrw-4 b7 the acl41tioa of suffieieat iocli.De, ua 

....... ~ 1°'14e aolation, to aake a 2 to 3 percent aoluti•. 

De aabraa tran.apar•t when cleared ritll a fillid 

nfract1•• 1.ndes -ch aa cedu- oil. Microeeopic 

••11.•avatiall ot cleared filter• •~4 that oal.7 u occaa1oeal 

•• •• o..i• be .... OIi tbe filter• &.tter tile cleaaiag procw. 

--• _,.e .... 1a coa.ata of tile repl.ar ,0 fielda • 

aoaal cw•trat•• froa a.eo1ul cleaai.Dp of the flltva. Slll'­

f tlut lier C7t ter pl.ateau 1.n thee caaea cl.i.acloeN oa.17 

a ,_ orp,••--, ApparenU7 tla filter cleui.Jlg proceN 

1..- fOUlld in tbe Log,ua RiYer. 

fte -Jorit7 of tlae eeparatin wu don witll th s. & s. 

"•-"9e• coatN filters. Tile s. s. filter• • re choaen o•er t 

fUtera for .ral • for two r aaon tb c t per 
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S .... coneiderabl7 l•••• and the coated 

n.lwn nr Yery rugged peraittins repeated use. Tb• coat.I 

ftltera ••r• d.iacarded on.l.7 wben filtration tiae• 'bee ... too alo1t. 

ftb botll aa.lte• the filter• eYentual.ly bee ... clogged with fia• 

•lerial.• I11 a tnica.l. ••ri.ea of aeparationa, with the s. & s. 

ftlter, with the tarbid.iti•• wider 2 P•P•••• the firet, liter 

-196• ed tbroup in 5 ai.Dutea, the 111.xtb aaapl.e took 1 .. Ilia-

ft• JI. r. filter• u• ezpeui•• aAd fragile, eeldoa laatiag 

tllaa, eaapl••• They baYe the adYantap of eztr ... 17 

rate boweYer, ani can be •••4 with aore tlln14 

lfitll aaaple• -••r 2 P•P••• tarbid.ity, 3 liten .... 

....... ~• JI. P. t7Pe U tilt.re ill le•• than 15 eeconda. la aae 

-•s~l·• Nri•• u M. F. filter whieh bad been preri.oual.7 eed for 

• paue-4 a aaaple with turbiclit7 of 2.8 P•P••• 

la Jaat ..._ 1 ailltte, ucl the tollori.ag aaaple of 18 P•P••• 

S.ti\7 1a 1.5 ■.unatee. 

ft• coated s. & s. filter• are rirlte •tiff an4l can bee ppecl 

la tM 1aaa• for waaAi..Dg. The M. P. filter• are thia and frap.le 

att ... ta at bol41Jlg th ■ ill the hand reaul.ted ill breakiAg of 

A bolder for the M. F. filters conatncted b7 

•• ..,._.. 2 alleet.a of plaatic i.Dto neated taperi1ag troupe. A 

.1 et -.1.ler ill u ... ter than the iltera ... cut r.... 

the rou p, .-1th the edge of the 

-..!'WA•• jut tolacll.ing the edge of th plaatic. In oporation th• 

••filter ... plac.-! on the firat piece of the trough, ancl the 

... ,_,. pi••• placed o••r th filter ao that the ed a of the 
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\er nre held do • Th• organ.1.eaa could then be ... heel fraa 

filter th.rough the op~. ng at the edp of the plaatic, Di. h 

the tip ot the trough. 

ft• clogging point ... r ached au4denly with both ae.k•• of 

,Uure, ucl ODce reached, paaaage ... extr ... 17 slow, taki.ng 11p 

lo aiallte• tor Uae l.&at l~t•r of a turbid, l~ter -i,le. 

la ....,.i it ... not practical to filter •eaple• witll a 

to 5 P•P••• with th• s. & s. fUtere, and then 

The turbiclitJ liait tor tbe M. ,. filter• 

and then th• filter cov.ld u.ua.ll,7 b •• .. 

Atteapta to clean the filter• by •oek1ng aa4 back 

n .. lia« .. r• not aucceee!lll.. Solle 1.ncreaae in fi1tering apee• 

•••eral da7• of aoek1nc, bat the f11tere r•-

q~ c&J.:,. 

lo~ aake• of filter• ar ahi.ppecl d.17, and once wt maat be 

.. t. TIie s. s. filter• ••re boiled at a elow aiaaer for 

ad.a11we before fi.l'■t uae, aa auggeeted by the aanutactarera 

f Mr1,,,,. filtration rate. 

81.Jlce tbi.a project began both co paniee baye aanounee4 the 

aft.ilal,1llt7 of filter• with pore aisee up to 5,u. Tbe de elc,p-

t of theee -branea aa tool• tor plankton reaearcb ollly 

9IID• The7 prOlli•e to add auch to our knowledge of the ••rr 

I JJ pll7teplankton particularly. 

ror •err turbid a lee eeparation was done with a Foeret 

-.-~toa oea rifup. At tlo• ra e of 5 ainutea per liter or 

filtering of tb centri!u d •• er d1acloae4 no epi11-oYer. 

n .. rate of 2 1/ aiautea per l~ter there ... 15 percent 



19 

1 0 h r pl •re•• ated at 5 Ilia-

pr liter. r f ge wo\lld aYe JION 

l 4th 

A a ci Sp DC r 

ob 

~• co ce ra e 

r to 'J 1011 of a p •• 

B • gh Li.De Ba -e1t et r •i cell 

e or nannop ton count. 

re dee t 4 t a iropper, wi ht 

ble • ri.a. Th 

ten cletendn 4 ia a gr at .. 

tfthp t•be. During t • fiood p rio to be 

COUAtin po • 
1 !◄ l.ling and ezpellln dropper •••r 

drop th a introduced a th edge oft cu. f lli.ng 

11 by capi.l.l.aJ7 ction. Th con•• re cl m r 

obl s eqaar • caapri iDg tJae center ldlU-ter 

.. of the ed. Ia acla ... tll• r t 

uc~• at ran and t.laen •• r'7 oth r fi•l• c t 

15 ti.el n d The ell f 1 d a e 

co c tr • and 15 fi da couated • abo•e• 

f el. C f r 

P r for 

b r ot ... 
• 

b 

t p r r 0 er 



20 

••--•17 ee•Jl traction• of th water aaaa represented b7 tbe 

• Tile flow •oluaee in general ranged froa about l,~ to 

'•'°° liter• per second durin ■oat of the 7ear, and up to 3 ,000 

per aecoiid during the apr1-ng flood. It waa clearly poa-

• to Ila•• an orga11i.- paaeing tbe collection point 1.Jl con­

..... le tota.l auabera per second and yet h••• it abaent fro■ 

olleetion. 

A eecoad artifice or tbe initial. collection waa the effect 

800 to 1,000 percent incre .. e flow duri.Jlg the apri.ag 

Aa orpn.1- 11 ar the lower threehhold of eeaaitirity 

tile reat oft~• year would disappear fro■ tbe collectioaa 

tile fiood \Lill••• it• abwula11c1 increaaed proportioaall7 

e iacre .. e i.a now. Tllo•• orpn.1- r•eain1ag coutaat 1a 

per liter duriag the nood refloctecl a treaendoae i.Acr aae 

la le\al •-b•ra. 

aenaiti•ity at tbia poi.nt wolll.d ba•e aeaat 

tile eaaple •ol• ... proportional to the •olwae of now. 

t.11 ~ aaapower and fac1lit1•• a•ailabl• thia could olll.y b.a•e 

• y liaitiag th• etudy to one or two etatioaa. It waa 

._.., aore iaportant to co••r tbe aerie• of etationa, eo 

u tlle aaapli.ng biaa ••• recognised. Aleo, th dowaatr•-

1.ea ... ~• 1a •ol11ae of now could cause a decreaa or 41-eapp ar-c• 

I • orpai.- which w in tact atayi.ng constant in actual 

Tile •ol- of CO!lcentrate r ni.Ag after eeparation and 

Yari d. It we.a deteraiaed th.at fter ataJlcling for 

•••ka all tbe or ... eettled out in botb net an, 
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.... opl.ankton concentrates. Thi peraitted readjuet■ent of tbe 

conoutrate •olu.me at the tia.e of cou.nti.ng. 

The fi4a1 degr e o; concentration was liaited by the aao1LDt 

of debri■ and turbidity present. 

For tbe nan.noplan.kton ■oat cone ntrate •oluaee were between 

1.5 and }.5 al. tor the upp r ei.x atations, }.5 to 6 al. for 

atation 7 and near 25 ■l. for the ••r, turbid etation 8. Duri.Ag 

U.e apri.Ag flood increased turbiditie■ ga•e concentrate •oluae■ 

ot ).5 to 8 ■l. tor the upper six station■ and 6 to 20 al. at 

atatia ?. At etation 8 tbe turbid.itie■ during the nood ••r• 

llttl higher than uaual and concentrate •oluaea cU u not increase. 

ft•• aaonal ft c at thie ■tation wae a winter decreaae ill 

tU"biclit7, Ting concentrate •oluae■ of 4 to 15 ■l. ffo•e■ber 

tlarCNgb February. 

Only a aaal.l traction of the concentrate Yolu.me waa actually 

co1LDted. The to al Yoluae coYered by 30 fielda in tbe apeei&l 

,OOU d .. p haeaacyto■ ter aaounted to 0.00045 al. Thie meant that 

tbe orp.nie■a had to be present in considerable deneity in tbe 

concentrate to be seen. Inter of ainiaua eeneiti•ity--th 

orpniaae per liter o! ri•er water to which on occurrence would 

be expanded--tbe •aluea were a.a follows: Upper 6 stations, non­

flood 1,000 to 2,500, tlood 2,500 to 6,000; Station 7, non-flood 

2,500 to 4,500, flood 4,500 to 15,000; Station , winter },500 

to ll,000, reat of the year 19,000. 

The aen 1t1• ty could h••• been k pt c n tant by either 

keeping tb concentrate •olwae con tant or keepin the •ol 

ocnaated iA proportion to the concentrat Yo uae. Tb ro er 
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would haYe aeant choo ing the ost turbid collections aa 

ataadard, to the great detriaent ot the rat of the data; t~e 

tter Mthod would ha•e increased the tiae inYolYed i.n counting 

4 tlae c pa.biliti•• ot the project without clraatic curtaJ.1-

t of tlae au.aber ot stations or period of collection. 

hrbi4it7 waa not a proble■ tor the net plankton •aaples. 

a. t..-b14it7-causing fr ction paaaed through tbe net. Organic 

aa4 aiJl•r~i debris bowe••r •a.a a problem, and often aade counting 

M.fticalt. 'l'here waa no pronounced seuonal or locational trend 

la tile aaowit of debris reeent. The etatione below the claaa 

...,. lower iD ■i.neral particles, but higher iD organic frapenta. 

orpaic frapenta we~e ■ore hi.nclrance to coUAting tban were 

Ille lliaeral particl••• The aaount of debria per unit Toluae of 

tu roee only a little during the flood, and eYen then onl7 

■et concentrate Yoluaes were pri.aa.J'ily between 12 to 22 al. 

1• ••• ainiaua eenaitiYiti•• of 0.1 to 0.19 organia■a per liter 

for tlae regular collection• with a total of, al. counted per con­

t.rate. For the daily and 24 hour aeries, with 5 al. counted 

.. , oeacentrate the aini.aua • naiti•ity was o.o8 to 0.11 organiaaa 

..., 11ter. 

Preoiaioa. Since the final figure• used in expanding the 

Ol'..,.U. ... counted into orga.nia per liter of riYer w ter were 

MUa, confidence 11.aita were aet to a repreaentatiYe a.&ple of 

Mena uai.ng th follo ng tor■ la: 

- ♦ M • X - .05 X 

re M • pop ation aea.o, 

-z • aaaple ■ea.n, 



t. 05 • statistic taken tro■ a table such a.a T ble }.8 i.D 

Snecteoor (1946), &J1d 

• • standard error. 
J[ 
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Tile confidence lillli.ts thus obtained were conv rted to percent 

oft~• aean and plotted agai.net the total organiaaa •nu.aerated ill 

OOIUlt (Figure• 3 and 4). 

Tia• author de■onstrated in a pre•ious etud1 (Clark 1956) that 

f aaaaopl.aakton counts aade Wlder siai1a.r condition• the width 

et tile confidence li.aita when expreeaed aa percent of the aean ia 

.... a4ent upon the total nuaber of organiaaa enumerated and illde-

... , of the nuaber of tielda o••r which the enuaeration •aa 

ill tb• range teated (18 to 72 fielda). 

Tia• 11&11.Doplankton count• o the present atudy, where }O fields 

•-rated for each count, «1•• ••TY good agree nt with the 

..,..-1 ... ■iuct1. Total nuabera counted of at leaat 25 a.re neceaaa.r1 

Ii•• coatidence iaita of near ! 50 percent, and total nuab rs 
♦ 

of 100 gi•ing about - 25 percent. 

Agree■ent of total numbers counte/. and precision is still •ery 

pod for the net pl&Akton counts with 5 troughs per count {the clail1 

aa4 24 hour aeries), with the rel.ation hip of nuaber counted and 

o f14eaoe 11.aite aa percent ot them eaeentiall1 the saae u 

I th• D&lllloplankton. The points are a little ■ore scattered 

and the r lationahip not quite so precise. 

Tile relationship o! totai n rs couted and precision, 

ui e gener for the re ar net Ila ■till ••r1 ob•iou, 1 

)'le•lp;toa cowits ot 3 troughs r cunt. Very low nuabers count d 

a,Ul si•• ••r1 low preciaion, nd hi total n o no 

+ 
- 50 re nt. 
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a. effect ot thia general relationship be'•••n total naaber• 

• 1.a that 1A thia caae, a.a in an7 ca.a• where the 

th• higher densities are .... urM 

n .. .,.._ precision. In no cue howeYer in thia atuci, ehoald 

♦ tllfereac:M of lea• than - 25 percent be considered iaportaat eYea 

Id.~ tke Id.peat denaitiea; with! .50 percent for the aediua dea­

aillea aa4 ! 100 percent for the loweet denaitiea ■ore real.ietic 

Ille aeat qaeetion waa whether or not the eub aaaple taken 

I o-..tiag - repreeentatiYe ot the concentrate. 

Cll1 aqll&l'e teats nr• applied to the cowita of 10 D&IUlo-

1'1•••.oa fora 1A 5 replicate counts troa th• .... conceatrate. 

ot the chi eqwar•• ••r• aipificant at the .5 percent lnel. 

Aa u additional teat, total• froa the firat aad aecoad elide• . 
el U raadoal.y cho en coUDta were alao teated, again with no 

~ea COIUl • ••re choaen at ruadoa froa net collectioaa in 

Q fiYe 1 al. aab eaaplee ••r• counted troa each concentrate • 

._. of the chi aqaaree ••r• aipiticant. 

It •aa concluded that the •ariation preaent did not ezceed 

lllat llhicla wollld noraall7 occur in randoa aaapl~ng fro■ the con-
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'l'be bed of the c~on section of Logan RiYer is coapoaed 

piaari.ly of boulders and cobbles with only saall areaa of gr&Yela 

... Nouional mll patch•• of sand and/or ailt behind lar19 

.. ra. Occaaion.al.ly areaa of bedrock are ezpoaed. Moat of 

U.. larpr rock.a are Nil tilted 1n place, and •la•n r-o•ed allow 

ape of bari.llg etqed i.11 th• -• poaitioa for aw tiae. lloolta 

..-S,Taleat •is• when placed on the at.I-•- bottoa 1a a Dff 

.-S,'1• were aoYed downatr•- by the apri.Jlg nood. 

Ill• bottoa of the Yalle7 ••ction of the riYer ia coapoaed 

el tiael.7 cliYided -terial.a and the bottoa contour• chaap ri.tll 

eroeion &114 depoaition l)&ttern of the curreata. 

"tipt· 

fte ••erace gradient troa eta i-ee l to the ao11~ of the 

NQ011 1a 1, feet per aile, though l aection i..e twice tbat (Fig­

_.. l). Th• gra41ent 1.11 the Yalle7 i.a ,.5 t et per ail• if ■•aa­

_... 1a a etraigbt 11.Jle, but under 2 f• t per ail• by atrea■. 

hea the Yalle7 gradient ezceeda thoa reported in ■oat 

.ieePrtoa atucli • taoff (1 2~) gi••• .}5 to .}8 feet per ail• 

f• tile Upper Miaaiaaippi, and l.} feet pr ail tor the 16 ail• 

lalud "rapid.a•. ofoid (19()) 'fea 1.2 r et per ail.e aa 

••erace ga en for the 1111.no a, ut .1}7 ••t pr • for 

r 227 ail.••· Starr• t d Pat c Cl 52) report 1.5 o 

r .. t per 

r .. 
• • • 

( 

• of 

) or 



Colora4o exceed.a eYen the eteepeet sections ■eaaured on Logan 

Jtlyer, though a few or the tributaries aay approach it. 

!nMrat11n 
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fte teaperature data are of 2 type: the single or center 

liae repreaente • ter teaperatu.rea at the tiae of plankton 

eell•tloa; the upper and lower li.ll • co!lllect •aluea froa aaz-

1 ainiatul theraoaetera and repreaent the t-perature ranp 

daee UI• laat collection trip at each point (N.gurea 5 and 6). 

etraipt liD•• at the b41gi•a1ng of the vx1••-■1nim data 

• ft.pre• 5C and 5E, and 6C and 6D repr aent the teaperat11N 

troa the tiae the tberaoaetera ••re lost at the b•pna1•g 

et~ epriag flood lllltU their reco•erJ• ~e teaperatUN r-p 

..,.. etatioaa l through 6 waa :,2°-60•.r, for atatioa 7 the rup 

... J2•-76•r ud tor atatioa 8, }4°-85•,. The low teaperat1U'e at 

alatlo,; 8 would probably ha•• been near :,2•.r had aazim-ai.Aimaa 

........ tare data bNA aYailable. The teaperatve ruse for the 

•"• river - aoaewhat leaa tbu the ,2•-69•.r reported b7 

-••k (l~:,) for Boalder creek. The teaperaturea of atatioa 7 

()2•-71• ) and 8 (¥+-85°F) are caaparable to thoae giTn b7 ~otoid 

(1903) tor the Illl.noia (:,2•-89•r), Starrett and Patrick (1952) 

I• the DeaNoin•• (}2°-85°F), &Ad Reinhard (19}1) tor the IU.Baia­

dppi (:,7•-77•.r}. All n (1 20) giT • a range of :,9•-79•.r for 

Ille Saa .Joaqui..n, a uch higher ainiawa t ■perature than tboae 

elted beN. 

Aachor ice• often pre■ent at etation l froa late Ko• ■ber 

JaauaJ7. The ri••r r in d open at station l and tor 

■ilea upatr aa fro• it. The riYer froze o•er co■pletely 

tll.ia open str tc, and ~n u.n7 are tr about 5 ail•• 
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atation 1. There waa considerable bank ice at tation 2 

4 anchor ice• obaened there once in auJl aaouata, thoap 

lt ... newer •••n below thia point. 'the first and tll.irtl 

Yar,Jing aaounta of ice coTer, being alaoat caapleteq cower­

.. dlariAg •e'r7 cold w .. ther, but uauall1 only haring ice near 

.._ .._ aad along the edgea of the iapoundaenta. 

It 1a intereating to note that the winter aax1Jnua fell below 

a,o•r. oa.17 a few tiaea, the lowest being ,a•F. There wu appar­

•tl.7 eAougb heat froa inaolation on the relati•el1 dark bott• 

•terial to wara the water ao■ewhat oa clear clays. 

Statioa 5A had a noticeabl.J ailder winter enwiron■ent thall 

other atatione, rith the low ,1•-,9•r. and the hip near 50•r. 

ften utort'llll&teq ia no• er teaperatu.re data for this ata-

u~, oal7 the obaenation that the water wu noticeablJ war■er 

Ulat of atation 5B. 

Ille MZiPIII ■inim•• therao■eter •ae read dail1 at station, 

taring a 10 ~ collecting aeries fro■ Janua.r1 29 to February?, 

1957. The da.11.y teaperatu.re range wari-4 froa ,6•-39°r. to 

JJ•-'t,•F. During two 24 hour collecti.llg aerie• at the .... ata­

tloa the range wu z•r. (NoTe■ber 29 to 30, 1956) and 5°F. (March 

18 to 19, 1957). 

!Hbltitz 

The turbidit1 in general follow d the run-off pattern {Fig-

7). Maziawa turbidities howeTer occurr dearly in the rwi­

ott with the la.et of the h gh water quite clear. The ·ur, h gh 

tvbid1t1 p a.k of April 6, l 57 • obtained on a collection rip 

uke11 the clay following a nigh of r and al t. The do atreaa 
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June 1957. Mote cban of aoale 1A D. 



ill turbidity on thia date waa probably cauaed by two 

(1) at the higher •l••atione the atorm •a.a pri.Aaril7 

and (2) the turbid w ter had been o ing down the canyon 

-r:L•• the night and waa gradual.ly being replaced by clean water 

'2 

Ill• higher ele•ationa. On April 7, the day following th• 

Ill• readi.ag of 18 p.p. ■. at station 3, the turbidity bad. fallen 

lo J.5 P•P••• and. reaained between 2.} and 4 p.p. ■• tor the nezt 

~•• Other clail.y aerie■ during the fall and winter ahowN a 

of..,. to 4q nuctuation. Tbe range fr011 October l.2 to 17, 

... o., P•P••· and. froa Janll&J'J' 29 to F•b1'11&1'7 ?, 195?, 

o., ,., .•. 
ft• t1U'b14ity peak tor the 195? run off occurre4 bet••••~ 

.lmae 25 and le not ahown on the grapu. Thia peak wu of 

Morter du-atlon than that of 1956. It ia poaaible that the . 
6 atora IWIOYed auch of the fin• ■aterial frOII the e4pa 

t U. -tar couraea. The etation 5B graph doea not show the 

6 peak, aince by the al.ternate aaapling ayate■ it wu aiaaecl 

• tllat elate. And. by th• aaae token the peak hown for 5A ia too 

.._. becaue that atation wa.a llliaaed on the next collection an4 

Ill• tlliak return to nor■al. i not indicated by the data. 

Du-illg ■Mt of th• year the turbidity at the upper 6 •tationa 

r1a 1•44 macler 2 p.p. ■. The as 40 p.p .. at station 6 

lol.1091.ng the atora prerlously d.i.8CU8 d. cept for thia p alt, 

bicliti•• in th canyon portion did not exc ed. 15 .p. . ••en 

tars.a fioo4a. 

hrblditiea at t tion 8 rem& d r la i••~ I::. ■ost of 

7ear bee•••• of t fin erial co riain th 8 d 



ttoa d the fact that th irrigation waste water from aur-

woaacli.llg crop lan w s very turbid. Th 11•xi11W11 turbidity of 

'6 P•P •• at station 8 is far below the 11&Ximw1 of 240 P•P••• 

reported for the Mississippi by Reinhard (1931). 

Sw Yelocitz 

Beoaue of local changes in gradient a wide ran of water 

nlocitie• could usually be found within a abort distance of~ 

1 poi.At on the river. Aaong the aaapling stationa, station 2 had 

llipeat water velocity, with a ai.niawn aain str aa velocity 

of ~-5 feet per second and a aaxi.awl of 9.2 feet per• cond duri.ng 

11.ooda. o atteapt was made to ■eaaure flood velocities in the 

of ■az1au■ gradient, but they appeared to be conaiderabl.y 

tlaaa at atatio11 2. Station 1 had a range of 2.5 to 8.6 

fNt per aeooada station J range ot 2.5 to 7.7 feet per aeoond. 

••l04:it7 rangea at station 7 (o.4 to 4.7) and atatioa 8 (0.5 

~.~) are ■ore in line with those of O.? to 4.37 tor the upper 

mNtM\ppi (Clalt oft 1924) and o.6 to 2.5 for the Illiaoia 

(Kofoid 1903) .. (Yelocitiea were not meaaured in the channel aboTe 

etatioa 5A, but they appeared to be lower than thoae of the riT r 

abcwe the third claa.) 

olUM .!!!!!!!!. 
Protil.ea wer eatablished t stations 1, 2, 3, d 7, and 

n data calculated from ga readinga and velocity me ure■nts. 

•tu Reaourced Division of u. olog1c 

\a1u r corcli.ng gage on b three s pent of the atr at the 

O&ll7N aouth which collectively coapr a th flow at that point; 

• ri•er channel--a atio 5A, t power r cw --at tion 5B, aiid 



ti.rat i..rri.gation canal. Oat froa these tat.ions ••r• obtai.D-

at the Logan office of the olo cal ur•ey .. Flo• eatiaat•• 

at. ataU.cm 8 .. re not att ted since the control of the water 

1ewal. b7 Cutler Dua re•ented the eatabl.i.anaent of a reli.&ble 

.,.. helpt cliacbarp •oluae relationahip. Voluae of now clata 

..,. pre ... tecl for ataticma l, 2, }, 5A, 5B, 7 and for \he total 

8U'eaa flos at the caA7oa aouth (stations 5A, 5B, and the first 

iniptioa canal coabine.1) (Figure 8). I spite of the Uffer-

ill altit•4•• the data tor the upper} station.a do not d.eaon­

euate a .. quence in starting elate of runoff or in elate of ■-x:iaua 

n... ObaerT&t:ion.a indicated that there ... a alight Mquuce, 

al Uae l01Nr atation bei.ng earlier, but the 10 to 15 ~ inter­

ftla be'9eell oollection. waa enough to mask th.1.a sequence. The 

ft tloe aot f'low through terrai.n which gradually incr...,.•• in 

u-.... tile t.r aition fr• Yalle7 to high IIOWlta.i.n.e is abrupt, 

Id; llt. Lopa at 9,?00 feet on.17 4 II.ilea from the caAyon aoutb. 

wltll Mgb terra.in parallelin alaoat it• entire length, \he 

dYer roee and tell al.aoat aa l unit. 

Gape at atation.e 5A an 5B reflected the a&llipulation of the 

n.. for power aa4 1nl•t . .., Ml"iac ,u apri.D1 n.... tale 

ala ~b•n••l at the~ aouth (station 5A) r.arried oa.l7 Nepa 

'91', •aae epri.ng water, &Jlcl occa.eiona.l o•erfio11 fro the aurp 

laak at th• pow r station fluae terainal. ~h flow a atation? 

Nft ted nuctuationa ca ed. by irrigat oa cl manda. Thi.a 

4aria1 fiood tiae, and ita err ct was tor o•e the 

now which •a.a notice bl at the upp r 
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Peak now vol s •rel ti.Iles the w,inter mintaua !low. 

Ex••1n tion of records from the stationa at the mouth of Lop..D 

Canyon showed urnal fluctuations 1n now ozu.,- duri.D1 the 

fi.rat part of the spring flood and even th n they •ere occ .. ional. 

and aaounted to 10 percent uc uations at moat. 

There was little fluctuation 1n the daily seri sat Station 3; 

4uring the 8 d.a,ys from October 12 to 19, 1956, the gage read:i.nga 

bacl a range of one-half inch, between January 29 and February 7, 

1957 the range wu 1 1/4 chee, and between April 6 and 15, 

, 1/4 inches. The full range of gage read:inp at tbia atati:>n 

4uring the atudy wu 32 inches . 

• ,,r cheaiatry 

<hu1eral. The results of} aeries of chemical anal.yses are 

ai•en 1A Table 1. Much of the first analyses muat be cli.ac u.uted 

for coaparative pu.rpoaes ince, as is noted in the table, the 

aaaple atood for• e time before anal.yais. The anal.yeas show in 

genel'&l.1 a downatream incr ue in total diaeolTed solids (T.D •. ), 

little difference in a:117 one aeries between the upper three at -

tione for ■oat constituents, and ignif cantl7 higher vaJ.ues at 

the lo•er 2 atatio 

•al.fate). 

1n several cases (nitrate n tro n, phoapha e, 

The January and April 1957 an yaes PP• to b 1 fi-

~utl.J' different ins •er C a: od.i nitrate ni rogen 

••re higher in the April a.1,. is; bic bon t I t. • ,, • t C ciwn 

ud ugnea U11 wer hi r in t Janu y alysi . Since • ter 

leTele •ere not signitic tly d tt rent at th 2 co l ction e ' 
preeU11&bly om other factor or f c or • s rea onoibl • The 



• 1. ca,~LN~ ~•• of water troa tile Lo- lti.••• "'-• llNVioal ooaa tln.t7 (I. c.) 
1a Nlol'Oaho• per centiaeter; other tip.re■ 1A part•,. .. w1JJ1•• 

t• d 
Loe ion C DS C Mg Na K Cl 504 co., sco., Po4 NB4 o, 

N N 

s pt 956 

}50 o· 17• o. 2 0-10 206• 0.3• .015• 0.12• ., }60 38• 17• 2 o.4 2 2 0-10 200· 0.2• .19• o. • 
6 370 .,,. 17• 2 o.4 4 ., 10 178• 0.08• o• 0.005• 
7 510 29• 23• 4 1.2 6 12 0-10 245• 0.67• o• 0.23• 

570 37• 28• l , . ., 14 27 0-10 255• 2.5• .o4• 0.30• 

Jan 957 

ion 1.>0 80 55 20 2 2.0 5 4 0- 0 255 0.03 0 0.14 
ion ., 370 196 50 20 ., 2.0 5 6 0-10 2 6 0.0 0 0.12 

6 }60 196 51 2l ., 2.0 6 8 0-ll) 24o 0.02 0 0.12 
7 20 2 • 55 23 4 2.0 6 15 0-10 260 0.02 0 0.20 
8 272 59 23 9 3.0 ., 2l 0-10 287 0.11 0 2.90 

April 5, 1957 

l ., 0 178 5 16 12 2.0 4 4 18 217 .009 0 l.6 
2 3 0 18 7 15 15 2.0 6 5 0-10 221 .o 8 0 2.0 ., }60 212 8 17 15 2.0 6 6 0-10 232 .009 0 1.8 
6 370 206 9 18 16 2.0 6 8 0-10 236 .009 0 2.2 
7 20 230 9 21 z, 2.0 8 15 0-10 255 .01 0 4.7 

• le etood efor• analyai Yalues are approximate or queetionable. 
~ 

" 



data &Tailable p nut only a general ou line of the chemistry of 

th stream. More det l d work would be required to eTaluate 

seasonal or do1rUatr chan s. 

It appears that the poundmenta do not add to the riYer 

water significant ounts of the teria1• tested for in theae 

ualy••·· 

Di.aaolYed oqgen. Dissolved oxygen content the canyon 

portion of the strerta varied ·ound the saturation point. 

?!• The pH w a not xtensi,ely tested. The aTerage value was 

7.6. 



THE PHYTOPLANKTO 

!!!!. general algal flora .2!, lli a treaa 

,9 

Subaerpd •aacular aquatics were al.aoat completely absent 

froa th ri••r ita lf, though they- wer bundant i.n tbe ti.rat &Dd 

~ir4 iapoWldaenta. Hoa co•ered the rock• of the ri••r bottoa 

for ae•eral hundred ,....._below the firat claa, and to a l••••r 

eztent at the outlet raceway of the powerhouse above the first 

iapowulaen t. Patchea of moaa were occaaional in other aectiona 

of 1 por ion of r T • 

The ■oat ob•ioua algae ••r• the banlta of Spirog:yra and 

ZJp•- in the first a.nd third illpounclaent; the brown atreaaera 

of Pal.Mlla !tJoaurria on the rock.a in the canyon--aoat pre•alent 

ill the late fal1 and winter--an4 the brighter green th 1li of 

Pruiola ■exicana which were ■oat abundant duriag the decline of 

the spring f1ood, l.ar .. Wllllta beillc ezpoae4 by tb• falliac 

-t•r le•el. Cladophora waa abundant below the tirat claa in con­

junction with the ■oaa, particularly in late winter and spring, 

b•t it waa not often aeen abo the tb~rd daa. Vaucheria was een 

occaaionally in the upper riv r etween at ton 1 d 2 and waa 

aban4&nt in th winter in the ri•er ch nela be wen the dam.a. 

Ulothriz waa despread thou 

iallll in late w ht r. 

ne•er abundant and reached a 

Upon clo • ex ination o t of be roe 

••r• found to be covered wit blue-gre n al. 

forae4 conspicuous crusts of calcium carbona 

of th ri••r bed 

80 e 0 h • 

• hil o hera • r 



Yery nconapicuoue, their extent being real.ized o ly by eAtraation 

of their pigaenta (McConnell 1958). Predoainant aaong th blue­

p-eena • re Phor idiwa incru tatum and Schizothrix taaiculata. 

Diatoaa were rarely obvious in the canyons ction of the 

riYer. Occaaionall.y they would be no iced as a brown sc\lll on the 

roob or bottom in the infrequent b c aters. In the valley 

■ectiOD of the river the diatoas wer present at low• er aa a 

U-Olnl coating and as brown atreaaers attached to rocks or twigs. 

Dlatoaa were present in scrapings fro■ al.aoat every habitat except 

perbap■ th exposed front r ce of rock.a in the aain curren. 

Diatoaa were found on the blue green cruets, and large nuabera of 

■picule■ ••r• left when portions of the cruet were dia■olved. 

It i■ difficult to coapare the diatoll8 and blue-greens quan­

titatiYei, but lt appears to be uite possible that the blue-greens 

are the. doainant photosynthetic group in the ri er. 

The algae• ch have been identified from the river are 

li■ted in Table 2. No atte■pt ha been aade to co■pile a coa­

plete list. The collections of encrusting tor.as and di to ex­

a■ined and sent away tor enti!ic tion re quite r pre entative 

however, and in thes 2 groups the important sp ci s are cert inly 

pr•• nt, though lllAilY rare or occa.aional. ap ci s 

tai.nl.7 ai■ ing. 

The followin for were iden if ed from th 

■tation 8 on the Little Bear River low its junc 

e j t &.SC r-

net lankton a 

on •i h th 

Lopn River but not fro h Lo ver ita elf: Co -------
parvulua (Jtutz.) run., fl vicula car r., 

Grun., . anguatata ( . .) run., . !on icol run., 

!awaprica run., _r._y _____ H n z ch, . _v_e_r_,.;.;._,.;.;..;.;;.....;;...;;;..;;;..s ( u z.) 



~ l• 2. Alga ident fied fro the Logan Ri•er, Utah uring 
1 55 and 1956. 

Xantbophyce e 

Vaucheri ap. 

Cbr"7aophyce • 

D1.Aobr7on Sertularia Ehr. 
Palaella M;Joaurua (Ducluz.) L7ngb. C ...,....,_ foetidua (Vill.) Tr ng 

lacill~ophyceae 

chnantbe exigua run. 
A. ainutiaaiaa Kut&. 
Aaphicaapa beaic7clua (Ehr.) Karatec 
Aapbora o•a.l.ia Kut&. 
A. o•alia Kut&. •a.r. pedioulu• ~utz. 
A. perpuailla OrWl. 
Calonei.JI aaphi baena (Bory)~~••• 
Ceratcnei a.rcua ut&. 
Cooconei.a ped.iculua Ehr. 
C. placentula Ehr. 
~,-atopleura aolea (Breb.) • Sa. 
Cy-.bella tfini• Kut&. 
C. c atul (Beapr.) Grun. 
C. proatrat• (Berk.) Cle•• 
C. tuaida (Breb.) •• Beurck 
c. tu■idula OrWl. 
c. vertricoaa utE. 
I>enticula tenuia Kuta. 
l>iatoaa ancepa (Ehr.) un. 
l>iatoaa bieaal.e (Lyngb.) Heib. 
D. hie■ale (Lyngb.) Beib. Y&.r. ■eaodon? (Ehr.) run. 
D. YUlgare Bor 
pith ■a aorex Kutz. 
Ullotia lunaris ( hr.) run. 
• pectina.l.ia (Kutz.) Rab nh. 

Fragilaria c pucina D aaz. 
r. Rarriaaonii • S. 
Ooaphoneia herculea.nua (Ehr.) Cl•• 
o■phoneaa ac natum hr. •ar. coronatua ( r.) Cle•• 

o. conatrictwa hr. 
O. acile . 
o. intricatum utz. 

• oli•ac ua (Lyngb.) utz. 
Bantzachia phioxy ( .) run. 
Meloaira Ro eana Rab nb. 
"· Tarian c. A. Ag. 



Table 2. (Cont.) 

M:,xophyta 

Merid.ion 
Na•icul 
N. 

"· 

circular• Ag. 
anglica Ral.ta 
bicapitellata Bust. 
bacillua Ehr. 

N. cryptocephal.a Kutz. 
M. cuap data Kutz.• • ambigu& (Ehr.) Cle•• 

• dicephala ( hr.) . Sa. 
• lanceolata (Ag.) Kutz. 

N. ainilla run. Yar. atomoidea (Grun.) Cl••• 
N. pupula Kutz. 
R. rh.,nchocephala Kutz. 
N. Rotaeana (Rabh.) run. 
N. •iridula Kutz. 
K. Ytlpina Kutz. 

eid.iu.a dubiu.a (Ehr.) Cle•• fol'II& conatr eta Bust. 
I. iridia (Ehr.) Cle•• 
lit&ach acuai.Jlata ( . S .) Grun. 
•• apiculata (Greg.) Grun. 
•• Beufleriana Grun. 
N. linearia • S■. 

N. palea (Kutz.) . Sa. 
N. aipoidea (Ehr.) w. S■. 
N. aublinearia Buat. 
Pleuroaipa Spencerii . S■• 
Rboicoapbenia eur•ata (Kuta.) rwi. 

Stau.ron i• tbii Grun. 
Suri.re angua ata Kutz. 
s. o•al.ia Breb. 
s. oYata Kutz. 
S111eclra acua Kutz. 
S. ruapena Kut~. 
s. ul.na ( itzaeb) Ehr. 

Myxophyceae 

Aapbithrii ja.nt,l n (Hont.) B. and 
Calothrix parietin (ia .) Thur. 
£ntophyaalia L ia (Ag.) Dr. and 

. r nLlaria ( utz.) Drou 
r •ul is pillo 

Lyn 1 ••raicolor ( o. 
Noatoc p lio de Kutz. 

• pb ericum (L.) uch. 
horaidiu.a incrua atu.m (a.) o. 

ubtuac Kutz. 
P. uncinatu.a ( .) oa. 
Sch zothr fa.aicu ata ( .) 

D ly 
t 
( utz.) Dr. and Daily 



Clllorophyta 

Chlorophyc••• 

Cla ophora gloaerata (L.) Kutz. 
Cblorotyliua cataractua Kutz. 
Cloateriua aceroeu.a (Schrank) Ehr. 
c. Ehrenbergii Menegb. 
c. litorale Gay 
Houpotia ap. 
Oclegoniua epp. 
Palaellococcua? ap. 
Pe41aatrua app. 
Praaiola aencana J. G. A. 
Spiro17ra •PP• 
Stipocloniu.a ap. 
Ulothrix zonata (Web. and Mohr) JCutz. 
Yolyoz •PP• 
Z7peaa app. 

PJTroplayta 

Di.Dophyceae 

Ceratiua hirundinella (O. r. M.) Schrank 



Grun., udor na •l•gan ., and l dorina sp. Non• of th••• 

fo.,.. •• abWld nt in the pl ton. The data is insufficient to 

perait conclusion as to d f re~ce in specie omposition of 

the 2 atreaaa. These foraa are li ted 

ill tt-.:.i. direction . 

.!!!!, cogo■ition of ,lli phztopl ton 

a possible beg:innin 

_t! plankton. The intention• a to include in then t pl ton 

olll.7 those organisae which would be eo■pletely retained by th• net. 

Thi■ goal was only partially ttained. One diato, Jitzsehia 

aipoidea, ••• in·luded with the net plankton because its l g-e 

■iae--up to .500u long--would not perait its fr•• ■ove■ent in the 

aa ... cytoaeter used for nannoplanltton counting. A check of nanJ10-

plankton aaaplea for NoYe■b rand December of 1955, when these 

... ,1 ... were taken fro■ water which had pas ed through the plankton 

aet, cli■cloaed that from 40 to 60 percent of the_. 

paaaing through be net. Though up to 500µ lon, the diato a 

width of 10-15~ peraitted paasa through the 60-70µ o n n a 

the nu.aber 20 silk net. Tb• tiny Closteriua litorale •• eo 

foUJld to be paaein through the ne 
' 

d in the saJH perc nta 

.. !• eipoidea. Th calcul ted d n ti t: for th ee 2 or anl 

••r• doubled on the b ie of this inform ion. Th oth r or 

1aaa includ din th net pl on • r : th o h r Clo terium 

■peciee c. Ehrenber~ and C. UJII, Ceratiua birund nella, 

Pediatrua, the olvoc l (comb n din en eration, al.mot ntire-

l.y Vo Yoz), and th fil entou tor U othri • P ■ella tvosuru~ 

(actually a tha..llu inc d here !or convenienc ), 

nd In nu ratin, the r laaen-

tou■ foraa were recorded•• n her of i d l nth fr ent 



(field di eter 4.3 

ber o colonies, and the r aaining foraa ae D her of indiYi uala. 

Oal.1 celle which appeared to be aJ.ive &lld good cond.ition ••r• 

co1111te4--thia applies aJ.eo to the Dant\ p ton. 

In preaenting the general data on the net plankton the 

orp.aiaas are divided into 3 groups; the diatoaa, the filaaentoue 

fonu (including Pa1aella), a.nd the non-tilaaentoue fora• coa­

priaiag the reaai.llder. Data on the) group• and on the total net 

plaakton are presented . 

.... oplautoA. Included in the na.nnopla.nltton are a.ll the 

tiataaa but!• aipoidea, the trichoaee of the benthic blue-green 

al,ae, and a spherical, green, ■ulti-chloroplaat fora tentatiYely 

identified aa a species of Pa1aelococcua. E••n it the uthor ••r• 

a Killed diatoa tu:onoaiat it would not ha•• been poaaible to 

itentif7 wi.th certai.nt7 all the diatoaa u encountered in the 

ooanti.ng ce11. e approach ueed ... to place the coaaon toraa 

iato aorphologicall7 distinct groups. In aany caaea the genus 

aad ill eoae caa s tbe species could be determined with re onable 

conf14enc. Collection were aent to P ul Conger and Dr. rancia 

Droaet tor identificat on, and re-exaaination of th aaaplea with 

th• help o! th fie tiona pe ■itted o t of th reaaining 

p-oupa to be n ed. 

aark 1• added,• er 

4er the pnu. 

In diacua in th 

ere ident ficati n waa doubtful a queation 

veral ap ciea were lumped they d cue ed 

nera da a on th na.nnopl ton the data 

are preaent d diatoa, non-d to d ot 

Th diatom.a D r ed • n iv ual. 

ft• blue- ena ••re en erated tricboa fr nt. T 



fra ta were rar ly longer than 50u. 

Yuiationa !!_ phytoplankton abund&nce 

The ~r•aentation of pla ton d ta pres nta proble■a to which 

no coapletely aatiafactoey solution h yet b• n found. The 

fir t impulse ia to publish th data in det il. otoid (190,, 

1908) and Allen (l 20) for example did ao, • th the t blea runni.n 

to ewer 150 pages n each c ••• Fro■ the exp rience ot the author 

u4 froa the coaaenta of other• it appeua that these detailed 

talal•• are aeldoa co1taulted, the deaired inforJ1&tion being obtain­

" tr 8uaaAr7 grapha an-i 4~.acua ioca ot the incliYidual groups. 

file data tor this atu~ are preaented by thee• latter 2 eana; 

tip.res preaenti.ng the data in groups aa preYioualy gi••n, and 

41.acuaaiona ot the iaportant i:ldi•idual fora.a within each group. 

The aapitude of the Yariationa in pl&Akton nuabera •• 

tlae ue ot a linear cal• in graph iapractical. Th "spherical 

• •" aetbod a ••n by Ruttner (19 3) ia utilized here. In 

tau. .. tbod ot presentation figure ia dra who 

oorreaponda to the cube root ot the nuaber or or 

Orpaia per liter i the basic unit for the net 

aa ter 

i • r liter. 

lan.kton, d 

t~ouancla of urgania per l er for the nannopl ton. 

The effect of thi ■ethod of pr• entation 1 o dr tic ly 

reduce the he ghts of the p • n ye gi• l w u■b as 

aip.itio t aagni. ude, point• ich ■u be kep co stantly n 

Iliad in i.n t rpre tin th fi 

Di raal •ariat on. tor• th r • lto of• en 

laten of 10 to 15 day a a.rt can be de ate 7 nhr r 

• • info tio 1 n ed• on be tu e of Tar on c 

llipt be• ec ed etween • ~l here ref• r r ncea to 



variabil ty in atre pl • ton. All n (1920) reports 

oae 12 hour seri a of a plee--7 A •. to? P. ·.--whirj. owe 

a • in blu - ns between l P .. and 7 ..._ V .. . ... 
riU cliatoaa al.ao incre ing omewhat durin this t • Hi.a 

, .. ta were aade on a aide canal. however a.nd not in h m n river 

aad 1A addition cov red per od of cha.ngi..ng tide o t this 

dab are hardly plic ble to trea.m conditions. Blwa (1954} 

Ii••• data showing diu.rn eye• for l or 

(Kata.) . Saith, w·t the uri■u.m n ar noon (11 A .. - 2 .M.) 

aa4 aaz1aua values of 800 to 2,200 cubic units per liter, 6 to 20 

ti.Ilea the night and early 

liter. The other orga.nia 

r. ng va1ll a of 66 to :,50 un ta per 

present did note ibi a cliurnal 

Yariation but ••r q it• erratic, varying froa 2.7 to 21 wli a 

per liter. The collections ••r• aade in a pol uted section of 

tM ■tr•• i.D which th _. palea wu th doainant benthic al •• 

111111 ■tatea that h• H. pal a was abun tin th pl ton only 

1A th• region in which it was abund.an benthic form, indic tin 

a NDtllic source for tb cells, hich he atatea ••r• probably 

raiae4 into th• lankton by fonu. ion of o n bu bl a during 

the ai.d-d period ot li t. 

o 2 hour col~ ion • re a de d rin the pres nt atudyi 

OY ber 2 - o, 195 

Th• 2~ our coll ctio 

and March 1 -1, 1 7 (Fi 9A d lOA). 

d a at ion 3, th low at t -

tl on th u.naoclit d riv r o poin s ar l..y en 

t at, threw no ner iurn cycle; eond, th d • ti•• 

n tuated ve lit le, e 8 h b r r orted by (195 ) 

r tbe on o r • or th n ton -
(Pi • A} 1 t var fro • 0 .0 C 1 r 1 er 
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n...,. 11. YarlaUoa 1A ell U7 
t Uat 1£ t • aet 
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OD 
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ft. U. ¥aria ion• 1a t • Jauit7 
f aOD filaaaatoua alp• 1a 

1a .._ et plaaktoa at 
t■lt- o tba Lop.a 
••r, tab. hie• tba 

1-ter of tba fipr•• 
ia ceatta.tera, cub_., 
.. uai. orp.aiaaa par liter. 
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Pl .... 1,. Variation• ia the 4enait7 
of aoa-41-atoa alp• in 

taU.o■ 6 

t~• aanaoplanktoa at 
atatioa• oa tbe Lopa 
Riwer, Utall. Twice 
t~• 41 ter of the 
fi•r••• ia centiaetera, 
c Md, eqll&l• tbouaaa4a 
of orp.ai- per llt•r. 

1951 
JloT. Peb. Jiu 
, • • • I I r I 

Statioa 51 

I 
O'I. • 

,, 

' b' • • 57 



1956 19'7 
oT 1 Feb. 

,,---~/y--___;;..a.~ ~----...;~._.:~)~----• I I 

Station 1 

,;atioa 2 

Station , 

Station .. 

tati A 
ft ..... i6. arlatioa• in tbe de eitJ 

of dtatoaa 1D Ute aaano­
,1aaktoa at ■tatioae oa 
~• ... 11 .. r, Otab. 
hie• t•• di-•t•r of ----- ~----~ 
t•• fi•r••• 1D c•atia ter, 
cube, equal• tbo aaa4a of 

1■11■ per it r. 

t t OD 

ti 

I ..... 1 

t D 5 

I 
T. ? 
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teuiQ at atation occurred in the winter when atatioa ?, 

Uleap aot at ita Iii.Ai.a 

'8 t~• pattern •••n 

Ya.lue, • ••ry low. Station? pre-

t e large ri••r atudi •• with the 

ws1- coai.ng at the decline of water ••la. Statioa 8 i, a 

Ureet ooatra4iotion of thia pattern; a.ltbougb th• Little Bear 

••• at tllat point would ae to be the cloaeat approach to 

.._ lar• ri••r •••iroaaeatal cond.itioaa co••r•d in the l'J'••••t 

•---• Perhapa the cleoreaae4 winter turbidity at atation 8 

-vi tN to tlLia, but the aaae lo• tubi4.itiea were preaeat 

al a\AUN 7. Tb• aa-•r aq be 1a the upatreaa hiatory of 

1&,ue lear Ri.••r water; a. any rate th• reaaon.a for the differ-

• U'e aot ob•ioua. 

fte •••fil .... toue fonu of net plankton ■bow a de~illite 

daMr ■iaiau at the upper~ atationa, but they ha•• no nll 

fiae• IIAJliaul (Figlll'e 12). Th• peak at atatioa 5A reneota an 

MrlJ apl'inl pli1ae of Cloateriu Ehr9nberp.i. Thia pulse •aa 

a1N pl'eaent at atationa 6 and?, with£• Litora.le a.leo present 

'-"• Tb• oorreapon4i.Dg pu • at atation 8 •u c011poae4 of 

i• MtrMU, with the ot r 2 Cloeteriua ep ci•• not pr•• nt. 

• ••ry lar • er \.la• • io w callaed by Ceratiu 

• d Vol• .c ly ol•o•. non-

tiat• p-oup owed no I re cl.a • t lower 

alatioaa witb eac to ione . 
!la• fil OU to ) pr• D ya,r bl pie ur 

Ni.Jt a • ,n • • 
r ) ■ tat or 

... t 1A r • 

• 
• 
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u prono\lllce4 aaxiaua. The picture• e th a eat atatioa 4 

for alaella, but the lo• period waa filled by a Spirogra ua4 

lzpw aaJd.aua fro■ the th rd i.Japou.ndaent. 

priaaril7 Spiropra and Zzg:ne ; al.aella • 

tation 6 reflected 

n ••r abundant. 

ho •1n1u ••r• present, l durin the 1prin flood and l during 

a14-wtnter. 

fte, groJ~• comprising th• net la.nltton co•bined to gi•• 

little aeuonal T&riation i.n th• net plankton totals (Fipre 1~). 

Oal7 the ••17 la.rp pul••• ot C ratiua and Vol•ox durin the 

••-1111t1r and of the Clo■teriua ai,.ci•• durin tbe late winter and 

Nl'ly aprillg ••r• appa.rent. 

Tia• aoa-41.atoa nannoplankton ••r• alwa.ya lo• ill d nait7 ancl 

enatio ill occurrence. Thi■ group conaiated entirely of blue­

..... h-•••nt■ at th~ up er 3 ■tationa. Tb• pattern •aa not 

eoa■i■tent fr 

~• nannop 

■tation t~ ■ tation, •••a here. 

llla1- •al••• occllJ"l'ed in the winter at the upp•r 4 tationa aad 

aan... Yalu•• durin the eprin flood. The peak.a in arl:, J • 

at e\atiom,, ~. and 5 ••r troa collection.a taken follortn be 

ra1.a and aleet atora ■ tion din the section on phy ica.l d 

o!a-1.oal 4 ta. r, reflect nu u one- conditio . 

Station 8 aho• d pa ern a 0 e OD 1 cri • or la.r 

ri•era. Th nai 1 0 • p D Ju urin th 

uclin ot b t ood d r i r. 

The cliato■ D era• re 0 C a non- a 

t tb nanno 0 0 { l?) n all 

of tb dia o . 
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fMH,on 12. atation •aria ion. e e pl ton di~ tOlll8 

(Wilttl'• 11) a a sl.1 t incre • fr ta on 1 t ,. then 

a drastic drop a hrou th tb r i.mpo en. The 

Uatoae • : ao■e h t more bundant at station 5A d B. Den-

alt7 •aa agai.n ••ry low blow th first d (a a io 6). The 

ti.a,oaa incr• ed a • n t t tions? and 8, with maxi.al number 

luglaer tban tboae of tationa 1 throu b }. 

The DOll•filaaentous fo ms of et 1 ton • le! sh wed 

a ll'adual 4eore • fro at tion l to station 4, am k d incr ee 

a, •tationa 5A and .5 • d a deer• • 

•ationa 7 and 8 at pproxi ly th 

eacept for lar ai.n le organi m puls 

n a 

le 

tion 6, •i h 

st ion 6 

The !il ~ntoua for (Figure 13) ow d nod fi it• trend 

1a the upper atat one. The d nsity t et tion 6 ho••••r • 

eoaai4frably hi er than a any o hers tion, with a marked 

eoli.ae at eta io 7 which• 

The general p etu.re her 

,-.1p11a •• be o y filaa n 

th 11p;,er} atio a. - b lo a 0 

atat on 7 d 8. Tb 

alao t ent r ly y ou.n 

at• a OD 7 fr 

an, dia 

1 

of at 

iapoun • er~ 

continued a 

8 2 ve y ronounced • u nee. 

OU !or pre D n 1 • 8 at 

la• way uch la Zzgnema 

t occu r d nly occa 1 t 

• r con r bu d 

n a, d ju ro h er 

d no 8 0 con for 

1 fie y lo• r 0 

! C 

n n ., 
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etation 6 wu higber than that of station 4 and equal to or 

great•r than the clenait7 of the upper, stations. ho factor■ 

contribute to this: the high denait7 of C103teriua app. at 

■tation 5A, oae or which paaaed through the i.Jlpoundaent, an4 a 

greater contri ution of filwntous a1gae from the .ti.rat illpouncl-

ct than froa the third. 

The non-diatoa ll&Dlloplankton 3howed a general do■natreu 

4Nr•-e iJl clensit7. Tba D&Anoplankton cliataae •er• re■arltabl.J 

nea froa ■tation to atatioa, with perhaps a alight decreaae 

traa ■tations l to~. StatiOA 6 wa.s noticeablJ tb~ loweet ill 

uuit7, there was an increase at atatiOA? and a further increaae 

l.o the aax1aua at atati D a. :1a. ll&IU:lOplankton tota1■ reflect•• 

... anti 4J the aaae }Ji tu.re aa the cliatoaa since ilatoa n11.11bera 

••r• ■aD.J tiaea greater than the non-d.1.atoaa • 

. ~ 5. 11141rtclua1 for- ~ gro11p■ 

OIU.1 the ■ore c011a0n and ■orphologioal.17 diatinct gro11pa ••re 

Hparated during the •nu.aeration. llaa7 of the fora li■ted ill 

Table 2 will not be aeatiOAecl in thi• section; tbe7 were either 

illcluclecl i.n the unid•ntified oroup, or it they ••re aorpbolog­

ioal.17 T•ry aiai.lar to one of the groups or fora which are 

cle•cribed, they were probabl1 included with that group. 

The data for tbe indi•idual counts are euamarized tor per­

ceat occurrence and •••rage denait7 per occurrence i.n Table, for 

the net plankton and Table 4 for the D&ADoplankton. 

!!! pl&JUCton. Nitzschia aipoidea. Snedra ~ aad Wituobia 

••nicul.aria aay have been acc14eatall.J' aeluded on occasion, 

!.• YU'll.lcularu at tation 8 oA.17. The cleacription preYioual-7 



Tab 3. Percent occurrence (upper figure) a.nd ayerage denait7 
per occurrence (lower figure) for net pl&Jlkton algae 
collected on the Logan River, Utah rith a No. 20 silk 
plankton net.• For the filamentous forae the denait7 
figure ie app~arancee per liter or riYer water; for 
Pe41aatrua ard the Volvocalee the figu.re i• n1&11ber ot 
colonies per liter; and roi- the reaaining foraa the 
figure ia nuaber of cells per liter. 

Orpn1--

•ttucb.J.a 
aipoi.dea 

Cloateriua 
litor..t.le 

C. D.renbergii 

c. aceroaua 

Cerati­
ll.in.lld.i.nella 

P.U..,rua 

Pal.Mila 
"10•11r1&a 

Spirogrra 

l7peaa 

Ulotllriz 

Va11cheria 

Moupotia 

eotieclton station 
l 2 ' 4 5A 5B 6 7 8 

92 90 92 79 100 78 69 100 93 
2.28 2.94 5.18 1.22 2.oi. 1.62 1.06 ,.88 7-~ 

72 63 88 40 90 ,.,. 36 48 12 
.98 2.06 1.40 .40 1.86 .82 .58 1.,0 .)6 

98 So 88 6o 100 100 100 78 '<> 
, •. 14 1.25 1.18 .60 52.10 4.79 2.77 .89 .29 

22 10 22 10 
• 20 • 16 . 21 .1.5 

0 
0 

o 2 ,., 88 
0 .16 .29 2.,,. 

18 17 18 15 10 
14.9, ,.,o 2.,a .15 1.s1 

,, 12 5 '6 
.69 .6, 2.01 112.97 

0 0 2 5 10 O O 10 26 
O O .12 .19 .18 O O .19 2.72 

2 0 0 11 0 11 0 0 ,S 
.18 O O .39 O .20 0 0 2~.24t 

?8 80 75 68 
1.51 :,.68 2.17 .65 

1+5 12 20 8.5 
.57 .26 .2, 2.00 

40 22 ~ .)6 
.25 .19 .55 .45 

6o ?8 93 74 
.}8 2.i.s 5.87 .88 

10 ? 2 60 20 44 98 40 
.18 .,, .29 .95 .21 .7? 2.19 .68 

12 2 2 22 
• l 9 • 23 .1:, . 20 

0 2 15 0 
0 .1, .2, 0 

20 5 5 8 
.41 .06 .16 .18 

0 
0 

O 12 14 
0 .,2 .22 

~ 55 55 14 
.}9 .60 .57 .92 

0 l 2 0 
O .18 .12 O 

12 
.,1 

78 
1.1, 

21 
.17 

1 
.2, 

5 
-~ 

5 
.24 

Cladophora 20 5 O O 19 19 2 
.28 O O .22. .l 

tioae 5A and baae on 9 and 10 co ections re■pecti•• 
4ui..ng th• peri.od Sept-ber 1956 to 1'pril 195?. All other ■tationa 
.... oa ,9 to ~2 collectione during the period Noveaber 1955 to 
April 1951- Thia appliea also to Table 4. 
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'fable It. Percent occurrence (upper figure) and &Yerap 4en■it7 per 
occurrence in thouaanda of organiaaa per liter (lower 
fipre) for nannoplanltton al.gae collected on th• Logan 
Ri•er, Utah. 

OrpAi-
Collection Station 

1 2 , 4 5A 5B 6 7 8 

11•• ll'••n• 78 100 62 45 9 22 57 19 0 
7.6 8., 5.2 5.9 1.0 2.0 2.6 5.9 0 

Palaellococcua tr. tr. tr. '' 54 56 28 lit .. 
7.0 2.5 ,.o 2.0 7.5 5.5 

AellllutJae■ 95 98 93 95 100 100 90 81 0 
lda•tiaailla 1,.1 12.6 11t.7 ,2.5 24.6 11.8 14.2 11.2 0 

, .. h_.. 62 69 66 50 ~ 56 '8 2.1 2 
.-,uilla ,.5 5.6 10 ... 5.0 ,.5 ,.2 2.lt 8.lt 18.0 

Cee•••la •PP• It() '8 lt6 76 100 89 69 ~ 8 ,.a 2.6 lt.6 9.6 ,.o ... 2 ,.1 ... 5 14.0 

0,-.lla .. ,. 50 57 8o 45 ~ ?8 ,s ,1 2 
,.2 ..... ?.9 2.0 2.0 1.6 ,., 7.6 9.0 

•. 
.. ,_ ki-.1.• 26 26 ,2 10 45 11 l? 2 0 

•• •aod• 2.5 6.8 8.2 ,.o :,.6 :,.o 2., 6.2 0 

D1at- .,,. 1 19 2fJ 17 27 0 12 ,1 7 
2., ... 5 2.1 2.9 ... , 0 l.lt 11., 11.0 

f'ncll,aria 6o 26 20 45 27 11 ,, 71 ,1 
..... 1aa }.8 4.8 4.2 1.1 2,.0 4.o 4.0 lit.? 26.0 

hap.laria ~ 26 , .. 28 27 67 '4 ' 2 
a.rrt.aao1111 2.8 6.? 5.9 1.2 1.7 2.8 4.8 ,., 18.0 

~ti- 17 26 1 26 0 0 0 19 2 
eil'Oalar• 6.7 4.4 4.0 2.0 0 0 0 8.:, ,.o 

.. rio111a 
'' lt5 ,,. 5 0 22 2 2 lit 

a1 ■11M 1t.9 4.2 J.7 1.5 0 1.0 J.O 6.o 12.6 

■. ri.J"idula ,.8 24 10 17 27 22 12 It() 12 
2.5 ,., 2.5 l ... 1.0 4.5 1.8 28.2 16.lt 

.. n••l• •P• 52 71 a, 57 13 67 5? 8} 28 
1t.o 4.9 '+.2 ... , 5.} 2.} 2.9 llt.0 llt.8 

.. riolll.a ■pp. 88 86 85 71+ 7} 56 71 ?8 21 
6.6 9.4 8.4 6.} 5.0 2.8 ... o 15.lt 20.2 
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Table~ (Cont.) 

Or-1-
l 2 3 4 5A 5B 6 2 8 

Su-irella OT&ta 60 57 )6 14 0 22 5 67 19 
,.6 ,.6 ,., lt.2 0 2.0 ,.o s., 2't.5 

lvinlla .,, 28 36 28 18 0 17 'to 10 
aapatata 2.8 6.2 ,..o ,_,. ,.o 0 2.2 1, ... 29.5 

179..,._ ac11a .,, 14 12 2 0 0 10 24 76 
lt.9 ... , }.O 2.0 0 0 1.7 8.o ao.o 

s.raapeu 67 6o 1, .. , 1, 67 55 74 24 
4.7 4.5 4.7 5.8 5.6 2.0 2.7 9.6 21., 

l.1llaa 79 28 41 17 64 11 21 .,, 52 
4.6 3.5 6.5 2.0 ,.o 1.0 2. .. 7 ... , ~-6 

la1._tifie4 78 ~ 46 ,, 27 22 ,, ,., 76 
4.2 4.o ,., ,., 5.0 2.0 2 ... 8.8 61.0 

·. 



sl••• of tbe net plankton cliatoaa are of thi• apeoiea, and aeM 

aot N repeated. 

Cloaterillll lb.renberp.i. £• Ehreabvg:li had fairly hip 

._.it7 at atat1on l, decreaaed ao .. what at atatiou 2 and) &11d 

••••• a wked drop in paaaing through the third iapouaclaent, aa 

iad.iNtH lt7 tlle ■tat1oa i. clata. 'l'll• ucreaae at atatioa 51 -

eM•••l alto•• tu aecond iapou ... nt. file aecoa4 iapowul11e11t i• 

-..u1aa utioa tban at the third or ti.rat iapcnm.._u. c. -
p MWd1 - wt abmacluat at atatioa 5A. A pal•• of ,o,. 

-.,1me .... liter on Naroh 12, 19'7 raiaM Uae awerap 4nait7 

al naU• ,A coaaiclerably, though ewen witllftt till• p•l•e tile 

._.it~.- .. u aboye tlle other atatioaa. •--• tllro•gla the 

ftNt ~._•t apia renltN 1A a conai .. rabl• 4ecreaae, wllicla 

_Uaa .. at atatioaa? &11d 8, with 000111Teace apott7 ud cleui~ 

~ low at atation 8. £• lbrNlter,U had ia paeral 1.t• hipNt 

dm:d t;,r 1a tall aacl wiJlter aacl loweet 1A tbe ..... r. 

Cloateria l1torale. 'l'bia ton waa oonai4erably loNr la 

••oit7 tllaa ~- lhrenberJli at atatlon 1, bat •lightly lliper at 

etaUoaa 2 aacl ). There were 2 periocla of ainillwl ocaWTenoe at 

llleee ■pper atationa, during the spring nood aacl at aid winter. 

lllen ... a •harp drop in paaeing through tbe third iapo1111claeat1 

wlUI th• low clenaitie• and occvrence aontinung at atatioa 51. 

ataU• 5A alaoaecl a clenait7 alaoat eqll&l to tut of tbe upper 

fthr. ftere waa • ellarp decreaae ill occurrence aacl 4eaa1t7 below 

\"M fll'at s.po.ndaent. ft• occ1&1Tencea of £. litoral• at atatioa 

f WIU"e •.ring tbe winter predaainantly. The f•• occvreaaea at 



•--ti• 8 .. re at concentrated on qy one period. 

Cl.Nteriua acero•wa• Occurreac•• ••re acattere4 at th•• 

QPV 4 atationa, thougb ■oat of tbe occurrences at atatioa·, 

.... 1a tile tal.l. It i• probable that the lack of thia algae at 

alatioaa 51 and 51 waa a result of tile leaa intuai•• ...,11ag, 

daoe oeow.rrenc• - .,ery low. Denait7 &Ad occurrence iaoreaa .. 

■1■ 1...,..t, at ■taU.oa 7 and aarkHlJ at atatioa 8. At both of 

Ill•• ■taUoaa the period of m1aua 4enai t7 waa fal.l &114 .tater, 

dlla ••-•■trr the low period. 

c,n,1- lai[pti.aella. C.ratia wu of lo• oooUTeaoe, 

IMaall el Id.Ila deaaity, ••• preaent. At atatioaa 1 tllrosab 6 

,...,1e&117 all tlle occnarn11oea o-e 1a Sept-bu u4 Ootober of 

1"6. &t ■talion 7 tile occvre11cea were hri.J&g tile period Jul.7 

....__. Ootober 1956, &Ad at station 8 duriag Sept-be!' &114 

0.IHV 1955 and April thro11gb October 1956. ltatioa 1 had 1 

I 11• et 50 •-1w per 11ter Sept-ber 1956, u4 Statioa 8 

.... l•• of~. 79',ucl '8 orpai- per liter• Sept-ber 1, 

17, u4 26, 1956, rNpecti.,ely. •1th tlae ezoeptloa of tla••• 
,-1■1■ tlle 4enaiU•• ••re of a aiai.lar order of -1111t11u. TIie 

... ,_._. l pill.a• waa preaeat at the other ■tationa, tbosgll to a 

1••- ........ 

PMlutl'lla. Pecliaetnaa apeci•• were present a few tillea at 

at&Uoaa 3, ~. 5A, and?. With one or two esception■ tile ocou-­

.,... .. were clari.Jlg tbe period Jwae-October. Pecliaatl'lla waa at 

lliallNt clenait7 at Station 8 during tbia period. 

Yol•ocaceae. 'Tbe •ol•ocaceae •ere treated aa a group, ritb 

Ill._ app. tbe ■oat coaaon, &Dd tbe only for■ occurriag in tbe 



" Lopn Ri•er proper. Zadoriaa and Platzdo l.AA occure4 occasioa­

alq at etation 8, OD the Little Bear Ri•u-• There ••r• oal.7 7 

NearPeao•• of tbe group in the upper? atatiou1 1 at etation l, 

, at a\atioa It, an.cl 1 at station 51. Four of tile 5 occ111TeacN 

a, •talioa 4 ••re couec1&ti•• collectiou in lo••b•r aacl Deo ... r 

1"6. Deaalt7 waa ll'Nteat at ■tatioa 8 4uriag Jlll.7 1 Aupat aa4 

..,,.-.r, wi\11 •17 a fn oocuan•••c•• 011t ■icl• the period J11De 

....... Ootoltv. 

!r)p11• Nroevu. Palaella wu oae of tile ■oat a'b11Ddut 

Ml plaaktoa IOl'lla. It wu priaaril.7 a late natft riag 

,.,.. Miac aJeoet abe•t fr• tJae drift troa ■ic! ••-t to 

a.. 1al .... la tile apper ri••r 1 t •• the oaly •• of t.11• sroap 

tw••••t la aJq •-b•r■, tla• clata for tll• 11pper, atatioaa OD 

n._... U npneNtiag PeJNlla •'-•t eatir•~• 

Data, .... the tbi.N lapoudNllt oatlet ..... tllat th• PeJrU• 

,...._ta pANN tlarovp tJae iapcnmda•t, bat la ••'r7 reaced 

a,.,__... It• .. aalt7 w fvtller re4ue4 at tile 2 atatioaa alto•• 

Ille ft.rat ::•---at. Th• clenait7 laereued ■oaflrllat bel• tlae 

lint tapoaa ... at, ritll tll• aou.roe apparently the 200 7uu of 

ftftll' troa the claa to tb• etaU.oa. Tia• dNait7 ... apla ••~ 

i.. at eta'1n 7, u4 oa.17 ocoaaioaal occ111Tea••• .. re reoor4e4 

at atalioa 8. At botb of tile lower atationa Palaella waa pnaeat 

a17 4ar1a1 th• winter aa4 clariA1 tll• apring flood. 

lpi.rogra. Spiropra waa th• seoond aoat a'bwulant Ill.a• 

_, ... ton. ReproductiYe ■t•~• ••r• aot collected ao that 

••Di•• are not known. tt waa ob•ioua that eeYeral apeoiea were 

lanlwe, • 

• 
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In the upper ri••r occurrences ••r• prillaril.y during the 

apri.Ag flood, with only occaaional occurrences at other tiaea. 

leaYer Creek joilla the Logan Ri••r about 2 1/2 ailea aboYe ata­

tioa 1. Thia creek flows through a aerie• of bea••r dams jut 

Nfore entering Logan Ri•.-r, and there are ll4JlY areaa ot quiet 

•'-' 1a aide ohazmela. Thia•- apparently the aource of the 

Nn:zra, Zzpe-. Cloateriwa Ehrenbvd.1.and Cerati• which 

....-rat atation 1 but deoreaae rapidly thereafter. 

!lie large oontributiOD of Sp1.roqra froa the third iapollll4-

_, ... ahowa ill the great inoreaae ill both occurrence and 

t■■mt ty a, that ataUon. OcoUTenc•• were tairl.7 ••• tllrougbout 

U.. 7ear bat 4euitJ ... le-t juat after flooda and great•t 

tllln.ac tile •-- ,4114 tall. The da a tor atatioa it (Figure 1,> 
........... , priaaril.y Spiroqra. The higb de11ait7 at e\ation .. . 
- ntleote4 al.ao at .51, a11pentecl probabl.7 b7 the aeooad 

1., ..... ,. Statioa 5A, though ahori.ag oaly aligbtl7 l••• 

••..,-• tbaa .5B, had ••r'7 l• ab1111clanoe. The tirat iapolllld­

_, ooat~1.lnate4 conaiderable Spiroqra, with th• u,r:t.,... 4enaity 

I tllia ton recorded at atation 6. 'fhe higll period •- ap.la 

Iii tile late •-rand fall. Station 7, thougti ahori.ag tairl.7 

lllp oooUTeUe bad lo• cleneity • .inclioati.ng a relatiTel7 qui.Clk 

.. Ul'ioratioa of the fil ... nta. The increaae 1n denaity at 

atatlOII 8 ... probably a result of the contribution from quiet 

-'-' habitat• ill the lower Yal.ley. 

hpw. Zzpe- wu of sporadic occurrence ill the upper 

frequent occurrence tbougb of low deneity at atatioaa 

The first iapoWldaent contributed considerable Zzpe-, 
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... u with Spiroqra the higbe■t density waa in late ■u.wr -ca 

earl7 fall. Both occurrence and denaity dropped oon.aid.erabq at 

atat1oaa 7 and 8. 

Otlaer filwntoua foraa. Houpotia waa present at ■tatlon 1 

Cllll7 4villg the flood, and sporadically at th• other ■tati.Olla. 

Jaltlaeria wu ao■t frequently aeen at etationa 5, 61 aa4 7 bat 

- ...tlen alnuulan t. Ulothru waa seen oaly oocutonel 17, ri th 

,_.... acaetrhat greater fre411eno7 in the ri.nter aontu. 

~·rtrrtere wu alao Yery apar■e with awwllat hiper ocevrenoe 

la 1M apl'ilag an4 8111111er. _,.,,.,,.. Blue ~eena. Se•val blu sr••n toru are 

U.t.t fr• tlae ri•er. Tbe d•1aut tOl'II in tb• drift appeared 

le N Plypgidip M9£Htat9. The triebOIN fnpenta were wt 

al•fnat at tile upper atat1ou, aad particuarl7 at atatioa 2 • 

... ...,. Nlati•el.J leu ab11acleat at the lower atatiolla, ld.tla 
. 

elatia ,a allowiag praoticall.7 •••• aa4 ao oooarre••• at atatl• 

I. PNk ._dt1H •arie4 troa atatioa to atat1oa, witla that of 

naU.• 1 ooeias in tall and ri.nter -• etatioa 2 41ll'iag tlae 

~ tloo4. Apparently atr•- coad1tlou 1-diat•~ apatreaa 

fl'aa Uae atatlon bad the "oma•at illnue1ace. Data for tile tir■t 

J auu. ... (Figure 15) repre■ent blue sr••n• entirel.7. 

fe)p'loooccu. Thia fora fir■t appeared ill abllllcleace at 

ata•t.• ~. •ll•n it ... ■oat abundant during the suaaer ■ontha. 

II - eooaaional.ly pre■ent at the upper ■tatiou but..,. not 

a.tt ... tlated there ill the cou11ta. There waa no pronoUJlce4 

l1■ el Q peak. The firat iapoUJldaent d.icl not a1pifioantly de­

••- tile ab .. cleace of Palaelloooocu though occurrenoe wu 
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lowr. Occurrence decreaaed ■till further at ■talion.a 7 aad 8, 

nt when prNent at th••• atatiou abundance waa higll. 

AclmallthH ainatiaaiaa. !• ainutiaaiaa wu the 4ow1nant fQl"II 

thcnagb ■Olle Rholcoaphenia ovYata waa pro b.LJ 1n•la4ecl. Thia -

tile aoal abua4aat group at 6 of the 8 atatlona, being abaNt ,.._ 

at&U• 8 aa4 ODl.7 allglltly 1 .. a abuclant t - Coocoula at atation 

'• It w one of the , .. groupa to uow u iAo ..... e la ._.:l '7 

a.1ag puaage througll tile third iapoaa ... at. 0D 2 ooo&doae 

abeae17 hip .._1tiN wre r.ool"4e4 at atatioa lt1 10,,000 

•••1•• p•r liter Dec .. bff 22, 1955, u4 '88,000 orp•S ■ per 

liter oa llaroh '• 1956. Tb••• tiprea were 10 to 20 tiaea greater 

\Ma .. adtiea· r.ocmt.41 for atation J. J1u7 of the other ooll.o-

u. ... at •t&Uoa a. wre aipj.tieutl.7 hiper th&II tlaoae of 

etatl.• '• tu.a lligh 4ea.S.t7 cl.id aot peraiat, nth •-Nra at 

etatioa ,a oal7 one-third u great la aweraae, -4 ntll •• -.J• 

pl•••• 1'ae l"lwer channel, atatloa 5A. ooatl'ilnate4 a •enet.~7 

• -•• OILl1' to •tatloa It. The iaor ... e aotH tlaroagll "•• thin 

, ........ , - not repeate4l throup the fil'at illpouclaeat, ~• 

aftrap figu-e for atatioa 6 reprNeated close to an awvaae 

MINN •tatlona 5.A and 5B when their reepeoU.•• ilow •ol-• 

Nre caaa14ered. The deult7 1acreue4 a'.ligbtl7 at atation 7 

aa4 tUa apeciea wu not recorded at atatlon 8. ftere wu ao 

.. tiaite peak period at tbe apper atationa. At atatloaa 6 u•? 

.._... wu a definite period of low denaity in the auaaer. 

fllhora perpuallla. Thia specie■ had a gradual iacr ... • 1a 

.... lt7 fraa atationa 1 to,, tben a sharp drop i.D paaein 

......_ ... tile third iapoundaent. OccGrnnce declined throagll tile 

t•1•g atationa 1111til it••• aeen onl7 once at atatloa a. a, 
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Ula begi.ADiDg or tile spring flood. There ••re no defi.llite 

perioda of peak denai.ty at any station. Denaity waa fairly higb 

la the oceurreacea at atationa 7 aad 8. 

Cocooneia •PP• 'l'wo specie• ••re preaent, .£. pecliculu and 

£• plaoutlll.a, wi..,h £. pedicalua pre6om1nat1Ag. Occurrence -

tall'l7 low aad deaaity erratic at \he 11pper thr•• atationa• a.th 

NIia uuity ud occ111Te110• iacr ... 1111 sharply througb the tllircl 

!91••---t• Both apeoiN ••• fo1111cl to be alnaaclant OIi ru ... a­

lau alpe 1a tlae th1rd iapowadant. Ooo1UT•M• - hip at 

Mtll etau.- .5A ud 51. '?he lligla .. n■ity at atatioa 4 414 not 

...,.S.t to ■\ation SB IMMr•••r• The tint nt prcwi ... a 

all.pt 4NNw ia botla deuiQ u4 oco111Te11oe, ill oontrut to 

llae ellNt et t~• tllir4 iapou .... t. OooUT .. N 4eoreue4 uarp}7 

a, at&U.•• 7 u4 8, but ••• prNent deuity w !lip. 

·••He ..,. S.Yeral apeci•• ..... pNNDt, rith £. trr1fl)e 
liliA !• DI pncloainatillg. Thia ll'ftP alloN4 a ooaai■tut 

la .... ity u4 oeellft'elUle froa atatiou 1 to JI a ■urp 

..... la bo\11 .... ity ud OOOU'NDCe in p-- .. tu-ougll th• tJLir4 

• .. •••••'• aacl deol.iJliAg oocnarre11oe aad iaonuiDg cleaaity 

PA,·a• laieaal• Y&r. paodon? OccUTenoe ... low ill tu 

..,_. rlYv, with cleaaity inoreuillg frca ■tatioa 1 to ■tation ,. 

-•• - a aJlarp 4rop ill both de11alt7 aacl occVHue ill paaaap 

,..... tJae tlai.rd iapomadllent. There •u practically no ohaap 

ba ataU• ~ \o ■tatiOD 5B. Ooal&rl'enoe ... higlleat at atation 

'6. '91 ... at 17 here ... aot •ipifioaatly higber th&11 at !;A. 

-.. .... - u drutio dNr•-• 1a either denait7 or occurrence in 

J■■■a,. tlaroagb the flrat lapouclaent. Only 1 ocoUTeace waa 



t • • • t r 

, ..... t t 

Ill l&CN U .. ,.. errat • 
• t ... 

\I u-r. • at ataU 

DedlorM • ellff9Jlc• aa 

·- nu• • PM 

t tM 1 .,.._. till at i■ t to ■t.U 

--.u...-111a, .......... 111•• t1t. 

- a. lMl't ... la Mt • vna • an Uy at et.at . 

......... wt~ alaoet. 

c....,_ • an 

let• ab•••• lat~• 1...,. 

&t ~• 11pper , at.au 

• 

, ...... IR, ............. OCCIUTen•• 1 

... "-re ....... Olll'l'•a• at at.ti • • • 

............... a, .. t1 at eta ta • t fa rl7 -ealJl .......... c. at tau 

curreac •• l •ll .&en \J .... pper .,. • er et •r le 

la t • t r t. 

at etatl . t • a 

• 

• 

• ill 

tau • . ... 
...... 

• 
1• 

t r y 

re • 
"" 

• ... • 



" Tile appeuanoe at •tatio.n 8 c ... ill 1 t.,...a4oua pulae ooaaiaH,ac 

of occurrence• in 7 conaecuti•• 0011 .. tiona froa Jwae 28 to 

S.pt-l>er l?, 1956. l'be peak deuity oa Augut 18, 19'6e -

,,o,ooo cells per Utv. 

la•icula 'dzidllla. Occurrenoe clecreaaed •tea4il1 troa 

atatl- 1 to 3, aacl rnrz1••• l• at the reaaindar or tile ata­

tloaa ezcept fer •tatiOD 7. Nut of the ocoUTeacN at atati• 7 

...,. lD the fall ud earl7 willter, nth a P•lN clviag -..i •• ,. 

19'6-laolatiag 1 0011. .. u. of l~,000 or~- per litv-

ulla1 for ... t. of the 1.m:reaa• ia denalt7. 

km)• ... OoOUToue - erratic ucl teuit7 fair~ 

....... , at ataUou l tllNlap 5A. TIier• ... a l'MMtiM ia 

•••t. •1 fl'oa atatl• At to 51. ritla little •llaaae la ..-•• 

....__..tint S...-u .... , aacl • 1u ..... at atati .. 7 aa• 

I. a.. ... ao uf1.aite pel'lo4 of &Nadaaoe at ataU.• ?e RI 

.ir ., ............. at atat.1• 8 .... la 6 ...... ,1 .. 

• ,.,1w r. nlU7 2, to ~ 2,, 1956. 

1:Ylnle ..,. Se••nl .,..1 •• ••r• ~=~-~~ t. tu. ,o ... 

wllll I• IRIWUWI aa4 !• J••:;eolata pr••••natiA • Oen.rNlloe 

_. .... lt1 ell .... ao 4ef1Jl1t• tr••• at tlae upper, atatl .... 

to be a aiplfloant deer .... la doaait7 ~ 

Ille.,.... fapnu ... at and a f rtber 4Nnaae to atat.1• ,a. ftel-e 

1911..,.. to be •• alpificut cllaage la p ... ap tu-o•lla '- firal 

=••• .. ••t, b•t both clenaity u4 ooovr•••• laonaa_. at atati• 

7. Al etatl• 8 ooo1Ll'J'eac• na lower but 4eaaity b.igber. ften 

... a ut1.ait• 1.Jlcr•aa• 1D den.ait7 clar.in tbe •pri.n fiood ... 

tarlac ... ._.., aacl oarl7 fall. 

,, 



s91reUa oYata. Occurrence and density were fairly ooutut 

at •tatioaa l tbroudl }. 'l'he occurrence• at •tatioa 4 c•• oal7 

tart.as tb• apring flood. Oeclll'l'ence and tlenaity wen 4etia1t•1J 

~per ia wiat•r at •tation 7 u.d 8, rith f• occurreao•• 1a 

...,ucaa4••-~ 

.... r, atatt.ue. 

Tla•r• waa ao 4etiaite •Jd-- perio4 at tbe 

!¥1:r•lla uptata. The .. ta for !• ye,tay are ••~ 

ete1l•r to Uloa• for!• o•ata, ezcept tut tile noo4 per1o4 pro­

Yi..C fft ooeUTelMtN at atatton lt--tlae -~•ri'7 oom.a11D t~• 

fall•• wiater. Peak alt ..... c•• Nre fo111l4 •lll'i•g ttae ■prial 

n...t at ■tau .. 1 tJlr•ata ,, and 4111'iag tile n.ater at tile ot.., 

.. u .... 
!r-dLI !Ill.• a. tata taere ,.. .... t. •tru· patten, 

tllrcMap •tat1011• 1 to It, alMI ... • troa atat1 .. 

,a ..a ,1 ... a •t--'7 iacr .... tnn• •tatiou 6 to 8. At 

••U- l tU'OII , oecUTe11eea ..,.. priM.rU.y 1a 0.tolMar, 

•••■t•r aa4 DN•Nr, aa• at •tatioa 6 dariag J-•• JulJ, & _,, 

... ,_.._ u4 Oetober. At ■tation 8 there - a ••••••1oa of 

pel•o■ i IOYeaNI' 1955 tlarou9'l Jaaaary ?, 19561 Peltl'IIU'J 8 tlanep 

..,_. 1&, 1956; J-• 9 thl'ou&ta Sept .. ber 26, 19S61 •••Mr U, 

1"6 ....__. re---, 11, 1957; aad April 6 tllrou• 11117 18, 19'1. 

a._..., .. , .... 1,1 - 315,000 c•lla per llt•r o~ Ju7 7, 1956 . 

.,,,.,._ .,....u. Tbe onl7 aipifleaat Ya.r1atl• 1a tbe ■pper 

, etat1 ... - a.,..,. 1a occUTeaee at atatloa It. 'fta•r• ... COIi• 

•••rule vop 1D 4eaa1t7 bet .. en atat·oaa It aacl 51. Noet of tbe 

Neme ■■eN at ■tati• 7 were ill •-•r ucl ful. 3tatloa 8 W 

1 ,-1N froa J .. e 19 to A■gu■ t l, 1956, bat other occ rnaoea 

..,. ... tter ... 
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Szaedra !!!!_. Fall and winter "r• the perioda of bilbNt 

._ait7 at station l. At all otber atationa ezcept 8 tbe ooov­

reao•• Nre acattered. There were 2 pule•• at ■tatiOJl 81 Febn&r7 

I \U'oup March 1,, 1956, and June 19 through Sept .. ber 1, 19'6. 

~ otber ooou-renc•• at thi• atation were Nli aoattere4. !• ~ 

~ a urke4 drop ill ocovreno• ud dauity 1D ,.... .. Uaroap 

Ute tlu.rcl iapo,andaent ia contrut to tbe other Spectra apeoi•• 

.... re4. 

Uaideatified fonw. Included here Nre all fora■ n•••r 

alnua41aat eno•lb to warrant ■eparate treat•nt. !be daa■it7 of 

..tdeatifie4 fora■ wu fairl7 coutaat ezcept for •tation■ 7 -• 81 

,.,.,1011larl7 •tation 8, wllero 11&117 aeaaoaal fora■ ••pear•d nioll 

...-e aot pr .. eat iA tbe upper ri••• 



DISCVSSIOlf 

.,,,,, £! !I!!. plgt iflaaktoa 

leaaOII tlrat propoee4 tlae tera plukton iA 1877 to iacal ... 

all tlae lllll•t• aniaal.a, pl-ta ui! uu-t. fo-4 floatlq 1a I.lie 

_, __ of tu•• (Welola 19'2). Aa .. lall alao poi.Ate oat I.lie 

._. ... •ooa eztea4ed to oo••r ncll uaeabla- ldMa ,_. ill 

~ ~ of -t•r• Modern 1:aap - sl••a 1a botla Wel.oll (1952) 

_. •ttaer (195,> contiae• tu ten plaaktoa to tla• •-1-

~. ntll tlae ••-Urine trution tel'M4 HUIM aa4 tu total 

smsr ■tlap ..u .. •••t•• INt• b7 w.a wp la tllea ..-S.•al.aat 

le a. -1st,aa1 .. ,ata1 of plaaktoa - pnp1■ .. 1'J •wa,., fte 

ml a u,_..nn for tile acut JNII'\ foll- •t1aer ... w.i.. • 
. 

• .._ tlae pr1e•t paa .. r. ltanett aa4 Pavia (lt,l) M•••• 

- Ille lenl .ia-toa u ortpn•J~ ,wo,o• .. ~ ....... 1M111tias 

la lt Mtll Urias u4 aoa-liri.al Mtviel. 

a. "1.aalttea orp•• •• of tile •• aacl \Jae ~ -'- Jek• 

_.. tlae .....it of ew-olation o••r a loa1 perlo4 of H•• of ol9• 1 a 

•tell an a4eftN for the pelaclc life. ..llaa .. of tu -'- ill 

tliNo •Y1.roaae11ta 1a ••rJ alow. •o •ipiticut h'Mtioa et U.. 

• • pop■l.atioa 1• loat, aa4 nproduti• troa tM .... •leek 

_,s.aa .. 1a a aore or leu •table uYU'Ollllaat. 

altla it &117 plallktoa it coatailla. It 1a a 011e-91n7 trip for U.e 

.i,..ttoa. ud ll&leu a Mt.laod of traaaporti.ng tlle cell.a fr- tlae 

-tla of th• •treaa back to the ■OIINe 1a poataletecl then 1a ao 

■11•taait7 to paaa oa to auooeetiag paeratiou t'.e u•utaa-
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Nl.NU.oa OD the trip 401111. Tho•• tol'll8 froa th• beathoa or 

are adaptecl tor eurYiYal ill nowtac 

'- Mk• ap the plaaktoa of a ■tr•-• holutioa of tJae etnaa 

.Snt4.oa 1a depeadaat upcm ••ol.utioa of tbe aou.rce noraa. 'flwr• 

la ao OJIPOl'laai.Q for tbe eTolutioa of a atreaa pl&Dktoa noae 

-■■l• tllrollp Hleetioa II••• beooae peou.llarl.y adapted to life 

Tlaua t••N oannot be u.14 to haye cle•elope4 a 

1111Se11N4 aueaa plulttoa in th• aw ••n• tlaat Ulen baa Na 

a. pleektoa of a riYer, thea, coaaleb of orpntm• wlalcla 

.._ pro~ffte4 lato tile n.Oldllg _,er, with their alll'ri.Tal 

1 QJ■Mns • u. ..U tlleJ an .... , .. te tld• ... •n.r--at. 

·-- ft..t.aa troll a lake woal.d N1'17 wiUl it pl".■Jrlea Ina 

1-. _. Snipr (1927) coaa16er• tllia a ~•r aouee • 
• 

Ille •••nin - illportaat ••re• of plaaktoa tor tile eM1111el • 

.. - ta.it.as wiUl a riTer of ••17 l• sradi•nt llolrenr, wla1ala 

al U.a .,,,.,._t17 waa aot tar reao• .. troll l.ake ••tiU ... . 

a.,. are a fn -1.1 lakN ill th• Lopn Ri••r -'-nil .. .. 

~ llaft aq iateraitteat ntno-, u4 tlw owtn• fr• tao 

.. 1111,n t ... _. ... •e•eral ail•• ot atreaa Mt•• eaterias tile 

l&w.r. ••• of tile lake pluktoa peraiate4 to tbe r1Yer. 

•• f •ou ... ata, •••Pt for their coatribuU.oa of tUa-

■11 t- al ... , were ill pural cletriaeatal to tbe plaaktoa. 0al7 

1 Afll!!■tlaN lliaati.Nip. Fraplaria oapuoi.Aa ud Suda 

..... alpitioantl.y bigber deaaiti•• at the o•tlet of 
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lldn illpollladaeat, moat other fol"ll8 clecr•-•4- Tia•...,..__ 

air Mn been caaae4 b7 eettli.Ag oat. b7. ■traiai.ng out 1a tM 

llmtsa• M4a ot ••baerp4 aqu.tica u Cu.a4ler (1937) uul a.1t 

(1"9) alle• for reduction of lake plankton whi.ch eater ■tn-, 

• II, ~ologl.aal etfeot• of the ■lo-r water. ror •ell of 

Ulre• 1apo'Uldaenta re■eable slow. n~tul.•• 

.... an nuoaabl7 larp baclmatera ill both t!le firat aza4 

....,. ta.,n•-•'-• b•t perupa tu esc:laaap of -t•r 1a too fut 

...-, u.. deftlo,-at of. plaaktoa popdatlOA. S'81Tetl 

ltatriek (19'2) st•• uta troa abon u4 Mlow aa ,..,._..._, 

.-1119tte dN of wlia 1a aot sl,TU b•t ~ Ina tlleir atatl• 

... , N 1 ... thaa 2 1111•• loag. ftq ,:lft tata f• 

....... , 1■1 er aa1.Y, aa4 clari.Ds Ulla perlo4 total dialw 
• 

•••2111z11••• Sa , et , Mllaettoaa aa4 lllcn .... ~ all•~ ill 

.. ,. a. ••m•ua ~ ~• ,a.. ,-S.o4 or ,,__ 

C 121 •• .......... allpll.7 tu-taa tu lut 2 e.U..uou. 

a. N1e of VS.•tarlN aa4 ltaaliN't .... U ao.NN of the 

ee1Je 1 at.ell later -.1.tl~ ill Ula atr-■• 

t.t. Pritech (190)) point■ OGt that it la ut a •tter of 

MPNI ._\ritNU• ef tbe baokwatera to fona tile •tl'N■ plaaltlea, 

••• 1M 2 are of yery cU.ffar•t eoapo■ itioa. lofotd (1908) 

.._ .._ WtlNtal'iH IMlt froa ~di.as bulmalen, ud t.D 1• 

•'- fNII ti- ebllnel lt-ir. Jlla44• (19,0) oouldere tll• ~­

... mP1N to b•sb 1A Ua• q•i•t water• off tile rtnr. Rlae (19JI) 
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-• Beilllaard (19.31) ancl ,tcb•r (19}2) eap!aaaJ.ae ~ • ..._ 

bott• u the eOIU'ce or the phtopl.&Dkton eel.a,~• tint 2 

utllo,a poi.At1ag ollt that trlbatary planktoA •Jeoet iaYU"ialtl,r 

._•Jf•• 1A the~ atreaa. Blua (1954) Ii-••• eood eri.._• ._, 

tile bentboa are the aO\U"Oe or phytoplallktoa .. u.a. 

Baolnlat:ere--othw tb&D ta• iapo-clMlat■--clo aot ea.al•-.. 

Lap• 5.iYer. Tll• bi peat -~• trilna~ • leaYel' er.a, paa■N 

...... a NriN ot 'beaver ._. Jut beton ••u1.a1 tale •~••• 

_. ~ an 811&7 ~Y.,. obee•l• n• qlliet -••• ~ wt~ 

• ..., ... U'l • ._ .... SpiNm, .... c1ew!r -• ... ,r,,.r.i, 

1M ...,.. ol tile 9t£a5iM toud at t!M appu •taltw. Oal, Ille °"'"" ....-., .. ,.., S&a&1oa 1. •Id.oil ia 2 IIUN Ml• Ille 

....... et tile cnek, tae .~.,. tol'M U...peuiac ., ... ••tua 

a - •••IIM. 'be etaer tl'llMlu.rlN ia tale aJpel' ...,_.. I 

ll111r, f--1• ,_. u4 lliallt. W Perk, W ,aa,1.,1au._ ,.._ 

,,,.AMT ef.efl•• '- t.aat •l '- ... •v.a. ~ ••••• , 
, ••• la·-··~-

.. .....,.~ Nr• tuetioaeJJJ "u-lltaAl'iN"-.-e .i• 

dWN' ftMeel. ia ta• ...... ot .. tel' 4iftni•-eoatn.lltate4 la' .. 

1 ,. .. of ClMlfl1rM .,.,ltt[SO to tile atnu 4vi.A1 w•tle-' 

.-,IN,e. Ille lMU' eMaael, abo•e ataUoa .5A, a1M ••vi•W 

~ ••atliM ol '-"'·- .-s;:;.;;;a;:;.:.a-. ... !nc1Jtr1e ,,,,.,.-

w., ,.,.. ••r• wll re4 ... 4 1a 4eaa1t:1 INlow uae tuwt ••••• 

_,, a1cll Jll'•••t:•4 eYalaatiN of their la"••• 11&1n atr ... 

.,ieett •• 

ae Vi.lMlu.a-1•• ••r• ill general not a aovce of ae.1a .,,. ... 

~toa. 



All th e•idence points to the benthic al.ga of the ri.YU' 

'bottoa a.a the !Dain source of the phytoplankton in the canyon 

portion of the river. All of th forma abundant enough to be 

u ... rated wer found in benthic collections, and thoa foraa 

oontributed b7 the iapoundmenta or tributaries were benthie iD 

\boae enrlronaenta. 
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Only etation 8 on the Little ~ar River h d fonu which 

e-14 not be traced to the benthos, the Volvocaceae and Ceratiu. 

~-- are 2 poaaible eource for th••• foraa; a large daa oruy 

a In ail•■ upatreaa froa the aaapli.ng point, and IIIAllJ backwater ...... 
Ille benthoe wu not eaapled eztenaiYely, but ao .. aaaplea 

..,.. •zu1n•4 froa all parta of the river. It appeued that 1A 

-..-al a fora abu.nclallt iJ1 the plank.to• •a.a alao abundant 1A the 

U.•• Tile aotable exception to tbia ge eral. etatea nt ... 

Mtr•!b•• a::;;:a,;;~:,;,=;• Thi.a little diatoa which had the higbeet 

.... lt7 1A the plankton waa doainant ii:. only one benthic oolleotloa. 

-• !:!!!. which 1.acreaaed d.rutical.ly ind noity at station. 

1 aa4 89 ... aleo very abu.nclr. tin the enthoa at those atatione. 

\\ner (195,) atatea that a 11tl"\le" 11treaa plankton, the o\!19-

)laaktoa, could onl7 develop 1.a av ry lon river, confi.Jli.Jlg the 

\en to tboee fonaa which reproduce u pl•pkto;, and terain the 

r•n1nder of tb foraa tzc oplankton, toraa traaaported and living 

t 4o••4 to cleath. 

&441 (19'4) atter exaai.ning several saa..1.1 streams reports 

Ulat little true pla.nkton • found in any of the, and s 

tat -val.iu.tion abcut small. swift str in neral.. Be 

•'-' tbat the ti.rat plankton organi usually ap ear after 



a, 
th ater becoa e 6 to 10 dqa old. He does atate that occaaiN• 

al. b ttoa diatom.a are found in the small. str aaa. 

Uei.ng the broader eaning of the tera, an abun.d.ant phyto­

plankton population w prea nt in the Logan RiYer, ••• at the 

upper atation where thew ter age waa uncler 10 hour■• The ,otal. 

elapaed time from source t canron aouth for the water of tu 

Logan RiYer probably &Yu-aged under 24 hou.ra. Pen.Jl&k (l~,> 

al.ao f011Dcl abanclant phytoplankton in a aoutai.Jl atre- WlllOH 

_,a ... uU.mate4 to be leaa than l5 b.oura 014 t the oolleoU.oa 

alat!.oa. Laokey (19'+}) foUAd an abUAclant p)qtoplankton iA a 

moU atr .... 

~ eftMt ,2! Pb.pioal ~ olapical con41tiou 

Ille eartroaaeatal tutors aq be ao laterrelate4 u to pre­

••nt Mparatin of their i.n41Y14aal. effNta. UILl••• the factor 

la Uaitlag to aoae '-11'•• there aq alao be oonai4erabl• Yari.a 

U.. wi~o t efteot. fte data ta d.iacuaae4 with thu• aokllow­

le4p4 liaitationa. 

Kofoid (19()}) conaiclera t .. perature to be of 

per•a .. , iaportanoe ill general pl.ankton produetion; with pro­

._.tl• ill the riYer below ,5•F. only 9 percent of tbat abo•• 

~5•r. Be atatea elanhere howHer (Kofoid 19()8) that taaper tu.re 

4oe■ n" aee■ to be a factor in controlling d.iatoa alnuula1ace, 

eltlag tile aitution where the aajor pa.la• 1a ill the apring when 

1M water taperatu-e 1a about 6o•F., but that no OGl'NapoAtiJlg 

,.i.. ia Men 1n the tali when the taperature coaea down to 6o•r. 

apt,. Th data of Reinhard (l :n>. Allen (1920), and Starrett 

ut Patri.ek (1952) all ah pronounced p toa ai.lliJla during 

.._ period.a of low t .. per ture. Th data fro■ tb preaent ataq 



eral trend toward ainia pl.anlttoD nu.abers du.ri.llg tbe 

raturea, but not differ neea of the order of pitucle 

bJ the atucliea cited. There •er al o notable exceptiona: 

"1:oauru was at n ar denai 1 duri.n the cold 

••s•u-1 Ritaachia • poidea waa ao, thou fairly low in 

the lo• te■perature 

Three atationa Taried o■ewhat in their teaperature 

'11re. Station 5A, the riYer ch&Jlllel at th• uth of the can-

• alllola carri•• on.ly •••P ge and ao■• apring water •~capt 

noocl, had a water teaperature ainiaua •••eral degr • 

-. ... of the other atationa. Tbe non-filaaentoua net pl 

, much ahowecl a defi.Ai.te a1..niaua at the upatreaa ata­

(Pipre 12) 11&4 no aucb ainialla at ■tation 5A. Tiler• ... 

ao proao-ced •:ln1n• in thi■ cro•p at ■tation 5B, aacl tlaia 

•WM to be the reault of plankton aclclecl to the riTer froa 

fl• of ti&• riTV cb.&Juael aboTe the ■ecOAd iapo1111daeat 1A 

41ti- are "r"T ai.ailar to thoae of station 5A. 

Dreabvd.1 and c. litorale were the apeci • affected, 

otJaer pytoplankton dicl not react to the change in winter 

t ... eratllN. The other 2 atationa with Wluall&l t.-pva-• 
.. ta were ■tatioAa? &Acl • where the ■aziau.a te..-ratarN 

1,•r. to 20•F. higber than th o her atatiou. Very large 

•l••klea 1llae■ Nre recorded duriug the period.a of higta teapera­

• • t \ll97 were not cauaed by forae abunclant in the can,on 

of the ■treaa. Tbe orplli ... with bigb cl ■i.t7 plll.••• 

C,rati!9 hirwlcliAell.a, Cloateri\111 acero■UI\, Pecliutl"l&a and 

el•oeal••• Only WaYicula _■_1_■;.,.;;;,~ and • szn dra apeoie■ of 

.... r atreaa pl ton ■bowed a aark• 1.ncre .. • during the 
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■--r high t .. perature. Han:, of the upper ri••r spec ee re­

corded denaiti a t station 8 which• r up to aeveral tiaea 

b.igber than tho•• troa th upper riYer. Occu.rrenc a were u.aually 

low and aoatt red ho••••r and the ai.n.iJlua aeiusitiYity tor station 

8-.. alao ••••ral. tiaea that or the canyon atationa. 

The aiA1m&a teaperatur•• app ar to be ao■ewhat liaiti.ng for 

aoet foraa, ancl a f•• foraa i.noreaae with the higher &UJIIIH' aaz­

S..-. at Uae Y&l.l.e7 atatione; but, for ■oat of the pb,rtoplanktoa 

Ille t...,.ratue cloea not ••• to be the aajor l.iaiti.ng factor iJa 

Ila.la nYiroaaeat. PeDllak'• (19'+,> clata a.lao aho• little correla­

•1• bet•H• t-.peratve -• ph7toplaakton productioa. 

TP,Wtz. lli.p tarbicliti•• at the upper atatioaa .. re aaaoc-

1.a, .. nth tile apriac nood. Difference■ ill ta.rbid.ity at th••• 

alall hrlaa UI• rNt of tile 1•ar ••r• aot aip.1.ticant. !'be 

111 ..... t pllytoplallkt• 4eaait1•• ••r• fo11Dcl ho••••r at ata~on 8, 

tile low t ta.rbicl1.t7 waa ••r'7 nearly equ.l to the uxi ■vee 

at t • eaayoza atatiozaa • .l aet diatoa pill•• waa aa ociated ri.th 

a ,-nod of lM tu.rbiclit7 at atation 8 duri.ng the willter of 1956-

579 bat there •aa no coJTeapoacling ll&!llloplau:toa d.i.atoa incr ... e. 

TIie hip tu-b141t7 a, thia atation clid not preYent aeYeral pb,Yto­

plallktoa JM11••• froa d••elopi.ng. If turbidity ia tdgb •11ougb to 

nt off a aipifioaat portion of the light it •ould cert&i.Al.1 be 

liaitlag. The coutent ai.xi.ag of th• riur water which wou14 

llrilla \Ile ••U. near the aUJ'face occasion 17 ai tact to re4ace 

effeot of &Jl abaolute tarbidity .. aaure■ell cYer •hat it 

t 1te 1.n •ti.ll water. The hi turbidity ,u,;, be a !actor in 

• ...._.tion Gt • ot the c yo for- a etationa 7 and 8, but 

• 1• ao clear out erl4 no• ot thia. 
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Water ••locitz. Hi water ••locity is in iteelf conaidere4 

b7 ltofoid (190}) to ha•• no onatrable i.nflue ce on the pl&Aktoa. 

Ulen (1920) has b en quoted often stating that ••t•r O\&J'reata 

abo•e a aoderate eed are detr ental to pla.nkton prodDction. 

Be at tea in another place howe••r that hia definition of a "floo4" 

oontition ia on• •hich keeps a distinct current .i.n the ri••r at 

Stockton, Cal.ifornia, hia collection poi.nt. B is conaiclering 

ta effect the high water which ia accoapanied by the increaa cl 

oUTeat aa are ••••ral other• (Reinhard 1931, Rice 19}8) who ao 

atate. The real effect of curre•t auat be jwlpd froa reg:lona of 

Yal7ias ••looit7 a.nl! •~t froa tbe ••aaon&l chaapa. 

the areu of lo•er water ••locit7 .i.n the Logan Ri••r (the 

1a.,011111dllelata) had a clifferent algal coapoaition froa the faat 

water areaa, and eo1H of th••• alp• ••r• carried with tbe water 

u 1\ left. The filaaentoua forae adde4 to the atreaa plaaktoa 

41-oppecl rapicll.y cl naity a.a they progr••••d clo ... troua. F tor• 

... ociatecl with th• higher ••locity .. re then detriaental to thi.a 

IN)llp. 

Ollly} of the fora.a preYalent in tbe higher• locity areu 

of the etreaa increaaed in paaaage througb the •lower water of the 

third iapowaclaent •ithout known recruitaent froa the benthio a1gae 

ill the iapoWldaent; Achlla.nthea ai.nutiaaiaa, Fragi.laria oapucil:la 

-• !• llarriaaonii. A.1.1} had d ere •d agai.ll at the nezt ata­

tloa below the daa. For tbe • for it 11.igbt be aaid that the 

teer ... ecl Yelocit7 wu benifici • P •• through the lower 

••locit7 ••ter• of he third iapoundment • either de initely 

.. triaental. or neutral tor all other p top ton. ettlin• out 

• ■traiA.i.n out by aquatic plant would probably reao•e a&a7 of 
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th• cell• initially, but if conditions were favorable they ahowl.4 

Nproduce as benthos since this was probably their original aou oe. 

That they did not do so argues that there i a physiological 

factor associated with the •lo• r renewal of the wn;ter at the 

cell ■urface which ia detriaental. Thua the ph:,eiological action 

of the slower water~ reduce the phytoplankton secondarily by 

re4aoing the benthoa which ia ite principal aou.rce. 

fol ~~• A.laoet ever,- plankton study on the larger 

ri••r• COAtai.na coaaenta oa the detriaental effect of nood.a or 

llip water on the pl.ankton population. lJi thi.e reapect the Logan 

••• 41ffere4 aarkecUy. Onl:, the net plankton diatoaa (Nituellia 

VW\4H) ahowed a ai.nia1UI denait:, during spri.Jlg flooda, ■oat 

ot tile other group• reaai.ned at or near a.lltiJlwl deuiti••• PelLD&k 

(19't)) alao report• no correlation between etreaa flow and pllyto­

•l••k~on auabera iJl a ■outai.n etreaa. Thia differeue-..:, be 

a .... u.r• of the contribution of cell cliviaioa whil.e in paaaa,-, 

to tu plaUtoa 'llabera of th••• larpr atr .... , the 7oupr 

nootl waten ., ... --taia •"'-- ••t pn.a,r ~, ·-·O'lw.1 .. .-

,,r 045atn. The water cheaiatry waa not treated eEtea-

aiYely, only pnera1 characteristic• were established. There ... 

a paeral incre • iJl diaaolved nutrient■ at etatione 7 and 8, 

t hCN ■uch this contr t~~ d to the difference■ i» coapoaitiot1 

and abundance cannot be deterain d. 'l'he che cal factor waa con­

founded with hi er temp rature, hi r turbi ty, ower velocity, 

ta14• water ao~rcea, 9Jld increaa d water a 

Lipt. Ligbt, thousJI obvioual:, an 1m ortant factor to pl.ant 

production haa not been clieouaaed in thie ,tudy. The ettect of 
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light on the general producti•ity of the Logan Ri••r .ia co11pre-

benaivel7 COTered by HcCollllell (1958) . 

. . 



SUMMARY m cor:cL SIO :s 

l. The Lo iTer flo C 

about J5 ail a through the Bear RiTer 

ountain atreaa tor 

ge ot the northern 

aaatoh Mountai.n.s, and h n tor 6 l • as a eanderin Yalle7 

atr- aero .. the floor of Cacb• Valley, to its junction with 

~• Little Bear RiTer. her a.r 3 a l 1.mpoundaenta on th 

rlYer, one at th canyon ■outb, on 2 ail•• patreaa a.nd one 

J 1/2 ail•• up■treaa fro■ the callJ'OD aou b. 

2. ipt •--pling station• were eatabli.ahed on the riTer; 

6 1a t~• c&Ayon aection (3 abo•e tbe iapounda nta) &Ad 2 in the 

Yalla, ■Mtion, with the second •Alley station on the Littl• Bear 

ltl••r j-t blow it junction rith the Logan Ri•er. 

-'• U.l of the stations were occupied on th 

~. &Ad aaaplillg waa conducted at intenale of 10 to 15 daqs 

trc.■ o•-■ber 1955 to June 1957. 

• The phytoplankton were pl d by a nu ber 20 ilk 

boltiAg cloth net for tb ar r organi• and b7 ••bran• filter 

or plankton centrifu for the nannopla.nk on. 

5. In acldi·ion to phy opl ton collectio , • aaur .. ate 

of water tu peratur , tubi ty, d at r ep b • r made at 

Nell collection, ritb •• er • loci y eaaur nta d c eaical 

terainati • d at reyr sent i• int rv 

6. The larger p.byto lanltton •ere en t circ 

OCM&llting chaaber and stereo-aicroacope. n opla.nkton ••re 

.... rat with a bae cyto • er d C ound icroacope. 



7. '1"b. Logan River contains an bundant pb,ytopl.ankton 

population. ith phytoplan.ltton here defin d including a.ll 

tbe algae floating fr• with tbe water. 

8. Diato doa1.n~t• the phytopl. nkton in both nuaber of 

apecie and nuab_. o! i.nd.iriduala. 

9. The phytoplankton is a.laoat entirely deriYed !roa tile 

beatb.ic algae of the ri••r bc:,tto■. 

10. one of tbe d.i.atoaa a.re quantitati••1Y eaapled wit~ 

90 

a •-l>•r 20 eillt pl.ankton aet. The nuaber 20 •ilk net r ac>YH 

oal7 ~ to 6o perc nt of Ritaacb.ia eipoidea. an eztr ely larp 

ti.at•• and fr0111O to~ percent of th• other fora.a. 

11. Onl,y ~ to 6o percent of the Cloateriua litorale cell• 

are reaoTH by the n1111ber 20 aillt plankton net. Oal7 a -11 

ot the tricboae frapenta of blue-green algae are 

r1■rre4 b7 the net. 

12. Tile Fo rat pl.ankton centrifuge, at a now rate of .5 

alaatea per liter or better. re OYea eaeentiall.7 all th phyto­

plaakton. 

lJ. Mi.111 r• or ••■bran• filter• are ••rs efficieat in 

r Ying ud peraitti gr oo•ery of the pb7top1a.nktoa froa -ter 

---,lea, a al.l 'b t the hi eat Logan Rive-r turbicliti • (ap to 

20 p.p.a.). rhe • brane Uter ayate i• •••ral ti.a•• futer 

tllaD th l'oer• centritu . 

l~. There ia no Yidencc of a cli nal fluctuation in ph7to­

pl.aaktoa deneity in the ••r bo•• the 1.apouncla ta. The co -

Uti b lo• the iapoundaenta •aa not t ted. 

1,5. Day to •ari.atioa■ in phytopl 

t • 1-polllldaeata) are in ner ·ot or lar 

ton cl.en■ it7 (abo• 

pitude. 
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16. There i on17 a aaa.11 probabi ity that eamplea ta.kell 

fro• the river hove the illpoundr:I nta at weekly o 10 da.y illter­

vala woulc.t, not be general.l.y repr sentative of the interT, l. Thia 

probability exists however, and a large magnitude variation in 

onl7 l aaaple should be auapect in the absence o! other evidence. 

17. Ther• is no pronounc d aeaaonal phytoplankton 111uc1 ■ua i.n 

the canyon ection of the river. Swaer ph7toplank.ton pul••• a.re 

pr•• nt at the valley stations but are caused priaa.ril.7 by organ­

iaaa not co • o.n i.n the Ca.J170A aection. 

18. The 1:apoundaenta a.re in general detriaental to tbe phyto­

plankton. Fragments of til ... ntous a1gae are added to the atreaa 

phytoplankton by the i.apoundaenta, bu.t th••• frapenta aooD 

deteriorate. A few specie• of the atreaa phytoplankton i.ncreaae 

in nu.abera in passage through the i.Jlpoundaents, and ao■e ahow DO 

et.feet, but the aajorit;r of th phytoplankton have lower density 

at the outlet tb&Jl at tbe inlet. 

19. Ver:7 low water te11peraturea have a general b11t not 

d.raa c liaiti.ng action on phytoplankton denait7. One apeci•• 

however, .Pal.aell ~oaurua, 1.a at near uxi ■u■ dena.ity during the 

cold w ather. There ia eridence that an increase ot the wi.nter 

aillillua troa near .32°F. to }8°.f. reduces th wiJ1ter mini.■ua tor 

Cloater.iwa Ehrenber,(ii and .£• litora1e. Ma.ri.mum sw11ner te■peraturea 

in the canyon aection are not acco ied by phytoplankton pul.aea. 

Maxi.a\1.11 auaaaer tea eratu.rea & the wal ey stations, which are 

15• . to 2o•r. bigber than at the canyon •tations, are accoapani.ed 

b7 pul.aea of organiaiu not c 

ri•er. 

on • n. the canyon aect on of the 
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20. High turbidity h no obvious limiting action. The 

b..igheat turbidity i found t stations in the v ley which haYe 

the ■aximWll phytoplankton densities. 

21. Low water Yelocity is judged to b detri ental to the 

ph7toplanltton fo found in the river, based on the effect of 

paasage through the i.apoundaente. High water Yelocit7 in th 

ri•er is detraental to the fil entoue forDlB fro■ the iapound­

.. nta. 

22. There is a general direct relationship bet•• n increaaecl 

cliaaolved nutrients and maxau.m phytoplankton densitie. 

23. The up to 10 fold ·eaae i.n Yolume of flo• during 

the apring nooda i.a not accoapanied by a general decrease in 

ph7toplankton clenai ty. ).·sny forms are near u:d 11,m density during 

t~• nood. and only l group, the net plan.kto diatoms, shows a 

defillit• density lli.nimum during the nood. 

24. • Yalley station are charac erised in general by 

higher ph:,topla.nkton densities than the canyon atationa and by 

definite yearly cycles in density. Them Jority of the pul6e 

foraing ap cies at the valley stations were not abundant at the 

canyoii atationa. 

25. The differences between th canyon &lld Yal1ey n•iron-

■eata are aaaociated .i.th concurr nt di ferencea in te■perature 

range. turbidity,• t r Y locity, • er che■iatry and the ddit 

of large, inade4uately • pl d water vol ea fro other ■ tr a. 

It is not poaaible with th data a ail bl to sin out any one 

on 

or two l.iait1ng r ctora wb ht be r ponaible for th tter-

enc•• in pbytopl 

eaYirona nt. 

ton coaposition and numbers bet•• n the two 
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