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DIURRAL AND SBASOl~AL VARIATION I 
CLADOOERA AND COPEPODA OF THE VERDIGRIS 

IGR-WATER 
POPULATIONS 

aDUCTIO 

This study was undertaken to add to the Into1"!!1stion 

on the ecology otthe Cladocern and the Copepoda in 

Specifioally, this 15 a study of the diurnal ditferences 1 

nUCbers of entocostraoa colleoted, the seasonal ditrerenc&s 

ot ontomostracQ collected. and the intluences 0 
. 

high-water levels on entomos 

A areat amount ot datB haS been ga'thsred on tuum 

tlon ot numbers of individuals coll6'oted in lentic 

rOIU:lenta. t:!any rev! ew 'Papers, especiallY thoa 
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tit *aa about II foet 1n denth. After complotion ot the w1 er 

- - collectlQna wore nade in ~h 

orlrt'1nal collecting' area.. 

rin~ perlode of bild1-wnter lovel, tne rlvar rose
 

nCh as 20 roet above the normal f~o~. At
 ,,~gU v ",.A..WQ"~, 

lver became vert tJlrbid ~d contal 

larg 

• J_ ..lar constructed at station I below collectio 
B. 

tattoD I 

The Fall River, althouM. it I"\1ns tbrowm an areD. of 

etatlon and solI similar to the Verdillr18 Hi ver, is 

co~pletely different from this river. The river is swift 

ng, has an avera[o width ot about 30 feet, and rarely 

s deep. The river bottom, as Op~o8ed to the sott bottom 
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•t 
oxide 

p~aces ae~OS8 the river to reduce error due to an uneven 

horizontal distribution ot the entonostracG. 

ter each s~ple was collected, a small ta~ Indi­

catID~ the type of collection (dip net~ or lOO-llter). tl 

ot co1~ection, date, and station nwnber was p1a~eu in eaoh 

bottle~ and 40 percent fOr:!lI1~in waa added to each bot tIe to 

1 and prea~rve the entomostraca. 

The entm:tostraca were later identified in the laboratory 

US:1nrt identifIcation keys in Ward end Whipple (1945") and 

953) • 

Pi..... 
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1n-. ..... "'''cal-vIlGl:l.:l.C a 

t th 1ver botto d n t
 

ur
 

t'PMnmnt (Pig. 5, ,,).
 

Geolo~ic 

0<1. Oxvgen torm1ned using the unmodlfl 
•

lnk~er method, rbon dioxide c.ontent was dater­

ned using the s d titration method described 1n Welch 

(1948, page 213). 
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.. yne entoreostrac~~ population at 3tatlon I 

period ot 

~ 10a8t abundanc G fr"om Se'Pt Ember to JanuarY. Fron ~eptember 

o Januarv, ~ne O~ber ot individuals collected varied t~ 

total o~ 17 to S. In Dee 

ted. The entOI1ostraca increased trom a total of 10 

duals collocted in January to 63 individuals in 

rTf .­ In ~arch a ~otal ot 54 individuals were colleetQ~, 

111 in April, and 41 during YOY. The r:reatest abunclan'C 

III in ADril was coll6etcd auru.lg s. Perl. 00 0 

cJ.a.docera wera nost numorous d~ln£ the high-wat 

prll. 1\ total ot 69 i 

..trlng the other Months of the year J t 

r of individuals eollactod var~ed rr-am 0 to 12. 

oeerans were tound in the January collectioIlB. "J. 

numbers 1n t;ovemb::r and Dcce:nber were alsos:nall; onlY 1 

J ~2 were collected 

in Docc:nber. Slightly larger nw::tberc oecurr-ed in Febru 

otal of 4 individuals were col~ected and i 

a totiaJ. of 12 indiv.Luu.CI.LCJ "g~-'C" VV.L.,L'O'-i VQ""".,! 

Only 2 specIes ot Cladocera were ccr.l:ton at thi 

station, Bosmina l.ongiro9t'ris (C. F,.-U.) and ChYdorus sPnnerlCUS 

(O.:e.u:.). B. lon~irostris. althouYb never abundant occl~red 

5 ot the 9 oonths. This sP~Cles 11aS DO 

Y "nEIl an averaRe of 6 indivlduo.ls 'Der 100 11 
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collected. Durimt February. ~<tareh. April, and October, it 

between 1 and lJ. individuals per 100 liters• . 
-c. 3pbaerlcus (o.r.~.). the nost abundant cladoeeran 

- ----~- -- ­

tattoD IT, was colleotod from Februarv to Uay. It was 

ost nu:nerous dur1n~ the hiJdl-water period 1n April when an 





- Too nlEterous to count. 

cEI!lber and 1n Uay, the number of 1ndividuals collect 

a..rl fro' o 21._ od of least abundance occurre 

October On.Ly d1vlduals were col16-' • 
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Indi v1dua1s p 10 liter J:l!lA.Lt:Jl.U'l number f 390 

individual .p ,ntl 

po!"ulation had e compl pril, or 

non ar • 

Qanthocanrotus robertcokori appeared in all collections 

capt Septer'Jber and October. It increased 1n number in 

arCh rrom 2 individuals collected in February to 6 Ind~­

iduals in March and was tairly abundant In April, averaging 

22 individuBls per 100 11tera. 

The im:nature copepoda, the nauplii and thecopepodids, 

ere numerous at tbi.s station. During the months of J 

,bruary, Uarch, and Apl'il, the nauDlil were t 

numerous to count. In SeptEmber, October, November, DecE£1ber, 

, uhey varied from 1 to 12 individuals per 100 liters, 

the fewest number occurrlnR in Uay after the April hlJdl \'(atar. 

me cooenod1dlf were most flbundant 1 

ev avera.: d 44 Ind1v1dunls per 100 liters and in April 

en an av e of h3l 1nd1vidua~j'wero present. During the 

ot or collections, they va~leG traa 1 to 17 Indi­

idu 100 llterD and uere not collected .in Cctob~-. 

tel'Col tiona e Durin i 

Two dl eollectio , Jul 11. 1958, and April 9, 

1959, Ire mad period or hi_ rlovel at both 

ra1a! all.rive • In both c J collections 
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the water '\.."8.e well abovo nomoi but was still 

- tne vereugr1s lilve-r 

about 15 feet abovanormal when collection 

river rose ,1"r0II1 j 'tiO .........~.. g, ....."' .. , ......... .,. ........... , 

e 24 hours luvc.l.-. 

ut 10 teet above normal 

, .ose'about 3 more feet, crested, and 

begsn f,all1ng by the time the hat col~ectlons were mQ.(1a. 

okD,rlvera were very ~urbld. stano 

ot .3000 p.p.m•• and station II 

turbidity read1n~ of 700 p.p.c. durln~ the April nl@ wa'ter. 

- - iv 

01· great - ­
oth Darlone or h12h-vator. level, 
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0800, April 9 to ),866 ento~ost~acanB collected at OOUO 0 

ril 10. Tho increase in numbers began between 1200, 1600, 

nd 2000 collections. Only 37 entO::1ostrac,ane occurred at 

1200, 144 at 1600, 4:"1.d 861 at 2000, End continued to inerease 

the ni ;~llt, • 

ost SPOO1.ea $bowed a gradual increaso in numb 

urimt tho 7 collectloDG. D. siel10ides did not appear i 

00, 1200, and 1600 collect1.ons. A1; ~UfJU ~!lero weI' 

Is ot this species, en ~ncreaso Wh1cn must be 

due to Bome ether factor than hi.m wat 

Tho 0X1BeD !"eadlngs thrOughOU.. • 

bi ted tho expect ed seasonal trends of 

nter and spri~ months, Dee«nber tio uay, an 

10. readi~s dur1n£ the- Wl.11'Ill months, July to NovGlIlber 

(Table V and VI). Highest readings were recorded in l"ebrunry 

stations lolhen a read1n2 ot 15.6 p. p.m. occurred a.t 

tatlon I and 15.0 p.p.m•. at Station II. 'The lowest r ead­

8 occurred in JUly when a readlIlE of 4.2 p.p.m. occurI' 

t Stati?n I and 5.2 p.p.m. at Station II. 

In~ several monthlv collections, tho 0XJ~en reactlJU(:s 

arintion ovor the 24-hour period of hlr:n rea(11n~8 

in the daY QIld 10'a readinf!B e t night. The October r68dl 

t Station I showed n hi~ of 9.6 p.p.m. at 1200 and a 1 

of 8.8 p.p.ro. at 2400. In Decanber a hld1 read1~ of lh.O 
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oxygen in 

1200 1600 2000 
1958 .5~ 2 7.2 6.3 7.2 v.v v. 

1956 7.2 ~~2 6.6 7.0 7.2 7. 
6, 1958 7.6 .0 8.2 6.1 6.4 6.2 

1958 8.4 8.8 9.2 8.3 9.2 13.8 
1958 7.0 7.3 6.6 6.3 7.1 7.0 
958 13.2_ 13.6 14.5 13.2 1).0 1).0

1959 ll~. B 15.6 15.6 Jl:.• O 14·2 lh..O 
1959 12.5 13.0 12.8 14.0 12.6 12. 
1959 9.2 ~O.6 10.6 ~1.0 11.0 13.0 
1959 --­ 11.6 13.4 10.0 10.2 10.0 
1959 11.0 12.3 12.2 11.0 9.4 9.2 
1959 10.6 --­ 11.h. 9.8 10.0 10.2 
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9~v 
1958 
1958 
1958 
1958 
1958 
1959 
1959 
1959 
1959 
1959 
1959 

4:5
2.5 
2.0 
3.0 
5.0 
3.0 
1.0 

il.O 
2.0 
2.0 
1.5 

' • v3.5 
0.0 
1.0 
3.0 
2.0 
2.5 
0.0 
7-- 8 
1.0 
1.2 --­

v• .,)
3.5 
0.0 
1.0 
3.0 
3.0 
3·0 
0.0 
5..4
1.5 
0.0 
0.0 

.,). 

5.0 
3.0 
2. 
4.5 
4.5 
1.0 
2.0 
6.2 
2 .. 0 
2.0
2.5 

J.
0.5 
9.5 
2.5
2.5 
2.5 

v. 

).5
2.0 
3. 

, "7~_~ ,.).v 

).0 
1.0 
.0 
.2 

,.) ..,) 

1.0 
O~O 
0.0 
3.6 

e- • .,) 

2.0 
0.0 
0.0
4.$ 
0.6 

if·V 
3.0
0.5
0.5 
3.5 
1.5 

-00 
5.0
3.5
3.5 
2.0 
4·0
).5
1.0
0.5 
4--8 
2.0 
2.8 
2.2 

4·53.5 
3.
2.5 
4.0 
4.0 
l­
1.0 
3.2 
3. 
Z.t: 
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The lUghest temperature at Station II 28.1° c. in Au~ust, 

ana the lowest was .6v c. in January. 

The tel!lDSrature varied but sli 24-hour 

period; because of this, the dIurnal ratur ecordiruuJ 

are not Glven. 

In &toneral, the turbidity ;at Station I 

as botween 20 and 50 p.p.m. suspended material While th 

of Station II was usually less than 10 P.P.ti. The hl~e 

turbid1ty read1.ng at both stations occurred during the t 

periods of h1~ water. In July both stations bad a readin 

of v.reater than 800 p.p.1U. In Ap~~l Station I had a reading 

of 3000 p.p.m. while Station II had a roadlng ot 7uu p.p.~. 

cludtn~ April and July, the M@est readiul! at 

tattoD ! was 200 o.p.n. in August, and the lowest was ~ess 

than 10 p.p.m. in Deoember. Station II had a h1~ read! 

of 700 p.p.m. in August and a low readin~ of less than 

10 p.p.1"l1. in September, t1ovEm1tler, DeCEmtler, Januar-y, an 

February_ 

flow. Str&ST.1 flow neasurEDents were tuen 

Altoona, Kansas, on the Verdigris River and Fredonia, ~anBa8, 

on the Fall River by the> Amy Corps at Engineers • 
. 

data, Table IX and X, were aoquired from the district office 

Tulsa, Oklahoma (1959). 

The stre8I:1 flo" vari ed considerably tbrouWlout th 

period of this study. Stream flow readinRs above 1000 c.f.s. 
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(cubic teet per second) are considered h1~h-.ater levels 

'h11o those less t~ 1000 o.f.e. are. considered low-water 

levels. 

levels were reported in July, Septoooer, 

, .n~- ....... , u..ud Uay on the Verdigris River. 

read1nY.8 occurred in .tulv. a read1n~ ot 15,800 c.r.s., 
~le other h1~-vater readin?8 were bot.een 6,110 and 3,8~ 

....... 8·.
 

Low-water levels existed durlna Auc.ust, October" 

Dececber. JanuaM, February, and March. Low-water levels 

c.r.s•.i.n Novewer and 579 c.f.s. 1n ...· .... U ... 

-

·AQ.A.Y. 

tel' lavel.s on the Fall Hi vel' were reported
 

rin~ July, Kovecber. April. and ~ay. Tho hl~est re:adin.
 

6,100 o. f. s. in Hay while the other readin:-:s wer-e
 

1.090 and 2,180 c.r.s. 

ow-watier levels were reported during August, Septemoer, 

~tober, December, January, February, and March. Th 

rom 9 c. r. 8. in November to 285 c.f.s. in 
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The results of 12 samples taken· durl _
 

series on the San JOGquln River led Allen (1920) to state:
 

altsotf (1924) found that: 

t strat 
1n the 

o 
thesho 

... 
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( 1952) that tho vertical distribution ot p~an1rton is vari able 

different SYstans.·- _This appears to be due to differences 

in turbid1 tv and particularly 10 stream tlow in 'ella ~"o 

rivers investigat~. 

f this' variation in numbers collactod, it 

it is a true var1Ilti6n,_ls not veIl understood. The nrln­

c11)le factor controlll~'! thetlme oj? a'PDoarance ot largest 

DlJl!U)ors or entomostrc.ca in the surrQC& waters 1s 

liJdlt, but this' is not the only factor. Other environnental 

r-actors, controlled by a 'var1~t~onln'_liglit Intensitj, must 

Iso 1nfluenc'ethe vllrintion ot ontomostraca. 

b·.U"v.~.a \oAV4&-~ v ...... .a ..... VA. 0, 

found that indigenous r1ver plankters ar·o' -benthic torms. 

his is sua~ested by ~e results of the plankton collections 

t Station I and II (aee discussion on 

61') • If thls:<ls, the case, tho val'iation 

in nllIl1bers could be due to a diurnal variatIon 1n -nc ttv! t_y, 

1·. 0., the entamostraca may b€ on or 1n the bottom sedtments 

d on voltetatlon during the day-. As the light lntoosl 

ula 1Dcreaeo tne~r aC~1V1~v. pos~10~y 

Gontl"o~led by the same factor causinp: "entomos-t'raoans t 
. 

to in lentle anvfroD::1ents. As they increased thei 

C1ilV11iY bY SW"'J.!lCinR, tho"; would be swept into the main 

1 bv' the current and thus ~ould add numbers to the tru 
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lit II. (1957) llec .n 

.. c:' I­
.... ·Lt£'7.1 

.. 

o tluctll r 

level durin • 

,s is 

ot indin t Station II, 2 .. 3 individuQl~. 

ahan at 'Station I, • 1s.. Prophet (1957) fOliIid the 

numb '<.C. d at Station I to ne greater 

tattoD II, 7.1 individuals at 

tat viduals at Station II. T 

ostraca collected at station II 

t Station I of the presont stu 

or "at 

o thG Pall RiVg•• 

COpePOda "er~ ~c 

t ocera at station I.a 

nd 102 clndocaran•• Prophot (1957) 

tOWl flar r Copepoda to Clndocera in his co1100­

tiona. 

rcopepo 

.hundant cla<1ocerc• 

. intatton .. It in 

•, 
ro"phet (1957) b 

h. 







cla11 

rmo 

(1937) greatly decrenses th.e lake 'P1nnhton in rl vu.a.-a. 

It more .~e known about the ecology ot the spec1 

eo~on aurin; the tir.18 ot the moot abundance at station II, 

found that-these species are ablato, B'..lrviv 

etlan ot the current. B. longiro8trls, C. bicusPidatus,-

D. sici101dee make up the Da.1ority of me en'tOIILoatrac 

population at' Stut10n II. Prophet (1957) found B. lon~lro8tri8 
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Apparently the entomostracan population recovered 

thin 1 months ttme in the VerdIgris River; mereas in tne 

Fall Hi ver, recovery required at least 2 oontha. or course, 

recovery at Station It ~uld bo much taster "if water were 

released trom the Pall. River Roservoir adding new plankters 

to the river .at 

The Dopulation at Station lapp 
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• 1~;l'n e 

8•1r 

d 

• {193 d d 

ion 1 lod in t 

River. 1 o r6a~ng; 

• 

MrHbUr.. "'.....r v .. ~.~ y. of this 

stUdy han tho Prophet (1957). is 

hi or 29.20 C. II are !l1mer the 

t 27.20 C. corded 1n ur1ng 

udv. Hi or 3.10 C. at ! 

4.SOc. t station II in ruIn 

r tatloD nd. .60C. at tat100 II 

sPPal"entonl•dco 

thetor thi 

lower thanin_ _Ie1 

he c re In 1954-55. 

:rbldi t::r. Turbid!tv readl.n v ied considerably 

thr<> the time of this study. variation 

ttr-< less than 10 p.p.~. to 3 t Station I a' 

t station II.· . Thi tr ariatlon is duo to 

he fluet in t level. 

80 _ 

1M corded at Station I a~pears 

tfer'enc en the Verdl~rl8 and the Fall° rotle 
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e lowost rOQCl1l1hS were r -
periOds or h1AA traiier. tbe OZV'KeIl content or th 

'as lott t'":J.:tlo the carbon dioxide content was Qigh. 

11­ Diurnal rccor<l:; of oxyger. content showed lllghest 

reaa.1.nJts durlng the day end 

at both statlon£. Di..ll'Ilal carbon dioxide r 

hitU1est at !lt~t and lowest curlnR tbe day 

12. streaI:l flow rondlngs during tho period ot this 

tud~ varied from 15,800 c.f.s. to 16 c.f.o. on the Verd1~rls 

r and t'r0t:l b.~OO c.t.s. to 9 c.t.s. on the Fall Ri v~.n 

r6'Oorted .on-the Verdigris River durin 

oVG%:1ner, april, and flay. Hi~-water level 

1 R:!.ver 'Were reoorted during July, Nov6mb€l', April, 
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