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P u:.;F AC., 

This thesis is an outgrowth of reviewing literature 

on plankton studies and limnolog!cal methods as well as an 

organization of the findings concerning an ecological in

vestigation or a temporary pond. The work ls an attempt to 

add information to t .he field of study which deals with biota 

and biotic changes in habitats of this type. uoh o~ the 

literature revie ed dee.ls with investiga.tlo~ on lakes or 
various kind • J'rom these it ·- as found that conditions of 

physical and chemical stratification and other phenomena 

are more outstan .ing th~n tho e in pones. Ponds h ve not 

been extenJJively studied in north &'1l.erio , hov~ever, many 

interesting nd peculiar features are attributed to them 

by various writers (mostly ~'Uropean). 

It is the purpose of the rit.er to discuss the hi tory 

of limnology, methods of collecting, enumeration of plank

ters, environmental f ctor8 affecting fresh a ter fauna and 

tin .ily t.he results of the problem undertaken. It is the 

hop of 1.he investige.tor that tb.is thesis may stimul1:1te 

others to do rese~roh in tb.ls interesting field. 

The riter is gra e!ul to Dr. J"olln D. 1zelle of the 

zoology Department ( Oklaho.u. Agrioul tural an. .. tech n1o 1 

Col lege) tor his id in oirec ion o the work. and organi

zation ot the data obt inea. in this investigation. ention 

should also be made or Professor R. o. Nhit nton, Head or 
the Department ot Zoology of the same institution, a nd other 

members or the depar ental staff who have had some small 



part in the preparation of this work. The writer also 

ishes to acknowledge the various authors listed below, 

for their generous cooperation in t"urniahing reprints and/ 

or identifying species. The investigators who have so aided 

the writer are: E. A. Birge and C. Juday, University of 

V isconsin; w. L. Tressler and R. Bere, University of 

Buffalo; P . s. \· el oh, C. Goodrich, F. Eggleston, and B. 

van der Schalie, a ll of the University of Michigan; R.R. 

Langford, University or Ontario; f . E. Allen, Scripps In

stitution of Oceanography; C. B. Wilson, State Teacher's 

College, .estfield, Massachusetts; E. J. Wimmer , Kansas 

State College; R. E. Coker, University of North Carolina; 

1 • A. Clemens and ~, . Ricker of the Pacific Biological 

Station; E. F. Creaser, United St ates Depa rtment of the 

Interior; G. L. Clarke, Harvard Univers i ty; D. C. Chandler, 

University of Arkansas; L. A. Ewers, Coffee College, 

(Nevada , Missouri}; s. F. Light, University of California; 

Stillman Wright, Utah State Agricultural College, and H. I. 

Featherly, Oklahoma Agricultural and ,[echanical College. 
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l 
HISTORICAL REVIEW OF DEV1i:LOPM1-illT OlP LD,iII\fOLOGY 

Limnology as a study has existed only about 40 years. 

l 

Although the subject deals exclusively with physical, chemi

cal, and biotic conditions in fresh water, its present con

cepts and r1ethods are often applied to, and have been in 

part taken from, studies of a marine nature. Early biologi

cal observations and inventions of early biological apparatus 

have contributed to the study ot limnology with much the 

same importance as they have to other branches of biology. 

Thus, the early lmovgledge or marine and fresh-water species 

by pre-Aristotelian men and the .invention of t.he microscope 

by Anton van Leeuwenhoek encouraged biological studies es

pecially of a microaeopic nature. 

Otto Friedrick Muller in his work entitled "Animalcula 

Infusoria Fluviatilia et Marina" presented to the world, in 

1776, the first worthwhile classification of microscopic 

organisms. In 1836 "The Infusion Animalcules as Complete 

Organisms" by Ehrenberg, was another forward step in the 

situdy of smaller aquatic forms. Needham and Lloyd, in 1930, 

Qredit Liljeborg and Sars with the discovery or plankton by 

drawing nets through the Bal.tic waters. Johannes Muller and 

his pupils, in 1845, studied plankton of the North Sea and 
ff . 

later Peter Erasraus liluller discovered microcrustaoea in 

;;Jwiss lakes. Hensen, in 188?, gave the name plankton to 

J.1.ost of this material is taken from Welch (1935}. 
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debris and all small animals and small plants found in natur

al waters. Subsequently Haeckel included in its meaning all 

pelagic forms large or small. tater Haeckel proposed the 

terms "benthos" for bottom forms and "nekton" tor free

swimming forms (capable of .marked horizontal progression). 

These terms (benthos and nekton) are u ed today in this 

sense and the term plankton has been restricted to include 

aquatic organisms which are capable of vertical but not 

narked horizontal movement. Welch (1935) outlined the classi

fication of plankton as follows: phytoplankton--plant 

plankton; zooplankton--animal plankton; limnoplankton--lake 

plunkton; heleoplankton--pond plankton; macroplankton-

plankton visible to the naked eye; net plankton--plankton 

secured with a No. 25 silk bolting-cloth net; and nano

plankton--plankton 1hich passes through the meshes of a No. 

25 silk bolting-cloth not. Anton Fritsch began lake investi

gations in Bohemia in 1871. F. A. Forel (1841-1912) of 

Lausanne, Switzerland is considered the father of limnology 

a nd rote about 116 papers, examples of which are, ttinstruc

tion a l'etude de la fauna profunde du Lac Leman1t, and 

''Ho.ndbuch der Seenkunde All gemeine Limnologie . '' In 1887, 

rorel's ~ork led to the formation of the Swiss Limnological 

Commission which formed a part of the Svdss Natural History 

Society. Other contemporary and lat r workers were: 

Zschokkle on the Alpine l akes of S~itzerland; Sir John Murray 

on the Scottish fresh-water lakes; Victor Hensen in the 



Horth Atl1:intio Ocean; Apstein on the Holstein lakes; Holter

eclt and his students at Lunz, Austria; and wesenberg-Lund 

and his students on the Danish lRkes. 

The i'irst :iLuropean fresh-water biological station ·was 

established in the Bohemian forest by Anton Fritsch in 1888. 
"} 

Another station, in 1891, was established at Plon, Germany, 

by O. Zachurias. 11.hereatter, stations of this type were 

estnblished at variou:::1 places in J,J;urope and .Amorioa. 

In North i1.merica, Stimson, in 1870, published an 

accoun"t of deep-water fauna of Lake Micl1igan. Ferrill and 

Smi·ch, in 1871, worked on invertebrates of Lake .tiuperior 

and l~iilner, in 18?4, wrote on the f'isheries of the Great 

Lake:J. 'I'he Allis Lake Laboratory, the first fresh-vvatar 

biological station in America Mis i'ounded at Milwaukee, 

l:isconsin in 1886. Forbes \,ent ·westward in 1883 and worked 

on tha I?:oaky Mountain lakea. "Nhipple worked in the Hew 

I:ngland 8,tates and Reighard, in 1893, did research in .11ich1-

gan \~aters. 01:l Lalrn :Miahiga.n H. B. Ward, in 1894, conducted 

vwrk similar to tha·t of Reighard. In 1928, Laite Jrie in-

vestigations were un.derta1,en jointly by the U. s. Bureau of 

Fisheries, the 1'1c"Vv York s·ea te Con~orvation Depiu··t1aent, the 

Ontario Department of Game anc1 Fisheries, the Heal th Do part-

me11t of ·ttie City of Buffalo, tn.e Buffa.lo Society of Natural 

-Sciences, and the Ohio Department of Gar:i.e nnd Fisheries. 

The v,orks of Kof'oid and .F'orbes (19th oentury) on the Illinois 

River, Ueedham. on the lfow Yorlc lakes, and of Birge and Juday 

on the Wisconsin lalces nave added materially to the general 
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knowledge of lim.nolo.gy. There are at present about 20 

:fresh-water biological stations in Am.erioa (Welch 1935) and 

in a report, Needham, in 1930, stated that eleven American 

Universities ofter special study in the field of limnology. 

Birgt-J and Juday ( 1926) vworked on the organic content 

of' lake v1ater. VJ. E. Allen (1927, l.929) made studies on the 

collecting of marine phytoplankton. w. L. Tresseler with 

Ruby Bere (1935, 1936, 1937, 1938) worked on New York lakes, 

and about the same time Frank E. Eggleston (1935) wrote 

on the deep water fauna of La.lee Michigan. Paul s. Welch 

(1938} wrote papers on Bog Lakes, and in the same year R.R. 

Langford published works on distribution of Crustacea of 

lakes in Ontario (Langford, 1938). Ricker (1938) of the 

Pacific Biological Station, wrote concerning methods of 

pelagic lake colle.cting. 

Very few lir!Jllological studies have been made in Okla

homa. Lester Du.ck (1937) of Alva, ·wrote "Some Copepods of 

Oklahoma" and other students have written short papers on 

phases of plankton studies. 

Since this thesis deals with comm.unity changes in cer

tain aquatic forms ·which involve strict taxonomic categories, 

mention of authorities on groups involved is thought to be 

worthvvhile. The Copepoda, Cla.dooera, Phyllopoda, and 

ostracoda are predominant forms concerned in the present 

study. Gastropoda, Peleoypoda, .Amphibia, and Pisces have 

been noted. 
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Copepoda· probably have been studied ever since the 

microscope was invented. 1' .. i1 .. st mention was probably made 

by Stephen Blankaa.rt in 1683. 
rt . o. r. Muller, in 1785, is 

given credit for the first scientific dascriptiion of the 

{£roup. ¥1His·coire des monocles qui ae trouve aux environs 

de Gen.even published by Jurine, in 1820, contains de.scrip-

·tio11S of 11J.any ~1)ecies vJhich are still considered vull,l. A 

more t:1erious study c&L1e in 1850, v1hon Baird wrote "Natural 

History of the British into.m.ostraca." Shortly afterward, 

Ola.us began very accurate vwrk on the Copepoda. s. A. l"orbes 

is given credit for having laid the :t:oundation for oxac"t 

work on this group in :Nol'th Am.ericu. J;.:d6ht Marsh has 

written numerous papers am.ong \Jhich is "On the Cyclopidaa 

and Culuniduo of Ceu tral rd.sconsin!: in 1893. 1r. W. Schacht, 

in 189'1, Virot.e 11 ;:Jor'th 11X1ericHn Species of Diu.Etom.u.sn and 

i. B. Forbes, in 189'1, issroi;e "Contribut;ion to b. Knov,ledge 

01' 1io1~th 11lilericrn.1 Frl~Bh-Water Cyclopidae. 11 c. B. Wilson, 

o:t.· tho State 'l'eacher 1 1J Col1ego at VJestl'ielu., :Uassuchusetts, 

is 'i;hc present ou tstttnding authori·~y on Nort~h Am.eric.J.n forms. 

He is the author of lllll;l~rous co1H.1pod publications including 

"Copepods of the I:!oods hole Re6 ion11 {1932} which is r.:1onu-

men·tul. .:Jl.ill1:.1an Wricht, U • .:3. Bureau of 1Pisheries, Utah 

Stuto Agricultu.re.l College, Logan, Ut,dJ., iB Ein active 

\vOrkor on tller.i;-1u.l a:nC:. chemical cm1J.it:.ons in imter. (Wright, 

Taken frO!il work of Marsh in Ward &. fi!.b.ipple' s Fresh
water Biology (1918). 



1936, 193?} R. E. Coirnr, (1934} University of North Caro

lina, at Chapel Hill, published critical v"rnrk on temperature 

and environmental effects on copepods. s. F. Light, Uni-

versity of Cali:f'ornia, Berkele:r, is revising the Dt.!!ptomus 

of North Ar!!.erica (personal co.r;ID1unication). 
3 The CJ.adocera 'Were probably f irat thoroughly described 

ft 

by the G·ermfn1, Schaci';::er in 1755~ I11 1785, o. r. truller, a 

Danish naturalist issued u systematic vvork ,;,1h:tch described 

many of' the Cladocora. the Norvvegian, Sars, probably has 

contrlbut;ed more tl"ian any otb:2r m2n to the ta;;rnnomy of the 

;roup. T?rssent v,orlrnrs are E • .A. Birge (1918) author of the 

above hi~~tor;i~ and Chancey Juday, both of University of 

·r1sconnln. 
ii 

The Phyllopoda were first described by scientists in 

the 18th century and sm;ie papers were V)ri tten on them by 
,, 

J.C. Schaffer from 1?52-1756. In 1913, A. S. rsarse, Duke 

University (Durham, N. C.) t,rote nsome Nott:s on Phyllopod 

Crusi::;acea. 11 A recent worker ls }sd\~in CrHaser U. S. D. I. 
j 

As to the Ost;racoda,, Linnaeus, in 1748, and Bab,r, in 

1?53, made attempts at classifying these f'orr1s. In 1894, 
·r' 

G. w. Muller publii;hed a vwrk on the Ostracoda of the Gulf 

of Naples, describing 125 species. 1...qter in 1900 ho pub-

lished a vmrl:e on the f'resh-vmter Ostracoda of Germru1y in 

--=---------,------3 

4 
'J:his re'lri.ew is fron I'earse (HHS). 

5 
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which he described 65 species. TWo present workers are 

Norma l!'urtos, Cleveland Heights, Ohio, and \ ·. L. Tresseler, 

University of Buffalo. 
6 

The Gastropoda and Peleoypcxla owe their early classi-

fication to Cuvier in 1?95. iirst descriptions of importance 

to North America, however, are those of 1"1lomas say in 1817. 

c. s. Refinesque, a contemporary of Say, described many 

species, chiefly Pelecypoda. D. A. Conrad and Isaac Lea 

established foundations for the present knowledge of Amari-

can .. ollusks. Some recent investigators in the field ere 

Gould , William Stimpson, · . • G. Binney, and l}. •• •rryon. 

B • •• Pilsbry, Academy of · atural Sciences, hiladelphia, 

Pennsylvenia, is the leading student on North American 

ollunca toda. Other present aotivu workers are Calvin 

Goodrich and enry vEn der chalie, both of the useum of 

Zoology , University of t. ichiga n at Am .n.rbor; \ J. J. Clench, 

F a rvo. r d Universi t y, Cambridge, ~as achusetts; and F. c. 

B ker, cura tor emeritus f Natural History, Univorsit y or 

Illinois, Urb - na. 

Since thi paper deals with eoolo 7 ical ch&nBeS in a 

te porary pond it is well to note th t littlo study has been 

made on t his type o communi y according to Wimmer (1929). 

Scott, in 1910 , s tudied f · una in a oolution pond. Reed and 

Klugh, in 1924, ,orked on the hydroge n-ion concentration or 
a granite and line s tone pool near Kingston, rovince or 

6 
This review is from Pratt (1935). 
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Ontario. Griffiths, in 1916 and 1922, and Atkins and Harris, 

in 1924, studied the heleoplankton and chemical factors in 

quarry pools and ponds. Other workers are Alexander, Rylov, 
7 nordquviat, Schaforna, Frio, Diefenbach and Sachse .. 

Most or the present investigators listed above, have 

dealt with the biotic community rather than strict taxonomic 

considerations alone, and there seems to be an increasing 

interest on the part of taxonomists of fresh-w~ter fauna 

with reference to methods of collecting, and various effects 

01' environmental factors as wind, temperature, turbidity, 

light, and chemical phenomena in relation to faunal changes 

and distribution. 

This review is from Wimmer ( 1929 ) • 



REVIm OF APPARA'lUS AND METHODS USED IN 
A UATIC WORK 

9 

In limnological work there are not only different kinds 

of equipment for collecting biota but also instruments and 

methods for measuring environmental factors as temperature, 

pa co2 , o2 , depth, turbidity, etc. Early methods of' col

lecting plankton were crude and inefficient. Bottles, jars, 

and nets, made of various cloth materials, were used with 

varying success. Nets first to be used were of' the simple 

tow-net type and were usually made or muslin. Later a 

modification of the tow- net which had a screen front, was 

invented to facilitate collec ting in areas containing l arge 

amounts or debris and plant life. These nets were used for 

horizontal sampling. In 1916 Juday designed, and he and 

Birge used, a closing net made or No. 20 silk bolting cloth 

to take vertical samples of plankton. Difficulties in se

curing samples from a known volume of water together with 

the inability to take a representative sample from a given 

depth, stimulated investigators to demand more accurate 

apparatus. Gradually, metal collecting bottles were devel

oped and these were found to be the answer to the above 

problems. In 1916 a ten liter plankton trap (Fig. 1) was 

designed by C. Juday and manu.factured by the Foerst Scien

tific Specialties Company of Chicago. It is called the 

Juday-Foerst plankton trap and was especially made for 

t aking the net plankton. This appara tus was so successful 

according to Ricker (1938) that it readily repl aced the 
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closing net used by Birge and Juday, and is now widely em

ployed by various -workers including w. L. Tresseler in 

New York, w. E. Ricker of British Columbia, E. J. Wimmer 

of Kansas, L. L. Langford of Ontario, and others. Theim

provement of this device over the closing net is manifest 

in its ability to take a ten liter sample from a ny given 

depth and concentrate the c ontents by means ot straining 

through an attached net made of No. 20 silk bolting cloth. 

{Foerst Mechanical Specialties Company, 1935) The closing 

net could not secure a representative sample of plankton 

from one subsurface level since it was open at only one end 

and had to be pulled through a column of water . Its effi

ciency is given as 80 per cent. (Foerst Mechanical 

Specialties Company, 1935) 

There is also a Kemmerer-Foerst sampler which is simi

lar to the Foerst-Improved water-sampler to be described 

later. The device consists of a closing bottle, less the 

net, which is capable or taking water samples at given depths. 

The contents are strained through a No. 20 silk bolting cloth 

net for collecting the net plankton. For nannoplankton 500 

cc. of the strained sample is centrifuged at 15,000 revolu

tions per minute for 6 to 7 minutes in a Foerst centrifuge, 

designed by Juday in 1926. (Fig. 2). In either case a 

fraction of the concentrate is counted and the total number 

of organisms per sample are calculated. The Foerst- Improved 

water-sampler (Fig. 3) which comes in 1200, 2000 , and 3000 

cc. sizes is very similar in operation to the Kemmerer-



Plankton Trap 

Open. Closed. 

A general idea of the plankton trap and the method of operating 
it may he obtained from the accompanying picture. It consists essen
tially of a box with upper and lower irame works which carry sliding 
doors that close the encl,; of the box. The box part is made of thin 
brass and has a capacity of JO liters of water. The top and bottom are 
closed by sliding doors which operate in groO\·es in the side pieces 
of the frame work. The lower door has an opening from which a 
band of brass. which extends clown. and to this the net is attached 
by a clamp which is operated with a screw. 

This trap was designed for the purpose of ascerta1111ng the effi
ciency of both the hand and the power pumps in securing the more 
active swimmers among the plankton organisms. The opening is so 
large that there is relati,·ely little disturbance of the column of water 
which passes thru the open trap in its descent. if the apparatus is 
lowered carefully. In making a catch the trap is lowered slm,·ly and 
carefully to the desired depth and a messenger is promptly ,.;ent d0\\"11 

the line to relea se the closing device. closing the box. Then the trap 

Fig. 1. Juds.y-Foerst plankton trap 

ll 
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,---

F oerst Electric Centrifuge 

Fig. 2. Foerst centrifuge 
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Foerst Improved Water Sampler 

Open . Closed. 

A dev ice fo r ob ta ining sam ples of water a t various depths. Oper 
a ted by send ing· a m essenger clown re ta ining line w hich closes bo t t le . 
.H as out let at bottom end fo r r eleas in g wa ter , by press in g sm a ll tube 
cont ro lled by coiled sprin g. 

Fig. 3. Foerst-Improved water sampler 
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Foerst sampler. It is composed of a brass cylinder, two 

rubber stoppers (one at each end), a central rod held in 

place by two spiders (one at each end), a closing mechan

ism, and a petcock in the lower stopper for removing the 

sample. A released messenger operating on the sash cord, 

attached to the central rod, operates the closing device 

and permits acquisition of samples from a given depth. The 

sample is concentrated by pouring through a plankton net at 

the surface. 

After a period ot plankton collecting (1912-1915) in 

the San Joachin River, w. E. Allen of the Scripps Institution 

of Oceanogr aphy was impressed with the need of a closing 

bottle of his own choosing. About 1924, a design was worked 

out and the Allen closing bottle was produced. It is now 

manufactured by the Barbour Stockwell Company of Cam.bridge, 

Massachusetts. Its construction is simila r to that of the 

Foerst-Improved water-sampler. The bottle has a meta l 

cylinder and t wo valves which are held in place by a centra l 

rod centered by a spider at each end. There is also a 

closing device, operated by a messenger (weight), and a 

faucet for drawing off portions of the sample which may be 

strained through a plankton net. The bottle (open) is 

lowered to the desired depth, closed, raised, and the con

tents examined for zooplankton or phytoplankton. In addi

tion there are various pumps (Fordyce, Clock, Bunwell No. l, 

and the thresher tank-pump used for collecting plankton 
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samples. Use of the pumps involves straining through nets 

after arrival of the samples to the surface. (Reighard 

1918) 

Plankton nets are made of No. 6, 10, 18, 20, or/and 

25 silk bolting cloth. They are of a funnel shape and may 

be small, medium, or o! large size. When unattached to 

collecting devices the top is held open by a heavy wire 

hoop. The bottom. is usually open for reception of a con

tainer for holding the concentrate. Silk nets should always 

be shrunk before using. It is comm.on knowledge that the 

efficiency of a net varies inversely with its age and its 

efficiency lowers somewhat after being used repeatedly in 

a series of catches. (Ricker, 1938). The concentrated 

sample is killed and preserved in 70-80 per cent alcohol or 

very dilute formalin (4-5 per cent). 

A type of collecting apparatus for bottom forms is 

known as the dredge. It is generally a heavy metal struc

ture with two jaws held open by a device and closed auto

matically or by a messenger. The Ekman dredge .(Fig. 4) is 

designed for taking samples from .soft bottoma (mud or bog 

material). In contrast, the Peterson dredge is designed for 

sandy or gravelly bottoms. In the work done aboard the u. S. 

Bureau of Fisheries motor boat Fulmar, a Peterson dredge 

Vias used most of the time. Its weight was 22.5 kilograms 

and covered a surface area of 625 sq. cm. The dredge was 

operated by a winch, a steel cable, and a davit. At the 

outer end of the davit, the cable passed over a meter whee1 



Ekman Dredge 

Open. Closed. 

Designed for obtaining samples of mud. for quantitative study of 
th e bottom fauna. The dredge is lmYcrecl until it rests on the bottom : 
the jaws are then relea sed by sending a messenger down the retaining 
line r e leasing the springs. the jaws biting into the mud and ordinaril:· 
sec uring enough to fill the dredge two third s fu ll. This dredge can 
he operated only on soft bottoms. 1t is most successful and useful 
in exploring that great area of an ordinary lake bottom which is cov
ered with lake mud and vegetable debri s. 

Fig. 4. Ekman dredge 

16 
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which registered the depth (Eggleton , 1935). Other simpler 

dredges are in use as the cone dredge designed by Birge, in 

1895 and the improved cone dredge designed by foloott, in 

1901. Jacob Reighard designed the tow-net on runners and 

the triangle dredge \dth teeth for digging into the mud. 

(Reighard, 1918). In addition, collections are often taken 

in shallow water and along the shore by crude dippers and 

screen-bottom boxes. Also larger animal forms such as fish 

are collected by means of seines. 

A Sedgewick-Rafter cell (1 cc.) a nd a Whipple micro

meter in conjunction with a microscope are generally used in 

making reliable plankton counts a nd plankton estimates 

according to Langford (1938). Also used are l arge counting 

cells (25 cc.) with a Leitz travelling binocula r which can 

easily be shifted from low to high power (Langford, 1938). 

Concentrates of samples a re mixed thoroughly and a small 

portion of the sample is counted. Results may be expressed 

in actual counts, standard areal units, or standard volumetric 

unit s . A ma chine used at the Laboratory of the Fresh-Water 

Biological Association for work of this type ha s several 

interesting features. A low power binocula r microscope 

(about 25X) is arranged so that plankters in a glass trough 

may be moved across the field of vision. Movement of the 

trough is operated by foot and the distance of organisms 

from the microscope lenses is easily adjusted by the right 

hand . Tapping keys (5) leading to a registering device 

records the numbers of different organisms counted. About 
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1000 animals may be dealt with in a sample and rapid count

ing is facilita ted through use of this apparatus. \V. A. 

Clemens (1926) thinks it timely for biologists to agree on 

certain lines of procedure in plankton investigations. He 

suggests that a committee composed of representatives from 

various countries me et and recommend standard apparatus and 

methods through the use of which research work should be 

done. The following outline is suggested by Clemens. 

1. Four lines of plankton investigation 

a . Systematic, that is, the identification and 

classification of organisms. 

b. Distribution, that is, geogr aphica l relation

ships of ple nkters . 

c. Ecological, here taken to include vertical 

distribution; in these studies attempts should 

be made to correlate environmental factors 

with life histories of the organisms and to 

combine experimental work with observation. 

d. ~uantite tive; these studies have as an object 

to obta in information concerning general 

productivity or oonservation of particular 

animals such as fish, clams, and oysters. 

2. Standard me thods of procedure as to nets, collect

ing samples and enumerating. 

3. Preparation of bibliography of publications deal

ing with plankton . 

4. Plans for coordina tion of organizations tor 

plankton investigations. 



Fig. 5. Photograrh of the temporary pond 



M TE:R L0 t..lD ~ HODS 

1elch (1935) states, 

,.,. oond should be defined as a quiet body of a ter 
in which the littor~1 zone ot floa ting-le· ved vege-
t tion extends to the middle ot the basin and in hich 
the biota is very similar to that of the littora l zone 
ot lakes. 
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Tvvo ell-recognized types ot ponds are (1) tempor ry, which 

dry up in certa in seasons ot the year, nd (2) per nent 

ponds ~hich are comp r a tively st ble with reference to the 

presence or ter. 

The present investiga tion deals 1th observations on 

pl&nkton ·n other blot trom tempor ry pond situ ted bout 

to and one-half miles northwest ot Stillwater, klaho.ma, and 

known loe lly s the .irport Pond . This body ot ter is 

subcrescentio in shape, bout '15 feet long (not following the 

shore line}, approximately 50 feet in ma.x1,,nu.m. width, .bas a 

JJUximu.m. depth ot 3 feet (nea r southwest shore), nd is border-

ed by gently slo ing shore line ( i g . 6). he northern one-

third ot the pond is very shallo nd is usu lly ell supplied 

with ve eta tion. The bottom is composed ot J11Uck, a tew 

inches in depth. Dr a inage {ra in) 

an inlet on the northwest side. 

ter enters the pond through 

During this investigation {June nd July, 19 e, 1939) the 

pond WdS surrounded by luxuri nt, true-pr irie grass s hic.h 

grew · t V< rying distances fro.m the ater's edge. ' long the 

north and west shore line nd lso in the djacent shallow 

water, he vy growth ot w ter rush (Juncus debills) were pres

ent. long the south and east shores s rtweeds (Polygoniwn 
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~) grew in scant abundance. Except for a large gap on 

the southwest side , small (about 10 ft. high) willow trees 

{Salix nigra) surrounded and also shaded parts of the pond. 

(Fig.?). The smaller plant forms as algae were not abun

dant in 1938 as oompa.red with the large gro, ths which were 

present in the summer of 1939. These consisted largely of 

Spirogyra and other lo,er plant forms. 

In making a survey of any lake or pond direct attempts 

should be made toward accuracy since many factors enter in

to the biotic production of a body or water. Allen (1929) 

suggests that there should be a continuity of space, methods , 

personnel, and selected features or investigations which 

appear in plankton studies . He further states that space 

units should be carefully considered since too few stations 

will not give full information about every region in the 

body of water . Also the same methods should be used in all 

stations, same personnel should be employed for all wor k , 

and increased interest should not change from one group of 

organisms to another over a period of time. 

A tentative selection of four collecting stations 

(Fig. 6) was carefully made so that species showing marked 

habitat preferences in a community of this type might be 

taken. All four of these stations were used in ma.king col

lections during the summer of 1938. In 1939, however, 

Stations I and I:v were eliminated and only Stations II and 

III vere collected f rom. Reasons for this change are due 

to the fact that results for 1938 showed Stations I and TV 
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to be essentially duplicates of II and III respectively. 

Station I was chosen near the shore in shallow water where 

there ~ as no large vegetation. Station II was selected in 

the deepest (about 30 inches) part of the pond . Station III 

was established in shallow water in abundant vegetation. 

Station IV was located in an area of much the same nature 

ns Station III. Late in the summer of 1938, Station IV was 

abandoned because of drying. Each station was examined 

once a week at approximately the same ti.me and surface, 

deep, and bottom samples were taken. Because of drying, 

deep-water samples could not always be taken in Stations 

III or "IV (1938). In order to prev~nt confusion the sta

tions were examined in their numerical sequence. 

In taking plankton samples the collectors waded and 

avoided disturbing the water as much as possible. Samples 

were collected from the surface and also a po~nt near the 

bottom for each station. when feasible. During the summer 

of 1938 a wide-mouth gallon jug similar in construction to 

Meyer's bottle (Reigherd• 1918) was used for this purpose 

and 20 gallons or water were taken for each sample. I n 

1939 a Feerst-Improved water- sampler was used and 30 liters 

were used as a unit for samples. Plankton counts were made 

on the basis of 30 liter samples for each of the two summers. 

'.this size sample is considered adequate since many investi

gators use smaller Salilples. w. L. Tressler used 20 liter 

samples in a quantitative study of Long Island Lakes. 
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After acquisition of the water in this work, the plankters 

were strained out by pouring the sample through a muslin 

plankton net and concentrated in an attached 30 cc. bottle. 

Collections ere killed and preserved in 5i' formalin. 

For bottom sampling a screen (l/8 in. mesh) bottom box, 

12" x 16" x 6" and a shovel were used to collect bottom 

samples ( 5 sq. ft. and 2-3 in. deep). The sample was· placed 

in the box, the mud washed away, and the animals collected 

and preserved 1n 5% formalin. 

In collecting larger orga nisms as fish, tadpoles, and 

crayfish , several hauls with seines (3/lo in. mesh and 1/4 

in. mesh) were made . Collections i ere then bottled, forma

lized, and labeled for further study. 

In enumerating plankton, each ooncentrated sampl e was 

placed in a graduated cylinder and diluted to 30 cc. with 

tap water. The concentrate was then agitated by blowing 

gently on a pipette extended into the liquid. Immediately 

al co. sample was drawn into the pipette and transferred 

to the Sedgewiok-Rafter counting cell (1 co.) and counted. 

Five such counts were made, averages taken and oalculation 

performed on the basis of 30 liters ot pond water. For 

charting and graphing the counts of the 20- gallon collections 

were calculated on basis ot 30 liters so that ocmpar1sons 

could be made in quantity and quality for the two summers• 

work. 

During the gathering of data for this thesis , tempar

atures ot the surface water as well as that of the deep 

regions ere taken at each station. For cheoking deep 
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temperatures during 1 938 t he water was brought to the sur-

face in containers and temperatures \ere ascertained with 

an ordinary centigrade thermometer . In the summer of 1938 

a deep-sea reversing thermometer was used . Jir temperature 

,as taken only during the second summer and it ranged from 
0 1-5 C higher than the surface temperatures of the water. 

'Ihese temperatures are shown in Tables I and II and also in 

the graphs. 

In this investiga tion tv o methods were used to check 

transparency. Collections \~ere made bet, een 2:00 and 4 :00 

o'clock p.m. and light conditions recorded . During the 

summer of 1938 a crude Secchi disc type of instrument was 

used. A pioce of tin about 4 cm. in diameter was fastened 

at right angles to a meter stick. At each station it was 

submerged, and with the eyes 6 cm above the water ' s sur.face 

the readings were ma.de. These consisted of an average be-

tween depth readings for disappearance and reappearance of 

the disc on lowering and raising it. During the summer or 
1939, however, a J e ckson candle turbidimeter as used . 

Readings were made in a darkened room and the turbidity in 

parts per million of Fuller's earth was calculated from 

the tables given by \"olman et al (1936) in "Standard 

. ethods of Water Analysis. n The Secchi disc and turbidity 

readings cannot be compared except with reference to high 

and low light penetrations. 

The only chemica l phase considered in this investiga

tion was the determination of pH of the water. In 1938 

the p i was found by a Hollige Standard Color Disc 
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Colorimeter using either brom thymol blue or phenol red as 

indicators. In 1939, the Lamotte Block Comparator was used 

with same indicator solutions. Records of this data are 

likewise placed in the graphs and Tables I and II. 



TABLE I 

GENERAL FIELD DATA SHEET, SUMMER 1938 

Seochl 
C Date Sam lea De ths disJt cm. 

I II III IV I II III IV I II III IV 

l 4:30 P •• 3 3 3 3 24 30 18 12 11 l 
June 15 

16 14 

2 2:00 P •• 3 3 3 3 30 34 20 13 9 12 11 13 
June 20 

3 2:00 P . M.3 3 3 3 30 33 18 1115 13 15 14.5 
June 27 

4 2:00 P. M.3 3 3 3 25 29 15 9 12 12 17 17 
July 5 

5 2:00 P. M.3 3 3 l 23 26 10 5 17 19 15.5 
July 13 

6 2:00 P .M. 3 3 3 1 22 23 9 4 15. 5 14,514 
July 18 

7 2:00 P .M. 3 3 2 1 20 20 8 5 15 17 11 
July 27 

Surface 
Temp. c0 

i II III IV 
~4 33 32 32 

Deep 
Temp. c0 

I II III IV 
27 26 29 29 

pH 
Stations 
I II !II :tv 

Wind and 
Light 

6.6 6.6 6.4 6.2 Slight S. 
Poor 

28 

3? .5 37 37 35.526 25 25 31 6.4 6.4 6.4 6.4 Gentles. E. 
oderate 

29 28 28 27 25 25 28 25.5 7.2 7.2 ?.2 7.2 Moderate E. 
Poor 

32 32 34 33.5 29 28 30.5 3l.5 7.1 7.1 7.1 7 .1 Strongs. 
Bright 

36 36 38 38 29 29 32 37 7.2 7.3 7.2 7 Gentles . E. 
Bright 

29 29 29 29 29 27 28 28. 5 ? . 2 7.1 7 . 3 7 Moderate N.E. 
Bright 

33.5 33 36 38 30 29 35 37 . 5 7.2 7.4 7.2 7.2 Moderate s. i . 
Bright 



TABLE II 

GENERAL FI J~LD DATA SHJ~ET, SUMMF'..R 1939 

- ?ru.roidity Su:rfaoe0-- Deep·-· 0 wind and 
C Date Samples Depths Readings Temt. C Temp . C pH Lia,b.t 

1 2:30 P .M. 
June 10 

2 2:30 P.M. 
June 19 

3 2:30 P . M. 
June 26 

4 1:30 l? . "" . 

5 2:30 l? .M. 
July 10 

6 9:00 .n·=· 
July 17 

7 4:00 P . M. 
July 25 

Stations Stations Stations Sta ions Stations Stations 
II III II III II III II III II III II III 

3 

3 

3 

3 

3 

3 

3 

2 30 12 Less than 29 29 
25 P.P.M. 

28 . 5 

1 24 12 Less than 28. 5 28.6 27 .8 
25 P.P. :M. 

2 24 12 45 45 28 28.2 26 

2 -42 24 90 95 26 . 5 28 

2 30 18 Less than 29 .5 30 
25 P.P.M. 

26 

29 .2 

2 30 18 32 35 27.5 28 . 5 27 . 5 

2 30 18 Less than 34 34 
25 P.P .• M. 

34 

7.9 ? .9 Moderate w. 

B 

Moderate 

7.8 Moderate SE 
Moderate 

7.2 7.2 Moderate S 
Moderate 

6 .8 6 .9 Moderate S 
Bright 

7.4 7.2 strong NE 
Bright 

7 . 4 7.4 Strongs 
Bright 

7.6 7.6 Moderate SE 
Bright 

l\) 

<> 



TEMPERATURE AND ITS POSSIBLE En,ECTS ON 
FREb1I-WATER CO fMUNITIES 

~o 

Possibly no other environmental factor affects vertic

al and horizontal distribution of plankton as much as temper

ature. Studies of lake temperatures have been made by many 

limnologists and some of their findings are discussed in the 

following lines. 

Temperatures are generally taken by a common centigrade 

thermometer or by the Negretti-Zambra deep-sea reversing 

thermometer. The latter is used by foremost investigators 

as Tressler, Wimmer, Chandler, and others. The study of 

tempera ture data has generally shown stratification 1n 

most lake waters according to various writers as Welch and 

Tressler. Tressler (1934) explains that there is an upper 

layer called the epilimnion in which little change is noted 

in temperature. Below the ep111mnion occurs a narrow region 

called the mesolimnion or thermocline where the temperature 

drops rapidly. Below the thermocline is the hypolimnion in 

which the temperature drops gradually as the botton is ap

proached. Lakes which are stratified are generally in tem.

perature regions, but tropical and subtropical deep lakes IT1ay 

also exhibit this phenomena. Langford (1938) reports that 

the above regions are important in the life of water fauna. 

for organisms are often above, below, or in the thermocline 

at certain times or according to size and habits of organisms. 

Maxima of plankton are generally in either the hypolimnion 

or epilimnion and less abundant in the thermocline. Tressler 

(1g34) explains further that oirculation by wind during the 
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SW!lller is confined to the epilimnion due to the great dif

ference in density above and below the thermocline. Later 

in the fall the epilimnion goes deeper, due to warming and 

wave action. Stratification may become obliterated and the 

entire lake have a uniform temperature. This condition is 

known as the fall overturn and ccmplete circulation is 

present. A second thermocline appears in winter, and in the 

spring another overturn takes place. Surrace temperatures 

may depend on the weather while deep temperatures vary but 

little except in shallow lakes and ponds where water temper

atures tend to duplicate that of the air. In the latter 

poor circulation in hot weather produces an upper layer which 

is warmer than lower layers and a diminutive thermal strati

fication results. Welch (1938} discovered that as the summer 

progresses, bottom temperatures increase and may come within 

one or two degrees or the surface temperature; then, no 

thermal stratification is possible. Sinoe water in shallow 

ponds responds rather readily to air temperature changes 

during long protracted periods of calm, clear, hot weather, 

surface temperature may rise to heights which may be lethal 

to many organisms (Welch, 1935). In a study made on bog 

lakes Welch (1938) found tha t many clams, plankton organisms, 

and other invertebrates were killed under such circumstances. 

He further states that Charles Creaser reported that even. 

fishes may suffer severely from such conditions. It is 

common knowledge that high temperatures cause increased 

plant activity, producing more oxygen and food than 



32 

ordinarily. Coffing (1937) reports that Allen and Eddy 

discovered the amount or phytoplankton to vary directly 

sa:newhat with temperature. Higher temperatures also bring 

about greater decomposition and consequent chemical changes 

which may affect zooplankton. Langford (1938) repeats the 

statement of Marsh in 1897: "It appears to be probable 

that temperature is the controlling cause or both diurnal 

and seasonal migration. " 
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TRANSPARENCY, 'IURBIDITY, AND LIGHT EFFECTS 

ON A~UATIC ORGANISMS 

Transparency is defined as the ability of a substance 

to transmit light rays so that the material can be seen 

through. Welch (1935) says that there are difficulties in-

volved in methods and instruments for qualitative and 

quantitativ9 measuring of light penetration in water. His

torica lly, Welch (1935) presents several f a cts of advance

ment in this phase of investigation. In 1865 A. Sacchi of 

Rome, Italy, devised a method for studying the transparency 

of Medi terranean waters. It consisted in lowering a white 

plate (20 cm. in diameter) into the water and noting the 

place at hich it disappeared , and reappeared on lifting. 

verage of the two depth readings was considered limit or 

visibility. Later, Forel used e ither a white zinc or white 

crockery plate based on the same principle as that of Seochi. 

In 1883, the Physical Society of Geneva, Switzerland es

tablished a committee which substituted an incandescent 

lamp tor the white Sacchi disc. Early photographic methods 

by Forel in 1873 and later photographic methods by Knudsen, 

in 1922, were used to measure intensity of light under wat er. 

A more recent development is the photo-electirc cell. Also 

the pyrlimnometer designed by Birge and Juday in 1929 and 

1931 and the bathysphere invented by Baebe and Barton are 

used to determine the penetration of light. According to 

Welch (1935) the work of Hans Pe terson on Norwegian fjords 

showed that transparency a~ ge.ner ~lly uniform throughout 
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the upper water of the epilim.nion which is kept in circula

tion by the iind. The thermocline and hypolimnion regions 

were found stratified into transparent and less transparent 

layers alternately. These layers varied from a few centi

meters to several meters in thickness. Marked decrease in 

transparency was found toward the bottom because of rising 

of f'locculent materials. Transparency, according to Tressler 

(1934) is governed by color of water, amount of sediment in 

suspension, amount ot plankton, time of day , and season ot 

year. Clarke (1938) suggested that curves representing 

seasonal change in transparency may be compared to abundance 

of plankton and detritus indirectly. Also he thinks that 

the amount of light from the sun and the angle of sola r rays 

govern transparency• thus making depth of the "photic zone" 

and the distribution or radia tion to change from month to 

month . It is further noted by Clarke (1938) that the great

est range of daily and seasonal variations in light are 

found in shallo ponds. 

Turbidity is a phase of transparency and Welch (1935) 

states that turbidity is due to plankton growths or to sys

pended inanimate matter and varies greatly with seasonal 

productivity and inflowing sediment which is dependent on 

the nature of the surrounding terrain. He points out that 

most suspended mattor settles but often, light flocculent 

material may rema in suspended due to wind and movement at 

pond fauna . Ponds with mucky bottoms may have cloudy 

material in deep waters. Ponds with clay bottoms or those 
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receiving inflowing claybearing waters are likely to have 

high turbidities. Also sudden variations due to rains may 

take place in turbidity. Turbidity generally increases until 

the bottom is reached and as turbidity varies, so varies the 

transparency in an inverse manner. Incidentally, Welch (1935) 

suggests that delayed settling of fine suspended material in 

the epilimnion facilitates its oxidation and thereby controls 

some of the chemical conditions in the water. Turbidity 

varies throughout the seasons ot the entire year because of 

changing weather conditions. 

Light having its effect on temperature as ell as plant 

and animal forms warrants some discussion in regard to migra-

tion ani distribution. Langford (1938) writes that in 1897 

arsh says: 

Epischura prefers warm water but avoids bright 
light. In the daytime during the hot months it is 
most abundant in the upper water layers but not at 
the immediate surface. In the darkness of. the 
evening it is no longer repelled fro the surface 
by the light. 

Langford also reports that there seems to be a maximum in the 

upper layers because of positive phototropism but scarcity 

near the surface because of intense light of the daytime. 

oome species do not seem to be affected by extreme light anl 

marked differences are found in existing light conditions in 

regions of maximum numbers. A study of light effects on 

Daphnia (Clark 1930) has been made in such a manner as to 

note phototropio and geotrop1c tendencies and to gain 1n

:format1on concerning diurnal migl'ations. Change in light 

intensity caused Dapbnia to move and direction seemed to be. 
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affected by direction ot light and gravity pull. Juday in 

1903 found young Daphnia near the surface during the day

time and adults in the deeper waters. Langford (1V38) says 

that Dice in 1914 states: 

Young individuals of Daphnia are more strongly 
positively phototropic and more negatively geo
tropio than adults . 

He noted that younger forms sink less rapidly in water than 

do adults a.nd therefore a downward movement takes place in 

the ageing of the individual. It is the opinion of many 

workers (e.g. Russell) according to Clark (1930) that light 

ia a most important factor in vertical distribution. Two 

methods suggested by Clark (1930) for checking this phe

nomenon are: (1) Observations by means of tow nets and 

(2) Experimental methods in the laborato=y under various 

light conditions. Clark (1930} states: 

Diurnal migration may be due simply to a 
positive phototropism and negative geotropism 
produced by the rising sun in the morning and 
to a reversal of these tropisms when the sun 
sets at night. 

The general conclusion, however, is that many experiments 

and observations are yet needed to discover the facts about 

light in the study of limnology. It is also true that 

photosynthesis governs chemica l conditions of the water and 

possibly plays an important role in th~ distribution of 

animal life. 



CHEMISTRY OF FRESH-WATER ND POSSIBLE 
EFFECTS O 1 DISTRIBUTION OF PLANKTON 
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The chemical phenomena are likewise important in re

gard to lake and pond productivity . According to Welch 

(1935), a Swedish chemist Arrhenius in 188? set forth the 

idea that molecules of an electrolyte put into solution 

are largely broken up into their radicals , each radical 

carrying a negative or posit i ve charge. Hydrogen is an 

acid radical and in an ionized solution it produces certain 

concentration. When the hydrogen ion concentration is high 

enough, an acid condition prevails , and when low , . an alka

line condition is present . A pH of 7 represents a neutral 

condition. Readings above 7 mean alkB.line con itiona and 

readings below 7 indicate acid conditions . The· Lamotte 

Block Comparators \1th brom thymol blue or phenol red as 

indicators is common apparatus used by such work:e.rs as 

Stillman '.\fright, Paul Welch , and others for checking these 

conditions. The pH nay range from 4.4 to 9 . 4 and vary in 

different parts of a lake or pond . It is claimed that rain

water collecting co2 fror'1 the air and by washing over soil 

into a body of water causes considerable change in pH . co2 

may be checked by the Seyler method as given by Birge and 

J uday in 1911. According to Wimmer (1929) dissolved oxygen 

nay be found by the Winkler method devised by Winkler in 

1888. Othor factors as nitrogen, phosphorus , and various 

chemica ls are often deternined but only the three pH , o2 , 

co2 are discussed here . v. L. Tressler (1937) found that 

a correlation between CO2 and pH existed in lakes during 
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the s ummer. When debris is decomposed co2 is produced, 

thus using up the o2 in the lower waters and producing co2 

which brings about an acid condition. But if large amounts 

of actively working phytoplankton are present the co2 is 

utilized and the acidity removed . Tressler (1937) also not

ed that alkaline lakes were more productive than acid lakes 

because all of the regions were aerated providing 02 for 

animals and lacked the high co2 content in the lower depths. 

The presence of plants which produce o2 in daytime help 

aerate the waters. Bodies of water are also aerated by 

wind action thus preventing accumulations of CO2 which lower 

the pH. Wimmer (1929) states that ponds often develop 

chemical stratification because circulation is poor, CO2 

being concentrated in the lower layers and o2 in the upper 

layers. 

In regard to effects on plankton, according to Langford 

(1938) there seems to be a tendency tor plankton to move fro 

a region of low o2 to high o2 content and from a region of 

high co2 to low co2 region. Langford (1938} quotes Birge 

and Juday in 1911 who state 1n the introduction to their 

study of dissolved gases, 

The animal plankton has not shown any close 
correlation with dissolved gases considered either 
with reference to kind or quantity. These g~ses 
seem to have no chenotaP·tic effect on the zoo
plankton nor do the gaseous products of decompo
sition as they exist in lakes appear to have any 
unfavorable effect on the animals, such as might 
determine their distribution in the water of the 
lake. The zooplankton is excluded from water 
hose supply of oxygen is too small; but sensi

tivity to deficient oxygen does not appear until 
tho S-Up:ply or the gas is much reduced. 
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More recently it is suggested by Wimner (1929) that hydro

gen-ion (which is governed by CO2 content) has played an 

important part in ecology. He reports that Shelford in 1923 

and Brown and Jewel in 1924 vorked on reactions of fish to 

various pH. Juday, \ ilson and Fred in 1924, according to 

Wimmer (1929), studied hydrogen-ion concentration 1n deep 

lakes and Reed and Klugh (1924) found variations in pH in 

limestone pools which might seem to have governed plankton 

distribution. Lowndes (1928) says that pH may be altered 

without serious effect but more than probable there is an 

optimum va lue for each species . Since pH changes consider

ably at times, plankton must be able to ithatand these 

changes if they are to survive. He thinks that a high pH 

may influence infusoria and other foods of plankton. How

ever, it is Lowndes opinion that calcium and ma nesium. 

carbonates may be present or come in from streams hich feed 

a pond and that these compounds in the presence of a high 

pH seem to have toxic affects. When no calcium or magnesium 

is present , life cycles of orga nisms seem to be unchanged or 

unaffected by the pH itself. Many experiments are needed to 

show the magnitude of effects resulting from changes in pH. 
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DISCUSSION 

The objectives in this work were to ascertain the types 

of organisms present , their seasonal abundance , and the 

summer faunal ch nges in the temporary pond under consider

ation. The predominant forms, on which counts were made , 

were planktonic. These are definitely known to have im

portant influence in food chains and the balance of life in 

aquatic communities . 'llle larger forms were collected for 

qualitative information with reference to faunal changes. 

Seven weekly collections were made for each summer. '.1.'hese 

began on June 15 and tern1inated on July 25 in 1938. In 1939, 

collections began on June 10 and terminated on July 25. 

The predominant Copepoda included four species, namely, 

Diaptomus clavipea, D. saltillinua,Cyolops robustus, and c. 
prasinus. At the beginning of the summer of 1938, Diaptomus 

were numerous (see graphs 1-8) in stations 1 and 2 and less 

abundant in stations 3 and 4 . They reached a population peak 

in all stations from June 15 to the 27th , then gradually de

clined in nwnbers , and ere absent in all collections on 

July 18 and July 25. Members of this genus were more abun

dant in deep samples than in surface collections except in 

station 4 where the water was very shallow . In the latter 

station a reversal of vertical distributional rolationahips 

were present. The observations for stations 1, 2, and 3 , 

agree with those of Dice as given by Langford (1938). 

Reasons for the reversal of stra ta! distribution probably 

involve an interaction of several factors. In 1939, no 
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Diaptomus ~ere found. Populations of Cyclops were also 

greater during the first part of the summer ot 1938 as not-

ed for Diaptomus. The peak, however, was reached earlier 

than in the last-named genus. Numbers declined steadily 

after the peak witil a period from June 25 to July 1, after 

which they steadily (in moat cases) increased for the rest 

of the collecting period. Populations of this genus did 

not follow this trend in the summer of 1939. For the first 

part of the summer, graphs (9-11) show a gradual decrease 

from an apparent high reached earlier in 1938. From July 19 

to the 26th, a low was reached, after which there was a 

marked increase in numbers and a second population peak was 

evident about the middle of July. From this time on, a de

crease was noted. The vertical distribution ot Cyclops is 

essentially the same as that for Diaptomus except that the 

reversal noted for the latter in station 4 occurred in sta

tions 3 and 4 for Cyclops. During the first part of 1938, 

nauplii (Copepocli} were numerous in the same manner as were 

the adult forms. In general , there was a decrease in naupl11 

until between June 27 and July l. Following this, there as 

a slight increase on July 5. Slight increases and decreases 

\,ere apparent during the rest of the ~ummer collecting period. 

In 1939, the distribution was similar to that of 1938 with 

the exception that there was a marked high on June 27 and an 

abrupt fall to a minimum on July 25. The graphs (l-11) show 

a converse situation with reference to vertical distribution

al relationships of nauplii and adult Copepoda. An exception 



to this is apparent in that a reversal of distributional 

relationships for adults forms in stations 3 and 4 were 

absent for naupl11 in all stations. 

2 

The Cladocera were thinly distributed during the summer 

of 1938. Forms collected were Moina brachiata, Scapholeberis 

mucronata , Simocephalus exspinosus, Plauroxus denticulatua, 

and members of the gene~a of Ceriodaphni~, Chydorus, and 

Diaphanosoma. During the second summer the forms or Moina, 

Pleuroxus, Chydorus, and an additional form (Bosmina) were 

taken. Slightly increased numbemof Cladocera over popula

tions in 1938 was due to Bos:mina and Chydorus. There was a 

slight tendency for Cladocera to occupy the upper waters 

rather than the lower regions. 

Ostracoda ware composed of two species, namely, Physo

cypria 6lobula and Pionocypris helvetica. Numbers of these 

species v,ere low and found during the entirety of both sum

mers. Only one evident increase was present in each summer. 

This came for the various stations from June 27 to July 13. 

Greater numbers of these forms ·were taken from deep samples. 

During the summer of 1938, a conchostracan (Cyzicus 

morsei} was found in large numbers in bottom samples from 

stations 3 and 4. These Phyllopoda , however, wore absent in 

1939, end it is believed that their populations were deci

mated by invadins fish. A sphaeriid (Uusculium elevatum) 

and specimens of a snail (Uelisomn trivolvia) ere found in 

large numbers during both summers. However, the sphaeriid 

as present ma inly in stations land 2 and the sna ils ,ere 
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evident only in stations 3 and 4 • .Another snail (Physa 

ampullacea) as ta en infrequently in the stations (3 and 4) 

in shallo water \here vegetation was present. Crayfish 

(Camberus simulans) and tadpoles of Rana catesbeiana were 

present during the entire invest1 ation. 

rrhe distribution of the organisms in the temporary pond 

studied, cannot be fully explained on the basis of the evi

dence gained during the invostigat ion, princip&lly because 

of the time element involved. ·According to Welch (1935) 

plankters generally sho\ two annual maxima (spring and 

autumn) but only one nay occur. Ho further says that Ento

mostraca probably includes the largest numbers of species 

with a great diversification or plankton in the summer. He 

cites Wesenberg-Lund as follows: 

Nowhere do the variations in the composition of 
fauna seem to be so reat from year to year as in 
ponds . It is a well-known fact that phyllopoda may 
one year be very numerous in a given pond; in the 
next year or even in a series of years, not a single 
specimen can be found. 

V'e lch further suggests that the same is true of Planaria, 

Cladocera, Rot ifora, Flagellata, Ostracoda , and Copepoda . 

Reasons for fluctuation in numbers or such forms are not 

forthcoming from these authors . Chapman, in 1931, according 

to Welch (1935) noted that there ~as diverse fauna with high 

reproductive potentials in pond organisms. He also noted 

that such factors as teiperature , a ace , gaseous content, 

competition for food , enemies , and accumulation of waste 

become severe in a restricted space such as exists in a 

temporary pond . In s,p ite of the inauff ioiant eviuence on 



44 

hich to base conclusions, it may be said that many environ

mental factors pro ably played a part in the seasonal as well 

as the vertical distribution of the plankte.rs in this study. 

There seemed to be a tendency for the younger forms as 

nauplii of the Copepoda to occur in greater numbers in the 

upper waters as suggested by Dice (Langford , 1938). This was 

not true of the older fonns . Both Diaptonus and Cyclops were 

found in greater numbers in deep samples except in the sta

tions mentioned earlier with r eference to reversals . It is 

interesting to note that there is a rather sharp difference in 

the behavior of these two genera of Copepo<la in that a re

versal of stratal distribution was found for Diaptomus only 

in station 4 but in both stations 3 and 4 for Cyclops. 

Little thermal stratification was evident in the pond be

cause of conparatively shallow depths and its accessibility 

to wind action. This points to the fact that temperature prob

ably played a minor role in distribution. Although oxygon and 

carbon dioxide were not measured , it is believed that circula

tion wae sufficient to allow for free exchange of these gases 

with the atmosphere. In regard to pH, the record seems to allow 

no correlation between the acid and alkaline conditions and the 

population fluctuations . According to ,1mmer (1929) Whipple 

stated , in 1927 , that he believed horizontal distribution was 

rather uniform but that vertical distribution was dependent 

on wind. In this investigation little correlat i on can be 

made in this regard . 



Langford (1938) after studying distribution of plank

ters in Lake Nipissing says: 

It is believed then, that no one factor is at 
all times the controlling agent in this case, but 
rather an interplay or factors responsible for the 
reactions exhibited. 

velch (1935) says in regard to the law ot the minimum, 

Existence and production of animal and plant 
life depend upon the proper qualitative and quan
titative composition of the environment for each 
component organism. Liebig's law of the minimum, 
originally applied to plants, may be stated as 
follows: Each organism requires a certain number 
of food materials, and each of these materials 
must be present in a certain quantity. It one 
of these food substances is absent, the organism 
dies; if not absent but present in minimal quantity, 
the growth will be minimal. '!his result holds even 
though ample amounts of all or the other required 
substances are present. 

Welch (1935) also suggests that Liebig's law of the mini

mum is the foundation of Blackman's law ot limiting factors, 

which refers to the dependence ot one factor upon another. 

One point may be outstanding with reference to faunal 

changes which were evidently due to climatic factors. '!he 

pond studied is ordinarily of a temporary nature. However, 

rainfall was sufficient during 1938 to prevent the pond from 

drying so that two species of fish (Lepomis cyanellus and 

Gambus ia affinis) invaded the community from a nearby lake 

during heavy spring rains. Gambusia aftinis was noted first 

in the pond about July 8 (1938) by John 1"-zelle (personal 

communication). Small Lepomis cyanellus were first noted 

about July 15 of the same summer. These animals were able 

to live over the ensuing winter and increase their numbers 



to a degree thought to be great e nough t o affec t the Con-
I 

chostraca and pl ankt on present . Inciden t ally, the a l gae 

and diatom.s were more numer ous during 1939 , than in 1938. 

In addition , ~ catesbe i ana tadpoles ~ere also able to 

winter over and developed into sizeable forms during the 

summer of 1939 . 

Since Diaptomus disappeared dur ing the first summer, 

and did not reappear during the second SumnJ3r , together 

46 

~ith the fact that Conchostraoa present in 1938 , were whol.ly 

absent during 1939 suggests that these forms s uf:fered very 

keen competition brought about by the invading f i sh and 

frogs. 

The increase in Cyclops , Ostracoda , and Cladocera dur

ing the second sumuer suggests that natural cycles of p ro

ductivity and/or a combination of biotic factors favored 

these species whereas they er e detrimental to Di aptomus and 

Cyzicus . 
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SUMMARY 

The predominant fauna taken from the Airport Pond in 

weekly collections over a period of two months in each or 

the aw.mners of 1938, 1939, showed peculiarities apparently 

typical of biotic production in a temporary pond. '!he find

ings express evidence of variations in population densities 

of Copepoda, Cladocera , Ostraooda, and Phyllopoda. '!hese 

fluctuations are apparently due to natural, ·sea.sonal, life 

cycles, and an interplay of environmental factors as temper

ature, light, chemical phenomena, etc. The presence of 

spring and fall maxima of plankton with decreased numbers 

in midsummer conform to the findings of important investi

gators in lake waters . A significant factor of interest in 

this problem is the successful invasion and population of a 

temporary pond by fish in numbers sufficient to alter the 

biotic composition of the community during the summer of 

1939. Tadpoles of~ catesbeiana ere able to develop to 

me~.morphosis because of the failure of the pond to dry up 

during the winter of 1938. uinoe planktonic ·forms are 

known to be food for predatory fish and frogs in this case, 

the balance of life in a community of this type may be ex

pected to vary according to numbers of these larger f orms 

present. 
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