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Succession in Net Plankton Populations in a

Series of Waste Treatment Ponds'
KENNETH W. MINTER', Oklahoma state University

IN'rBOnuCTloN

The purpose of thi8 report is to show some aspects of succession in
a planktonic population in a series of ponds which receive a charge of
organlca1ly-enrlched effluents. In such a series of ponds or in a stream,
a succession ot species may be correlated to time and to estimates of bio­
maas, such as chlorophyll "a" concentration, ash-free dry weight, and
population dena1t1es. In this report, since much of the data has not been
proceued, chlorophyll "a" concentration and generic composition will be
used to 1l1ustrate some aspects of succession.

METHODS

Descriptions of Ponds

Ten ponda were constructed end to end in a series so that water
traveled the entire length of the series before being discharged to the
receiving stream. The average depth of each pond was approximately 6
teet. Each pond held about 1 day's flow, therefore about 10 days were
requ1red tor the water to travel through the system. .

Methods ot Collection and Analysis

Chlorophyll and plankton samples were taken from two stations at
approximately a. 4. 6. 1. 9. and 10 days holding time, and from one
mUon at 1 day's holding time. One hundred mUlUiter allquots ot a water
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sample were fUtered through MllUpore ttlters of 0.4:5 mllllm1cron pore 8ise
for the chlorophyll analysis. The filtrate was extracted in 90% acetone
for 24 hours in the dark at about :5 C and centrifuged. Optical denalty
was determined at a wavelength of 863 mllllmlcrons in a Bausch and
Lomb Spectromc 20 photoelectric colorimeter. Odum et aI. (1968) com­
pared results based on the methods of Richards and Thompson (1952) tor
cholorphyll "a". They found a straight Une relationahip to exist, lndicatlnC
a close correlation between the two methods.

Plankton samples were taken at the same stations with a Kemmerer
water bottle and concentrated by pouring through a Wiscons1n plankton
net of #20 bolting silk. The concentrate samples were preserved in tor­
malin and later examined for generic composition.

REsuLTS AND DISCUSSION

Ecological succession Is the orderly process of community change
(Odum, 1959). A community of simple structure develops toward more
complex and mature or stable composition. In terms of diversity, a com­
munity develops from low diversity or few species through a series of
changes toward the greater diversity of a stable community.

When a plankton community is SUbjected to a sudden increaae of
nutrients, different species will be able to take advantage of their re8pec­
tive rates ot increase (Margale!, 1961). Since these rates differ Widely,
a few species will show dominance and a decrease In diversity will result.
As succession continues, according to Margalef. diversity Increases unW
a stable value Is attained or drops slightly at the end.

The decrease in diversity resulting trom an intlwc of nutrients may
be caused by one or more of several factors. When a phytoplankton Ipeclea
increases greatly, it may produce a shading effect, thereby reducing or
eliminating other species. Another possibility may be an antibiotic effect
of one species of alga upon another. Current effect and other environ­
mental factors may also play important roles in the succession of a
community.

As the charge of nutrients becomes tied up In new protoplasm of the
dominant species, other species with different rates of increase will occupy
the community until the highest level of diversity or ltabiUty 18 attained.

Margale! (ibid) shows parallel18m or analogy between changN in
diversity at the specific level and alao at the biochemical level. A8 photo­
synthetic pigments respond to influx of nutrients, chlorophyll "a" concen­
tration will increase at a much higher rate than the other pigmenu in a
planktonic population. In terms of pigment concentrations, as differences
increase there is a low diversity, and as differences are reduced, diventty
increases toward its normal or stable units. U the8e two factors are
closely correlated or exhibit parallelism 8.8 indicated by Marplef, there
should be a rapid increase In biomass and a decrease In speciea compoal­
tion as organically enriched effluents are discharged into a aeriea of ponda.
U the effluent is toxic enough to prevent utillzatlon of available nutrient.
in the early part of the system, decreases in specie. compoeltlon may be
less evident.

Data from 1 August 1961 (Figure 1) are U8ed to Wu.ttrate some upect.I
of succession. At one day's holding time, chlorophyll "a" concentration
was 0.293 mg./l. and by 3 days holding time It had 1ncreued to 0.181 me·,Il.
This suggests that DUtr1enta became available between 1 and a day. ho1dJnC
time and that there was an increase in biomau or total numberl of 1nd1­
viduals. .vglettG &p. tnereased from ill to ~/mJ. seven genera were
identified at 1 day'. holding time with an lncreue to 10 genera at a da)'8.



,
0

-
-

-
-

-
-

-
-
0

t
16 14

~
12

.J
~

1:
tilI

j

"
10

~
i 0

8
~

~
6
~

~
~

~
4

~

2
~ Q ~ I

10
9

8/p
p

--
-
--

--
~

--
-~

rT
P

+
-

-
-

-
-

--
+

-
-

-+
,,"

"-
..,

,-4
"'"

..,,
-

"

4
5

6
7

D
A

Y
S

H
O

L
D

IN
G

T
IM

E

o
-
-
-
-
-
-
-
~
.
,
.

, , , ,

3

)
'

/
/

/
.J

I'

"
"

" 2
1

5°
·8

~
0

.7

~
0

.6

j
0

.5
>- ~

0
.4

o ~
0

.3
-' is

0
.2 0.
1

F
ig

u
re

1.
C

hl
or

op
hy

ll
"a

u
co

nc
en

tr
at

io
n

an
d

n
u

m
b

er
s

o
f

g
3

n
er

a
p

lo
tt

ed
ag

ai
n

st
d

a
ys

ho
ld

in
g

ti
m

e
in

a
se

ri
es

o
f

w
as

te
tr

ea
tm

en
t

po
nd

s.
T

P
=

T
o

ta
l

pl
an

kt
on

,
P

P
=

P
h

y
to

p
la

n
k

to
n

C
=

C
h

lo
ro

p
h

y
ll

"a
".



BIOLOGICAL SCIENCES 1"

Although there· 18 an indicated Increase in generic divenlty. toxic nature
of the effluent may bave been responalble for an lnlUal, atypical, low
generic diversity. Very'likely, toxicity decreased during the t1nt 8 da)'B.
Phytoplankton genera did not lncreue but sooplankteni lncreued from J
to 5 genera during the first 3 days.

At • days holding time, chlorophyll Cia" concentration decreued to
0.662 mg./l. (Figure 1). Buglfma decreased to 360/mL, with an Increue
of 3 phytopJankters. This suggests that there 18 an increue in the diver­
sity of the pigments, as more genera are able to reappear and compete
with the rest of the community; however, these new genera appeared in
relatively small numbers.

By 6 days holding time, chlorophyll "a" concentration had decreued
only to 0.613 mg./l., but Buglena decreased to 2OO/ml. with no change in
numbers of phytoplankton genera. HudonM increued approximately •
times over the population present at • days. Th1s might account for the
high pigment concentration. Zooplankters increased by 2 genera. Increue
in zooplankters may account tor some decrease in the Buglfma numbel'8,
because of the grazing effect.

At 7 days holding time, chlorophyll "a" concentration decreased to
0.450 mg./l. while the total number of genera increased 1, adding another
phytoplankter to the population. The Buglena population waa reduced to
1oo/ml.

At the end of the system, 9 and 10 days, chlorophyll "au concentration
decreased to 0.288 mg./L and 0.275 mg./l., respectively. Total number of
genera was 16, with Buglena almost disappearing from the population
while other genera increased in numbers and biomass. ZOOplankton popula­
tions were considerably larger at the end of the system.

For the last 6 days holding time there is an increase of 6 genera,
which indicates diversity or succession from 3 to 10 days holding time.
It is presumed that the decrease in chlorophyll "a" concentration Indicates
pigment diversity. Since there is a continuous flow of water through the
ponds, this may be defined as longitudinal succession aa in a stream (Odum,
1959).
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