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ABSTRACT

The ratio of net photosynthesis (P) to total ecosystem respiration
(R) usually declines when an aquatic ecosystem is subjected to various
types of stress. P/R ratios.were measured in 12 80-1iter micrbcosms

containing water, sediment, and entire biotic communities (dominated by

| Elodea sp.) from a shallow pond. P and R were estimated from changes in

dissolved oxygen concentrations during the day and night, respectively. .

After 10 weeks, the micfocosms were stressed by the addition of sodium
argenate at‘céncentrations of 0, 0.066, 11.5, and 143 ppm (as arsenic).
P/R ranged from 1.0 fo 1.4 in all microcosms before arsenate was added.
Under stress; both P and R declined in the 11.5 and 143 ppm microcosms,
with negatﬁve net,photosynthesis'(i.e., decreases in dissolved oxygen
duriﬁg the day) observed on severaf occasions. P/R in these microcosms
fell to 2eéb or below, returning to 1.0 after three weeks. P/R remained
above 1.0 in fhe 0.066 pbm and confro] microcosms. The P/R response

could be used for screening suspected hazardous substances in micro-

. cosms, as well as for monitoring natural ecosystems.



INTRODUCTION

AThe ratio of primary production to total community respiration (P/R)
is an 1nfegrative index of ecosystem metabo]ism which can be easi]y mea-
sured in many aquatic ecosystems. H. T. Odum (1956) proposed the use of
P/R for classifying ecosystems as autotrophic (P/R > 1) or heterotrophic
(P/ﬁ < 1), and noted that either type of system tends to approach P/R =1
ovér time. ‘E. P. Odum (1969) listed P/R =1 as an attribute of mature
ecdéystems, conc]uding that the ratio could bé used as an index of rela-
tive maturity. P/R ratios of approximately 1 have been found in many
aqudtic ecdsystems (Riley 1956, Odum 1957, Odum and Hoskins 1958, Jordan
and Likens 1975). V

Studies with aquatic microcosms (Beyers 1963, Gorden et al. 1969)
revealed that theée model ecosystems behaved similarly to natural eco-
sysfems, 1h»tﬁét P/R approached 1 as the microcosms approached maturity.
Fufthermore, P/R was found to depart from 1 when a system was disturbed.
This effect was observed whether the -disturbance was in the form of tem-
' peratUre stress (Beyers 1962), light reduction (Copeland 1965), 1ncréased
] grazing (McConnell 1962, Beyers 1963), or toxicants (Whitworth and Lane
1969). P/R thus appearé to be a sensitive indicator of stress-induced
changes in ecosystem metabolism. The experiment reported here tested
thjs response 1ﬁ micrbcosms, stressed by various conceﬁtrations of
sodium arsenate, to evaluate the potential of the P/R ratio as an index

of ecosystem-level contaminant stress.



MATERIALS AND METHODS

Twelve microcosms were established in 80-1iter glass aquaria in July

1976. Each microcosm contained 5 cm (about 10 kg) of untreated sediment

from a shallow pbnd; 40 ¢ (wet weight) of a mixed Elodea-Potamogeton
commun ity f}om tHe same pond, and 70 liters of spring water. A diverse
assémb]age of animals was present in the sediment and the macrophyte
inoculum, including protozoans, rotifers,- copepods, cladocerans, oligo-

chaetes, nematodes, snails, and insects. The microcosms were maintained

_in'an environmental chamber at 18°C on a 12-hr light:12-hr dark cycle.

Details of the microcosm technique may be found in Giddings and Eddlemon
(1977). .

. Ten weeks after the'microcosms were estab]iéhed, sodium arsenate was
added to nine of them. Appropriaté volumes of a sodium arsenqte stock

74AsO4 were mixed with

solution and a solution of carrier-free H3
100‘m1 of watér from éach microcosm. The mixture was slowly introduced
into.each microcosm through a glass tube so that the mixture entered in
a horizontal stréam appfoximate]y 10 cm below the water surface. The
arsenic concentration in the sodium arsenate stock solution was measured
by an arc—émission technique (Feldman 1977) and used to calculate spe-

cific activities of arsenic added at each treatment level. Arsenic

concentrations in various components of the microcosms were then deter-

mined by gamma spectroscopy. The initial arsenic concentrations in

water were 0.066, 11.5, and 143 ppm, with three replicates per treat- -
ment. These concentrations bracket the range of reported toxic concen-
trations for most freshwater organisms (Becker and Thatcher 1973).

Three microcosms were left untreated as controls.



Throughout the experiment, pH,Aconductivity, and dissolved oxygen

(D.0.) were measuredAnear the end of each light period. On three
‘occasions before arsenic treatment, and weekly for six weeks thereafter,
net primary productidn and nighttime community respiration were measured
by the diurnal dissclved oxygen method (McConnell 1962). For measure-
ment:of P anq R, each microcosm was covered wfth a sHeet of polyvinyl
chloride shortly before the end of the light period to inhibit oxygen
diffﬁsion across the afr-water interface. Diséo]ved oxygen was measured
with a YSI Mode] 54 D.0. meter at the beginning of the dark period, the
begiﬁning of the 1igh£ period, and the beginning of the following dark
period.' The PVC sheet was then reﬁoved. The change in D.0. concentra-
tion during'the dark period was termed nighttime community respiration.
Thenb.O. change du%ing the light period was a measure of net primary

production. - Both P and R were expressed in units of ppm D.0./12 hr.
RESULTS

Diéso]ved arsenic cohéentrations.dec1ined over time in all treat-
fments. The 0.066 and 11.5 ppm microcosms reached mean equilibrium con-
centration§_of 0.007 and 3.87 ppm, respectively, within two weeks.
Arsenic concentrations in the 143 ppm microcosms did not equilibrate by
. the end of the experﬁmént; the final concentrations averaged 99 ppm. As
in previous experiments (Giddings and Eddlemon 1977), the major arsenic
éihk was the sediment. |
Net primary prbduction and nighttime community respiration in the
. fouf treatments are shown in Figufe 1. Before treatment with arsen{c,

the mean net primary production for all 12 microcosms increased grad-

" ually from 3.7 ppm D.0./12 hr at week 6 (S.D. = 0.5) to 4.6 ppm/12 hr at



weék 10 (S.D. = 0.7).> This trend continued in the control and the

0.066 ppm microcosms, reaching 5.4 (S.D. = 0.5) at week 16. The two
higher arsenic concentrations, however, resulted in immediate reductions
in rnet primary production. In the 143 ppm microcosms, disso]véd oxygen.
concentrations declined during the light period one week after treat-
ment; i.e., gross photosynthesis was less than dayt{me community respi-
ration in these microcosms. Net productjdn remained near zero for two
weeks in the 11.5 ppm microcosms, and for three weeks in the 143 ppm
microcosms. Toward the end of the experiment, productivity recovered

in bbth treatments; in fact, the net production at week 16 in the 143
ppm microcosms was considerably higher than in the controls. This high
produttionfrate was probably due to high PO4 concentrations (up to

0.3 ppm, compared to < 0.04 ppm in the other-treatments) which accumu-
lated fol]bwing arsenic treatment and were consumed again during the
recovery. Recovery was accompanied by shifts in community structure.
Macrophytes were replaced by Spirogyra in the 11.5 ppm microcosms, and
lby blue-green algae in the 143 ppm microcosms.

The effects of 11.5 qnd 143 ppm arsenic on nighttime community
respiration were simi]af to, but less drastic than, effects on produc-
tion. The decline in réspiration was about one week behind the decline
in productivity; and kecovery was also slower. Respiration declined
toward the end of the experiment in the 11.5 ppm mﬁcrocosms# this effect
is unexp]ained. Respiration increased very slightly during the experi-
mentiin the control and 0.066 ppm microcosms, averaging 3.4 and 3.9 ppm

D.0./12 hr at week 6 and week 16, respectively.



The ratio of net primary production to nighttime. community respira-
tion.averaged 1.2 for all microcosms before.arsenic treatment. The

ratio remained fairly constant (1.0-1.5, meah 1.4) in the control and

0.066 ppm microcosms  throughout the experiment (Figure.2).. In the 11.5

and 143 ppm microcosms, P/R drepped to zero or below for two weeks fol-

: lowing arsenic addition. The decline was greater at 143 ppm than at

11.5 ppm. P/R increased by the third week after arsenic treatment,
even in the 143 ppm microcosms where net prodﬁction remained very low
for an additional week. The highest P/R ratios recorded in the entire

experiment were in the 11.5 ppm microcosms at week 16 (P/R =-2.5).
DISCUSSION

-~ The lowest treatment in this experiment had no effect on the.P/R
ratio of the microcosms, while higher concentrations produced progres-
sively greater reductions in P/R. While the arsenic concentrations
used here were apparently at the extremes of the dose-response curve,

the method appears useable for determining the response of an aquatic

“ecosystem to different concentrations of a contaminant.

The P/R.recovery in both the 11.5 and 143 ppm treatments was similar
to that observed by Copeland (1965) in marine microcosms exposed to a

reducfion in light intensity. In both cases, recovery was accompanied

‘ by éhanges in community structure. The ability to compensate for stress

by species shifts is an important property of ecosystems. Until the
theoretical relations between population dynamics and ecosystem dynamics
are more fully understood, it will be difficult to predict the effects

of a particular stress on a particular ecosystem (0'Neill and‘Giddings

.1977). Certainly the P/R response of these microcosms to arsenic
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tréatment could not Have been predicted by measuring the responses of
the separate components. '

While further refinement of this technique is necessary, the P/R
ratio appears to be-a useful indicator of ecosystem response to stress.
The ?/R response .of aquatﬁc microcosms of standard design could be used
to;screen potential environmental contahinants for hazardous‘effectsr
It must be fecogniied that fhe response is eéosystem—specific. As in
conventional bioassay wjth single specié;; extrapolation of laboratory
results to a particular natural enviroﬁment introduces a degree of

uncertainty. Prediction of the effects of a given contaminant on a

specific target ecosystem will be best achieved by selecting microcosm

components from that ecosystem, rather than ke]ying on a single stan-

dard microcosm design. The P/R ratio may also prove to be a useful

Vmonitoring.parameter'for detecting the effects of stress in natural

aquatic ecosystems.
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LIST OF FIGURES .

Fig. 1. Net production and nigﬁttime community respiration in micro-
. cosms.éf 3. arsenic levels. OQpen ciicles: nighttiﬁe community
~ respiration.. Filled circles: net production. P and R are in
: unlts\qf ppm D.0./12 hr. Each point represents the mean of
three m{ér6CDsms. Arsenic wés added, in the concentrations
indicated, immediately fo]1owiﬁ§ P and R measurement at week
10, \ |
Fig. 2. Pfoduction/respiration ratios in microcosms at three arsenic
Tevels. Each boint represents the ratio of mean net
i pfoduction to mean nighttime community respiration for three
micrqcosms. Arsenic Qas added, in the concentrations

. indicated, immediately following P and R measurement at week

10.
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