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SECTION J, BIOCHEMISTRY_IOPHYSICS

A Note on the Metabolism of Two Diptera Larvae

Chaoborus punctipennis and Chironomua plumoIUlI

IOHN D. RANSOW, FRED L. RAINWATER'

aud CALVIN G. BEAMES, IR., Departments of ZOOloQ

and PhysioloU, Oldahoma State University, StIllwater

In a recent study of community structure of benthic macrolnverte
brates in Keystone Reservoir, Oklahoma, significant differencea were ob
served in the distribution of the larvae of ChaobOf'tl4 p"flCttpeH"'-' ( Say)
and Chirono1nus plum08U8 (Linnaeua) (Ransom, 1969). Larvae of O.
p"nctipenKi8 were collected in large numbers from deep anoxic water.
Larvae of C. p"'moBU8 seldom were found in anoxic water, but occurrec:lln
sballow water containing dissolved oxygen.

Review8 (Prosser, 1955; Bullock. 19M; Fromm, 1966), relating to
the distribution of species have polnted out that physiological UmltaUoR8
can describe the ecological range of an animal. Hence, It seemed po,aJble
that differences in the ablllty of larvae of O. punctipmtd.t and O. pfumoau.t
to carry on anaerobic metabollam could provide the rationale for their
distribution in Keystone Reservoir. This note reports experlmenta wbtcb
measured oxygen utlllzatIon. carbon dioxide production and acid excretion
(anaerobic) of C. p"tlCtipetl.K'" and C. plumo3t&.t larvae.

:MATERIALS AND METHODS

Larvae of C. pufICtipenuta were collected as required and traMported
to the laboratory in reservoir water. Larvae of C. plumo.tU8 were taken
from stocks which were maintained in the laboratory. The final Instar of
each species was used in all experiments.

Standard Warburg manometric techniques were employed to measure
gas exchange and acid production. The experimental medium for the
larvae was reservoir water. Volatile fatty acids were meuured by titra
tion with 0.01 N NaOH after the acids had been separated by the 8team
distillation method of Fenner and Elliot (1963). Dry weight determina
tions for each species were made by drying known numbers of larvae
(20-50) at 110 C for 2 hr in tared vessels and reweighing.

REsULTS AND DI8C1J8SION

The results of oxygen uptake, carbon dioxtde production and acid
production are presented in Table L The respiratory quotient wu ap
proximately the same for both species. In air the metabolic rate of O.
punctipenn'-' larvae is alm08t twice the rate ob8erved for larvae ot O.
plumo31C3. Th18 is probably due to the dltference in the size of the larvae
of the two species. Fourth 1n8tar larvae of C. plumo.t". are more than 6
times &8 large &8 larvae (fourth 1n8tar) ot C. puflCt'Pettnu. UIWlUy
metaboUc rate is proportional to the 8ize of the an1mal; with 1nct'euiDI
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T.uLB L GAS ExCHANGE AND ACID PIIoDUcnoN IN THE MIDGE LABVAE O.
f*fICt~ AND C. ,It&mona.

Larvae

DetermlnaUon C. puncUpennl8 C. plumosus

Dry wt. 0.16 1.05
(mg/tnd1v1dual )

Q O. 7.062 (2) •.11 (2)
(,aJ Oa/mg dry wt/br)*

Q 00. 6.08 (2) 8.22 (2)
(,.J COa/mc dry wt/br)·

R.Q. 0.82 0.78

mIl molu acid excreted/ 230. (2) 70. (2)
mc/dry wt/hr"

----- - .- ~--'---

Numbel'l in ( ) indicate the number of measurements. Each measure
ment repreaenta 10 or more larvae. Gas phase: • - air: •• 95% N.-6%
CO.. Temperature: 30 C.

weight there is a decrease in oxygen uptake per unit mass. Edwards
(1968) obaerved this relationship in the midge larvae Chironomus riparius
(Me1gen).

Under anoxic conditions, the larvae of C. ps&tlCtipenni8 secrete some
280 mil moles of acid per mg dry weight per hour. This is more than 3
timel the amount of add secreted by C. plum08U8 larvae (Table I) under
atmUar anoxic conditions. At the end of one 2-hr period without oxygen,
the larvae at each species and their medium were analyzed separately
tor volatile fatty acids. A total of 110 ". moles of volatile acid (s ) (80
,,_ molel in the tissues and 80 II moles in the medium) was produced by
the larvae ot C. puteeftpettnu. Volatile acids accounted for more than 50%
of the total acid excreted by the larvae each hour under anoxic conditions.
No volatUe adds were found In the tissues or medium of C. pZt,mosus
larvae.

It was pointed out by von Brand (19oi6) , in an excellent review of
auauobloall, that the production -of volaWe adds is frequently observed
In anlmala that can live temporarily or permanently in the absence of
oxygen. Data presented in this note suggest that differences in the ability
of O. '"'tIC,.,..... and C. "'tlmOlU' larvae to form and excrete acids can
expJaiD the ob8erved ditterence in dlatrlbuUon of the two species in Key
IItoDe ReIervolr.
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