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Synopsis

The allometric relationship between body size and oxvgen consumption of Gambusia affinis at 28°C was
determined under controlled experimental conditions, using a manometric respirometer. The allometric
exponent (b-value) was 0.64 £ D.025.E. (n=351). Oxygen consumption was not influenced by any time-
related factors during the 17 days of measurements. Variance between replicated oxygen consumption trials
on individual fish was negligible. Specific oxygen consumption rates of several . affinis at 287 C that were
determined by using a sealed vessel and O, electrode respirometry method were similar to the rates measured
by the manometric respirometry method in similar-sized G, affinis.

Introduction

It is difficult to define a normal resting oxvgen
consumption rate, or even 1o define the scaling of
oxyegen consumption relative to body size for poiki-
lothermic animals such as fish because so many
factors affect their metabolic rate. For example,
environmental conditions such as present temper-
ature, thermal history, oxygen content of the wa-
ter, feeding and nutritional state, and day length
influence fish metabolic rate {Schmidt-Nielsen
1984). In addition, the experimental conditions im-
posed on the fish during the oxygen consumption
measurement process may significantly affect fish
metabolic rate. Examples of these experimental
conditions include time of measurement relative to
circadian cycles, ume of measurement after intro-
duction of fish into the experimental apparatus,
size of the experimental chamber, degree of sup-
pression of external stimuli, and the presence of
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other fish in the chamber (Schmidt-Nielsen 1984).
Thus. in order to determine the relationship be-
tween metabolic rate and fish size for a given spe-
cies, it 15 necessary to specify clearly the environ-
mental and experimental conditions and then de-
termine the dependence of oxygen consumption on
fish body size under otherwise identical conditions.

There have been studies to define the relation-
ship between oxygen consumption and size of sev-
eral fish species (Fry 1957, Beamish 1964, Ultsch
1973, Brett & Glass 1973, Jobling 1982, Morris &
North 1984). This relationship is expressed by the
allometric equation:

Vo: = aWe
or
log Vo = b{log W)+ log a,

where V,; = volume of oxygen consumed per fish
per unit time, W = fish mass, b= the allometric
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exponent or slope of the line representing the allo-
meltric equation plotted on logarithmic scales, and
a= the proportionality coefficient or intercept of
the regression line at unity. However, data on the
relationship of oxygen consumption with fish body
siz¢ over a large intraspecific size range or for small
size fish species are uncommon. Furthermore, al-
though the mosquitofish, Gambusia affinis, is com-
mon and widespread throughout the southeastern
part of the United States and has also been in-
troduced to a variety of temperate and tropical
regions worldwide for mosquito control, few data
have been reported on its oxygen consumption. No
data on the relationship between oxvgen consump-
tion and G. affinis size were found in the literature.

The purpose of this investigation was to deter-
mine the allometric relationship between oxygen
consumption and body weight in G. affinis from a
ficld population whose thermal history was known
and whose body weights ranged over approximate-
ly two orders of magnitude. Oxygen consumption
was measured using a manometric respirometer
and uniformly-controlled experimental conditions,
The study also was designed 1o assess whether the
tishes” oxygen consumption changed, independent
of fish size, as the length of time increased since
their capture from the ficld. In addition, the study
was conducted to measure whether the precision of
replicated 60 min oxygen consumption trials for
individual fish was acceptable using the manomet-
ric respirometer technique.

Materials and methods
Fish

Gambusia affinis (Baird & Girard) were collected
on September 26, 1984 by netting from below a coal
flv ash basin on the Savannah River Plant near
Aiken, South Carolina, USA. The fish were sclect-
ed from this location as part of a larger study in-
vestigating the allometric relationship between
trace metal body burdens and body weight of G.
affinis. Mean water temperature was 27.2°C =
1.9°C (mean * sd, n = 33) duning the four months
prior to fish collection (Environmental & Chemical

Sciences, New Ellenton, SC. unpublished data),
and was 27.5° C on the day of collection. Ash basin
water was collected at the same time as the fish,
filtered and used as the water source throughout
the study.

Female and juvenile fish were sorted by length
into six relative size classes and placed into corre-
sponding glass aquaria with a washed gravel sub-
strate. The six agquaria were kept in an Environator
growth chamber, which maintained a mean water
temperature of 28.1°C + 0.6°C (mean £sd, n=
102). The light: dark cycle was 12h: 12h, corre-
sponding to the actual day length on September 26.
The light : dark cycle included a 0.5h dawn and
dusk simulation created by illuminating approxi-
mately 25% of the lights inside the growth cham-
ber. Fish were fed Tetra Guppy Special Diet food
daily. but 24 h of fasting were allowed before per-
forming the oxygen consumption measurements.
The fish were acclimated 10 these laboratory condi-
tions for seven days before oxygen consumption
measurements were begun.

Oxygen {'(HI.!:'HHIPHIOH RSN UIERe s

Oxvgen consumption (expressed as gl dry O, at
STP fish~' h™") was measured in a Gilson differ-
ential respirometer with 125ml active and refer-
ence flasks. The gas manifold on the respirometer
was nol used due to frequent leaks; instead. each
active flask was connected to its own reference
flask. Oxygen consumption trials were performed
on ninc analysis days during a 17d period (7. 8. 14,
16, 19, 20, 21, 22 and 23 days alter capture). Mean
water lemperature during oxvgen consumption
measurements was 27.9°C £ 0,1°C (mean £ sd,
n= 17, In order to minimize external stimuli to
the fish, the respirometer was located in a quiet
room with only one person present to perform the
measurements and record data, All measurements
were performed by the same person.
Approximately one milliliter of 10% (w/v) KOH
solution and a Whatman chromatography paper
wick were placed in the center well of each active
flask to absorb CO.. Each active flask contained
55 ml of filtered ash basin water and one fish. The







