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calcified protein-rich matrix layers, or "discontinuous zones"
(Radtke and Dean 1982), which were made visible by the use
of EDTA, a calcium carbonate chelator. Age estimates were
generated from scanning electron microscope counts from oto-
liths of 29 C. gunnari and 16 N. rossii fishes. No significant
difference (p <0.05) was observed between age estimates de-
rived from the left and right sagitta of the same fish.

Fish length was observed to be related to the number of
microincrements in the sagitta, and assuming that the incre-
ments had been deposited daily, the data were described by
the von Bertalanffy growth equation (figures 1 and 2). There
was a gradual linear increase in length through the maximum
age. The data demonstrate that C. gunnari and N. rossii are
slow growing, relatively long-lived fish, with considerable var-
iation in individual growth rates. It was estimated that C. gun-
nari grew 55 centimeters in 17 years and N. rossii grew 55
centimeters in 7 years. Multivariate mathematical models re-
vealed that otolith morphometrics were important variables in
predicting age from the multiple regression analysis of body
weight, fish total length, fish standard length, otolith weight,
otolith length, and otolith width. Otolith weight and fish size

Antarctic fishes have evolved into functionally distinct eco-
logical communities with no known related counterparts in the
world. Increased exploitation and declining populations of
commercial species create a need for descriptive population
data to provide information for species management and con-
servation. Fundamental to the elucidation of population dy-
namics is the accurate determination of population age structure.
Age estimations can provide information illuminating changes
in individual growth, as well as incorporating age-specific life-
history events such as fecundity and natural mortality into
population dynamics models. Age-structure information is also
important in understanding changes in population growth due
to environmental and exploitation stressors.

Conventional age-determination methodologies, which use
the analysis of hardparts, are based upon the interpretation of
rhythmic depositional reference marks, which are mediated
by seasonal and environmental cycles. Otoliths, calcium car-
bonate concretions in the inner ear of fish, have been the
hardpart of choice for aging studies because they undergo little
alteration once formed (Campana 1983), they are not suscep-
tible to resorption (Mugiya and Watabe 1977), and they can
be used for age determination of fish that lack scales (Six and
Horton 1977). This approach to age resolution in antarctic fish,
using seasonally mediated deposition of otolith calcium car-
bonate, has been frustrated, however, due to the distinguished
lack of periodicity in antarctic hydrographic conditions. Al-
though the otoliths of antarctic fish do not appear to contain
interpretable annual circuli, it is possible to determine indi-
vidual age in fish by using advancements in otolith daily in-
crement technologies (Pannella 1971, 1974; Campana and Neilson
1985; Jones 1986; Radtke and Targett 1984).

Samples of Champsocephalus gunnari and Notothenia rossii were
collected during a 1986 austral summer cruise in the South
Georgia area. Otoliths were dissected, dried, measured, dig-
itized, and weighed after the fish were measured and weighed.
Examination of otoliths by scanning electron microscopy re-
vealed distinct microincrements, judged to be daily in origin,
which served as the basis for the quantification of age. Incre-
ments were composed of alternating calcium-rich aragonite
layers in protein-poor matrixes, or "growth zones," and poorly
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Figure 1. Demonstrates the relationship between standard length
(In millimeters) and age estimated from daily increment counts for
Champsocephalus gunnari. Solid black squares represent scan-
ning electron microscope counts, and dots represent calculated
age estimates from otolith morphometrics. The von Bertalanify curve
for this species Is also presented.
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Figure 2. Demonstrates the relationship between standard length
(In millimeters) and age estimated from daily increment counts for
Notothenia ross!!. Solid black squares represent scanning electron
microscope counts, and diamonds represent calculated age esti-
mates from otolith morphometrics. The von Bertalanify curve for
this species is also presented.
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susceptible to overfishing. Further application and refinement
of external and internal otolith methodology will provide valu-
able population information describing population demogra-
phy and dynamics of antarctic fishes.

This research was supported by National Science Founda-
tion grant DPP 85-21017.

were strongly correlated with age, and multiple regression
analysis relating these variables resulted in the acceptance of
the following models:

C. gunnari age = -295.691 + (total length x 6.74) +
(sagitta weight x 153.292) + (sagitta length x 429.464)

N. rossii age = - 101.862 + (total length
x -2.363) + (body weight x 0.66) +

(sagitta weight x 50.249) + (sagitta length x 343.403)

There was evidence that faster growing (younger) fish had
lighter otoliths at a given body weight than did slower growing
(older) fish. Physiological processes leading to variation in oto-
lith weight have been suggested to involve greater protein
deposition in the otolith during fast growth, producing a lighter
otolith, and a greater calcium deposition during slow growth,
producing a heavier otolith (Radtke, Fine, and Bell 1985). This
phenomenon may enable comparisons to be made of otolith
weight to fish size to generate quick estimates of relative growth.
This technique would be useful in comparing growth rates of
individual fish in different geographical locations experiencing
different food resources or other variations in ecological con-
ditions.

Maximum age for C. gunnari was determined to be 17 years,
which is congruent with recent literature values (Kock, Dun-
hamel, and Hureau 1986). The relatively large sample size
examined lends credibility to the proposed age and growth
estimations for this South Georgia population.

For N. rossii, the oldest specimen was 7 years. Due to the
small sample size, it is likely that the larger (older) members
of the population were not well represented in the sample,
which may explain the apparent bias in the von Bertalanffy
growth estimations. The lack of larger size groups may be a
reflection of overfishing. A more complete sample size includ-
ing larger animals would provide a more reliable growth es-
timate for this group.

Thus, for C. gunnari and N. rossii, it appears that age can be
reliably determined for a large sample of fish from multiple
regression models relating body and otolith measurements to
estimated age. Data analyses indicate that antarctic fishes are
slow growing, and consequently, their populations are highly
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