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ABSTRACT: In the summer of 1977/78, materials for determining the age and growth
rate of Pseudochaenichthys georgianus Norman, 1937 were obtained in the South Georgia
region. The 11-—51 cm long fishes were of the age 1+ to 13+. The curvilinear
relationship between the body length and the otolith radius took an S shape. In the
first four years annual increments are almost identical and start to decrease in the
following years. Spawning may occur in the 5th or 6th year of life, and hatching
of larvae from eggs laid in autumn (IV—VI) takes place at the end of winter (IX
of X). Larvae and juvenile fish lead an exclusively pelagic life, while older fish feed
in near-bottom layers: when resources are scare there they seek food in the pelagial.
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1. Introduction

Intensive exploitation of the poorly known Antarctic fish makes it
necessary to determine sensible limits of these catches in order to maintain
the biological balance of stocks. Knowing the age and growth rate of fish,
it is possible to estimate the abundance of commercially exploited fish.
The aim of the present work has been to determine the nature and rate
of growth of Pseudochaenichthys georgianus Norman, 1937 on the basis
of materials obtained from commercial catches.

2. Material and method

The materials were collected during commercial fishing carried out from
the motor trawler “MORS” in the summer of 1977/1978. The specimens
of Pseudochaenichthys georgianus examined were obtained from four series
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of catches by means of a seine net at the depth 220—280 m off the
South Georgia between January 10 and February 1, 1978.

The body length of 820 specimens was measured; in 321 ones sex, gonad
maturity and age were determined. To analyse the age of fish examined
their otoliths were collected and kept dry. The otoliths were prepared
for reading by burning (Chojnacki and Palczewski, in press). Thermally —
treated otoliths were fractured, their parts being placed in black rubber-
stoppers kept in water. A distinct picture of the fraction was obtained
at the 25x eye piece magnification under incident light (Fig. 1). Distances
of annual zones from the curve were measured along the determined
otolith radius on the object stage. These results were used for back
calculations by Wowk’s method (Wowk 1955) (Table I, Fig. 2). As there
were no specimens smaller than 10 cm a hypothetical section of the
curve was plotted by joining the end of the determined curve with the
coordinates origin. The curvilinear relationship between the body length
and the otolith radius required a correction factor for the back-calculated
annual increments of the letter. Empirical annual increments were corrected
using Wowk’s method (Wowk 1955):

Fo=—T,
r

where: r — total otolith radius measured, 7 — total otolith radius as read
from the curve, r,— otolith radius measured for a given year of life,
¥, — otolith radius corrected for a given year of life.

When calculating the empirical body length attained by a fish in its
consecutive years of life (back calculations) the arithmetical mean was used.
In order to determine the dispersion of elements of the set around this
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Fig. 2. Body length — otolith radius relationships for Pseudochaenichthys georgianus
1 — single observation, 2 — mean value in length classes



Fig. 1. Cross section of Pseudochaenichthys georgianus otolith
Fig. 1. Cross setion of Pseudochaenichthys georgianus otolith Arrow points place
and direction of pressure when breaking an otolcith R — measuring radius of
an otolith (Photo Chojnacki and Palczewski)






3 Table I.
Results of body length back calculations from otolith fractures ol Pseudochaenichthys georgianus
caught in the South Georgia region in 1978

Fish age

Date Sex I S.D. II S.D. I SD. IV S.D. V S.D. VI SD. VII SD. VII SSD. IX SD. X S.D. XI S.D. XI S.D. XII S.D.
10 females 84 0.75 1646 1.86 25.13 2.56 355 096 40.57 1.65 4385 0.51 4533 023 466 046 476 0.14 48.15 0.07 49.0 — — — — —
Jan. males 84 097 175 192 269 1.82 3511 1.6 4022 124 435 091 4491 0.39 46.2 = — — — — - _ _ _ — _
Total mean 8.39 092 17.15 1.89 26.13 2.4 3518 142 4027 146 43.76 06 45.1 0.38 46.52 044 — - _— —_— — - o S s o
23 females 855 0.86 1633 22 2563 1.6 3552 14 40.08 1.37 4395 055 4523 026 4628 023 4724 039 483 0.14 — — _ — — —
Jan. males 833 09 17.0 2.58 2607 158 35.66 141 40.73 095 43.55 0.67 450 028 46.04 0.16 47.1 00 482 028 — _ _ — _ _
Total mean 844 088 166 227 2584 146 3558 1.35 40.69 124 43.79 0.57 4521 029 462 02 4721 035 483 0.1 — _ _ _ _ _
26 females 8.01 092 1728 248 26.06 191 3518 1.66 40.11 0.96 43.17 045 4429 025 4538 0.14 46.37 043 478 — 487 _ _ _ _ _
Jan. males 8.01 095 1768 1.8 26.36 2.17 3551 1.36 40.14 123 4323 041 444 031 4549 02 46.34 027 47.1 0.14 — —_— — — —_ —
Total mean 8.01 093 17.69 2.07 26.33 2.02 355 145 40.15 1.14 4323 042 4439 0.3 4546 0.19 46.33 0.32 4733 041 — - — T -
01 females 7.82 129 1695 247 26.84 2.09 3574 1.34 4021 1.03 43.07 049 4441 026 454 024 464 03 47.62 022 484 0.56 49.4 0.56 50.6 —
Feb. males 768 0.7 17.06 244 26.15 1.83 36.14 1.75 40.5 087 4326 0.53 44.72 027 4531 0.17 463 025 4705 0.35 48.0 — 484 — — —
Total mean 741 12 1705 246 2643 196 3574 144 4046 099 43.18 052 4442 026 4535 022 4642 028 4745 034 4826 046 490 0.7 — —
Grand females 8.19 0.33 16.75 044 2591 0.72 3548 0.23 4042 0.31 43.51 045 4481 0.54 4591 0.62 469 061 4796 031 487 03 494 —  50.6 —
Total males 8.14 039 1731 0.33 26.37 037 356 042 404 027 434 (.18 44.76 026 4576 042 4658 045 4745 0.65 48.0 — 484 p o _
Total mean 8.06 047 17.12 044 26.18 026 3547 0.2 40.39 023 4349 032 44.78 043 4588 0.56 46.65 048 4769 0.52 4826 — 4906 — —_ —
Annual females 8.195 8.560 9.16 9.57 481 3.09 1.305 1.10 0.98 1.06 0.74 0.70 1.20

increments  males 8.136 9.174 9.06 9.23 4.79 3.00 1.360 1.00 0.82 0.87 0.55 0.40 —

Total means 8.06 9.06 9.06 9.29 491 3.1 1.29 1.10 0.77 1.04 0.57 0.80 —

Calculated values correspond to body length (longitudo corporis)
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value the standard deviation was calculated (Table I). Such calculations were
done separately for each sample and then the results were compared.
The growth rate curve for Pseudochaenichthys georgianus plotted from the
empirical data (Fig. 3) has shown von Bertalanffy’s (1934) mathematical
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Fig. 3. Growth rate of Pseudochaenichthys georgianus (back calculations)
1 — length, 2 — annual increments

model of growth rate not to be applicable over the entire growth. Annual
increments of this species in the first four years of life are almost identical,
whereas von Bertalanffy’s model assumes decreasing length increments in
successive years. Thus the mathematical model of length growth rate was
determined by estimating the linear regression of body length on the years
of life. When calculating the linear regression the following equation
(Markiewska-Krawiec and Krawiec 1976) was used:
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where: X, y — mean values of sample characteristics, a — regression coefficient
of (y) body length as releted to x (years of life), the former being an
average measure of body length (y) when age (x) increases by unit.

Linear regression of y on x was estimated from the equation:

y=ax+b
Von Bertalanffy’s method for growth rate calculations uses the equation:
L =L, (1—e Xt710)

were: L, — fish length at age t, t —age for which the L, length is cal-
culated, e — natural logarithm base, L, . K.t, — empirical parameters.

3. Results

The body length of 820 Pseudochaenichthys georgianus individuals ranged
between 11 and 51 cm. The majority of the population measured 39—51 cm
(L, 44—59 cm, respectively). The length distribution curve for the fishes
examined shows one peak corresponding to the fish body length of 45 cm
(L,— 52 cm), whereas individuals below 39 cm and over 50 cm occurred
sporadically (Table II, Fig. 4).

Table II.
Sex distribution in length classes of Pseudochaenichthys georgianus individuals whose otoliths
were used for back calculations

Length Number Sex

classes of indivi- Percentage females males

(cm) duals no. ol indiv. ©, no. of indiv. ©,
11—12 2 0.62 unidentified

13—14 1 0.31 1 0.31 — -
15—16 — — — — — —
17—18 — — = — e s
19—20 2 0.62 1 0.31 1 0.31
21—22 1 0.31 1 0.31 — e
2324 — — — — —
25--26 — — - _ _ _
2728 1 0.31 — — 1 0.31
29—30 — — — — — —
31—-32 2 0.62 — — 2 0.62
33—34 1 0.31 1 0.31 — —
35—36 1 0.31 s — 1 0.31
37—38 2 0.62 1 0.31 1 0.31
39—40 3 0.93 3 0.93 — —
41—42 21 6.54 4 1.24 17 5.30
4344 94 29.28 30 9.34 64 19.94
45—46 127 39.56 55 17.13 72 22.43
47—48 48 14.95 28 8.72 20 6.23
49—50 14 4.40 10 3.15 4 1.25
51—52 1 0.31 1 0.31 — —

Total 321 100.0 136 42.37 183 57.01
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Fig. 4. Body length frequency distgjbution (L) in the Pseudochaenichthys georgianus
population examined

About 809 of the individuals examined showed their gonads to be
at stage 3 and 4 (according to the 8 — stage Maier scale). The gonad
maturitn stage combined with the body length of the individuals caught
showed that the fishes commence to spawn at the age of 5 and 6 (Table III).
The age, back-calculated from rings of thermally treated and fractured otoliths,
was found to range from 1+ to 13+. Wowk’s (1955) method of back
calculations allowed to determine the otoliths radius-body length relationship,
the curve taking an S shape (Fig. 2). On the basis of empirical data
a growth rate curve (Fig. 3) was plotted, but because of an uneven
growth rate of the fishes examined a simple mathematical model could
not be constructed. For the first four years of .life the linear regression
of body length on age took the following form:

y = 9.1305x — 1.1175

In the next years Pseudochaenichthys georgianus, after attaining sexual
maturity, showed an uneven growth and decreasing annual incremants,
which allows to apply the model of von Bertalanffy, finally taking the
form of:

L’ Yo 5008(1 _ e—0.2829(l+ 3.7453))
The graphical presentation Of the mathematical model of Pseudochaenichthys
georgianus growth rate, very similar to the empirical one, is given in Fig. 5,
wereas the annual increments are recorded in Table IV.

4. Discussion

The length distribution of the individuals examined (Table II, Fig. 4)
indicates to several age groups existing in the stock, but exact age could
only be read from otoliths. The white-blooded fish have their otoliths
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Fig. 5. Mathematical model of growth rate for Pseudochaenichthys georgianus
1 — length, 2 — annual increments

without distinct annuli; therefore in case of Pseudochaenichthys georgianus
the otoliths after many attempts to prepare them were burned in order
to make the rings more distinct (Chojnacki and Palczewski, in press).
The presence of summer (white) and winter (dark) rings is due to different
chemical composition of zones of seasonal increments. According to
Christensen (1964) the broad zone of summer increments consist of inorganic
matter (white before and after burning), whereas the narrow winter zones
are formed by inorganic matter with an admixture of organic matter
carbonized as a result of burning and thus dark. The most difficult to
read were those fragments of an otolith close to its centre (nucleus), and
for fish over 5 years of age— those parts close to the fracture. In the
first case the difficulty was in finding, within the growth zone, the first
summer season and the additional rings immediately after the first winter
zone. This phenomenon did not occur in all the individuals. The presence
additional rings representing the period of the first summer zone was probably
related to larval development stages. The rings occurring sometimes beyond
the zone corresponding to the first year of life were probably
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Table IV

Length growth rate of Pseudochaenichthys georgianus calculated from
the mathematical model

Body lenght Annual increments
Age

(cm) (cm)

1 8.01 8.01
2 17.14 9.13
3 26.27 9.13
4 35.40 9.13
S 40.22 4.81
6 42.65 243
7 44.48 1.83
8 45.86 1.38
9 46.90 1.04
10 47.68 0.78
11 48.27 0.59
12 48.72 0.45

due to the change of fish habitat (from pelagic way of life and plankton
feeding to life in the near-bottom zone). According to the back calculations,
Pseudochaenichthys georgianus change their way of life at the body length
of 11 cm, but some divergences in both directions may occur. The fact
that the otolith shows the change of environment and food composition
is proven by a shade of otolith within this range, regardless of its zones,
differing from those- in other parts (more hyaline). The otoliths of older
individuals usually show at their edges a great density of annuli, whereby
even slight inaccuracies in burning may complicate back calculations. The
fractures always showed the nucleus placed in the otolith centre. The
nucleus is lumpy, slightly flattenned, about 0.1 mm thick, and. measuring
about 0.21 mm in a horizontal plane. It is made of a dark substance,
which proves that the larvae hatch in autumn and winter. Back readings
in some individuals show a distinct additional ring in the vicinity of the
5th and 6th annuli probably produced as a result of the first spawning.
The difficulties in analysing the otoliths of white-blooded fish are described
by Olsen (1955), who tried to analyse otolith in several specimens of
Pseudochaenichthys georgianus, but found that they were damaged when
fixed in formalin. Thus he has finally determined approximately the age
of a few specimens and then in connection with the species length distribution,
drawn conclusions on the biology of this species. Back calculations from
otoliths were confirmed by age readings from discs of the fishes. The




















