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Abstract: Age and growth of blue antimora Antimora rostrata were examined in the waters off New
Zealand and Macquarie Island (southwestern Pacific). Samples off Macquarie Island were collected
from bycatch in the Patagonian toothfish longline fishery. Individuals between 20 and 44 years in
age measured between 37.6–71.1 cm in total length. Bottom trawl catches from New Zealand waters
consisted of smaller and younger fish (11 to 38 years), measuring 22.5–52.5 cm long. The age classes
with the greatest numbers in the former area were represented by fish aged 33–34 years (25.7%). In
the latter area, the most numerous age classes were 21–23 years (12.1%), 28–29 years (17.6%), and
32 years (6.6%). The blue antimora from off the Macquarie Island show similar growth rates to those
of individual fish from the Ross, Lazarev and Weddell Seas, waters off the Kerguelen and Crozet
Islands, and southeastern Greenland. Individuals from New Zealand waters demonstrate the slowest
growth rates compared to other parts of the species’ range but are quite similar to individuals from
the Flemish Cap area. Further research to identify the stock structure of this broadly distributed
species is warranted to provide context to differences in growth rates observed between populations.

Keywords: fish populations; biological parameters; stocks; fishery species; bentho-pelagic fish;
bycatch; life cycle; deep-sea fish; Sub-Antarctic

1. Introduction

The genus Antimora (Moridae, Gadiformes) consists of two species which are Pacific
flatnose, Antimora microlepis Bean, 1890 and blue antimora, Antimora rostrata (Günther,
1878) [1–3]. The range of Pacific flatnose is limited by the North Pacific. The blue antimora
has a circumglobal distribution, except the North Pacific Ocean (north to 10ºN), more
common in temperate and cold waters, but absent from the Artic Ocean, some semi-
enclosed seas as well as in most tropical and subtropical regions [1,2,4,5]. This bentho-
pelagic species usually inhabits depths of 800–1800 m and can form dense concentrations
in some areas. It often comes as bycatch in bottom trawl and longline fisheries [6–9] and is
considered a rewarding commercial target [10].

Currently available publications on blue antimora don’t provide any comprehensive
information about its life cycle [6,7,11–14]. A. rostrata aging and growth patterns have been
studied in Icelandic waters [15], the Ross Sea and New Zealand waters [9], the Lazarev and
Weddell seas [16], in waters surrounding Kerguelen and Crozet Islands [17], along with
several areas of the North Atlantic Ocean, including waters off Flemish Cap, Greenland
and the Mid-Atlantic Ridge [8,18,19]. However, the above publications did not include any
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validations for provided age estimations. No data on age and growth of blue antimora
were reported from waters off the Macquarie Island, while the published data from New
Zealand waters [9] were based on very limited observations (48 otoliths).

The major purpose of this work is to present the first data on the age and growth of A.
rostrata from the waters off the Macquarie Island (southwestern Pacific Ocean), as well as
to report the results from New Zealand waters based on a larger dataset (91 otoliths), and
to compare them with previous publications concerning other areas of the species’ range.

2. Materials and Methods

In waters off the Macquarie Island, otoliths were gathered from specimens of blue
antimoraobtained as bycatch of commercial fishery targeting Patagonian toothfish Dissos-
tichus eleginoides, Smitt, 1898. The catches took place off the Australian Macquarie Island
Exclusive Economic Zone (Figure 1) and were carried out with the use of longlines. The
material was collected by Australian fishery observers during April-June 2016. In New
Zealand waters, the otoliths were sampled in January-February 2018 during bottom trawl
survey on board NIWA (New Zealand Institute of Water and Atmospheric Research) RV
“Tangaroa”. The otoliths (sagitta) were dry-stored in paper envelopes with labels on the
catch (date, set number) to be linked to the fishing master logbook. The mentioned fishing
methods are described in [20–24].
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Figure 1. The sites (circles) where otoliths of blue antimora Antimora rostrata in the waters of New
Zealand and off Macquarie Island were sampled.

A total of 110 individuals were caught off the Macquarie Island from depths of
602–2162 m (1450.5 ± 36.8 m) (mean ± standard error) and 125 individuals were caught
in New Zealand waters from depths of 1161–1276 m (1208.0 ± 4.3 m). Total body length
(TL) and body weight was registered in every specimen along with the specimen’s sex,
when possible, using methods described in [25,26]. Sex was determined visually at the
macroscopic level. Of the 110 fish caught off the Macquarie Island, sex was determined
for 103 specimens (44 females and 59 males) and the other seven specimens were unsexed.
Only a single otolith (0.9%) was unsuitable for age reading. Of the 125 fish caught in New
Zealand waters, sex was determined in 94 specimens (59 females and 35 males) and the
other 31 specimens were unsexed. Otoliths were extracted from 95 fish, of which 4 (4.2%)
were unsuitable for age readings.

The extraction of sagittal otoliths was carried out along with biological analyses of
specimens onboard the ship. Then the otoliths were transported to a land-based laboratory,
where they were measured and weighed and where the fish’s age was determined. In order



J. Mar. Sci. Eng. 2022, 10, 956 3 of 17

to register an otolith’s length an electronic caliper (Kraftool GmbH, Löningen, Germany)
with an accuracy of 0.01 mm was used. Then the otoliths were weighed on an electronic
scale (Sartorius GmbH, Goettingen, Germany) with an accuracy of 0.001 g.

A popular method of age estimation using otoliths, which was successfully applied to
demersal (including deep-water) fish inhabiting waters along the west coast of the USA
and Canada [27], is ‘break and burn’. As species of genus Antimora, along with many
other deep-sea fishes, can be probably considered as long-lived [8,9,15–19,28–31], we used
methods that were created exactly for long-lived deep-sea species [32].

Otoliths were broken transversely in half with a lancet and baked in the flame of
an alcohol burner. Then, if necessary, some of the otoliths were polished with the use of
abrasive discs with aluminium-oxide- or silicon-carbide-coated grit of 0.1−0.9 µm (Buehler,
Chicago, IL, USA). In case of every single otolith the ability to proceed to further analysis
depended on the results of visual observations. The surfaces of otoliths were examined at
1 × 20–40 magnification with the use of a trinocular microscope (Olympus SXZ12) with a
DFPLAPO 1 × PF lens. Otolith surfaces were coated with glycerine and illuminated with
reflected light (Figure 2).
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Figure 2. Cross-sections of otoliths of blue antimora Antimora rostrata from waters of New Zealand
(a–c) and off the Macquarie Island (d–f): (a)—TL 28.0 cm, 13 years; (b)—TL 32.0 cm, 24 years;
(c)—52.2 cm, 36 years; (d)—TL 40.4 cm, 21 years; (e)—TL 60.5 cm, 31 years; (f)—TL 65.9 cm, 41 years
(dots are annual growth zones, TL = total length).

In total, 200 otoliths (109 from the Macquarie Island and 91 from New Zealand waters)
were analyzed based on the estimations made by three independent readers. The average
percent error (APE) index was calculated using the methods suggested by Beamish and
Fournier [33] for comparison of age determinations by several readers. Age of each indi-
vidual fish was determined as a mean age based on three independent readings. Between-
reader age determinations were based on pairwise comparisons and were considered
consistent if APE values were less than 10% [34].

Before comparing samples from the Macquarie Island and New Zealand waters,
the ratios between age and total length were tested for normality using Shapiro–Wilk
test, with significance set at p ≤ 0.05. Data from the Macquarie Island demonstrated
normal distribution (W = 0.9128, p = 0.00001), while data from the New Zealand waters
(W = 0.9821, p = 0.1546) appeared to be distributed not normally. In order to further
compare the data sets we applied non-parametric Mann–Whitney U tests. We found
support for a statistically significant difference in ratios between the age and total length
between samples from the Macquarie Island and New Zealand waters (Mann–Whitney U
test, W = 987.0, p = 2.0 × 10−21) (Figure 3). We therefore subsequently split the data from
both regions for further analyses.



J. Mar. Sci. Eng. 2022, 10, 956 4 of 17

J. Mar. Sci. Eng. 2022, 10, x FOR PEER REVIEW  4  of  18 
 

 

samples from the Macquarie Island and New Zealand waters (Mann–Whitney U test, W = 

987.0, p = 2.0*10‐21) (Figure 3). We therefore subsequently split the data from both regions 

for further analyses. 

 

Figure 3. Comparison of age estimations (mean size at age) of blue antimora Antimora rostrata in 

waters of New Zealand (1) and off the Macquarie Island (2). Limits are minimum and maximum 

ages estimated. 

Fisher’s  exact  tests were  used  to  assess  relationships  between  the  TL  and  body 

weight, length and weight of the otolith, TL and otolith weight, as well as age and otolith 

weight. Test outputs were calculated in MS Excel®. The value of the determination coef‐

ficient  (R2) was  estimated by  the  least  squares method, bringing  the dependence  to a 

linear form [30]. 

Age  curves were plotted  and  the  coefficients of Von Bertalanffy growth  function 

(VBGF) were calculated using PAST version 3.14 software [35]. 

The average specific rate of growth was estimated by the following equation [36,37]: 

𝐶  
,   

where 

Ln + 1 and Ln is fish mean body length at the age of tn + 1 and tn, respectively. 

3. Results 

In New Zealand waters, blue antimora were sampled by bottom trawls and thus the 

fish were  smaller. The species was  represented  in catches by  individuals 22.5–52.5  cm 

long (mean 37.4 ± 0.6 cm) weighing between 70–1105 g (mean 409.6 ± 30.3 g). The majority 

of specimens were 30–40 cm long (66.4%) and <500 g in weight (76.3%). 

Off the Macquarie Island, the otoliths were collected from representative samples of 

commercial catches of bottom longlines. Therefore, the fish caught here were compara‐

tively large with a TL ranging from 37.6 cm to 71.1 cm (smaller specimens were not found 

in catches due to selectivity of long lines). Fish with a TL of 50–60 cm (46.6%) were most 

numerous  in catches with a mean  length of 57.6 ± 0.7 cm. The mean weight of  fish  in 

catches was 1524.5 ± 60.8 g with minimum and maximum values of 350 and 3600 g re‐

spectively. Specimens weighing 1500–2000 g made up 35.9% of the catch. 

Figure 3. Comparison of age estimations (mean size at age) of blue antimora Antimora rostrata in
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Fisher’s exact tests were used to assess relationships between the TL and body weight,
length and weight of the otolith, TL and otolith weight, as well as age and otolith weight.
Test outputs were calculated in MS Excel®. The value of the determination coefficient (R2)
was estimated by the least squares method, bringing the dependence to a linear form [30].

Age curves were plotted and the coefficients of Von Bertalanffy growth function
(VBGF) were calculated using PAST version 3.14 software [35].

The average specific rate of growth was estimated by the following equation [36,37]:

C =
ln Ln+1 − ln Ln

tn+1 − tn
,

where
Ln + 1 and Ln is fish mean body length at the age of tn + 1 and tn, respectively.

3. Results

In New Zealand waters, blue antimora were sampled by bottom trawls and thus the
fish were smaller. The species was represented in catches by individuals 22.5–52.5 cm long
(mean 37.4 ± 0.6 cm) weighing between 70–1105 g (mean 409.6 ± 30.3 g). The majority of
specimens were 30–40 cm long (66.4%) and <500 g in weight (76.3%).

Off the Macquarie Island, the otoliths were collected from representative samples of
commercial catches of bottom longlines. Therefore, the fish caught here were comparatively
large with a TL ranging from 37.6 cm to 71.1 cm (smaller specimens were not found in
catches due to selectivity of long lines). Fish with a TL of 50–60 cm (46.6%) were most
numerous in catches with a mean length of 57.6 ± 0.7 cm. The mean weight of fish in catches
was 1524.5 ± 60.8 g with minimum and maximum values of 350 and 3600 g respectively.
Specimens weighing 1500–2000 g made up 35.9% of the catch.

The relationship between total length (TL, cm) and weight (W, g) of blue antimora for
New Zealand waters was better described by a power function (Figure 4a):

BW = 0.0011 × TL3.4738 (R2 = 0.969, statistically significant at p < 0.01).
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For the Macquarie Island waters this equation was (Figure 4b):

BW = 0.0008 × TL3.5469 (R2 = 0.920, statistically significant at p < 0.01).

Females were more numerous in catches off New Zealand (females 47.2%, males 3.0%,
unsexed 24.8%), while males were caught more often than females off the Macquarie Island
(males 53.6%, females 40.0%, unsexed 6.4%). The proportion of males and females among
various size classes in both study areas was different (Figure 5). In New Zealand waters,
the proportion of males in bottom trawl catches decreased with size increasing. However,
proportion of males and females was equal in 20–30 cm size class while males were absent
among fish with TL > 45 cm. Off the Macquarie Island, the maximum proportion of males
in longline catches (100%) occurred in 35–40 cm size class, decreasing down to 30% in
individuals >70 cm long.

Females captured were slightly longer and heavier than males. In New Zealand waters,
mean total length and weight of females were 39.6 ± 0.1 cm and 605.0 ± 57.7 g while
corresponding values for males were 34.5 ± 0.6 cm and 283.3 ± 19.0 g. Off the Macquarie
Island, mean total length of females and males was 58.8 ± 1.1 cm and 57.5 ± 0.8 cm,
respectively, and mean weight was 1617.1 ± 101.5 g vs. 1512.1 ± 78.6 g, respectively.
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Figure 5. Sex ratio of blue antimora Antimora rostrata in bottom trawl catches in waters of New
Zealand (a) and in longline catches off the Macquarie Island (b): 1—males, 2—females.

In New Zealand waters, otoliths’ weight ranged from 0.092 to 0.411 g, mean value
being 0.207 ± 0.01 g, while otoliths’ length ranged from 9.77 to 18.58 mm, with a mean
of 13.19 ± 0.2 mm. The relationship between the length (Lo, mm) and weight (Wo, g) of
otoliths (Figure 6a) can be described by a power function:

Wo = 0.0004 × Lo2.4495 (R2 = 0.8543, p < 0.001).

Off the Macquarie Island, otoliths’ weight ranged from 0.217 to 0.478 g, mean value
being 0.347 ± 0.005 g, while otoliths’ length ranged from 12.35 to 19.21 mm, with a mean of
16.36 ± 0.14 mm. The relationship between the length and weight of otoliths (Figure 6b)
can be described by the following formula:

Wo = 0.0075 × Lo1.3669 (R2 = 0.4232, p < 0.001).
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Figure 6. Relationship between otolith weight (Wo) and otolith length (Lo) of blue antimora Antimora
rostrata in waters of New Zealand (a) and off Macquarie Island (b).

Our analysis shows that the power function is more suitable for describing this re-
lationship than a linear one. This fact suggests that an otolith gets increasingly bulky as
it grows.

The otolith weight (Wo, g) positively correlates with the total length (TL, cm) of the
specimen. The relationship between the mentioned parameters (Figure 7) can be described
by a power function. For New Zealand waters this equation looks like:

Wo = 0.0003 × TL1.7969 (R2 = 0.795, p < 0.001).

For the Macquarie Island waters it can be described by the following formula:

Wo = 0.004 × TL1.1001 (R2 = 0.600, p < 0.001).

The power function describes this relationship better than a linear one.
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Figure 7. Relationship between otolith weight (Wo) and total length (TL) of blue antimora Antimora
rostrata in waters of New Zealand (a) and off Macquarie Island (b).

In New Zealand waters, bottom trawl catches were represented by individuals (if the
rings in blue antimora otoliths really represent annuli) 11–38 years old (Figure 8), mean
age being 26.0 ± 0.6 years. The APE indexes for readers 1, 2 and 3 equaled 8.0%, 4.5%
and 8.7% respectively, thus our age estimations might be considered as comparatively
repeatable. The most abundant age classes consisted of specimens aged 21–23 years (12.1%),
28–29 years (17.6%), and 32 years (6.6%) (Figure 9a).

In longline catches off the Macquarie Island, blue antimora were aged 20 to 44 years
(Figure 8) with a mean age of 31.7 ± 0.5 years. The APE indexes for readers 1, 2 and 3
equaled 8.0%, 4.0% and 8.1% respectively, thus our age estimations might be considered
as comparatively repeatable. The most abundant age class consisted of specimens aged
33–34 years (25.7%) (Figure 9b).

The youngest male in bottom trawl catches in New Zealand waters was aged 17 years
with a TL of 31.0 (see Figure 8), while the oldest one was 32 years old with a TL of 40.9. The
mean age of males was 25.0 ± 0.7 years. The youngest female in catches was aged 11 years
with a TL of 22.5 cm, while the oldest one was 38 years old with a TL of 51.2 cm. The mean
age of females was 26.0 ± 0.9 years.
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Figure 8. Fitted von Bertalanffy curve to growth data of blue antimora Antimora rostrata in waters of
New Zealand (1–3) and off Macquarie Island (4–6): 1, 4—males, 2, 5—females, 3, 6—all specimens
examined (males, females, and unsexed).
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The youngest male in longline catches off the Macquarie Island was aged 23 years
with a TL of 37.6 cm (see Figure 8) while the oldest age of 44 years was recorded for a
male 67.5 cm long. The mean age of males was 30.9 ± 0.7 years. The youngest of all
females caught in the Macquarie Island waters was aged 20 years with a TL of 40.6 cm,
while the oldest one was 40 years old with a TL of 65.9 cm. The mean age of females was
33.3 ± 0.7 years.

The relationship between the age of fish (A, years) and the weight of otoliths (Wo, g)
can be better described by a power equation (Figure 10). For the New Zealand waters this
equation is as follows:

Wo = 0.0054 × A1.228 (R2 = 0.634; p < 0.001),

while for the Macquarie Island waters it looks like:

Wo = 0.0311 × A0.695 (R2 = 0.409; p < 0.001)
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waters of New Zealand (a) and off Macquarie Island (b).

The VBGF describing the growth for New Zealand waters has the following parameters
for males: L∞ = 325.6, k = 0.003, t0 = −19.2 (R2 = 0.66), while for females they were as
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follows: L∞ = 1121.1, k = 0.001, t0 = −8.6 (R2 = 0.69). The corresponding values of VBGF
parameters for the Macquarie Island waters were 69.0, 0.10, and 12.6 while for females they
made up 71.5, 0.05, and 5.9.

Despite the different parameters of the VBGF describing the growth of blue antimora
in both study areas, calculations of the specific growth rate (Figure 11) revealed a very
similar pattern. For both areas, decreasing in annual growth increments was observed up
to 27 years with some increasing of this parameter at the age of 28 years and its subsequent
gradual decreasing up to the maximum ages.
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4. Discussion

The results of this work point that blue antimora sex ratio varies in different regions
depending on the type of fishing gear used as well as on the depth investigated. While
longlines are more selective regarding fish size, they provide larger fish that happen to be
mostly females among blue hake. This is true for many of the data provided, but it does
not yet offer a reasonable explanation in our case. However, this inconsistence might be
associated with shallower depths (minimum 602 m) of fishing. A number of publications
on blue antimora analyzing various regions and depths demonstrate different values of sex
proportion. In the northwestern Atlantic, domination of males was observed at the depth of
500 m, though percentage of females grew along with increasing of depth [7]. This matches
the results of another study that took place in Greenland waters, where females were also
more abundant at depths exceeding 900 m [18]. On the other hand, in the waters along the
North Atlantic coast of the USA the proportion of males was greater even at depths up
to 1500 m [11]. In the Indian Ocean, blue antimora populations demonstrate considerable
difference of sex ratio compared to the North Atlantic. In a study on underwater Indo-
Oceanic ridges observing depths from 900 to 1700 m, percentage of males and females was
almost equal on the Southwest Indian Ridge, while sex ratio (1:1,2-1,4) in other regions
demonstrated minor prevalence of females [13]. In the Southern Ocean, the proportion of
males in populations of the Lazarev and Weddell seas exceeded that of females at depths of
1100–1800 m [15]. Moreover, at depths ranging 800 to 2000 m in the Ross Sea, females made
up to 90% of the catch [9], this corresponds well with the results of a study on Kerguelen
and Crozet Islands (78% of females) [17]. In contrast to the latter data, in our catches males
were more abundant than females (53.4% vs. 40.8%).

As it has been noticed in most studies [8,9,16–18] determination of age for blue an-
timora is complicated by some uncertainty in interpreting the otolith zones, which we also
have encountered in our study. In this publication we identify every visible ring as annulus
similarly to our previous research in which age estimations remained invalidated. However,
our recent study [38] has demonstrated similarity of the number of rings found on otoliths
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and vertebrae in most cases. Consequently, we suppose that otolith and vertebrae rings are
both laid annually. Though deep-sea habitats lack distinct seasonality, at high latitudes,
alterations in the flow of organic matter incoming to the deep-sea layers are caused by
seasonal changes on the surface (daylight duration, temperature, etc.). Therefore, these
changes can influence total productivity of deep waters and amount of food available for
deep-sea species.

The previously mentioned selectivity of commercial longlining, providing mostly
large fish, explains rather narrow size range of our samples. This leads to low R2 value
calculated for correlation of a blue antimora’s length and the weight of the otoliths, same as
of the weight of otoliths and a sample’s age. The research that took place in the waters near
southwestern Greenland confirms our conclusion [18]: for juvenile specimens between 18
and 42 cm long R2 value equals to 0.58, when for females that had a larger size spread
(21–70 cm) R2 was 0.95.

Results obtained from studies on growth rates of female and male blue antimora do
not match completely, a problem probably connected with the mentioned difficulties in
age estimations for long-lived deep-water fish. In the Icelandic waters, females were on
average larger than males of the same age [15], though this phenomenon was confirmed
neither in waters off Greenland and the Mid-Atlantic Ridge [8], nor in the Ross Sea and off
New Zealand [9]. In the waters off southwestern Greenland, during the first 14 years of
their life female blue antimoras grow slower than males, while at the age of 15–16 years
both females and males have similar growth rates in weight and length. In the following
years, females become significantly longer and heavier than males [18]. As for the area of
our research, male blue antimora were on average smaller (57.5 vs. 58.8 cm and 586 vs.
659 g) and younger (30.5 vs. 31.6 years) than females. This is probably caused by females’
higher growth rate as well as their considerably longer life span [8,9].

Age distribution of the samples of blue antimora varies between different regions.
In the waters of the Mid-Atlantic Ridge, catches included fish aged 6–25 years, most
individuals being older than 10 years, while in Greenland waters the fish’s age ranged from
1 to 20 years with the majority of individuals being younger than 10 years [8]. Summarizing
the above statement, specimens varying in age from 7 to 14 years were mainly presented
in the catches from both regions. Specimens from the Ross Sea varied in age from 11
to 41 years, while their New Zealand counterparts were from 4 to 28 years old [9]. The
age of fish caught off southwestern Greenland was estimated from 7 to 38 years with a
dominant share of individuals from 11 to 21 years [18], at the same time the catches from
the Lazarev and Weddell Seas were presented mainly by 25–27-year-old fish [16] and 28, 29,
and 34 year-old fish were most numerous (26%) off Kerguelen and Crozet Islands [17]. In
the samples caught by our team, age distribution can be organized in the following groups:
32 years (13%), 29 years (11%) and 28, 33 and 34 years (9% each), totaling altogether in
47% of the catch. Since older and bigger blue antimoras are known to dwell in deeper
waters [2], the mentioned incongruities of the results from different surveys probably come
from different catching conditions, especially depth. The fact that female blue antimoras are
on average older than males can also be the reason of result variations from different areas
connected with differences in sex ratio. Those incongruities could also be partly caused by
specific fishing gear (trawls and longlines) used in different studies. Longlines were used
in the Ross, Lazarev and Weddell Seas and the waters of Kerguelen and Crozet Islands
and Macquarie Island [9,16,17], and our data, which inevitably provided larger and older
specimens compared to those caught in the North Atlantic and off Greenland and New
Zealand [8,9,18]. Usage of survey gear with smaller hooks and smaller mesh lead to larger
percentage of small specimens in the catch [7].

The considerably overestimated values of L∞ in blue antimora from New Zealand
waters can be explained by the small number of the sample and the very low number of
large males and females in bottom trawl catches. The almost lack of large males in the
catches were also previously observed in some other parts of its range, e.g., Lazarev and
Weddell seas [15], waters of Greenland and Mid-Atlantic Ridge [8], Flemish Cap area [19]
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where overestimated values of L∞ occurred as well. Another reason for L∞ overestimation
in New Zealand waters might be associated with the fact that in this area, blue antimora
demonstrate an almost linear growth that was also observed in the Flemish Cap area [19].
It is known that in some fish species, growth can be linear not only during a certain stage
of the life cycle but also throughout the whole life [39,40].

The growth curve for specimens of blue antimora from Macquarie Island (our data) be-
ing compared (Figure 12, Table 1) to those for the Ross Sea [9], the waters off Greenland [18],
the Lazarev and Weddell Seas [16], and Kerguelen and Crozet Islands [17] revealed un-
deniable resemblance. On the other hand, these results differ quite significantly from
those obtained off the coast of New Zealand [9], and our data, Iceland [15], and the North
Atlantic [8]. Blue antimoras from New Zealand waters [9], and our data, along with those
from Flemish Cap area [19] show the slowest growth rates, while in the North Atlantic [8],
this species demonstrates the fastest growth as compared to the other parts of the species’
range. One of the possible reasons for the slow growth of blue antimora in the northwestern
Atlantic and New Zealand waters might be its high abundance in these areas [5,7] since it is
known that density factor in the population may considerably impact the growth rate of its
individuals [41]. At the same time, considerably different age and growth characteristics of
blue antimora in New Zealand waters and off the Macquarie Island may testify to existence
of different populations in these areas. However, further genetic research is needed toward
evaluation of population structure of blue antimora in southwestern Pacific and adjacent
Southern Ocean as well as in other parts its wide range [5,42].
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Figure 12. The growth of blue antimora Antimora rostrata in various parts of the species’ range:
1—Flemish Cap [19], 2—Greenland and Mid-Atlantic Ridge [8], 3—Southwestern Greenland [18],
4—Iceland [15], 5—Lazarev and Weddell seas [16], 6—Kerguelen and Crozet Islands [17], 7—Ross
Sea [9], 8—Macquarie Island (our data), 9—New Zealand [9], 10—New Zealand (our data).
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Table 1. The parameters of von Bertalanffy growth equation of blue antimora Antimora rostrata in
different regions.

L∞ (TL) k t0

Flemish-cap [19]
M (96) 201.1 0.008 −4.47
F (93) 106.6 0.018 −1.62

M+F+J (195) 142.9 0.012 −2.96

MAR and Greenland [8]
M (68) 2332.00 0.0016 −1.74
F (170) 71.86 0.14 1.52

M+F+J (257) 81.70 0.10 0.98

Southwestern Greenland [18]
M (77) 74.17 0.062 1.14
F (92) 82.58 0.036 0.89

M+F+J (200) 76.82 0.057 1.11

Iceland [15] M+F+J (57) 61.37 0.089 0.205

Lazarev and Weddell seas [16]
M (38) 79.90 0.060 1.23
F (29) 165.45 0.012 0.87

M+F+J (110) 82.25 0.050 1.09

Kerguelen and Crozet Islands [17] M+F+J (148) 77.5 0.053 1.29

Ross Sea [9] M+F (192) 82.2 0.047 −0.6

Macquarie Island (our data)
M (59) 69.0 0.10 12.6
F (43) 71.5 0.05 5.9

M+F+J (109) 72.4 0.08 9.95

New Zealand [9] M+F+J (48) 50.8 0.056 −3.2

New Zealand (our data)
M (28) 325.6 0.003 −19.2
F (56) 1121.1 0.001 −8.6

M+F+J (91) 1118.9.9 0.001 −8.8

5. Conclusions

The resemblance of growth patterns demonstrated for Antimora rostrata in the Ross,
Lazarev and Weddell seas, waters of Kerguelen, Crozet, and Macquarie Islands might
witness existence of a single population inhabiting the Southern Ocean. This sugges-
tion might be proved by recent molecular-genetic research [5,42]. These research studies
also demonstrated a difference in haplotype composition between blue antimora speci-
mens from the Southern Ocean and the North Atlantic. Nevertheless, antimora’s growth
patterns in the Southern Ocean and Greenland waters show significant similarity, this
might be caused by the similar habitat conditions in both regions (temperature, forage
conditions, etc.). The same might be concluded regarding growth characteristics of blue
antimora in New Zealand waters and Flemish Cap area, where individuals demonstrate
quite similar growth.

Despite the number of studies dealing with age and growth of blue antimora that were
recently conducted, its age determinations require further investigation in order to validate
the annual deposition of rings and confirm the real age. An attempt was made to estimate
the age of blue antimora congener, Pacific flatnose A. microlepis, with the use of vertebrae
reading [38]. The results showed a similar number of rings on otoliths and vertebrae
taken from the same fish. These results suggest that vertebrae annuli may provide useful
supplemental information for determining age of deep-sea fish species. Also, a correct
comparison of several research studies requires confirmation that all readers used one
otolith zone interpretation method. However, it is necessary to apply validation techniques
based on Pb-210/Ra-226 disequilibrium [43,44]. The first attempt in this direction was
undertaken recently. Elemental composition of A. rostrata and A. microlepis otoliths was
studied [45]. The results demonstrated sufficiency of Pb concentrations for further age
validation research based on Pb-210/Ra-226 disequilibrium.
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With existing fishing methods and depth coverage catching the juvenile part of the
population is impossible yet so far, this hinders us from introducing another bias in the
growth curves. Therefore, in future studies, targeting juveniles is required to improve age
estimations for the younger specimens examined just after nucleus formation.
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