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Abstract

This paper describes the results of fishing a single krill aggregation with a commercial
trawl RT 72/308 and an Isaacs-Kidd midwater research trawl (IKMT). The commercial
trawl catches contained more large krill (35-58 mm) than catches of the research trawl
(30-54 mm). The maximum difference in mean length in catches made by both trawls
was AL = 6.2 mm. Statistically significant variability in krill length composition was
observed between catches made by the research trawl, while in commercial trawl
catches krill length composition hardly varied at all. Statistical analysis of catches
showed that when it comes to obtaining representative trawl samples, estimates of
length composition in krill catches made using the commercial RT 72/308 trawl are
more accurate than those obtained using the IKMT research trawl. The two types of
trawl have different catchability characteristics: the research trawl is better at retaining
small krill, while the opposite is true for the commercial trawl. Consequently, estimates
of krill length based on data obtained using either commercial or research trawls will be
biased and contain systematic errors, mainly due to the selectivity properties of the
trawls. The various selectivity properties of the trawl used in acoustic surveys have
different effects on the accuracy of krill abundance and biomass estimates. Estimates of
krill mass density (g/m?) and biomass are less dependent upon the selectivity properties
of trawls used in acoustic surveys than are estimates of krill numerical density
(numbers/m?) and abundance.

Résumé

L’auteur donne les résultats de I'exploitation d’une concentration de krill par un chalut
commercial de type RT 72/308 et un chalut pélagique de recherche Isaacs-Kidd (IKMT).
Les captures du chalut commercial contiennent davantage de krill de grande taille
(35-58 mm) que celles du chalut de recherche (30-54 mm). La différence maximale de
longueur moyenne dans les captures effectuées par les deux chaluts est AL = 6.2 mm.
Une varjabilité importante sur le plan statistique de la composition en longueurs du krill
est observée dans les captures du chalut de recherche, alors que dans les captures du
chalut commercial, la composition en longueurs varie a peine. L’analyse statistique des
captures montre que lorsqu’il s’agit d’obtenir des échantillons représentatifs des chaluts,
les estimations de la composition en longueurs des captures de krill provenant du chalut
commercial de type RT 72/308 sont plus précises que celles provenant du chalut de
recherche de type IKMT. Les deux types de chalut ont des caractéristiques de
capturabilité différentes : le chalut de recherche retient davantage le krill de petite taille
alors que c’est le contraire pour le chalut commercial. En conséquence, les estimations
de longueurs de krill fondées sur des données provenant de ces deux chaluts seront
biaisées et contiendront des erreurs systématiques dues principalement au
caractéristiques de sélectivité de ces deux engins. Les diverses caractéristiques de
sélectivité des chaluts utilisés dans les campagnes d’évaluation acoustique influent
différemment sur la précision des estimations de I'abondance et de la biomasse de krill.
Les estimations de la densité de la masse de krill (g/m?) et de la biomasse de celui-ci
sont moins dépendantes des caractéristiques de sélectivité des chaluts utilisés dans les
campagnes d’évaluation acoustiques que ne le sont les estimations de la densité
numérique (nombre/m?) et de I'abondance de krill.

Pesrome

B HacTosuieil paboTe OnucaHbl pe3yIbTaThl 00JI0Ba ONHON B TOH Ke arperauun Kpuist
JBYMS TUHAMU MENArdYeCKUX KPUJISBBIX TPasiOB: COBPEMCHHBIM NPOMBICIOBBIM
Tpajiom 72/308 u ucciemoBaTesbcKuM TpasioM Aiizexca- uaga (IKMT). B yJsioax
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HPOMBICJIOBOTO Tpasla MpHCYTCTBOBaJ DOoee KpynHbiil Kpi/ib (35-58 Mmm), uem B
yJIOBax HccjefonaTe1bckoro Tpana (30-54 mm). MakcumanbHOE PacXxoXaeHue
CPENHUX [UTMH KPHJISL B yJIOBaX ABYX TpajioB cocTaBusio AL = 6,2 mm. Ilpu atom
pa3sMepHBiil cocTap KPHJIsl B YJIOBaX HCCIACHOBATEIBCKOrO TPasia U3MEHSJICS OT
TpaJIeHUst K TPaJIcHHIO, B TO BPeMsi KaK pa3MEpPHBIH COCTaB KPUJIst B yJIOBax
TIPOMBICJIOBOTO TpaJia MpakTHUecky He MeHascs. CTaTuCTHUeCKuil aHATH? noKasad,
YTO C TOUKH 3PEHHS] OAHOPOIHOCTH TPAJIOBBIX BHIOOPOK, OLEHKA Pa3MEPHOTO COCTARA
KPHJIS N0 yJ0BaM NPOMBbIcoBoro tpana 72/308 GymeT Sostee TOUHOIl, YeM TO
yJ0oBaM uccsegosarennckoro tpasa IKMT. PaccmarpuBaembie Tunbl Tpasios
006J1a0aK0T Pa3JIMUYHBIMH YJIABJIMBAIOIIMMH CBOHCTBaMu. VICC/IeMOBATE/IBCKUM TPAJIOM
IKMT 6oniee ycnemHo OyayT YAEPXKUBATBCA MeJIKHE padukH, 4eM KpynHble ocodu. B
yJI0BaX MPOMBICJIOBOr0 Tpajia KapruHa Oyaer oOpatHas. [10aTOMY, OUEHKH [IJTHHBL
KpHJIsl, ToJiydaeMble 10 [OaHHBIM YJIOBOB KakK IIPOMBICJIOBOro, TakK W
HCCJIEAOBATENBCKOTO TPAaJsOB, SBASIOTCH CMEIIEHHABIMA W COMACPXKAT
cUCTeMaTHUECKHe OUIHOKH, 0OYCITORJICHHBIC, MPEXK /e BCETO, CENCKTUPYIOMUMU
cBoiicTBamMu TpastoB. CesIeKTUPYOIIHE CBOHCTBA TpaJla, HCHNOJIb3yeMOro Ha
3XOCBEMKaxX, MO-Pa3HOMY OKa3BIBAKOT BJIHSHHE Ha TOUHOCTB MOJIyYAEMBIX OLIEHOK
YHUCJICHHOCTH U Ouomacchl Kpuas. OUeHK# BeCOBOH naoTHocTH (r/m?) Kpus u
duomMacchl MEHbBINE 3ABUCAT OT CENEKTHPYIOWUNX CBOHCTB HCNOJIB3yeMOro Ha
IXOCHEMKAX TpaJia, YeM OUEHKH YHCJIEHHON MJTOTHOCTH (IUT/M?) H UHCJIEHHOCTH
KPHJITSL.

Resumen

Este documento describe los resultados de la pesca de arrastre de una agregacion de kril
realizada mediante una red comercial RT 72/308 y una red de investigacion Isaacs-Kidd
de arrastre peldgico (IKMT). Las capturas de la red de arrastre comercial contenian
mayor cantidad de kril de tallas grandes (35-58 mm) que las capturas de la red de
arrastre de investigacion (30-54 mm). La diferencia maxima entre los promedios de las
tallas de las capturas de ambas redes fue de AL = 6.2 mm. Se observé una variabilidad
estadisticamente significativa de la composicién por tallas de kril de las capturas
efectuadas por la red de arrastre de investigacién, mientras que en las capturas de la red
de arrastre comercial la composicién por tallas apenas varié. El andlisis estadistico de
las capturas demostrd que en la obtencién de muestras representativas del arrastre, las
estimaciones de la composicion por tallas de las capturas de kril efectuadas a partir de
muestras de la red de arrastre comercial RT 72/308 eran més exactas que las
estimaciones obtenidas de muestras de la red de arrastre de investigaciéon IKMT. Los
dos tipos de redes de arrastre tienen distintas caracteristicas con respecto a la
capturabilidad: la retencién de kril de tamafio pequefio es mejor en la red de arrastre de
investigacion, en tanto que con la red de arrastre comercial ocurre lo contrario.
Consecuentemente, las estimaciones de la talla de kril basadas en datos obtenidos de
arrastres comerciales o de investigacién estardn sesgadas e incluirdn errores
sistematicos, debido, sobre todo, a las caracteristicas de selectividad de los arrastres. Las
distintas caracteristicas de selectividad del arrastre utilizado en las prospecciones
actsticas tienen efectos distintos en la exactitud de las estimaciones de abundancia y
biomasa de kril. Las estimaciones de la densidad de la biomasa de kril (g/m?) y de la
biomasa dependen en menor grado de las caracteristicas de selectividad de los arrastres
utilizados en las prospecciones actisticas que las estimaciones de la densidad numérica
de kril (ntimero/m?) y de la abundancia.

Keywords: biomass surveys, krill, sampling, selectivity, trawl, CCAMLR

INTRODUCTION

Currently the main source of information on
the length-weight composition of krill
aggregations present during census surveys of
one type or another is trawl haul data. In practice
both commercial and pelagic research trawls are
widely used. Each pelagic trawl, however, has its
own catchability and selectivity properties,
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therefore the question of length-weight estimates
obtained using traw] data is one which needs to
be investigated.

During recent years one of the main methods
of estimating krill biomass and distribution has
been acoustic surveys, in which krill target
strength (TS) has been calculated according to
length (L) using the regression equation TS = f(L)
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Table 1:  Details of trawl sampling stations.
RT 72/308 IKMT

Station Location Time Catch Station Location Time Catch

(tonnes) (kg)

1 60°44'2"S 16:45 — 17:15 7.0 1 60°44'0”S 15:40 — 16:10 22.0
55°21"8"W 55°21'3"W

2 60°44’'5”S 21:25 - 21:55 7.0 2 60°44°0”S 20:30 — 21:00 65.0
55°19'5"W 55°20'8"W

3 60°46°3”S 02:25 —~ 02:55 5.0 3 60°46'2”S 00:53 — 01:23 45.0
55°23'8"W 55°21'6"W

(SC-CAMLR, 1991). The primary acoustic
parameter, MSBS (mean surface backscattering
strength), is determined during surveys using
modern calibrated equipment (e.g. EK-500/
BI-500), while this value (MSBS) is converted into
absolute density (number/m?) using krill length
composition in swarms as derived from samples
taken by pelagic krill trawls, which is not an
effective means of taking measurements.
Therefore, when analysing the many factors which
affect the accuracy of krill density estimates
during acoustic surveys, it is necessary to take into
account such factors as the use of pelagic trawls to
determine krill length-weight composition.

MATERIAL AND METHODS

The survey was carried out in the Elephant Island
area in January, 1985. The same krill aggregation
was fished by two types of trawl: an Isaacs-Kidd
midwater research trawl (IKMT) modified by
Samyshev and Aseev (RV Evrika), and an RT 72 /308
commercial trawl (RV Argus). Trawling duration
was 30 minutes and trawling speed was 3.5 knots.

The IKMT is a midwater trawl with a length of
26.8 m along the belly line. The trawl bag has no
rope or large-mesh sections. Therefore, the
effective catching zone of the IKMT begins
immediately at the trawl mouth. The trawl
opening (7 m?) is maintained during fishing
operations by means of a special device (a
depressor). The trawl is made of 5-millimetre
mesh size netting and is covered by a
double-meshed chafer (mesh size — 20 mm) which
protects the codend against mechanical wear and
tear. The trawl is towed with a single wire.

Unlike the IKMT research trawl, the
commercial trawl RT 72/308 is equipped with
trawl boards and bridles and has rope and
large-mesh sections in the trawl bag. The length

of the trawl belly line is 182 m, the height of the
trawl mouth is 35 m, while its area
(approximately 1 109 m?) is significantly greater
than that of the IKMT trawl.

A total of 10 hauls were made with the IKMT
trawl and five hauls with the commercial trawl.
Only results obtained for hauls made on the same
krill aggregation were used for comparative
analysis. Three hauls for each type of trawl, made
as the vessels followed one another and trawled
along the same course with only a small time
difference between hauls, were selected for
comparative analysis (Table 1).

All krill measurements were carried out by the
same scientific observer and all samples were
sorted by 2 mm length classes.

RESULTS

In general, krill aggregations fished during the
day were recorded by hydroacoustic equipment
as a field of swarms. At night krill were
concentrated in the upper depth layer of 0 to 40 m
and were observed as either individual swarms or
as a near-surface dispersed layer (Table 2).

Table 2:  Parameters of krill swarm.
Parameter Mean (Y%
(m) %
Depth layer of distribution 39
Depthof upperedge 30 53
Vertical length 7 43
Horizontal length 29 54

All krill specimens were found to be
prespawners. Analysis of stomach content
showed that krill were feeding actively over
24-hour periods.
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According to Miller (1990), in most cases a
minimum of 100 individuals should be sampled
to determine statistically significant differences in
krill length between hauls. Clearly, the trawl
samples obtained for this analysis are sufficiently
representative of krill length distribution in
catches (see Table 3).

Krill Length Distribution

Histograms of krill length distribution in each
catch and summary length data are shown in
Figures 1 and 2 and statistics of samples are given
in Table 3.

There was a manifest difference in krill length
composition between the two types of trawl — the
commercial trawl caught larger individuals
(35-58 mm) than the IKMT trawl (30-54 mm) (see
Figures 1 to 3). The maximum difference between

mean krill length in catches made by the two
trawls was 6.2 mm, i.e. more than three length
classes (Table 3). A comparison of length
frequency distributions (%) of krill in catches
clearly shows the differences in the selectivity
properties of the two types of trawl (see Figures 1
and 2).

The differences between krill length
distributions in catches made by the two types of
trawl were verified using a Kolmogorov-Smirnov
test (A). The significance of differences in krill
length frequency distributions in catches made by
the two types of trawl was estimated at a
probability P(A) = 0.95. Calculations demonstrated
statistically significant differences in the size
composition of krill in samples taken from the
commercial and research trawls. From this, one
may conclude that samples were taken from two
separate statistical populations which would be
the case when fishing different krill aggregations.
In actual fact, one aggregation was fished. The
term ‘statistical population’ in this instance refers
to the targeted aggregation of krill in front of the
trawl.

As can be seen from Table 3 and Figures 1
and 2, krill size composition in catches made by
the research trawl varied more greatly between
hauls than was the case with the commercial
trawl. Homogeneity of trawl samples was
determined by estimating the probability of
difference between sample means. A probability
of P = 0.05 was taken as the significance level.
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Calculations showed that the difference
between mean values of krill length in
commercial trawl samples was not statistically
significant (P < 0.05). The coefficient of variation
(CV) of sample means was CV( L ) = 0.7%.

The difference between mean values of krill
length in the research trawl samples, on the other
hand, was statistically significant (P > 0.05). The
coefficient of variation of sample means for this
type of trawl was CV( L) = 5.7%.

Krill Density and Target
Strength Evaluation

Table 4 contains estimates of krill target
strength obtained using the following parameters
of the regression TS = f(L) recommended by
CCAMLR’s Working Group on Krill (WG-Krill)
for an operating frequency of 120 kHz
(SC-CAMLR, 1991):

TS =34.85log L - 127.45
where L is krill length in millimetres.

TS values were estimated on the basis of mean
krill length in trawl samples. Krill density
estimates (individuals/m?) were calculated for a
single value of mean surface backscattering
strength (MSBS = -55 dB).

Table 4 shows that the maximum difference in
mean krill lengths (AL = 6.2 mm) in samples
from catches made by both types of trawl affects
the difference in krill target strength estimates
(ATS = 2.2 dB).

Therefore, differences in krill length
composition in catches made by the two types of
trawl affect acoustic estimates of krill density
(individuals/m?) in the following manner
(Tables 3 and 4):

s Firstly, assuming the same MSBS value
(-55 dB), krill density estimated on the basis of
commercial trawl data will be lower than that
obtained with the IKMT research trawl data.
For the maximum observed difference in krill
mean lengths (AL = 6.2 mm) in commercial
and research trawl catches, krill density
estimates differed by a factor of 1.63.

* Since krill length composition varies from haul
to haul in the research trawl catches taken from
the same krill aggregation, the density values
calculated on the basis of those hauls and
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Table 3:  Statistics of trawl samples.
Characteristic IKMT RT 72/308

1 2 3 Total 1 2 3 Total
Krill sample size 200.0 200.0 200.0 600.0 339.0 316.0 327.0 982.0
Mean length (mm) 40.3 449 42.6 42.9 45.9 45.9 46.5 46.1
Standard deviation (mm) 3.9 4.0 3.9 3.9 3.8 3.6 3.6 3.7
Mode {mm) 40.0 45.0 40.0 43.0 45.0 46.0 46.0 46.0
Maximumlength (mm) 54.0 54.0 52.0 54.0 57.0 55.0 58.0 58.0
Minimum length (imm) 30.0 39.0 34.0 30.0 36.0 35.0 37.0 35.0
Median length (mm) 40.0 45.0 42.0 43.0 46.0 46.0 46.0 46.0

Table 4:
1991) and MSBS = -55 dB.

Krill target strength (TS) and krill mean density based on krill length/TS relationship (SC-CAMLR,

Parameter MSBS = -55 dB
IKMT RT 72/308
1 3 1 2 3

Mean length of krill in the sample (mm) 40.3 449 42.6 45.9 45.9 46.5
Target strength (dB) -71.5 -69.9 -70.7 -69.5 -69.5 -69.3
Mean density (ind/m?) 44.7 30.9 36.3 28.2 28.2 27.5
CV (%) 18.8 1.4
Mean density (g/m?) 19.9 19.7 19.5 19.4 19.4 19.7
CV (%) 1.0 0.9
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Krill length frequency distribution in catches made by the IKMT research trawl.
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Krill length frequency distribution in catches made by the commercial trawl RT 72/308.
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Figure 3:  Krill length frequency distribution in catches made by the IKMT
research and RT 72/308 commercial trawls (data from Tables 1 and 3,

all catches combined).



assuming constant MSBS = -55 dB also vary.
The krill density calculated on the basis of three
IKMT catches has CV(P) = 18.8%. Moreover,
the maximum difference in mean krill lengths
in IKMT catches was AL = 4.6 mm, while the
corresponding difference between density
estimates equated to a factor of 1.45.

¢ The krill density estimated on the basis of
commercial trawl data was CV( P ) = 1.4%, and
the maximum difference in mean krill lengths
in commercial trawl catches was AL = 0.6 mm.

As can be seen from Table 4, the use of trawl
sample data in calculating weight density (g/m?)
has virtually no effect on estimates obtained.
Coefficients of variation of krill weight density
were similar for both types of trawl and did not
exceed CV(P) < 1%.

DISCUSSION

A single aggregation of krill was fished by two
trawls of different construction:

« The commercial trawl has trawl boards
with cables and a trawl bag with rope and
large-meshed sections, which enlarges the
effective fishing area, i.e. although krill
can swim freely through the rope and
large-meshed sections, these sections herd the
krill into the fine-meshed area (Kadilnikov,
1993).

» The research trawl, by contrast, has only a
trawl bag with a fine-meshed section. The
trawl-mouth opening is much smaller in the
research trawl than the commercial trawl.

» The effective fishing zone of the commercial
trawl is many times greater than that of the
research trawl (effective fishing zone - that
area in which the possibility of the fishing
target being caught is greater than zero
(Kadilnikov, 1993).

The commercial trawl fishes a large volume of
water and has a large vertical trawl-mouth
opening, therefore samples taken from it provide
representative length composition of krill in the
target aggregation. Therefore, when targeting a
single aggregation commercial trawl samples of
length composition are homogeneous, which is
shown up by the statistically insignificant
difference between mean krill lengths in catches
that one could consider to be random.

Selectivity of Commercial and Research Trawls

The research trawl fishes a small volume of
water and covers only a small part of the
aggregation, mainly due to its low catchability
resulting from its reduced trawl-mouth height
(Kasatkina, 1991). It should be recalled that
catches made by the IKMT trawl amounted to
between 22 and 65 kg, while catches by the
commercial trawl were in the order of 7 tonnes.
Therefore, when targetting a single aggregation
the size composition will vary from one haul to
another and will not be truly representative of the
whole aggregation, but rather reflect just a small
portion of it. The variation between mean krill
lengths in research trawl samples is statistically
quite significant.

Based on the above one may conclude that, in
the context of representativeness, estimates of krill
length composition in catches made by the
RT 72/308 commercial trawl will be more
accurate than those based on data from the IKMT
trawl.

On the other hand, compared to data from the
research trawl, the krill length distribution curve
for commercial trawl catches is skewed to the
right in favour of larger individuals (Figure 3 and
Table 3). This skewness is typical of all research
trawl samples. The variations in krill length
distribution in catches made by the two types of
trawl are not random, they are statistically
significant.

Therefore, despite the small number of hauls
carried out, it is clear that the two types of trawl
under investigation have different catchability
characteristics for krill. The IKMT research trawl
is better at retaining smaller specimens than the
commercial trawl. In catches made by the latter,
the opposite holds true. Therefore, estimates of
krill length based on data obtained from hauls
made by both types of trawl will be biased and
contain systematic errors caused mainly by the
catchability properties of the respective trawl.
The nature of these biases, however, will be
different.

The selectivity properties of the trawl used
during acoustic surveys will have different effects
on the precision of krill abundance and biomass
estimates. Numerical density (individuals/m?) is
determined using the value of krill target
strength calculated according to the regression
equation TS = f(L), i.e. this parameter is directly
dependent upon the krill length estimate
obtained from trawl samples. Weight density
(g/m?) is determined by the value TSy, - the
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target strength of 1 kg of krill. This parameter is
not dependent upon length and is virtually a
constant value since the target strength and mass
of a single specimen krill have the same degree of
dependency on the krill’s length, i.e. a function of
L3 (Greene et al., 1991; Siegel, 1992). Therefore,
krill weight density (g/m?) and estimates of
biomass are less dependent on the selectivity
properties of the trawl used during echosurveys
than are estimates of krill numerical density and
abundance (Table 4).

It must be pointed out that the selectivity
properties of a trawl will affect the accuracy of
biomass estimates for specific age groups of krill
because the biomass of any length class will be
calculated from the total estimated biomass
according to the percentage composition of that
particular group in all catches.

CONCLUSIONS

¢ Pelagic trawls used during krill biomass and
abundance surveys have different selectivity
properties affecting the precision and level of
bias in krill length estimates based on data
obtained from various types of trawls.

» The selectivity properties of krill trawls affect
acoustic estimates of krill abundance more
than they do biomass estimates.

s Comparative analysis of the results of different
surveys require that the selectivity properties
of the trawls used be taken into account. This
is especially relevant when conducting
surveys with a group of vessels using different
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Distribution des fréquences de longueurs de krill dans les captures provenant du chalut commercial
de type RT 72/308.

Distribution des fréquences de longueurs de krill dans les captures provenant du chalut de recherche
de type IKMT et du chalut commercial de type RT 72/308 (données des tableaux 1 et 3, toutes
captures combinées).
Criucok TadJmiy

TpaJsioBbI¢ CTaHUMH A1 B3SATHS POO.
[TapameTpnl arperauyii KpuJid.
CraTucrudecKue XapaKTepPHCTHKH TPAJIOBBIX HPo0.
Cuna e kpusd (TS) u cpenHsas NUIOTHOCTb KPHJISA HA OCHOBE 3aBHCHMOCTH ‘[iJTHHA KpHIst/TS
(SC-CAMLR, 1991) u MSBS = -55 ob.

CIHcoK pHCYHKOB
I'acTorpamMmel pacrpene/icHust JJIUH KPUJIst B YJIOBax UcciieqoBaresnckoro tpasa IKMT.
I'ncrorpaMMel pacripeesieHust JJIUH KPUJish B YJI0BaX MPOMBICJIOBOro Tpasa tumna 72/308.
PacnpenesieHne QM- KPWJIS B yjioBax npomeicaosoro 72/308 u uccaegosaresbekoro IKMT
TpaJsioB (naHuble w3 Tabsmn 1 u 3).

Lista de las tablas
Datos de las estaciones de muestreo de los arrastres.
Pardmetros de la agregacion de kril.
Estadisticas de las muestras de los arrastres.
Fuerza del blanco de kril (TS) y densidad promedio de kril basadas en la razén talla del kril/TS
(SC-CAMLR, 1991) y MSBS = -55 dB.

Lista de las figuras

Distribucién de la frecuencia de tallas de kril en las capturas efectuadas con la red de arrastre de
investigacion IKMT.

Distribucién de la frecuencia de tallas de kril en las capturas efectuadas con la red de arrastre
comercial RT 72/308.

Distribucién de la frecuencia de tallas de kril en las capturas efectuadas con la red de arrastre de
investigacién IKMT vy la red de arrastre comercial RT 72/308 (datos de las Tablas 1 y 3, todas las
capturas combinadas).
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