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Abstract

Armstrong (1995) presented a final report of scientific observations conducted aboard
the Japanese krill fishing vessel Chiyo Maru No. 2. Unfortunately, Armstrong’s fish
by-catch data were not presented in a standardised manner. This paper presents a brief
re-analysis of the by-catch data collected on board the Chiyo Maru No. 2; means and
variances are calculated from the delta distribution. In numbers, an average of about
14 fish were caught per tonne of krill, and an average of about 25 fish were caught per
hour of towing. In weight, an average of about 1.2 kg of fish were caught per tonne of
krill, and an average of about 2.2 kg of fish were caught per hour of towing. Confidence
intervals for mean by-catch estimates are wide suggesting that, in the future, more hauls
should be sampled for by-catch. The proportion of hauls containing fish was much
higher for the Chiyo Maru No. 2 than it was for other Japanese and Ukrainian krill
trawlers fishing in the Atlantic sector of the Southern Ocean. This difference may be
related to differences in the amount of krill that was subsampled for making
observations on fish by-catch. The by-catch data from the Chiyo Maru No. 2 did not
provide a clear picture of the relationship between haul-specific fish by-catch and the
catch rate of krill, and this observation is different from those made in most other
studies. It would be worthwhile to estimate an appropriate sample size (in numbers of
hauls) and subsample size (as a fraction of haul-specific krill catches) for observers
collecting data on fish by-catch.

Résumé

Armstrong (1995) a présenté le rapport final des observations scientifiques menées a
bord du navire japonais péchant le krill, le Chiyo Maru N° 2. Malheureusement, les
données de capture accessoire de poisson n’étaient pas présentées selon les normes
établies. Cette communication présente une breve nouvelle analyse des données de
capture accessoire collectées sur le Chiyo Maru N° 2; les moyennes et variances sont
calculées a partir de la distribution delta. En moyenne, la capture s'élevait a environ
14 poissons par tonne de krill et 25 pofssons par heure de chalutage, soit quelque 1,2 kg
de poisson par tonne de krill et 2,2 kg par heure de chalutage. Les intervalles de
confiance des estimations de capture accessoire moyenne étaient étendus, ce qui laisse
entendre qu’a I'avenir, il conviendrait d’échantillonner davantage de chalutages en vue
d’y examiner la capture accessoire. La proportion de chalutages contenant des poissons
était nettement plus élevée pour le Chiyo Maru N° 2 que pour les autres chalutiers a krill
japonais et ukrainiens menant des opérations de péche dans le secteur Atlantique de
I'océan Austral. Cette différence peut s’expliquer par les différentes quantités de krill
sous-échantillonnées pour l'observation de la capture accessoire de poissons. Les
données de capture accessoire du Chiyo Maru N° 2 n'illustrent pas clairement le rapport
entre la capture accessoire de poisson par chalutage et le taux de capture de krill, or
cette observation diverge de celles de la plupart des autres études. Il serait utile
d’estimer la taille convenable des échantillons (en nombre de chalutages) et celle des
sous-échantillons (en pourcentage des captures de krill par chalutage) a 'intention des
observateurs recueillant des données de capture accessoire de poissons.

Pesrome

B padorte Apmcrponra (1995) nmaercs OKOHUATEJbHBII OTUYET O HAYUHBIX
HaOJ1IOIeHMSIX, TPOBECHHBIX Ha HOPTY SIMOHCKOro KpuJieBoro tpayJsiepa Chiyo Maru
No. 2. K coxaJsieHUIO B 310l paGore JaHHbIe MO NPHUJIOBY PbI0 HE NpeacTaBJieHbl B
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CTaHAapTH30BaHHOH (popme. B HacTodmeidl paboTe maeTcs KpaTKuil NOBTOPHBIA
aHanu3 coOpaHHbIX Ha OopTy Chiyo Maru No. 2 naHHBIX N0 MPHJIOBY, NpU 3TOM
CpeAHHe H JUCTIEPCHOHHBIE BEJIMUUHBI PACCYUTAHBI MO AeJibTa-pacupeacsieHuio. B
cpenHeM 0KoJ10 14 pri® BbLIaBIMBAJIOCH HA TOHHY KPHJTA, U 25 prib Ha Yac TpaJieHMs..
B nnaHe Beca cpenHuit npHJIOB PHIOB HA TOHHY KpWJiA cocTaBuwa 1,2 Kr, H OKOJIO
2,2 Xr ppiGBl BBIJIAB/MBAJIOCh HA Yac TpasicHus. JIOBEPHTE/IbHbIE HHTEPRATIL! OLEHOK
CpeiHero NpuJIoBa SABJAIOTCS IIHPOKUMH, YTO FOBOPHT O HEOGXOAHMOCTH
YBEJIHUEHHS KOJIMUECTBA TpaJieHUH, KOTOpbIE HYKHO NPOBEPATH Ha IpeaMeT
npusiosa. Hons conepxainux puiby TpasieHuii Oblia ropasno Oonbiie Ha cyaue Chiyo
Maru No. 2, yeM Ha Opyrux SIMOHCKHX M YKPaMHCKHUX TpayJsepax, OCYLIEeCTBJISIBIIMX
NpOMBICEJT KPHJISL B aTJIaHTHUECKOM cekTope HOXKHOro okeana. 3To pa3/iduue MOXKET
ObITH CBS3aHO C Pa3/IMYMSIMU B KOJHYECTBE KPHJISI, BKJIFOUSHHOIO B MOABHIOODKY C
LeJIbIO M3YyYeHHs npusioBa puid. [danHble mo npuioBy ¢ cyaHa Chivo Maru No. 2 be
JaJT1 YETKOH KapTHHBI B3aUMOCBS3H MEXAY NPUTIOBOM PbIO B KOHKPETHBIX YJI0BAX H
UHTEHCHBHOCTBLIO BBLIOBAa KPHJISA; 3TO HAO/IIOCHHE OT/JIMYAETCS. OT HaO kOAeHuUil,
clieNIaHHbIX IpY OOMBLINHCTBE OPYruX uccsenosauuii. UMeer cMbics onpegeuTs a4
cOOMpAarIUX JaHHDbIE MO NPUJIOBY PHIOB HabyrogaTe et NOAXOAAILMA pa3Mep
BLIGOpKH (KOJIMYIECTBO TpaJsicHuil) U pasMep MOABbLIOOPKH ([0J1 YJIOBOB KPHJIA,
OTHOCALIUXCSI K KOHKPETHBIM TPAJICHUSIM).

Resumen

Armstrong (1995) present6 un informe final de las observaciones cientificas realizadas a
bordo del pesquero japonés de kril Chiyo Maru No. 2. Lamentablemente los datos de la
captura incidental de peces no fueron presentados en formato estandar. Este trabajo
presenta un nuevo y breve andlisis de los datos de captura incidental recopilados a
bordo del Chiyo Maru No. 2; los promedios y variancias fueron determinados de la
distribucién delta. En nimero, se capturd un promedio de unos 14 peces por tonelada
de kril, y un promedio de 25 peces por hora de arrastre. En peso, se capturé un
promedio de 1,2 kg de peces por tonelada de kril y un promedio de 2,2 kg de peces por
hora de arrastre. Los intervalos de confianza de las estimaciones del promedio de la
captura incidental son amplios lo que sugiere que, en el futuro, se debieran muestrear
mds arrastres para determinar la captura incidental. La proporcién de los arrastres que
contenian peces fue mucho mayor para el Chiyo Maru No. 2 que para otros arrastreros
japoneses o ucranianos que faenaron el kril en el sector atldntico del océano Austral.
Esto puede deberse a diferencias en la cantidad de kril que fue submuestreada para las
observaciones de peces en la captura incidental. Los datos de captura secundaria del
Chiyo Maru No. 2 no aclararon la relacién entre la captura incidental de peces para un
arrastre en particular y la tasa de captura de kril; esto difiere a lo observado en la
mayoria de otros estudios. Seria conveniente estimar un tamafo adecuado de muestra
(en nimeros de arrastre) y de submuestra (como fraccién de la captura de kril en un
arrastre determinado) para los observadores que recopilan datos de los peces presentes
en la captura incidental.

Keywords: by-catch, CCAMLR, delta distribution, juvenile fish, krill fishery

INTRODUCTION

By-catch of non-target species is a problem in
many trawl fisheries. Antarctic trawl fisheries are
no exception, and CCAMLR is currently
attempting to determine whether the Antarctic
krill (Euphausia superba) fishery poses a threat to
the recruitment of juvenile finfish. Antarctic krill
are captured with midwater trawl gear, and
juvenile fish occur in the by-catch of this fishery.

CCAMLR has received four reports

summarising observations on the fish by-catch of
Japanese krill trawlers fishing in Antarctic waters
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(Iwami, 1993, 1994, 1995; Armstrong, 1995). Most
of the by-catch data in these reports were
collected on vessels fishing in the Atlantic sector
of the Southern Ocean (Statistical Area 48), but
Armstrong (1995) reported on a vessel fishing in
the south Indian Ocean (Statistical Area 58). In
general, these observers showed that fish were
present in the krill catches, but the levels of
by-catch per tonne of krill appeared to be low.

CCAMLR has published a Scientific Observers
Manual (CCAMLR, 1993) recommending that fish
by-catch data collected from commercial krill
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trawlers be standardised by krill catch and fishing
effort. Unfortunately, the by-catch data presented
in Armstrong (1995) were not properly
standardised. This paper presents Armstrong’s
by-catch data in a standardised format and
provides estimates of the means and variances of
the data. The results of this reworking of
Armstrong’s data are compared to results from
previously published works, and special attention
is given to the topic of subsampling the krill catch.

METHODS

The haul-by-haul fish by-catch data from
Armstrong (1995) are given in Table 1; these data
were collected on board the Chiyo Maru No. 2
while the vessel was fishing in Statistical Area 58
(see Figure 1 for fishing location). Table 1
includes standardised, haul-specific by-catches in
terms of numbers and weight of fish per tonne of
krill and numbers and weight of fish per hour of
trawling. The data are presented for all fish
species combined, Dissostichus mawsoni, Notolepis
coatsi and ‘unknown myctophids’. D. mawsoni,
N. coatsi and unknown myctophids were the three
most frequently identified species/families in the
Chiyo Maru No. 2's by-catch (Armstrong, 1995).

The data in Table 1 contain a large number of
zero observations, so means and variances of the

statistics of mixture distributions having discrete
probability masses at zero and conditional
probability densities for non-zero data. This
approach has previously been used for analysing
fish by-catch data from a Ukrainian trawler
(Pakhomov and Pankratov, 1994). The
conditional density functions for Armstrong’s
data were identified by visual inspections of q-q
plots. Normal g-q plots for the natural logarithms
of the non-zero, standardised by-catches in Table 1
are presented in Figures 2 to 5. From a visual
inspection, it appears that the distribution of the
non-zero by-catch observations is lognormal for
all fish species combined. In contrast, it also
appears that species/family-specific distributions
of non-zero by-catches are not lognormal.

Aitchison (1955) and Pennington (1983)
provided efficient estimators for means and
variances of data that come from a mixture
distribution with a discrete probability mass at
zero and a conditional distribution for non-zero
observations that is lognormal. The density
function of such a distribution is given by

flx)=
(1-p)olx]+p ij/ZE exp[— (Inx - 3) JI(O,W)["]

2x?
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Figure1:  Location where the Chiyo Maru No. 2 fished for krill during the period January to

March 1995. The general location of fishing is marked by the solid triangle; specific
haul positions are reported in Table 1.

113



488

SIONEM

Table 1:  Haul characteristics and observed by-catches from the krill fishing vessel Chiyo Maru No. 2 (Statistical Area 58, January-March 1995). The original data came
from Armstrong (1995). Haul positions are recorded for the starting point of each haul.
Haul Characteristics By-catch of All Fish Species Combined
Haul Tonnes Tonnes Sampling Tow Start DegreesS | DegreesE No. Kg No./ No./ Kg/tonne | Kg/hour
Caught Sampled Fraction Hours Time Latitude Longitude tonne hour
6 1.5 0.38 0.25 0.25 0315 63.642 104.633 1 0.01 2.67 4.00 0.029 0.044
17 5.0 0.02 0.004 1.08 2315 63.828 104.277 2 0.04 113.64 1.85 2.100 0.034
31 6.0 3.00 0.50 2.17 1705 63.947 104.532 55 2.56 18.33 25.35 0.853 1.180
43 6.5 6.50 1.00 1.17 0020 64.075 104.293 8 0.34 1.23 6.84 0.053 0.291
59 5.0 1.70 0.34 1.67 1720 64.222 104.650 34 0.74 20.00 20.36 0.434 0.441
62 10.0 7.00 0.70 1.58 0125 64.250 104.632 3 0.03 0.43 1.90 0.005 0.021
70 04 0.40 1.00 0.50 2005 63.802 105.002 3 0.97 7.50 6.00 2.430 1.940
75 10.0 2.50 0.25 1.83 0945 63.647 104.073 42 1.59 16.80 22.95 0.636 0.869
83 7.0 4.00 0.57 1.17 0730 63.782 104.293 1 0.14 0.25 0.85 0.035 0.120
86 12.0 3.00 0.25 2.08 1505 63.805 104.460 3 0.14 1.00 1.44 0.047 0.068
91 8.0 4.00 0.50 1.92 1050 63.657 103.555 24 0.23 6.00 12.50 0.058 0.120
98 5.0 2.00 0.40 1.58 0545 63.725 103.795 1 0.02 0.50 0.63 0.008 0.009
101 11.0 5.00 0.45 0.83 1345 63.723 103.747 41 2.75 8.20 49.40 0.549 3.310
107 5.5 4.00 0.73 1.50 0730 63.863 103.975 4 0.21 1.00 2.67 0.052 0.138
118 11.0 3.00 0.27 2.25 1300 64.045 103.917 151 10.73 50.33 67.11 3.580 4.770
132 12.0 7.00 0.58 1.25 0135 64.220 103.995 0 0.00 0.00 0.00 0.000 0.000
137 8.0 3.00 0.38 1.17 1415 64.200 104.140 230 19.36 76.67 196.58 6.450 16.500
146 8.0 8.00 1.00 1.67 1250 64.173 104.295 8 0.50 1.00 4.79 0.063 0.299
148 7.0 3.50 0.50 1.75 1825 64.183 104.267 118 6.50 33.71 67.43 1.860 3.710
152 5.0 2.50 0.50 1.67 0440 64.192 104.110 2 0.02 0.80 1.20 0.010 0.014
156 5.0 2.50 0.50 1.67 2310 64.223 104.163 6 1.42 2.40 3.59 0.567 0.849
By-catch of D. mawsonti By-catch of N. coatsi By-catch of Unidentified Myctophids
Haul | No. | Kg No./ No./ Kg/ Kg/ | No. Kg No./ No./ Kg/ Kg/ No. | Kg No./ No./ Kg/ Kg/
tonne hour tonne | hour tonne hour tonne hour tonne hour tonne | hour
6 1 0.01 2.67 4.00 0.029 | 0.044 01 0.00 0.00 0.00 0.000 0.000 0 |0.00 0.00 0.00 0.000 | 0.000
17 1 0.01 56.82 0.93 0.682 | 0.011 0 0.00 0.00 0.00 0.000 0.000 0 ]0.00 0.00 0.00 0.000 | 0.000
31 0 0.00 0.00 0.00 0.000 | 0.000 48 2.28 16.00 22.12 0.760 1.050 6 |0.03 2.00 2.76 0.009 | 0.013
43 4 10.04 0.62 3.42 0.007 | 0.038 31 0.09 0.46 2.56 0.013 0.073 0 }0.00 0.00 0.00 0.000 { 0.000
59 1 0.01 0.59 0.60 0.007 | 0.007 33 1 0.73 19.41 19.76 0.426 0.434 0 |0.00 0.00 0.00 0.000 | 0.000
62 3 10.03 0.43 1.90 0.005 | 0.021 01 0.00 0.00 0.00 0.000 0.000 0 {0.00 0.00 0.00 0.000 | 0.000
70 0 |0.00 0.00 0.00 0.000 | 0.000 0] 0.00 0.00 0.00 0.000 0.000 0 |0.00 0.00 0.00 0.000 | 0.000
75 0 }0.00 0.00 0.00 0.000 | 0.000 331 1.34 13.20 18.03 0.536 0.732 9 10.03 3.60 4.92 0.010 | 0.014
83 0 ]0.00 0.00 0.00 0.000 | 0.000 0} 0.00 0.00 0.00 0.000 0.000 0 |0.00 0.00 0.00 0.000 | 0.000
86 0 | 0.00 0.00 0.00 0.000 | 0.000 31 014 1.00 1.44 0.047 0.068 0 10.00 0.00 0.00 0.000 | 0.000
91 0 |0.00 0.00 0.00 0.000 | 0.000 0| 0.00 0.00 0.00 0.000 0.000 | 23 {0.01 5.75 11.98 0.003 | 0.006
98 0 0.00 0.00 0.00 0.000 | 0.000 1 0.02 0.50 0.63 0.008 0.009 0 | 0.00 0.00 0.00 0.000 { 0.000
101 0 |0.00 0.00 0.00 0.000 | 0.000 391 250 7.80 46.99 0.500 3.010 0 |0.00 0.00 0.00 0.000 | 0.000
107 0 |0.00 0.00 0.00 0.000 | 0.000 31 0.05 0.75 2.00 0.014 0.036 0 }0.00 0.00 0.00 0.000 | 0.000
118 1 0.01 0.33 0.44 0.004 | 0.005 | 149 | 10.50 49.67 66.22 3.500 4.670 0 | 0.00 0.00 0.00 0.000 | 0.000
132 0 ]0.00 0.00 0.00 0.000 | 0.000 0} 0.00 0.00 0.00 0.000 0.000 0 ]0.00 0.00 0.00 0.000 | 0.000
137 1 0.01 0.33 0.85 0.004 | 0.009 | 214 | 19.30 71.33 182.91 6.430 | 16.500 | 15 | 0.05 5.00 12.82 0.017 | 0.043
146 1 0.01 0.13 0.60 0.001 | 0.007 71 049 0.88 4.19 0.061 0.293 0 §0.00 0.00 0.00 0.000 | 0.000
148 0 0.00 0.00 0.00 0.000 | 0.000 | 118 6.50 33.71 67.43 1.860 3.710 0 | 0.00 0.00 0.00 0.000 | 0.000
152 2 0.02 0.80 1.20 0.010 | 0.014 0 0.00 0.00 0.00 0.000 0.000 0 }0.00 0.00 0.00 0.000 | 0.000
156 0 |0.00 0.00 0.00 0.000 | 0.000 41 012 1.60 2.40 0.048 0.072 0 |0.00 0.00 0.00 0.000 { 0.000
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where p is the proportion of observations for
which x > 0, and A and x?are, respectively, the
mean and variance of the lognormally distributed
observations for which x > 0. Iy[x] is an indicator
function that takes the value 1 when x = 0 and the
value 0 when x > 0; Ig[x] is a second indicator
function that takes the value 0 when x = 0 and the
value 1 when x > 0. The mixture distribution in
equation (1) is known as the delta distribution
and the statistics of this distribution were used to
analyse the standardised by-catches of all fish
species combined (see Table 1).

When there is more than one non-zero
observation, the mean of delta-distributed data is
estimated as

1.2

c= %exp(y)Gm(E s ) )

where n is the total number of observations; m is
the number of non-zero observations; ¥V is
the sample mean of the natural logarithm of
the non-zero observations; s?is the sample
variance of the natural logarithm of the non-zero
observations; and

Gylt)=

~ o P 21
1+n 1t+2 _ t (1’[ 1)
n = t(

n+1)(n+3)...(n+2j-3)

- (3

The variance of delta-distributed data with more
than one non-zero observation is estimated as

d:fgexp<zy>{cm(252)—(fi ; )Gm(%f‘f‘szj}
@

The variance of the mean of delta-distributed data
with more than one non-zero observation is
estimated as

var,(c) =

_’Z_exp(zy){% G2 (% sz) - (7::11)6,”(% 52)} .
(5)

¢, d and var.(c) are minimum variance unbiased
estimators. Asymptotic confidence intervals for
the mean of delta-distributed data can be obtained
by finding the roots of the following function:

—_ . 2 —— .
q(c) = lnL(x,p,k,K )k— - zlnxl

—sup lnL(x;p,X,Kz)kzln — T v || T 5 XL

(6)

(de la Mare, 1994a, 1994b). W.K. de la Mare has
provided CCAMLR with a piece of software that
finds the roots of equation (6) (de la Mare, 1994a).
The program is named "TRAWLCI and it was
used to estimate confidence limits for the
estimated mean by-catches of all fish species
combined.

The data from one haul (Table 1, haul no. 17)
were excluded from all analyses. These data were
excluded because only about 20 kg of krill was
subsampled for by-catch; this was an order of
magnitude less than the next smallest subsample
of krill (380 kg of krill were subsampled from haul
no. 6). According to Armstrong’s field notebook
(unpublished work), haul no. 17’s small sample
size was a result of mechanical malfunctions in
the Chiyo Maru No. 2’s conveyor system. Data
collection from haul no. 17 was probably not
comparable to data collection from the other
hauls.

RESULTS

N. coatsi was the most abundant fish (in
numbers and weight) in the Chiyo Maru No. 2’s
by-catch; this species occurred in 65% of the hauls
sampled for by-catch (Table 1). D. mawsoni
occurred in 45% of the hauls sampled for by-catch
and “‘unknown myctophids’ occurred in 20% of
the hauls sampled for by-catch (Table 1). Other
tish species contained in the by-catch but not
reported (because of rare occurrence) in Table 1
included Anotopterus pharao, Magnisudis prionosa,
Neopagetopsis ionah and Pseudocyttus maculatus
(Armstrong, 1995). Armstrong (1995) also
reported the presence of Psychroteuthis glacialis
and other, unidentified, squids in the Chiyo Maru
No. 2’s by-catch.
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Table 2:  By-catch statistics for all fish species combined (data collected on board the Chiyo Maru No. 2). See
text for a description of each statistic; the estimated mean by-catches are outlined by a dashed box.
By-catch data from haul no. 17 were not included in the calculations.
No. fish/tonne krill No. fish/hour Kg fish/tonne krill Kg fish/hour
n 20 20 20 20
m 19 19 19 19
y 1.33 2.05 -1.80 -1.09
5% 3.05 2.72 4.74 4.46
G,(1/25%) 3.90 3.39 7.83 6.98
G,(2s%) 119.09 76.09 1031.03 729.69
G, (s*(m - 2)/(m-1)) 11.68 9.15 38.68 31.85
¢ 14.01 25.02 1.23 2.23
d 1467.14 3864.83 25.81 75.12
var,(c) 36.15 97.63 0.49 1.48
95% Cl for ¢ (5.59, 65.15) (10.66, 102.75) (0.36, 10.69) (0.68, 16.70)

Summary statistics for the by-catch of all fish
species combined are given in Table 2. In
numbers, an average of about 14 fish were caught
per tonne of krill, and about 25 fish were caught
per hour of trawling. In weight, an average of
about 1 kg of fish was caught per tonne of krill,
and about 2 kg of fish were caught per hour of
trawling. Confidence intervals for these means
are wide, so there is a large amount of uncertainty
about these estimates.

The Chiyo Maru No. 2 caught an estimated
1264 tonnes of krill (Armstrong, 1995).
Extrapolating the mean by-catch (in numbers of
fish per tonne of krill caught) for all fish species to
the Chiyo Maru No. 2’s total krill catch gives
an estimate of 17 709 total fish (T) in the by-catch.
There is a large amount of uncertainty in
the estimate of T; Pr(7 066 < T < 82 350) = 0.95.
Extrapolating the mean weight of fish by-catch
(all species) to the Chiyo Maru No. 2’s krill
catch gives an estimate of about 1 555 total
kilograms (Tkg) of fish in the total by-catch, and
Pr(455 < Tkg <13 512) = 0.95.

DISCUSSION

Table 3 provides a comparison of the results
from this study to some of the results available
from previous studies on fish by-catch in krill
trawls. The table shows that by-catch studies
have been conducted over a wide range of vessel
nationalities and types, times of year, areas and
depths. The differences within these parameters
have contributed to significant variation in the
species compositions of reported by-catches. The
number of fish species in the Chiyo Maru No. 2’s
by-catch was in the middle of the range of
previously-reported species numbers, but the
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Chiyo Maru No. 2 was the first vessel to have
N. coatsi as the most abundant species in the fish
by-catch (Table 3).

On the Chiyo Maru No. 2, 95% of the hauls
that were sampled for by-catch contained fish
(Tables 1 and 3) (Armstrong, 1995). This
proportion is much higher than has been found
on Japanese and Ukrainian krill trawlers fishing
in Statistical Area 48 (Table 3). The proportions of
hauls containing fish reported by Iwami (1993,
1994 and 1995) and Pakhomov and Pankratov
(1994) may be lower than that on the Chiyo Maru
No. 2 because of the previously-noted differences
in by-catch species composition but, alternatively,
these proportions may be lower because of
differences in sampling methodology. Compared
to Armstrong, Iwami and Pakhomov and
Pankratov subsampled much smaller fractions of
each haul’s krill catch while looking for fish.
Iwami reported a range of sampling fractions
(subsample weights divided by total catch
weights) from 0.2 to 0.8%, while Pakhomov and
Pankratov reported sampling fractions in the
range 0.1 to 5% (Table 3). In contrast,
Armstrong’s sampling fractions on the Chiyo Maru
No. 2 ranged from 25 to 100% (Tables 1 and 3).
Note that the results of Pankratov and Pakhomov
(1992) and Everson et al. (1991) are based on large
sampling fractions, and these authors have also
shown that most sampled hauls actually contain
fish (Table 3).

With small subsamples of krill, it is likely that
by-catch will not be observed from hauls which
actually contain fish. Results presented by
Slosarczyk (1983a, 1983b and 1986) and
Slosarczyk and Rembiszewski (1982) support this
conclusion. These four Polish studies provide
data on a number of hauls where fish were
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Table 3:  Results from various studies of 1juvenile fish by-catch in krill trawls. Question marks identify missing pieces of information and the word ‘unclear’ identifies
results that are available but difficult to interpret.
This Study and | Iwami 1995 | Iwami 1994 | Pakhomovand | Iwami 1993 | Pankratov and Everson Everson Everson
Armstrong 1995 Pankratov 1994 Pakhomov 1992 | et al. 19917 | et al. 1991° | et al. 19917
Vessel nationality Japan Japan Japan Ukraine Japan Ukraine Russia Russia Russia
Vessel type FV FV FV FvV EV FV RV RV RV
Time of year Jan-Mar Jan-Feb Jan-Feb May-Jul Jul-Aug Jan-Feb Apr-May Jan-Feb Mar
1995 1995 1994 1992 1992 1988 1981 1987 1981
CAMLR
Csubarea/division fished 58.4.1 48.1 48.1 48.3 48.3 58.4.2 48.3 48.2 48.6
Bottomdepth(m) > 2500 > 500 ? < 300 80 - 350 300 - 4200 110 - 5120 | 100 - 4000 | 220 - 5200
Minimum number of species 7 5 13 4 3 7 5 7 8
Most abundant species N. coatsi E. antarctica | L. larseni C. gunnari, L. larseni P. antarcticum C. gunnari ? ?
L. larseni
% sampled hauls 95 26 25 18 27 100 73 63 71
containing fish
Range of sampling fractions 25 - 100 02-0.8 ? 0.1-50 02-04 ? 0.2 - 100.0 100.0 100.0
Trend in by-catch with . ) » . . . .
increasing krill CPUE unclear decreasing | decreasing unclear ? decreasing decreasing | decreasing | decreasing
Slosarczyk 1986 Slosarczyk 1983a Slosarczyk 1983b Slosarczyk and
Rembiszewski 1982
Vessel nationality Poland Poland Poland Poland
Vessel type RV RV RV RV
Time of year Dec 1983 - Jan 1984 April 1981 Jan-Feb 1978 Feb-Mar 1981
CCAMLR
subarea/division fished 48.1 48.3 88.1 48.1
Bottomdepth(m) 91 - 3100 < 1000 1100 - 2750 60 - 3700
Minimumnumber of species 14 6 2 23
Most abundant species C. aceratus C. gunnari, L. larseni T. bernacchii C. dewitti
% sampled hauls 89 (19)* 88 (12)* 100 (7)* 97 (39)*
containing fish
Range of sampling fractions ?-100 ? ? ? - 100
Trend in by-catch with . .
increasing krill CPUE decreasing unclear decreasing ?

1

Data from commercial trawl catches only

2

Akademik Knipovich data only
Numbers in parentheses indicate the percentage of hauls where none of the observed by-catch fishes were represented in the original subsample of krill.

3

Evrika data only

Z "oN nivy ofiryD) 1ssa A Burysig [y ay3 Aq peamden) saysig jo yoyes-Ag



Watters

present in the by-catches but not represented in
the subsamples; this occurred in 7 to 39% of the
sampled hauls (Table 3). It is not possible to
calculate sampling fractions from the information
given in the four Polish papers, but subsample
sizes ranged from 1 to 160 kg of krill. When
by-catch is not observed from hauls actually
containing fish, estimates of the mean and total
by-catch will be biased because the parameter p
from equation (1) will be underestimated.

The by-catch data from the Chiyo Maru No. 2
did not provide a clear picture of the relationship
between haul-specific fish by-catch and the catch
rate of krill (Figure 6, top two panels). This
observation is different from observations made
in previous studies where, in general, fish
by-catch decreased with increasing krill catch
rates (Table 3). The top two panels of Figure 6
are, however, similar to results presented by
Pakhomov and Pankratov (1994). The results of
this study and of Pakhomov and Pankratov (1994)
suggest that there may not be a simple, negative
correlation between fish by-catch and krill catch
rate.

A comparison of the results from this paper
and the results from previous studies indicates
that inferences drawn from by-catch data are
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sensitive to the amount of krill that is
subsampled. Therefore, it would be worthwhile
for CCAMLR to re-evaluate its recommendation
that observers look for by-catch in 40 to 50 kg
subsamples of krill (CCAMLR, 1993). Future
recommendations regarding subsample size
should probably be expressed in terms of
examining a minimum fraction of each haul’s krill
catch.

It is obvious that there is a great deal of
uncertainty in the estimates of mean and total
by-catch (Table 2). In the future this uncertainty
can probably be reduced by sampling a larger
number of hauls for by-catch (recall that Table 1
includes 20 ‘useable’ hauls). Unfortunately,
sampling additional hauls may be difficult since
CCAMLR’s Scientific Observers Manual (CCAMLR,
1993) lists by-catch sampling as the second lowest
priority for observers on commercial krill
trawlers. Increased by-catch sampling can only
occur at the expense of placing less emphasis on
other sampling activities, and CCAMLR may
wish to re-evaluate the current list of priority
tasks for krill fishery observers. To assist such a
re-evaluation, it may be useful to attempt to
estimate the sample size (in hauls or kilograms of
krill) required to obtain a reasonably precise
estimate of the total or mean by-catch.
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Observed relationships between total fish by-catch (in numbers and tonnes) and krill CPUE
and between by-catch and time of haul.
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Besides recommending standardisation of fish
by-catch data, CCAMLR’s Scientific Observers
Manual (CCAMLR, 1993) outlines the importance
of reporting by-catches in reference to the
geographic position and time of day for each haul.
It is not feasible to make contour plots of the Chiyo
Maru No. 2's by-catch; the spatial separation of the
data does not lend itself to contouring.
Haul-specific fish by-catches from the Chiyo Maru
No. 2 were highest between about 1200 and
1800 hours local time (Figure 6, bottom two
panels); N. coatsi was the most abundant fish in
the by-catch during this time interval (Table 1).
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Liste des tableaux

Caractéristiques des chalutages et captures accessoires observées sur le navire de péche de krill Chiyo
Maru N° 2 (zone statistique 58, janvier-mars 1995). A l'origine, les données avaient été fournies par
Armstrong (1995). La position notée des chalutages est celle de leur point de départ.

Statistiques de capture accessoire de toutes les especes de poissons confondues (données recueillies a
bord du Chiyo Maru N° 2). Se référer au texte pour la description de chacune de ces statistiques; les
captures accessoires moyennes estimées sont encadrées d’un pointillé. Les données de capture
accessoire du trait N° 17 ont été exclues des calculs.

Résultats des diverses études des captures accessoires de juvéniles de poissons dans les chalutages
de krill. Les points d’interrogation indiquent les informations manquantes et le mot “unclear’
indique que bien que disponibles, les résultats sont difficiles a interpréter.

Liste des figures

Emplacement des opérations de péche de krill du Chiyo Maru N° 2 de janvier &4 mars 1995. La
position générale de la péche est illustrée par un triangle plein; celle de chacun des traits est donnée
au tableau 1.

Courbe gq-q normale de In(capture accessoire) en nombre de poissons par tonne de krill
échantillonnée.

Courbe g-q normale de In(capture accessoire) en nombre de poissons par heure de chalutage de krill.

Courbe g-q normale de In(capture accessoire) en kilogrammes de poissons par tonne de krill
échantillonnée.

Courbe g-q normale de In(capture accessoire) en kilogrammes de poissons par heure de chalutage de
krill.

Relations observées entre la capture accessoire totale de poissons (en nombre et en tonnes) et la
CPUE du krill et entre la capture accessoire et le temps de chalutage.

Coucok Tabsuan

XapakTepuCTHKU TpasieHuil 1 HalJIroaaBiluecs NpuJIoBbl KpHJeBoro rpayJsiepa Chivo Maru No. 2
(Craructnueckuil paiiod 58, suBapp-Mapt 1995 r.). IlepBoHauasibHple OaHHBIE B3SIThl U3 paboTbl
Apmctporra (1995). MecTonosoXxeHus: TpaJsleHHH PErucTPUpPOBaJIUCh KaK HavasbHas TOYKa
KaX[0TO TPaJICHHS.

JlaHHble MO MPUJIOBY BCEX BMECTE B3STHIX BHAOB PbIO, cobpanusie Ha 6opty Chiyo Maru No. 2.
Onucanue Kax ol CTaTHCTHUECKOH BEJIMYMHBI JAETCS B TEKCTE; OLIEHOUHBIC CPEOHHE MPUJIOBDI
ouepueHbl MyHKTHPHOI Jinnuei. [lanuste Tpasienust No. 17 B pacyeT BKJTIOUCHbI HE ObLIM.

Pe3ynpTaThl pa3/iMyHBIX HCCJEIOBAHHI MpUJIOBA MOJOAH PO B KPHJAEBBIX TpaJjiax.
BomnpocutespbHble 3HAKH 03HAYAIOT OTCYTCTBHE wHGOpMauny, a cj1oBo ‘unclear’ - uMerouuecs
JaHHbIC, KOTOPBIE C TPYIOM OANAIOTCS HHTEPIPETALUH.

CnucoK pUCYHKOB

MecronosioxeHue BelieHus npomeicia cyaHoM Chiyo Maru No. 2 B nepuon sstHBapb-Mapt 1995 r.
O6uiee NOJI0KEHUE BEACHUS MPOMBIC/A YKA3aHO CHJIOWHBIMYE TPEYTrOJIbHUKOM; KOHKPETHBIE
MO3UIMH TpaJieHuit fansl B Tabsmue 1.

HopmanusoaHHbie (- rpadhuky IPHJIOBa, BRIPAXKEHHOTO B In KoJTHyecTRa ocoOeil ppiGbl Ha TOHHY
BXO[SILIETO B BBIOOPKY KPHUJIS.
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HopmasmzoBannbie -q rpaduku npuiioBa, BRIPa’XeHHOro B In kosmdecrsa ocodell ppiGbl Ha yac
TpaJicHUS.

Hopmasnsopannbie q-q rpachuku IpUIOBa, BHIPAXKEHHOrO B In KHJIOrpaMMOB PbIObl Ha TOHHY
BXOASILIEro B BHIGOPKY KPUJIsL.

Hopwmanu3osanusie §-q rpad¥Ky OpuJIoBa, BHIPAXKEHHOTO B In xusorpaMMoB pbidbl Ha vac
TpasICHHS.

Ha6rroqaBlunecs: B3aUMOCBSI3H MeX/Ay OOLIMM NpUJIOBOM PBIOHI (NMOIITYYHO H B TOHHAX) H
nanabiMu CPUE no kpuitio, a Tak kK€ MEeX/y IPHJIOBOM U BpEMEHEM TPaJICHH.

Lista de las tablas
Caracteristicas del arrastre y captura incidental observada en el barco de pesca de kril Chiyo Maru
No. 2 (Area estadistica 58, enero-marzo 1995). Los datos originales provinieron de Armstrong (1995).
La posicién de los arrastres fueron registradas en el punto de partida de cada arrastre.
Estadisticas de captura incidental de todas las especies de peces combinadas (datos recopilados a
bordo del Chiyo Maru No. 2). Véase el texto para una descripcion de cada célculo; los promedios de

las capturas incidentales se destacan por una cuadricula en linea punteada. Los datos de captura
incidental del arrastre no. 17 no fueron inctuidos en los célculos.

Resultados de diversos estudios de la captura incidental de peces juveniles presentes en los arrastres
de kril. Los signos de interrogacién identifican las lagunas en la informacién y la palabra ‘unclear’ se
refiere a los resultados que estan disponibles pero son dificiles de interpretar.

Lista de las figuras

Lugares donde el Chiyo Maru No. 2 faené kril durante el periodo de enero a marzo de 1995. La
ubicacién general de la pesca se ha marcado con un tridngulo sélido; la posicién especifica de los
arrastres figuran en la tabla 1.

Gréficos g-q normales del In(captura incidental) en ntimeros de peces por tonelada de kril
muestreado.

Graficos g-q normales del In(captura incidental) en ntimeros de peces por hora de arrastre de kril.

Gréficos g-q normales del In{captura incidental) en kilogramos de peces por tonelada de kril
muestreado.

Gréficos g-q normales del In(captura incidental) en kilogramos de peces por hora de arrastre de kril.

Relaciones observadas entre el total de la captura incidental de peces (en nimero y toneladas) y el
CPUE de kril y entre la captura incidental y hora del arrastre.
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