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Abstract 

Armstrong (1995) presented a final report of scientific observations conducted aboard 
the Japanese krill fishing vessel Ckiyo 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 Mnru No. 2; means and 
variances are calculated from the delta distribution. In numbers, an average of about 
14 fish were caught per tome 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 Ckiyo 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 subsampied for making 
observations on fish by-catch. The by-catch data from the Ckiyo Maru No. 2 did not 
provide a clear picture of the reiationship 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. 

Resume 

Armstrong (1995) a presente le rapport final des observations scientifiques menees a 
bord du  navire japonais p6chant le krill, le Chiyo Maru N" 2. Malheureusement, les 
donnkes de capture accessoire de poisson n'etaient pas presentees selon les normes 
etablies. Cette communication presente une breve nouvelle analyse des donnees de 
capture accessoire collectees sur le Ckiyo Maru N" 2; les moyennes et variances sont 
calculkes ?I partir de la distribution delta. En moyenne, la capture s'elevait a environ 
14 poissons par tonne de krill et 25 poissons 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 etaient etendus, ce qui laisse 
entendre qu'a l'avenir, il conviendrait d'echantillonner davantage de chalutages en vue 
d'y examiner la capture accessoire. La proportion de chalutages contenant des poissons 
etait nettement plus klevee pour le Chiyo Maru W' 2 que pour les autres chalutiers 5 krill 
japonais et ukrainiens menant des operations de p6che dans le secteur Atlantique de 
l'ockan Austral. Cette difference peut s'expliquer par les differentes quantites de krill 
sous-kchantillonnees pour I'observation de la capture accessoire de poissons. Les 
donnees 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 etudes. I1 serait utile 
d'estimer la taille convenable des kchantillons (en nombre de chalutages) et celle des 
sous-echantillons (en pourcentage des captures de krill par chalutage) B l'intention des 
observateurs recueillant des donnees de capture accessoire de poissons. 

B p a 6 0 ~ e  A P M C T P O H ~ ~  (1995) GaeTCX O K O H Y ~ T ~ ~ ~ H ~ I ~ ~  OTYeT O HaYYHbIX 
~ a G n m n e ~ m x ,  nposeGeHHblx Ha 6 o p ~ y  XnoHcKoro KpHnesoro Tpaynepa Chiyo Maru 
NO. 2. K COXaJIeHkiIo B 3~0f i  pa6o~e  AaHHbIe no llpHJloBy pb16 He npeJ(CTaBJIeHb1 B 
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C T ~ H A ~ P T M ~ O B ~ H H O ~ ~  @ O P M ~ .  B H ~ C T O Z U ~ ~ ~  p a 6 o ~ e  AaeTCR K P ~ T K I ? ~ ~  IIOBTOPH~I& 

a ~ a n u 3  C O ~ ~ ~ H H ~ I X  Ha ~ O P T Y  Chiyo Maru NO. 2 AaHHbIX n0 IIpWnOBY, npll 3TOM 

cpemae a Aucnepckiombre BenkiqkiHbr paccvkiTaHb1 no ~ e n b ~ a - p a c n p e ~ e n e ~ m .  B 
CpeAHeM OKOnO 14 pb16 BblnaBnMBaJIOCb Ha TOHHY KpMJlX, H 25 pb16 Ha YaC Tp~JIeHHX. 
B nnaHe BeCa c p e ~ ~ ~ f i  lIpMn0B pb16b1 Ha TOHHY KpklnR COCTaBkiJl 1,2 KT, I? OKOnO 
2,2 K r  pb16b1 BbInaBnIlBaJIOCb Ha YaC TpaJIeHkiX. flo~epIl~enbHb1e MHTepBaJIbI OQeHOK 
CpeAHerO IIpkiJIOBEi RBnXIOTCR UIHPOKUMII, Y T O  rOBOPkiT 0 H ~ O ~ X O A M M O C T B  

YBenMqeHkiR KOJIMYeCTBa Tpane~kiii, KOTOpble HyXHO IIpOBepXTb Ha IIpeAMeT 
npmosa. Aonx conepxaru.Hx p ~ 6 y  ~pane~kii i  6b1na ropas~o  60nbrue Ha cyAHe Chiyo 
Maru NO. 2, qeM Ha ApyrPiX XIIOHCKLlX k i  YKpaHHCKkiX TpayJIepaX, OCy~eCTBnXBlUkiX 
IIpOMbICeJI KpkiJIX B aTnaHTllYeCKOM CeKTOpe K)XHOTO OKeaHa.  TO Pa3nTilYHe MOXeT 
G ~ I T ~  CBR3aHO C pa3JIMYHRMki B KOnllYeCTBe KPAJ'IX, BKJIFOYeHHOrO B ~ O A B ~ I ~ O P K Y  C 

qenbm kI3yYeHRX npkinOBa pb16. A ~ H H ~ I ~  no npHnOBy C CyAHa Chiyo Maru NO. 2 He 
AaJ'IB ~ ~ T K O &  KaPTHHbl B3aHMOCBR3II MeXAY nPkfnOBOM pb16 B KOHKPeTHbIX YJTOBaX l4 

MHTeHCMBHOCTbIO BbInOBa KPkiJTR; 3T0 ~a6nFO~e~k ie  OTJIAYaeTCR OT ~ a 6 n m ~ e ~ k i f i ,  
CAenaHHbIX npki 60JTbUIkiHcT~e ApyrAX ki~~nefl0~aHMfi. H M ~ ~ T  CMbICJl OIlpeAenPlTb An2 
co6apamqax AaHHbIe no npMnoey pb16b1 ~ a 6 n w ~ a ~ e n e i i  no~xofixLqlzfi p a s ~ e p  
B ~ I ~ O P K M  ( K O ~ M ~ ~ C T B O  ~ p a n e ~ ~ f i )  ki pa3Mep n0~~b160pKki ( ~ 0 n X  YnOBOB KpHnX, 
OTHOC5IUHXCR K KOHKpeTHbIM T~UI~HMRM). 

Resumen 

Armstrong (1995) present6 un informe final de las observaciones cientificas realizadas a 
bordo del pesquero japonks de kril Chiyo Maru No. 2. Lamentablemente 10s datos de la 
captura incidental de peces no fueron presentados en format0 estindar. Este trabajo 
presenta un nuevo y breve analisis de 10s datos de captura incidental recopilados a 
bordo del Chiyo Maru No. 2; 10s promedios y variancias fueron determinados de la 
distribucidn delta. En numero, se captur6 un promedio de unos 14 peces por tonelada 
de kril, y un promedio de 25 peces por hora de arrastre. En peso, se capturo 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 
m5s arrastres para determinar la captura incidental. La proporci6n de 10s 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 atlantico del ockano 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 relacidn entre la captura incidental de peces para un 
arrastre en particular y la tasa de captura de kril; esto difiere a 10 observado en la 
mayoria de otros estudios. Seria conveniente estimar un tamaiio adecuado de muestra 
(en numeros de arrastre) y de submuestra (como fraccion de la captura de kril en un 
arrastre determinado) para 10s observadores que recopilan datos de 10s peces presentes 
en la captura incidental. 

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

INTRODUCTION (Iwami, 1993, 1994, 1995; Armstrong, 1995). Most 
of t h e  by-catch d a t a  i n  t he se  r e p o r t s  w e r e  

By-catch of non-target species is a problem in collected on vessels fishing in the Atlantic sector 
many trawl fisheries. Antarctic trawl fisheries are of the southern ocean (statistical 48), but 
no exception/ and is Armstrong (1995) reported on a vessel fishing in 
attempting to  determine whether the Antarctic 

the south Indian Ocean (Statistical Area 58). In 
krill (Euphausia superba) fishery poses a threat to  
the recruitment of juvenile finfish. Antarctic krill general, these observers showed that fish were 

are captured with midwater trawl gear, and  presen t  i n  t he  krill  catches, b u t  t he  levels of 

juvenile fish occur in  the by-catch of this fishery. by-catch per tonne of krill appeared to be low. 

CCAMLR h a s  rece ived  f o u r  r epo r t s  CCAMLR has published a Scientific Observers 
summarising observations on the fish by-catch of Manual (CCAMLR, 1993) recommending that fish 
Japanese krill trawlers fishing in Antarctic waters by-catch da ta  collected f rom 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 q-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 

standardised by-catches were calculated from the (1) 

U 

Australia a W B 
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X 

Antardica 
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Figure 1: 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. 



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. 

By-catch of D. nlawsotzi 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 

Haul Characteristics 

Haul 

6 
17 
3 1 
43 
59 
62 
70 
75 
83 
86 
9 1 
98 

101 
107 
118 
132 
137 
146 
148 
152 
156 

By-catch of All Fish Species Combined 

No. 

1 
2 

55 
8 

34 
3 
3 

42 
1 
3 

24 
1 

41 
4 

151 
0 

230 
8 

118 
2 
6 

Tonnes 
Caught 

1.5 
5.0 
6.0 
6.5 
5.0 

10.0 
0.4 

10.0 
7.0 

12.0 
8.0 
5.0 

11.0 
5.5 

11.0 
12.0 
8.0 
8.0 
7.0 
5.0 
5.0 

Kg 

0.01 
0.04 
2.56 
0.34 
0.74 
0.03 
0.97 
1.59 
0.14 
0.14 
0.23 
0.02 
2.75 
0.21 

10.73 
0.00 

19.36 
0.50 
6.50 
0.02 
1.42 

Tonnes 
Sampled 

0.38 
0.02 
3.00 
6.50 
1.70 
7.00 
0.40 
2.50 
4.00 
3.00 
4.00 
2.00 
5.00 
4.00 
3.00 
7.00 
3.00 
8.00 
3.50 
2.50 
2.50 

No. / 
tonne 

2.67 
113.64 

18.33 
1.23 

20.00 
0.43 
7.50 

16.80 
0.25 
1.00 
6.00 
0.50 
8.20 
1.00 

50.33 
0.00 

76.67 
1 .OO 

33.71 
0.80 
2.40 

Sampling 
Fraction 

0.25 
0.004 
0.50 
1.00 
0.34 
0.70 
1 .OO 
0.25 
0.57 
0.25 
0.50 
0.40 
0.45 
0.73 
0.27 
0.58 
0.38 
1.00 
0.50 
0.50 
0.50 

Tow 
Hours 

0.25 
1.08 
2.17 
1 . l 7  
1.67 
1.58 
0.50 
1.83 
1.17 
2.08 
1.92 
1.58 
0.83 
1.50 
2.25 
1.25 
1.17 
1.67 
1.75 
1.67 
1.67 

No./ 
hour 

4.00 
1.85 

25.35 
6.84 

20.36 
1.90 
6.00 

22.95 
0.85 
1.44 

12.50 
0.63 

49.40 
2.67 

67.11 
0.00 

196.58 
4.79 

67.43 
1.20 
3.59 

Start 
Time 

0315 
2315 
1705 
0020 
1720 
0125 
2005 
0945 
0730 
1505 
1050 
0545 
1345 
0730 
1300 
0135 
1415 
1250 
1825 
0440 
2310 

Kg/tonne 

0.029 
2.100 
0.853 
0.053 
0.434 
0.005 
2.430 
0.636 
0.035 
0.047 
0.058 
0.008 
0.549 
0.052 
3.580 
0.000 
6.450 
0.063 
1.860 
0.010 
0.567 

DegreesS 
Latitude 

63.642 
63.828 
63.947 
64.075 
64.222 
64.250 
63.802 
63.647 
63.782 
63.805 
63.657 
63.725 
63.723 
63.863 
64.045 
64.220 
64.200 
64.173 
64.183 
64.192 
64.223 

Kg/hour 

0.044 
0.034 
1.180 
0.291 
0.441 
0.021 
1.940 
0.869 
0.120 
0.068 
0.120 
0.009 
3.310 
0.138 
4.770 
0.000 

16.500 
0.299 
3.710 
0.014 
0.849 

DegreesE 
Longitude 

104.633 
104.277 
104.532 
104.293 
104.650 
104.632 
105.002 
104.073 
104.293 
104.460 
103.555 
103.795 
103.747 
103.975 
103.917 
103.995 
104.140 
104.295 
104.267 
104.110 
104.163 
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Figure 2: Normal q-q plots of ln(by-catch) in numbers of fish per tonne of krill sampled. 
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Figure 3: Normal q-q plots of ln(by-catch) in numbers of fish per hour of trawling for krill. 



Watters 

-1.5 -0.5 0.0 0.5 1.0 1.5 

Quantiles of standard normal 

-1 0 1 

Quantiles of standard normal 

-1.0 -0.5 0.0 0.5 1 .O -2 -1 0 1 2 

Quantiles of standard normal Quantiles of standard normal 

Figure 4: Normal q-q plots of ln(by-catch) in kilograms of fish per tonne of krill sampled. 
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Figure 5: Normal q-q plots of ln(by-catch) in kilograms of fish per hour of trawling for krill. 
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where p is the proportion of observations for 
which X > 0, and h and are, respectively, the 
mean and variance of the lognormally distributed 
observations for which X > 0. I,[x] is an indicator 
function that takes the value l when X = 0 and the 
value 0 when X > 0; I(,,,,[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 

where 11 is the total number of observations; m is 
the number of non-zero observations; i j  is 
the sample mean of the natural logarithm of 
the non-zero observations; s2 is the sample 
variance of the natural logarithm of the non-zero 
observations; and 

c-, n - l  tj(n - q 2 j - l  
l + - t + C .  . 

N j=21!nJ(n+1)(n+3) ...( n+2j-3) 
. (3) 

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

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

var,,, (c) = 

C, 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: 

- sup in ~ ( x ;  p, h, K') h = ln 

(de la Mare, 1994a, 199413). 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 
fish species contained in the by-catch but not 
reported (because of rare occurrence) in Table l 
included Anotopterus pharao, Magnisudis prionosa, 
Neopagetopsis ionah and Pseudocyttus maculatus 
(Armstrong, 1995). Armstrong (1995) also 
reported the presence of Psychrofeuthis 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. 

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. 

varest(c) 
95% C1 for c 

The Chiyo Maru No. 2 caught an estimated 
1 264 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 i T 2 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 5 Tkg i 13 5 12) = 0.95. 

DISCUSSION 

36.15 
(5.59, 65.15) 

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 

Chiyo Maru No. 2 was the first vessel to have 
N. coatsi as the most abundant species in the fish 
by-catch (Table 3). 

97.63 
(10.66, 102.75) 

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, 198310 and 1986) and 
Slosarczyk and Rembiszewski (1982) support this 
conclusion. These four Polish studies provide 
data on a number of hauls where fish were 

0.49 
(0.36, 10.69) 

1.48 
(0.68, 16.70) 



Table 3: Results from various studies of 'uvenile fish by-catch in krill trawls. Question marks identify missing pieces of information and the word 'unclear' identifies 
results that are available but difjicult to interpret. 

Vessel nationality 

Vessel type 

Time of year 

CCAMLR 
subarea/division fished 

Bottomdepth(m) 

Minimumnumber of species 

Most abundant species 

% sampled hauls 
containing fish 

Range of sampling fractions 

Trend in by-catch with 
increasing krill CPUE 

' Data from commercial trawl catches only Akademik Knipovich data only Eurika 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. 

Vessel nationality 

Vessel type 

Time of year 

CCAMLR 
subarea/division fished 

Bottomdepth(m) 

Minimum number of species 

Most abundant species 

% sampled hauls 
containing fish 

Range of sampling fractions 

Trend in by-catch with 
increasing krill CPUE 

Everson 
et al. 19912 

Russia 

RV 

Mar 
1981 

48.6 

220 - 5200 

8 

? 

7 1 

100.0 

decreasing 

Slosarczyk 1986 

Poland 

RV 

Dec 1983 - Jan 1984 

48.1 

91 - 3100 

14 

C. aceratus 

89 (19)~ 

? - 100 

decreasing 

Pankratov and 
Pakhomov 1992' 

Ukraine 

FV 

Jan-Feb 
1988 

58.4.2 

300 - 4200 

7 

P. antarcticum 

100 

? 

decreasing 

This Study and 
Armstrong 1995 

Japan 
FV 

Jan-Mar 
1995 

58.4.1 

> 2500 

7 

N.  coatsi 

95 

25 - l00 

unclear 

Slosarczyk 1983b 

Poland 

RV 

Jan-Feb 1978 

88.1 

1100 - 2750 

2 

T. bernacchii 

100 (7)" 

? 

decreasing 

Slosarczyk 1983a 

Poland 

RV 

April 1981 

48.3 

< 1000 

6 

C. gunnari, L. larseni 

88 (12)~ 

? 

unclear 

Iwami 1994 

Japan 
FV 

Jan-Feb 
1994 

48.1 

? 

13 

L. larseni 

25 

? 

decreasing 

Iwami 1995 

Japan 

FV 

Jan-Feb 
1995 

48.1 

> 500 

5 

E.  antarctica 

26 

0.2 -,0.8 

decreasing 

Slosarczyk and 
Rembiszewski l982 

Poland 

RV 

Feb-Mar 1981 

48.1 

60 - 3700 

23 

C. dewitti 

97 (39)" 

? - 100 

? 

Everson 
et al. 19912 

Russia 

RV 

Apr-May 
1981 

48.3 

110 - 5120 

5 

C. gunnari 

73 

0.2 - 100.0 

decreasing 

Everson 
et al. 19913 

Russia 

RV 

Jan-Feb 
1987 

48.2 

100 - 4000 

7 

? 

63 

100.0 

decreasing 

Pakhomovand 
Pankratov 1994 

Ukraine 

FV 

May-Jul 
1992 

48.3 

< 300 

4 

C. gunrzari, 
L. larsetzi 

18 

0.1 - 5.0 

unclear 

Iwami 1993 

Japan 
FV 

Jul-Aug 
1992 

48.3 

80 - 350 

3 

L. larseni 

27 

0.2 - 0.4 

? 



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 

2 4 6 8 1 0 1 2  

Krill CPUE (tonneslhour) 

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 Scienfific 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. 

2 4 6 8 1 0 1 2  

Krill CPUE (tonneslhour) 

0000 0800 1600 2400 0000 08 00 1600 2400 

Start time of haul Start time of haul 

Figure 6: 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 

Tableau 1: Caracteristiques des chalutages et captures accessoires observees sur le navire de pPche de krill Ckiyo 
Maru N" 2 (zone statistique 58, janvier-mars 1995). A l'origine, les donnees avaient Pte fournies par 
Armstrong (1995). La position notee des chalutages est celle de leur point de depart. 

Tableau 2: Statistiques de capture accessoire de toutes les espPces de poissons confondues (donnees recueillies B 
bord du Chiyo Maru No 2).  Se refkrer au texte pour la description de chacune de ces statistiques; les 
captures accessoires moyennes estimees sont encadrees d'un pointille. Les donnees de capture 
accessoire du trait No 17 ont et6 exclues des calculs. 

Tableau 3: Resultats des diverses etudes des captures accessoires de juveniles 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 resultats sont difficiles B interpreter. 

Liste des figures 

Figure 1: Emplacement des operations de pPche de krill du Chiyo Mavu N o  2 de janvier a mars 1995. La 
position generale de la pPche est illustree par un triangle plein; celle de chacun des traits est donnee 
au tableau 1. 

Figure 2: Courbe q-q normale de ln(capture accessoire) en nombre de poissons par tonne de krill 
echantillonnee. 

Figure 3: Courbe q-q normale de ln(capture accessoire) en nombre de poissons par heure de chalutage de krill. 

Figure 4: Courbe q-q normale de ln(capture accessoire) en kilogrammes de poissons par tonne de krill 
echantillonn6e. 

Figure 5: Courbe q-q normale de ln(capture accessoire) en kilogrammes de poissons par heure de chalutage de 
krill. 

Figure 6: Relations observees 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. 

Ta6n~qa  1: X a p a ~ ~ e p ~ c ~ n ~ k i  ~ p a n e ~ ~ i i  n ~ a G n m ~ a ~ m a e c n  npmosbr KpkineBoro Tpaynepa Chiyo Muru No. 2 
(CT~TMCTH~~CKH~~ pafio~ 58, RHBapb-MapT 1995 r.). nepBo~a~UIb~b1e AaHHbIe B3RTbI M 3  pa60~bl 
A P M C T P O H ~ ~  (1995). M e c ~ o n o n o m e ~ ~ n  TpaneHHfi perMCTpHpoBaJIHCb KaK HaqaJIbHaR ToYKa 
Kamnoro Tpanemn. 

TaGnkiqa 2: A ~ H H ~ I ~  no npnnoBy BCeX BMeCTe B3RTbIX BAAOB pb16, ~06paHHb1e Ha 6 0 p ~ y  Chiyo Muru No. 2. 
OnFi~a~kie K ~ X A O ~ ~  C T ~ T M C T M ~ ~ C K O ~ ~  BenAYHHbI AaeTCR B TeKCTC; OUeHOYHbIe CpenHAe npAnOBb1 
OqepYeHbl nyH~TApH0fi JITAHAefi. D ~ H H ~ I ~  TpaneHAR NO. 17 B PaCYeT BKnloYeHbi He 6b1n~.  

PHCYH~K 1: M ~ C T O ~ O J I O X ~ H H ~  BeAeHHR IlpoMbICJla CYAHOM Chiyo Maru NO. 2 B nepM0A RHBaPb-MaPT 1995 r.  
OGwee IIOnOXeHTAe BeAeHAR npOMbICna yKa3aHO CnJIOWHbIMA TpeYrOJIbHklKOM; KOHKpeTHbIe 
n03llJpM ~paJIeHAfi AaHbI B TaGn~qe 1. 
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Tabla 1: 

Tabla 2: 

Tabla 3: 

Figura 1: 

Figura 2: 

Figura 3: 

Figura 4: 

Figura 5: 

Figura 6: 

Caracteristicas del arrastre y captura incidental observada en el barco de pesca de kril Chiyo Maru 
No. 2 (Area estadistica 58, enero-rnarzo 1995). Los datos originales provinieron de Armstrong (1995). 
La position de 10s 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 Mnru No. 2). Vease el texto para una descripci6n de cada calculo; 10s promedios de 
las capturas incidentales se destacan por una cuadricula en linea punteada. Los datos de captura 
incidental del arrastre no. 17 no fueron incluidos en 10s cAlculos. 

Resultados de diversos estudios de la captura incidental de peces juveniles presentes en 10s arrastres 
de kril. Los signos de interrogaci6n identifican las lagunas en la informacion y la palabra 'unclear' se 
refiere a 10s resultados que estan disponibles pero son dificiles de interpretar. 

Lista de las figuras 

Lugares donde el Chiyo Maru No. 2 faeno kril durante el periodo de enero a marzo de 1995. La 
ubicacion general de la pesca se ha marcado con un triangulo solido; la posicion especifica de 10s 
arrastres figuran en la tabla 1. 

Graficos q-q normales del ln(captura incidental) en numeros de peces por tonelada de kril 
rnuestreado. 

Graficos q-q norrnales del ln(captura incidental) en nurneros de peces por hora de arrastre de kril. 

Graficos q-q normales del ln(captura incidental) en kilograrnos de peces por tonelada de kril 
muestreado. 

Graficos q-q norrnales del ln(captura incidental) en kilogramos de peces por hora de arrastre de kril. 

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




