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Abstract

This document contains a selection of the scientific papers presented at meetings
of the Scientific Committee and Working Groups of the Scientific Committee in
1990. The text of the papers is reproduced in the original language of
submission; abstracts of the papers and captions of tables and figures are
translated into the official languages of the Commission (English, French,
Russian and Spanish).

Préface

Le présent volume contient une sélection de communications scientifiques
présentées aux réunions du Comité scientifique et de ses Groupes de travail en
1990. Le texte de ces communications est reproduit dans leur langue d'origine;
les résumés des communications ainsi que les légendes des tableaux et des
figures ont été traduits dans les langues officielles de la Commission (anglais,
frangais, russe et espagnol).

PesoMe

HacTosimui TOM COAEPXUT noa6opky HayUHBIX pabor,
NpeACTaBJEHHBIX Ha coBemaHUsAX HayuHoro komutera U Pabouux
rpynn HayuHoro komuTeTa B 1990 r. Pa6oThl npeAcTaBJE€Hb Ha sI3bIKe
OpPMI'MHaJa; UX pe3lMe, 3aroJIOBKU Tabuul U MOAMNUCH K PHCYHKaM
nepesejeHbl Ha oduUUaJbHble s3bIKM  KoMuccUH  (aHTVIMHCKUM,
$dpaHLy3CKU, pyCCKUI U UCITAHCKUI),

Resumen

Este volumen contiene una seleccién de los documentos cientificos presentados
en las reuniones del Comité Cientifico y de los Grupos de Trabajo del Comité
Cientifico en 1990. El texto de estos documentos estd reproducido en el idioma
original; los resimenes de éstos y los titulos de los cuadros y figuras estdn
traducidos a los idiomas oficiales de la Comisién (espafiol, francés, inglés
y Tuso).
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COAEPXAHHUE

L AHTAPKTHUYECKHH KPHJIb

H3MEHEHHUY PA3SMEPHOI'O COCTABA CAMIIOB H CAMOK HA TPOTAXEHHH
KU 3HEHHOI'O TUKJIA KPHJIY EUPHAUSIA SUPERBA
PP.MaKapOB.c.vesrtvsnsnsnnisnnnss S S e

OJHOPOAHOCTD PA3MEPHOI'O COCTABA KOMMEPUYECKHX ¥ JIOBOB
AHTAPKTHYECKOI'O KPHJIA

T AUUH cvvevennenes e aee e iseteetateeteenttettteteerasotntetesetstsereens Ceeseeasscsiestaaarasrans

K BOIOPOCY OB MHTEHCHBHOCTH B39 THA [IPOE B TPAJIOBEIX YJIOBAX KPHJIA
OATUM MUAMED coieviiiiirsrerrnanas Chescaseaien Ceteseerutsssattnttertcssrsnsiensnses Cesenreenens

XAPAKTEPHUCTHKH PACIPE/ENEHHS ATPEC AN KPUJIS HA TIPOMBICJ/IOBBIX YIACTKAX
B PAYIOHE OCTPOBA KOPOHEHINH B TEYEHHE CE30HA 1989/90T.
C. M. KacaTKMHa U B. H. JIaTOTYDPCKHMvriieerrerrirseruaessnssscrssnssasssessssrssnssnssnssasses

H3MEPEHHUE CHJIEI AKYCTHYECKOH IIEJIH CKOIJIEHHMH AHTAPK THYECKOI'O KPHJIA
(EUPHAUSIA SUPERBA) TPV YACTOTEB 38 M 120 kT'1g
. XeMIITOH ¢icvvernensennnannns et s e aeetaaeaeeeataseererttttttettetteterttteretttcisttnnasaronns .

YJAOBHCTOCTDH CPEAHEIJIVBHHHOI'O TPAJIA IPY MTPOMBICJIE KPHJIA
H BO3MOXKHBIE METO/TBI OILIEHKH OBIIET0 YJIOBA
10.B. XnMapen, C.M. KacaTKUHA H IO II. DPOJIOR ..uvvvniiiiiniininniinnnonnannnns Ceeesieneranas

OIEHKA BHOMACCHI KPHUJIS B CTATHCTHYECKOM PAMOHE 48
10 JAHHBIM HUC A T/IAHTHHPO, OCEHDL 1989/90 .
A.C. ®egoTOB...... et e e et aeetteatacatontrenntetacetnacietecntaeoeettrettentttoeneeetttiberinosys

PACIPEJEJIEHUE, BHOMACCA H XAPAKTEPUCTHUKH IPOMBICJIOBOI'O 3ATTACA
KPHJIA EUPHAUSIA SUPERBA B PAVIOHE 10KHOY TEOPTHH (TO/IPAYIOH 48.3)
B.H. Jlarorypckuit, P.P. MakapoB, JII'. MAaKJBITHH. u.itiesrertriiresierssssacnsesonnssonsosss

PECYPCHI M PACIPEAE/IEHHE KPUJIA (EUPHAUSIA SUPERBA DANA)
B PAMIOHE 3EMJIM YHJIKCA B TEUEHHE CE30HOB 1986-1989 T
B.H. JO/MKEHKOB H B.IL, THMOHHH vt tttesrterscsssncassoensnsssssasscessssans Cressesteasrsenes

COCTOSHHE 3ATIACOB KPHUJIS (EUPHAUSIA SUPERBA DANA)HA CTATHCTHUYECKHX
YYACTKAX AHTKOMa 58.4.2 1 58.4.3 B 1988-90 rr. PE3VJILTATHEI AKYCTHYECKHX CHEMOK
B.A. Bubuk 1 B. H SHKOBJEB.ciiiiiiianss e heaeesnencnntatetaseatsaeretacretetesatenetttesttietante

®AKTOPHI, KOTOPBIE HEOBXOANMO YUYUTHIBATE IPY PA3PABOTKE
MEP 110 YTIIPABJIEHHIO IPOMEICJ/IOM KPUJIA
VK geaMepP.iiiiiierarneiansincans Ceeraiieiiiiiataasens Ceieeteeresitetstentetettasetanttritnns

K BOIIPOCY 0 PA3PABOTKE HCXO/HOH OIIEPAUTI/IBHOPI TIPOIEAYPEL
YIPABJIEHHS TPOMBICJIOM KPHUJIA B IOAPAYIOHAX 48.1, 48.2 11 48.3
J.C. BaTTEPYOPT s tereneiavrasssanes P

II. AHTAPKTHYECKHE PhHIBbBI

AHAJTIH3 PE3YJIbTATOB CHbEMOK ZJEMEPCAJIDHOH PLIBBI B PAYOHE 10 KHOH 'EOPTHH,
IPOBEAEHHLIX COEUHEHHBIM KOPOJIEBCTBOM H CCCP B SHBAPE-®EBPAJIE 1990 .
(OTueT CoBMECTHOIrO 6pUTAHO-COBETCKOI'O pafouero ceMUHapa, 23-27 uioss1 1990 1).......
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SIZE COMPOSITIONS OF MALES AND FEMALES IN THE COURSE OF
THE LIFE CYCLE OF EUPHAUSIA SUPERBA

R.R. Makarov*
Abstract

Earlier studies did not pay attention to differences in size composition
of Euphausia superba populations by sex and its seasonal variability.
In this paper variations in size and sex composition of samples from
commercial catches are analyzed over the reproductive season, using
samples from different years. The observed variations were related to
stages of krill maturity during the reproductive cycle. Information on
size composition by sex is considered to be vital for an understanding
of krill population structure. It is suggested that duties of
biologist-observers aboard commercial vessels should include not only
measurement but also sex determination of adult krill.

Résumé

Les études antérieures n'ont nullement fait cas des différences de la
distribution de fréquences de tailles des populations d’Euphausia
superba par sexe ou de sa variabilité saisonni¢re. Dans ce document,
les variations de composition par taille et par sexe des échantillons des
captures commerciales sont analysées au cours de la saison de
reproduction, 2 1'aide d'échantillons provenant d'années différentes.
Les variations observées portaient sur les stades de maturité du krill
pendant son cycle reproducteur. Les informations sur la composition
en tailles par sexe sont estimées essentielles a la compréhension de la
structure démographique du krill. II est suggéré que les
biologistes-observateurs embarqués sur les navires commerciaux aient
pour tiche, non seulement de mesurer le krill adulte, mais également
d'en déterminer le sexe.

PesomMme

IpeaniAymue UcCCAEAOBaHHsSI He NPHHUMaJW BO BHHUMaHUE
pasanuusg B pasMEPHOM COCTAaBe MOJIOBHIX IPynn MOy JAsIMiA
Euphausia superba v ero ce3oHHON W3MEeHUMBOCTU. B AaHHOM
TpyAe Ha 1npuMepe npo6, cobpaHHbIX 3a pa3Hble TOAbI,
MPUBOJUTCSI aHAJU3 U3MEHEHUI pasMepHOro U IMOJIOBOIrO
coCTaBa MNpo6 Ha MNPOTSIKEHWU CE30HAa BOCIPOU3BOJCTRA.
OTMeueHHble H3MeHeHHUsl O6blIM CBsi3aHbl CO  CTaJAUsIMU
MOJIOBO3PEJIOCTH KPUJISi B TeUueHHE LHKJa BOCIPOH3BOACTBA.
HHpopMauusi o pa3sMepHOM COCTaBe MO MOJIOBbIM rpynnamM
CUHTAETCS HeOo6XOAUMON  AJs1 NOHUMAaHHsI  CTPYKTYPHI
nonyJsitMu  Kpuas. HabawogateasiM-6HosioraM Ha 6opTy
KOMMEpPUYECKHUX NPOMBbICJ/IOBBIX CyAOB npejJaraercs
BBIMOJIHATD HE TOJIBKO H3MepeHHEe MOJIOBO3pEJbIX ocobei
KPHJIsl, HO U onpeAeJsieHHe UX MOJIOBOI NIPHHAAJIEXHOCTH.

*

VNIRO, 17a Verkhnaya Krasnoselskaya Street, Moscow, USSR 107140



Resumen

En estudios anteriores no se ha prestado atencién a las diferencias
debidas a la variabilidad estacional o al sexo en la composicién por
tallas de las poblaciones de Euphausia superba.. A partir de los
muestreos realizados durante varios afios en las capturas comerciales,
se estudian las variaciones de las composiciones por talla y sexo
durante el ciclo reproductor completo. Las variaciones observadas
estdn relacionadas con la fases de madurez del krill en su ciclo
reproductor. La informacién sobre la composicién por sexos se
considera vital para entender la estructura de las poblaciones de krill.
Se sugiere que los observadores-bi6logos de los buques comerciales,
no solo se encarguen de medir el krill adulto sino también de determinar
Su Sexo.

1. INTRODUCTION

Size composition of Euphausia superba (as in all other crustaceans) is the only criterion
for examining population age structure in the field. Usually, when analyzing size composition,
researchers use modal size for comparison. In general, such analyses are carried out for whole
samples without subdividing them into males and females. However, it has been observed that
modal size of males and females sometimes differs considerably.

Specialized studies of trends in size composition of males and females in the course of
the life history of E. superba have not yet been carried out. Earlier isolated observations
revealed considerable variations in relative size of males and females at different reproductive
stages (Makarov, 1983). Recently collected data have made it possible for us to evaluate these
variations in detail. In addition to data on adult krill, available data on juvenile krill were used
in analyses of size variations.

2. MATERIALS AND METHODS

Samples of E. superba taken from commercial catches in different seasons and areas
were analyzed for size of males and females at different stages of the active reproduction period
- from the beginning of maturation of E. superba in spring to the end of spawning and the stage
of development in females of “juvenilized” gonads for the next spawning season. Stages of the
reproductive cycle are given with reference to developmental stages of females. Specimens
were measured to the nearest 1 mm from the tip of rostrum to the end of telson.

An abbreviated scale of maturity stages for females was compiled for the purposes of
this study. The following four stages were distinguished (stages of the BIOMASS scale are
included in brackets for reference):

non-mature or at the beginning of maturation (IIB, Ilfa-IIIC);

B ready for spawning with developed oocytes (IIID);

recently spawned (ovaries with residual oocytes), juvenilization of ovaries has not
yet started (IIIE);



D  post-spawning with juvenilized small ovaries (usually with residual round oocytes
surrounded by smaller uniform-sized cells) (I1IIC).

The succession of events in the E. superba population was considered by observing
stages of maturity in males and females as indicators of reproductive cycle stages. Time of
sampling was not regarded as of immediate importance for this study. It was considered more
important to get results which were not affected by an inter-annual variability caused by
differences in dates on which the reproductive cycle stages occurred. For this reason an
analysis of the stages of maturity of females has been carried out for all samples combined.

The bulk of the data used are data on adult specimens. However, some data on
E. superba larvae and juveniles are also used. Specimens were sexed by observing their
internal sexual features (petasmas in males were also taken into account). The same procedure
was used in sexing larvae. A comprehensive examination of the anatomy of specimens usually
made it possible for the sex of larvae at stages Furcilia V and VI to be determined. Larvae were
measured up to the nearest 0.1 mm. Ovaries were clearly visible, but observation of sperm
glands presented a difficult and time-consuming task. For this reason, if ovaries were not
found, the specimen was counted as male. Comprehensive examinations were undertaken
periodically after each 8 to 10 specimens analyzed in order to verify sex determination.

3. SIZE COMPOSITION OF MALES AND FEMALES

Larvae. Size composition and sex of larvae in stages Furcilia V to VI are shown in
Figure 1. Samples were taken from a “patch” concentration of krill in the Scotia Sea in March
1969. As can be seen, the size of males and females differs considerably. The maximum size
of males is generally greater than of females. Males are more abundant at stage VI, females are
more abundant at stage V. It is clear that males are larger and in a more advanced stage of
development than females.

Juveniles. In general, the size composition of juveniles (i.e., non-mature females
with small even-sized oocytes and males with underdeveloped sperm ducts and external sexual
features) follows the pattern found in larvae, though not in such an obvious manner (Figure 2).
Differences are often observed in frequency distribution and in some cases in modal size.
Thesci differences are not always related to absolute size of males and females in any given
sample.

Adults. As arule, only samples with a small range of specimen sizes were selected for
the analysis. A small size range was typical for samples taken from the South Orkney Is area.
Samples from other areas contained some juveniles and were usually rejected.

In spring, at the beginning of reproduction season, when maturing of gonads takes
place (stage of maturity A), the size composition of adult males and females is the same as in
juveniles (Figure 3).

The modal size of fully matured females (stage of maturity B) was greater than that of
males (Figure 4). Samples collected in 1967 present an exception from this rule. It is
noteworthy that other samples taken in 1967 in other areas (South Orkney Is) demonstrate a
similar tendency.

If samples consist of specimens at different stages of maturity (A, B, C), females are
found to prevail to some extent among larger specimens (excluding 1967 data) (Figure 5).

Towards the end of spawning season (females at stage C are dominant) size
composition becomes most diverse (Figure 6).



Soon after spawning (females at staiges C and D; later stage D only) the observed size
composition returns to that observed prior to spawning (Figure 7). As earlier, males have a
greater modal size than females, especially when most of the females are at stage D.

4. DISCUSSIONS

As can be seen, in the usual and initial size ratio between males and females of
E. superba, the number of larger males is greater (this applies to larvae and juveniles as well as
adults). This was observed earlier by H. Bargmann (1945). Variability in the relative size of
males and females is observed in mature specimens, especially during peak reproductive
season, during spawning. During this period some females might be larger than males.

What is the reason for such variability? The problem is rather complicated and require
special attention. Of course, we can suggest only some preliminary considerations.

Firstly, it could be suggested that a spatial segregation of males and females leads to
such variability. '

The different rhythms of diurnal vertical migration of krill of different sizes and sexes
can be also considered as a possible cause. It is important to remember that all catches are taken
in the upper 100 m layer. Indeed, one reported catch using a Juday net (36 cm diameter) from
200 to 500 m and deeper consisted exclusively of males (over 200 males) (Makarov, 1981).
However, at the same time, the sex ratio in catches from nearby areas was 1:1. For this reason
this catch can be considered as a local phenomenon (Elephant Is area).

Another explanation relates to the preponderance of males or females in commercial
catch samples taken over a vast area. A paper on this phenomenon is being prepared for
publication. The reason for this may be related to seasonal changes in vertical distribution of
males and females. However, the phenomenon is not frequently observed.

The observed regular and temporal variations in the size composition ratio of males to
females can not, however, be reasonably explained by the above suggestions. Because
variations in size composition ratio correlate well with stages in the reproductive cycle, it will be
also necessary to discuss the question of the post-spawning mortality rate in E. superba.

Maturation occurs in males earlier than in females and mating takes place long before
spawning (Bargmann, 1945; Makarov, 1983). For this reason, post-spawning mortality of
males should also take place earlier. Moreover, larger males and females do mature faster. It
may also be possible that an increase in male mortality begins shortly before the spawning
season (Figure 4).

If these suggestions are correct, females should have a higher modal size, particularly
during early stages of the spawning season in E. superba populations.

It is likely that an increase in post-spawning mortality in females begins at later stages of
the spawning season. During that time, due to the earlier onset of mortality in larger females,
the size compositions of males and females become more similar (Figures 5 and 6). In addition,
soon after the spawning season and with the passage of time, new smaller adult females (with
juvenilized ovaries) are recruited to the population and the size composition ratio of males to
females reverts to its usual, initial value (Figure 7).

The above explanations are not the only ones possible and some other population
characteristics need to be analysed in order to clarify the problem further. For example, a
similar analysis of males can be carried out. The sex ratio is of particular importance. Indeed,



the observed sex ratio in samples was highly variable. Future studies should seek to find
causes of this variability in connection with the size composition ratio between males and
females.

Additional information over all seasons of any particular year is required for these
purposes. Such information may be gathered aboard a commercial fishing vessel, because
numerous repetitive observations are most important in this case. Commercial vessels more or
less maintain their position on fishing grounds and with a transfer of observers from vessel to
vessel there is a good chance of covering the whole spawning season of E. superba.

Sex determination of krill is not a difficult task because these observations deal only
with adult krill. Repetitive observations can be also made very easily.

The type of information described above is valuable for assessing size composition of
E. superba. Variations in size frequency distribution and, in particular, new additional size
peaks may be the result not only of a real shift in occurrence of some size (age) groups, but also
of the sequence of reproductive cycle stages. The latter relates to considerable variations in the
size ratio of specimens from the same size (age) groups of the population. As was observed,
spawning aggregations of krill, even within a limited area, may differ considerably in
compositions of females in terms of stages of maturity.

Therefore, the duties of biologists-observers aboard commercial vessels (as suggested at
CCAMLR-VII) should include not only daily measurements of krill size but also sex
determination of adult krill. The latter is important not only for the acquisition of the
information discussed here, but will enhance our knowledge of the biological processes
involved. Continuing monitoring of krill size and sex composition in trawl catches (the
so-called differentiated approach to measurement) will help researchers to develop an optimal
sampling strategy for the subsequent thorough analysis of samples ashore.
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Liste des figures
Distributions de fréquences de tailles de males et femelles d’E. superba aux
stades larvaires furcilia V et VL. (Males - ligne pointillée; femelles - ligne
pleine).

Distributions de fréquences de tailles d'immatures méles et femelles
d’E. superba (1égende: cf. figure 1).

Distributions de fréquences de tailles de males et femelles d’E. superba
pendant la période de pré-ponte (Igende: cf. figure 1).

Distributions de fréquences de tailles de méles et femelles d’E. superba en
pleine phase de maturité du cycle reproducteur (Iégende: cf. figure 1).

Distributions de fréquences de tailles de maéles et femelles d’E. superba
pendant la période de ponte (1égende: cf. figure 1).

Distributions de fréquences de tailles de méles et femelles d’E. superba 4 la fin
de la période de ponte (1égende: cf. figure 1).

Distributions de fréquences de tailles de méles et femelles d’E. superba
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CrnuUcoK pUCYHKOB
PasMepHblil COCTaB CaMLOB U caMoK kpuJasi E. superba Ha cTajusix
$pypuusmst Vu VI, (CaMubl - TYHKTUPHast JIMHUSI, CAMKHU - HENIpEePbIBHA A

JHUHHS).,

PasMepHbIi1 COCTaB HemnoJioBospeJsoro Kpuas E. superba, caMmupl U
caMKU. (YcJioBHbIe 0603HaueHust - cM. Tabuuny 1).

PasMepHblii cocTaB caMLOB M caMok Kpuass E. superba B
npeAHEPECTOBLIN NepUoA. (YCI0OBHble 0603HaUeHUsI - cM. Tabauuy 1).

Pa3aMepHbIii COCTaB NOJIOBO3PEJIbIX CaMLOB U caMOK kpuJsi E. superba.
(Y csioBHbIE 0O603HauUeHMs - cM, Tabauny 1).

Pa3MepHbIit COCTaB CaMIOB U caMOK KpuJast E. superba B HepecTOBBIM
nepuoj. (YcJjioBHble o603HaueHUs - oM. Tabauny 1).

PasMepHBIii cOCTaB CcaMLIOB U caMok Kpuast E. superba x xoHuy
HEpeCTOBOro NMepuoAa. (YcaoBHbie 0603HaueHus1 - oM, Tabunny 1).

PasMepHBIli COCTaB CaMI[OB M caMok kpujis E. superba B
NOCJ/IEHEPECTOBLIN IepHo . (Y cIoBHble 0603HaUeHUs - cM. Tabauny 1).
Lista de las figuras

Composi'cién por tallas de machos y hembras de E. superba, en la fase larval
de furcilia V y V1. (machos - linea de puntos, hembras - linea continua).
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Composicién por tallas de macho E. superba juvenil. (Véase la leyenda de la
Figura 1). '

Composicién por tallas de machos y hembras de E. superba, antes del desove.
(Véase la leyenda de la Figura 1).

Composicién de tallas de machos y hembras de E. superba, en la fase de plena
madurez reproductora. (Véase la leyenda de la Figura 1).

Composicién por tallas de machos y hembras de E. superba, en la época de
desove. (Véase la leyenda de la Figura 1).

Composicién por tallas de machos y hembras de E. superba, al final de la
época de desove. (Véase la leyenda de la Figura 1).

Composicién por tallas de machos y hembras de E. superba, en la época
posterior al desove. (Véase la leyenda de la Figura 1).
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HOMOGENEITY OF BODY LENGTH COMPOSITION OF ANTARCTIC
KRILL WITHIN THE COMMERCIAL ZONE

Abstract

The homogeneity of krill (Euphausia superba) length composition in
commercial trawl catches (hauls) was investigated by comparing length
compositions from different parts of the same haul. There was no
significant difference (P>0.05) in 53 out of 60 hauls. Therefore it is
concluded that sampling from one part of the haul provides a reasonable
estimate of length composition in the entire haul. In contrast to small
variations in length composition within the same haul, variation
between different hauls was most noticeable in areas where krill length
frequency compositions were bimodal.

Résumé

L'homogénéité de la distribution des fréquences de longueurs du krill
(Euphausia superba ) dans les captures commerciales des chaluts (traits)
a été examinée en comparant les compositions en longueurs provenant
de différentes parties d'un mé&me chalut. Aucune différence
significative (P>0.05) n'a été notée dans 53 des 60 chalutages. Cela a
permis de conclure que 1'échantillonnage provenant d'une partie du trait
offre une estimation raisonnable de la composition en longueurs de tout
le trait. Contrairement aux variations minimes dans la distribution en
fréquences de longueurs dans un méme trait, la variation entre plusieurs
traits était la plus claire dans les régions ou les distributions de
fréquences de longueurs du krill sont bimodales.

PesioMe

CTeneHb OAHOPOAHOCTH Pa3MEPHOI'0 COCTaBa KOMMEpPUECKHUX
YJIOBOR (32 OJHO TpaJleHHe) aHTapKkTHuUeckoro kpuJast (Euphausia
superba) 6blyia U3yueHa NyTeM CpaBHEHUs Pa3MEPHOI'O COCTABA
npo6, B3sIThIX U3 pa3/IMUHbIX yacTel oAgHoro yJosa. B 53 us 60
YJIOBOB  pasiuuue 6bsi0  HesHauuTeJbHbiM  (P>0,05),
CyefoBaTesibHO, Mo npobe, B3sITON W3 OJAHOM 4YacTH YJIOBA,
MOXHO MNOJIyUUTb NPUEMJIEMYK OLEHKY Pa3MEPHOIo COCTaBa
Bcero  yJoBa. Ilo CpaBHEHHW C  HE3HAUMWTEJIbHOM
M3MEHUMBOCTbI0 Pa3MEPHOI'O COCTaBa Pa3jIMUHBIX uYacTel
OZHOI'O YJIOBa, Pa3/IMUUs MeXAY Pa3/IMUHbIMU YJIOBaMH 6blH
HauboJjlee cymecTBEHHbl B paifoHaX PaCNpOCTPaHEHUS KPUJI,
XapaKTepHU3yIerocst 6UMOAaJbHBIM Pa3MEPHBIM COCTABOM.

*

Far Seas Fisheries Laboratory, 7-1, 5-chome, Orido, Shimizu 424, Japan
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Resumen

Se investigé la homogeneidad de la composicién de tallas del krill de las
capturas realizadas con arrastres comerciales (lances), compardndola en
distintas partes del mismo lance. No se encontraron diferencias
significativas (P>0.05) en 53 de los 60 lances estudiados. Se llega a
la conclusién pues, de que el muestreo de una parte del lance ofrece una
estimacién razonable de la composicién por tallas de su totalidad.
Por contraste a las pequefias variaciones encontradas en la composicién
de tallas de un mismo lance, las variaciones entre distintos lances fue
mds patente en aquellas zonas donde la composicién por tallas del krill
era bimodal.

1. INTRODUCTION

In order to accurately estimate length compositions in commercial trawl catches (hauls),
it is necessary to take a random sample from the haul. By analyzing length compositions of
samples from trawl catches during a survey for blue grenadier (Macruronus novaezelandiae),
Uozumi and Kawahara (1988) have shown that finfish are not randomly mixed within each
haul. They, therefore, recommended the collection of sub-samples from as many different
parts of the haul as possible in order to obtain an unbiased estimate of the catch length
composition. ‘

In the case of Japanese krill trawlers, krill (Euphausia superba) is usually collected only
from one part of the haul, on the assumption that the length composition is homogeneous
throughout the haul. In order to investigate this assumption, krill length compositions of
samples taken from different parts of the same haul were compared.

Variations in length compositions between different hauls are also examined in order to
compare within-haul variations.

2. MATERIALS AND METHODS

A total of 60 commercial trawl catches, each containing 7 to 8 tonnes of krill on average,
were examined on board FV Zuiyo Maru No. 2 (3 023 tonnes, Hakodate Kokai Gyogyo Co.)
off George V Land in the 1985/86 season. In 58 of these hauls, two krill length composition
samples were taken from each haul, one sample being taken from location A and the other from
location B in the vessel fish pond (Figure 1). In two hauls, three samples were collected from
locations A, B and C, respectively (Figure 1). Each sample contained about 150 krill
specimens. Krill body length was measured to the nearest mm from the tip of rostrum to the
posterior end of the telson. All length measurements were carried out by one observer to avoid
methodological differences in the measurement as described by Watkins et al. (1985).

Within-haul length compositions were compared by testing the null hypothesis (H,) that
there was no significant difference in krill length composition within the same haul. This

hypothesis was tested using a Chi-square ()?) test for a multinomial distribution. The value of
the statistic %2 was calculated using the following formula;

Xz = 21 Zj (nij-ni.n./ n..)2/ (ni,n.,/ n.)
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where n;; = the number of krill in the i* (i=1, 2, ..., m) sample in the j* (j=1, 2, ..., k)
length class,

n;. = the total number of krill in the i** sample;
n; = the total number of krill in the j* class,
n. = the total number of krill.

If the calculated value of %2 exceeded the critical value of %2 with (m-1) (k-1) degrees
of freedom, H, was rejected. This test is not really suitable for ny smaller than S. Therefore
length classes with ny<§ were lumped with adjacent classes to increases ny to 5 or larger.

3. RESULTS AND DISCUSSION

Results for each haul are presented in Table 1. The null hypothesis of homogeneity of
krill length composition was rejected in only seven out of 60 hauls (P<0.05). Of these seven
hauls, one had a monomodal length composition, while the remaining six had bimodal length
compositions. In the total 23 hauls had monomodal length composition, while 37 had bimodal
length compositions. Therefore the rejected hauls were biased heavily towards those showing
bimodality. Differences in length compositions for hauls in which H, was rejected are shown
in Figure 2. Apart from haul number 31, the differences are not too obvious. Thus, it is
concluded that krill length compositions are fairly homogeneous within the same haul and that a
sample from one part of the haul may be considered as representative of the entire haul.

In contrast to the observed small variations in length compositions within the haul,
variations between sequential hauls were most apparent in areas where length compositions
were bimodal. As shown in Figure 3, in areas where the overall length composition was
monomodal, between-haul length compositions were consistent throughout the area and
exhibited similar mean lengths. Whereas in areas where the overall length composition was
bimodal, the proportion of large and small size classes often varied between sequential hauls
with the length modes being fairly stable (Figure 4). This may indicate that the proportion of
various size classes differed from swarm to swarm. Therefore in areas where length
compositions have more than two modes, it is recommended that samples should be taken as
frequently as possible from different hauls in order to obtain a more representative sample of
the whole population of krill in the area.
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Table 1:

Comparisons of within-haul krill length compositions.

Data Set | Type of Length Number of DF y P
Set Composition Samples
-1- -2- -3- -4- 5- -6-
1 b 3 26 13.091 0.9831
2 m 3 12 26.091 0.0104*
3 m 2 12 16.767 0.1586
4 b 2 18 15.523 0.6258
5 b 2 16 21.605 0.1564
6 b 2 16 11.721 0.7630
7 b 2 14 7.747 0.9021
8 b 2 12 11.807 0.4613
9 b 2 14 9.738 0.7811
10 b 2 13 19.619 0.1051
11 m 2 12 11.273 0.5057
12 m 2 11 14.702 0.1976
13 b 2 14 24.603 0.0387*
14 m 2 11 11.809 0.3782
15 m 2 11 10.615 0.4761
16 m 2 9 10.069 0.3449
17 m 2 12 10.334 0.5867
18 m 2 13 6.582 0.9224
19 m 2 10 13.961 0.1748
20 b 2 11 13.399 0.2680
21 b 2 14 12.040 0.6031
22 b 2 12 11.484 0.4880
23 b 2 15 10.535 0.7848
24 b 2 14 6.216 0.9608
25 b 2 13 10.099 0.6858
26 b 2 15 13.732 0.5459
27 b 2 13 9.622 0.7245
28 m 2 11 11.409 0.4097
29 m 2 11 13.275 0.2757
30 m 2 12 11.741 0.4667
31 b 2 9 28.563 0.0008**
32 b 2 12 20.588 0.0567
33 m 2 11 6.650 0.8267
34 m 2 10 5.695 0.8402
35 b 2 12 16.321 0.1770
36 b 2 15 9.467 0.8519
37 b 2 10 7.054 0.7203
38 b 2 16 7.137 0.9705
39 b 2 14 10.283 0.7412
40 m 2 11 7.908 0.7215
41 b 2 17 11.517 0.8285
42 b 2 16 11.456 0.7805
43 b 2 17 11.226 0.8446
44 b 2 14 15.696 0.3323
45 b 2 18 15.060 0.6578
46 b 2 14 24.702 0.0376*
47 m 2 9 11.670 0.2326
48 b 2 20 23.546 0.2628
49 b 2 16 35.975 0.0029*x*
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Table 1 (continued)

1 2 3. 4 -5- -6-
50 b 2 15 8.134 0.9183
51 b 2 14 53.427 0.0000%**
52 b 2 18 8.444 0.9713
53 b 2 15 26912 0.0295*
54 m 2 14 12.340 0.5790
55 b 2 15 9.995 0.8201
56 m 2 10 4514 0.9212
57 m 2 10 5.837 0.8288
58 m 2 8 4.096 0.8484
59 m 2 9 3.813 0.9233
60 m 2 8 8.570 0.3799

b  bimodal length composition

m  monomodal length composition

DF degrees of freedom

*  P<0.05

¥k

P<0.01

-2
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Figure 1: Sampling locations for krill length composition samples in the vessel fish pond.
Locations are shown in closed circles.
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ON THE INTENSITY OF SAMPLING KRILL TRAWL CATCHES
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Abstract

This paper uses actual krill length-frequency data in an attempt to
address the problem of the determination of adequate sample size to
obtain representative krill length-frequency distributions from
commercial catches. The possible effect of two other factors
(within-trawl variability and sample decomposition) which may
influence length-frequency data quality is also considered. Attention is
drawn to the following:

+ all measurements of length from commercial krill catches should be
m far as bl ingl I, 1;

* consideration still has to be given to the minimum length differences
which should be detectable between catches. Account must be also
taken of the desired biological characteristics which are to be
discerned (e.g., length-with-age). At present, and in the interests of
both statistical rigour and efficiency of measurement, it is proposed
that length measurements made on commercial krill catches should

be grouped into 2 mm size classes;

« biological implications associated with the detection of specific
differences in length should be considered in conjunction with the
need to collect information on maturity stages;

o for most purposes a_minimum sample size of at least
100 animals/trawl is necessary to obtain statistically meaningful
differences between samples; and

+ the problem of how frequently commercial krill catches should be
sampled still requires consideration.

Résumé

C'est en utilisant les données actuelles de fréquence de longueurs de
krill que ce document tente de résoudre le probleme de la détermination
de la taille de 1'échantillon qui permettrait d'obtenir de mani¢re adéquate
les distributions de fréquence de longueurs de krill des captures
commerciales. Les conséquences possibles de deux autres facteurs
(variabilité dans un méme trait et décomposition des échantillons)
d'influence potentielle sur la qualité des données de fréquence de
longueurs sont également étudiées. Il convient de souligner les points
suivants:

+ toutes les mesures de longueurs du krill provenant de captures
commerciales i & 3

observateur/navire:

*

Sea Fisheries Research Institute, Private Bag X2, Roggebaai 8012, South Africa
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* l'examen des différences minimales de longueurs décelables d'une
capture a l'autre reste a faire. Il faut diment prendre en
considération le choix des caractéristiques biologiques a discerner
(par ex. longueur-avec-dge). A présent, et dans l'intérét de la
rigueur statistique et de l'efficacité de la prise de mesures, il est

suggéré de grouper les mesures de longueurs provenant des captures
commerciales de krill en classes de tailles de 2 mm:;

* les implications biologiques associées a la détection des différences
spécifiques de longueurs devraient étre étudiées conjointement 2 la
nécessité de recueillir des informations sur le stade de maturité;

 dans la plupart des cas, une taille d'échantillon d'un minimum de
100 individus par chalut est nécessaire pour obtenir des différences
significatives sur le plan statistique entre les échantillons; et

¢ le probleme de la détermination de la fréquence 2 laquelle il faut
échantillonner les captures commerciales de krill reste 3 examiner.

PesoMe

B naHHOM TpyJe AesaeTcsl NONBITKA PACCMOTpPETh NpobJjaeMy
onpejeJieHUsl pa3Mepa npo6, Heob6xoaAUMOro AJsi NoJyueHus!
penpe3eHTaATUBRHbBIX JaHHBIX MO pachnpefesjeHHlw YacTOThHI
ZJVIMHBI KpWJisi B KOMMEpPUYECKHUX YJIOBaX, C MOMONbI aHaJJU3a
(paKTUUECKHUX AAHHBIX MO YACTOTE AJIHHBI KpUJs. KpoMme Toro,
paccMaTpUBAETCsl BEpPOSITHOE BO3JeNiCTBUE JBYX ApPYIHX
¢akTOpOB (M3MEHUHBOCTbL B YJIOBE 3a OAHO TpaJieHHEe U
pa3JjioXeHHe Npob) Ha KauecTBO AAHHBIX O UACTOTE AJMHBI,
BHUMaHHe o6pamaeTcs Ha ciegypiee:

+ BCe 3aMepbl AJMHBI 0coBell KpUJsi B KOMMEPUECKUX YJOBAX

ZOJDKHBI (MO BO3MOXHOCTU) NPOBOJAUTCS OAHUM HabJawzaTe-
JeM U/ WU CY THOM;

+ ocTaercs OTKPBITbIM BOIMPOC o6 onpezjesieHUU
MHUHHMaJIbHOT'O Pa3jiUuUsl B AJIMHE KPUJsd MeXJ]Y YJOBaMU,
KOTOpoe JOJIXHO 6biTb U3MepHMo, Heo6xoAuMMO yAeUTb
AOJDKHOE  BHUMaHUE  UJAGHTUDUKALMU  KeJaTeJbHBIX
6UoNIOrHUYecKUX XapaKTEPUCTUK, HANp. - COOTHOUEHUE
AJHUHA-BO3pacT. B Hacrosiee BpeMsi B MHTepecaxX Kak
CTATHMCTUUYECKOM TOUHOCTH, Tak M  3pPeKTHBHOCTU
U3Mepe-HUsl, [peAJaAraeTcsl CrpYNNUPOBATb JaHHBIE IO

dJyHe, noJiyueHHple o KOMMeEpPpUECcKUM VJIOBAM KDPUJS, T10
2-MHJIJIHMCTQOBHM PA3MEPHbIM KJIACCAM, -

* TpU PACCMOTPEHMH BOMPOCOB GHOJIOrMUECKOT0 XapaKTepa,
CBsI3aHHBIX C  BbISIBJIEHUEM KOHKPETHBIX  pa3MepHbIX
pas3iuuui, caeAyeT YUWUTBIBATb HeoO6XOAWMOCTbh cbopa
AaHHBIX MO CTaAHsIM MOJIOBO3PEJIOCTH; AJisl ONpeAeJseHUs]
CTATUCTUUYECKM 3HauMMOH pasHULbl MeXAy npobaMu, B
6oJIbLIMHCTBE  CJyuaeB MUHIMaJbHas npofa  Zo/HKHa
BKJIIOUATH O MeHbuel Mepe 100 ocobeli 33 TpaJieHue; U

* JaJibHellleMy PacCMOTPEHHI0 TMOAJIEXUT BOINPOC UACTOTHI
c6opa npob6 U3 KOMMEpPUYECKUX YJIOBOB KPHJIS,



Resumen

Este documento utiliza la informacién actual sobre frecuencia de tallas
del krill, en un esfuerzo por estudiar el problema asociado con la
determinacion del tamafio de muestra de las capturas comerciales que
permitird obtener distribuciones representativas de las frecuencias de
tallas del krill. También se considera el posible efecto de otros dos
factores (variabilidad en el arrastre y estado de descomposicién de la
muestra) que pueden afectar la calidad de los datos de frecuencia de
tallas. Se destacan los siguietes aspectos:

+ todas las mediciones de talla de krill de las capturas comerciales

deberdn efectuarse, en lo posible. por un sélo observador/buque;

+ se deben tomar en cuenta también las diferencias minimas
detectables en las tallas entre capturas. También se deberdn
examinar las caracteristicas bioldgicas que son de interés (por
ejemplo, talla por edad). Actualmente, para lograr una precisién
estadistica y mejorar la eficacia de 1a medicion, se propone que las
mediciones efectuadas en las capturas comerciales de krill sean
agrupadas en intervalos de tallas de 2mm;

+ se deberdn considerar las consecuencias biolégicas asociadas con la
deteccidn de diferencias especificas en tallas, junto con la necesidad
de obtener informacién de las fases de madurez;

* en general, se necesita un tamafio de muestra minimo de por lo
menos 100 especimenes por arrastre, de modo que las diferencias
estadisticas entre muestras sean coherentes;

* queda todavia por considerarse mds a fondo la cuestién de ;cudn
frecuentemente se deben muestrear las capturas comerciales de krill?

1. INTRODUCTION

At its first meeting in June 1989, the CCAMLR Working Group on Krill (WG-Krill)
recommended:

. the development of sampling procedures to take account of how many samples
and how frequently samples of krill length distributions in commercial catches
should be taken; and

. an interim measure whereby sampling of at least 50 krill from one haul per fishing
day should be undertaken by all vessels other than those of the Japanese fishing
fleet, which already carry out such sampling.

This recommendation was subsequently endorsed by the Scientific Committee
(SC-CAMLR-VII, paragraph 2.44). In the process of receiving the necessary consensus for this
endorsement, SC-CAMLR requested that (a) studies should be undertaken to develop
standardized sampling procedures for krill catches, (b) due account should be taken of the
number and frequency at which krill length-frequency samples in commercial catches should be
collected, and (c) procedures should be developed by which within-catch variances in the
sampling of length-frequency distributions in addition to between-catch and vessel variability
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could be assessed (SC-CAMLR-VIII, paragraph 2.43). The Scientific Committee also urged
Members to report any difficulties experienced with the interim sampling procedure outlined
above as well as the procedures they are currently using or intend to use to sample krill length
distributions (SC-CAMLR-VIII, paragraph 2.44).

Considering the above sampling procedures, it should be noted that Watkins et al.
(1986) have emphasized that the high level of heterogeneity in many krill populations
necessitates implementation of sampling procedures which take account of the extent of such
heterogeneity. Not only does this directly influence the extent of sampling, in the case of
sampling commercial catches it requires that an appropriate balance between the minimum levels
of sampling desired and the cost of sampling be found.

This paper therefore uses actual krill length-frequency data to address the problem of
determining adequate sample size as part of the ongoing effort within WG-Krill to obtain
representative krill length-frequency distributions from commercial catches. In addition, the
possible effect of two other factors which may influence length-frequency data quality are also
considered. These are the effect of elapsed time after capture (i.e., decomposition of samples)
on measurements of length and within-catch sample variability as related to the position within a
trawl from which a particular length sample is taken.

2. MATERIALS AND METHODS

Krill were sampled at 22 localities close to Coronation (South Orkneys) (n=13) and
Elephant (South Shetlands) (n=19) Islands during an acoustic survey by RS Africana in March
1990. A Polish commercial krill trawl (16/41) was used for all sampling and reference should
be made to Slosarczyk (1986) and Miller (1987) for details of its construction and operation.

Routinely, krill samples were collected from the aft-quarter of the trawl codend and the
lengths of 50, 100 and 150 animals were measured. A variable number of animals per sample
were also measured until 50 animals in a single 1 mm size class were obtained. The length
measurement used was that recommended by SC-CAMLR - namely, from the front of the eye to
the tip of the telson, excluding the terminal setae - and to avoid problems of sampling error
alluded to by Watkins et al. (1985) all measurements were made by a single observer.
Analyses of Variance (ANOVA) were undertaken using the Statistical Analysis Software
(SAS 1985) package to compute length statistics and to investigate differences in mean length
between stations and between areas. Additional statistical procedures described in Zar (1984)
were used to estimate projected sample sizes, based on variances in mean length between areas,
and minimum detectable length differences independent of, and relative to, projected sample
sizes. The formulae for these various procedures are given in Appendix 1.

The length measurement procedure and statistical analyses outlined above were repeated
for samples collected from 10 different localities within a single trawl, proportionately
increasing in distance from the codend mouth. Similarly, a single sample of 50 animals was
measured repeatedly at various times (up to 46 hours) after collection.

3. RESULTS
3.1  Analysis of Length by Station and Area

Length-frequency distributions for animals collected at the South Orkneys and Elephant
Island respectively are given in Figure 1. The data in this figure are based on measurements

until 50 animals in each single 1 mm length size class were collected. The ANOVA of mean
length by area indicated a significant difference between the two areas (F,;,=8476.21,
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0=0.05). Mean lengths and standard deviations by station in the two areas are shown in
Figures 2 and 3. Again significant differences were found between mean lengths by station at

both the South Orkneys (F=120.38, 0:=0.05) and Elephant Island (F=86.46, a=0.05).

The procedures outlined in Appendix 1 (A) were then used to compute the required
sample size to detect various differences (1, 2 and 5 mm) in mean length at a 0.05 level of
significance with a 90% chance of detecting a true difference. As explained in Appendix 1 (A),
a simple two-sample £ test was used and the between-population variance was calculated from
the combined error mean squares for length at the two islands derived by the ANOVA procedure.
From Figure 3 it can be seen that the maximum benefit in terms of detecting real differences in
mean length with area as a function of sample size is to be derived by increasing the length class
intervals being used in the sample analyses. In this connection it is apparent that the greatest
impact on the required sample size occurs when the length class difference being assessed is
increased from 1 to 2 mm. This trend is also apparent in the computed minimum detectable
differences in mean length in relation to projected sample size for various functions of the
pooled variance obtained from the analyses between areas (Figure 1). In both cases, a sample
size of at least 100 animals appeared most suited for the detection of a 2 mm difference in mean
length between the two areas.

A similar picture to that obtained from between area analyses is apparent when between-
station differences in mean length are analyzed (see Appendix 1 (B) for details of analytical
procedures) for the two areas separately. Figure 5 shows the minimum detectable differences
in mean length in relation to various functions of the between station variance in length
encountered. Table 1, on the other hand, illustrates the projected sample sizes required for the
detection of specific differences in mean length between stations. Once again a sample size of
approximately 100 animals appears best suited for detecting a 2 mm difference in mean length
between stations at both islands. It would be logical to assume, however, that this picture
would change with the extent of the underlying variance encountered between stations.

The ANOVA for between station differences in length indicates that for sample sizes of
100 animals or less, no significant differences in between-station lengths were detectable

(F=1.967 and 1.187 and F=2.14 and 1.295 [a=0.05] for measured sample sizes of 50 and
100 animals at the two islands respectively). This would imply that such samples were too
small to detect differences in length between stations, a conclusion supported by the results of
the projected sample size-detectable length difference analysis reported above.

3.2 Analysis of Samples by Locality Within a Single Catch

Mean lengths for different sample sizes taken from 10 localities within a single trawl are
shown in Figure 6. Both a nested ANOVA for all localities as well as a comparison-of-means

test between localities indicate that there were no significant differences (F=8.75, 0=0.10 to
0.05) between mean lengths or the number of animals measured/location (i.e., 50, 150 or 50 in
one size class).

3.3 Analysis of Samples With Time

The mean lengths of a sample of 50 animals measured at various times up to 46 hours

after collection are shown in Figure 7. Results from the ANOVA (F=0.31, a=0.10 to 0.05)
indicate no significant changes in mean length with time thereby implying that sample length
measurements are not affected by decomposition, at least over the period considered.

33



4. DISCUSSION

From the current results, the sample size of 50 animals/trawl/vessel/day recommended
by SC-CAMLR appears insufficient to detect even quite large differences in mean length between
areas and between samples in one area unless a large number of vessels are operating (i.e., a
large number of samples are measured) in one locality. In this connection, some consideration
needs to be given to precisely how large detected differences in mean length should be in order
to provide meaningful insights into the underlying biological characteristics and/or differences
of commercial krill catches.

Both the projected sample size and minimum detectable length difference analyses
suggest that in the interests of minimizing underlying measurement effort whilst still
maintaining the ability to detect meaningful length differences, the most cost effective grouping
of length is into 2 mm size classes. Furthermore, from both a statistical and practical point of
view, it would appear that measurement of about 100 animals/sample is sufficient to obtain an
adequate representation of the length structure. The number of animals to be measured,
however, is obviously a function of the underlying variance in length of the population(s) being
considered and similarly so is the minimum detectable difference in length. In this paper,
therefore, some attempt has also been made to illustrate how both these parameters may change
with underlying variance in length of the population concerned (see Figures 4 and 5).

From the above results it is also interesting to note that observed trends in the minimum
detectable differences in length as a function of between-station variance are essentially similar
to those between areas. This suggests that even length samples from a relatively small area may
yield quite high variances thereby necessitating the collection of a larger number of samples in
order to quantify such variance more adequately (cf. Watkins et al., 1986). This would in turn
imply that once again the standard of only length sample/fishing day recommended by
SC-CAMLR is probably insufficient to detect real changes in length, especially in the presence of
marked small-scale (say between-swarm) variability in the length composition of the
population(s) being sampled and when the number of catches sampled is small (i.e., only a
small number of vessels is operating in the area concerned).

From the analyses of samples taken from different localities in the trawl, it would appear
that mean length and length-frequency distribution are not affected by spatial differences
within-trawl. This conclusion is substantiated by similar results reported by Ichii (1990) from
his sampling of Japanese commercial catches. It is also apparent that there are no significant
differences between length data obtained via various sample sizes (i.e., 100, 150 and
50 animals in one size class). Given that the trawl catch used in this particular experiment was
“aimed” into a single krill swarm, then it would be reasonable to assume that the sample length
variance would be low. It is interesting to note, however, that comparison of length between
stations in relation to sample size indicates that small samples (i.e., <100 animals) also did not
indicate any significant differences in length. This result is in accordance with the estimated

minimum sample size (=100) required to detect specific length differences between stations
reported above.

Surprisingly, length did not appear to vary significantly with time post-capture. This
was despite the fact that the condition of individual animals being measured noticeably
deteriorated. Fluctuations in measured length were observed, however, as can be seen from
minor differences in mean length with time as shown in Figure 7. No consistent trend was
observable and it can only be assumed that such fluctuations fell within the limits of normal
measurement error as highlighted by Watkins et al. (1985).

In conclusion, therefore, the following points are offered for consideration:

. All measurements of length from commercial krill catches should be made, as far

as possible, by a single observer/vessel. As proposed by Watkins et al. (1985)
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further studies of between-observer variances in the measurement of length should
be encouraged so as to improve quantification of this effect.

. Consideration must be given to the minimum length differences between-catches
which are to be detected. As far as possible, account should be taken of the
particular biological characteristics which the measurements are aimed at best
discerning (e.g. length-with-age). At present, and in the interest of both statistical

rigour and the efficiency of measurement, it is proposed that length measurements
from commercial catches should be grouped into 2 mm size classes.

o In addition to the biological implications of detecting specific length differences,
there seems to be little doubt that if current knowledge of the fishery’s operational
characteristics is to be improved then attention should be given as to whether, and
how, maturity stage information could be collected. The recommendations put
forward by Morris et al. (1988) therefore need to be noted and critically reviewed.

. From the present analyses, and for most purposes, a minimum sample size of at
least 100 animals/trawl appears necessary in order to obtain statistically
meaningful differences between samples.

. The problem of the frequency of sampling still has not been satisfactorily resolved
other than that a single length sample/trawling day does not appear sufficient to
. obtain even a representative approximation of the length-frequency distributions in
an area(s) where the between-sample variance is quite low (as was the case in this
study) and where the number of fishing vessels is likely to be sparse. The issue

of sampling frequency thus obviously requires further consideration.
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Table 1:  Projected minimum sample sizes for the detection of specific differences in mean
length between-stations at the South Orkneys and Elephant Island. Significance
level 0=0.05 and confidence limit of 90%.

Minimum Detectable Projected Sample Size
Length Difference South Orkneys Elephant Island

1 mm 750 500
2 mm 200 150
5 mm 30 25
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Figure 1: Length-frequency distributions for krill collected with a Polish commercial krill
trawl at the South Orkneys and Elephant Island. Mean lengths for each area
(1 S.D.) are also shown.
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@ Figure 2: Mean Length (£ 1 S.D.) by station for krill collected at (a) the South Orkneys, and (b) Elephant Island.
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Figure 3: Detectable differences in length as a function of sample size. Data for analyses
derived from data for the South Orkneys and Elephant Island together (i.e.,
between areas - see text for explanation). ‘
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Figure 4: Projected minimum detectable differences in length as a function of sample size (n)
and in relation to various functions of the between-area variance (8% - see
Appendix 1 (A) for explanation) in length obtained during the present study.

40



147

. 30 100 {a) South Orkneys I (b)Elephant island
£ o !
2
& 26F - 100
=
<
v 24} 5
&
§ 22t .
i 20k L
Z
é 18 L
Z 6 -
o
Z Wr "
&
£ o12f -
‘a
=R -
<
Y 8F - 10
5
6k _
3
z 4+ _
Z
=z 1 1
2r n
01 — 01
I [ 1 1 1 ) I 1 ! ]
50 100 150 200 500 50 100 150 200 500

SAMPLE SIZE (N)

Figure 5: Projected minimum detectable differences in length as a function of sample size (n) and in relation to various functions of the

between-station variance (s? - see Appendix 1 (B) for explanation) in length abtained during the present study at (a) the South
Orkneys and (b) Elephant Island.
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Figure 6: Mean lengths (+1 S.D.) of animals collected from various localities within a single
trawl. The number of animals measured was (a) up to 50 in a single 1 mm size
class, (b) 150 and (c) 100.
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Mean lengths (£1 S.D.) of 50 animals measured at various times after capture.
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