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Abstract

FIBEX acoustic and length frequency data held in the BIOMASS database
were used to provide estimates of mean density and biomass for the
Indian Ocean sector and the West Atlantic sector as well as for FAO
Statistical Area 41, and CCAMLR Subareas 48.1, 48.2, 48.3, 48.6 and
Division 58.4.2. Density estimates were calculated using the target
strength relationships used at the original FIBEX acoustic workshop.
Estimates for the different areas were also calculated using the target
strength relationships of Green et al. (1990). The new estimates were
on average 4.76 times larger than the old estimates for those cruises

(seven out of the nine considered) that used an echosounder frequency
of 120 kHz.

Résumé

Les données acoustiques et de fréquence des longueurs provenant de la
FIBEX et stockées a la banque des données BIOMASS ont fourni les
estimations de densité et de biomasse moyennes pour les secteurs de
l'océan Indien et de 1'Atlantique ouest, de méme que pour la zone
statistique 41 de la FAO et les sous-zones 48.1, 48.2, 48.3, 48.6 et la
division 58.4.2 de la CCAMLR. Les estimations de densité ont été
calculées au moyen des rapports de réponse acoustique utilisés lors du
premier atelier acoustique FIBEX. Pour les diverses zones, les
estimations ont également été calculées a 1'aide des rapports de réponse
acoustique de Green et al. (1990). Les nouvelles estimations étaient en
moyenne de 4,76 fois plus élevées que les anciennes estimations des
campagnes (sept sur les neuf examinées) qui utilisaient une fréquence
d'échosondeur de 120 kHz.

PeswMe

AKycTuyecKkHde JaHHble U JaHHbIE IO PasMEPHOMY COCTaBY
KpUJisi, MoJiyueHHble B nepuohd FIBEX M xXpaHsimuecsi B 6ase
AaHHbIXx BHOMACC, 6bl/IM HCNOJIb3OBaHbl C LieJb MOJIyUeHUs
OLEHOK CcpeZHel NMJOTHOCTHU U 6HoMacchl B UHAOOKEAHCKOM U
3anagHoaT/JaHTHUECKOM CEeKTopax, a TakXe CTaTUCTUUECKOM
pafioHe OAO 41 v nozaparioHax 48.1, 482, 48.3, 48.6 u YuacTke
58.4.2 AHTKOMa. OueHKU TNJAOTHOCTU 6bIJIM BBIUUCJEHDI
HCNOJb3ysl BEJIMUUHBI OTHOIIEHUS CUJIbI LIeJIU K AJUHE KPpUJI,
TPUHSATbIE Ha NepBOHauaJbHOM paboueM ceMuHape FIBEX mno
akycTuke, OLeHKU MO 3THUM palioHaM TaKXe 6blJIU BbIUUCJIEHBI C
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HCMoJIb30BaHUEM BEJIMUMH OTHOWEHUH CHJIbI LeJu,
npuBeJeHHbIX B pabore I'puna u ap. (Green et al, 1990). B
CpeAHEM HOBble OLIeHKU 6blid B 4,76 pasa 6oJiblle CTapbiX
OLIEHOK, MOJIyUEeHHbIX B pe3yJ/bTaTe PENCOB (CEMb U3 JIEBSITH), B
X0Jle KOTOPbIX HCMOJIB30BaJIach YacTOTa 3xoJoTa 120kI'w,.

Resumen

Se utilizaron los datos actsticos y de frecuencia de tallas de FIBEX
archivados en la base de datos BIOMASS para obtener valores de la
densidad media y biomasa en los sectores del océano Indico y del
Atldntico occidental, as{ como para el Area estadistica 41 de la FAO y las
Subdreas 48.1, 48.2, 48.3, 48.6 y la Divisién 58.4.2 de la CCRVMA.
Los valores de densidad fueron estimados a partir de las relaciones de
potencia del blanco utilizadas en el primer taller de actstica de FIBEX.
También se calcularon valores para las distintas zonas mediante las
relaciones de potencia del blanco de Green et al. (1990). Los nuevos
valores fueron, en promedio, 4.76 veces superiores a los antiguos
valores para aquellas campaiias (siete de las nueve consideradas) que
emplearon una frecuencia de sonido de 120 kHz.

1. INTRODUCTION

In 1991 the Commission for the Conservation of Antarctic Marine Living Resources
(CCAMLR) set precautionary catch limits for krill in Statistical Area 48 (Conservation
Measure 32/X). These limits were based on calculations undertaken by the Scientific
Committee’s Working Group on Krill (WG-Krill) (SC-CAMLR, 1991a) using estimates of krill
biomass established from results of the First International BIOMASS Experiment (FIBEX)
(Anon., 1986).

An important parameter in the estimation of krill abundance from acoustic survey data is
acoustic target strength (TS) (¢f. Miller and Hampton, 1989). Kirill TS has recently been
re-assessed (Foote et al., 1990) and there is now a general consensus that the TS values used
during the FIBEX analysis (reported in Anon., 1986) were too high, thereby resulting in
unrealistically low biomass estimates (Everson et al., 1990). WG-Krill has recommended that a
revised TS/length relationship should now be used (SC-CAMLR, 1991b) for analysing acoustic
survey data.

In order to refine the krill biomass and subsequent yield estimates used to set the
precautionary catch limits, SC-CAMLR has requested that the FIBEX data should be re-analysed
using the most recent TS estimates (SC-CAMLR, 1991b) (Task 1). This re-analysis should not
only calculate krill biomass by statistical subareas within Area 48 (West Atlantic) but should
also be extended to other statistical areas, subareas or divisions wherever possible (Task 2).
This paper presents the results of these analyses.

2. MATERIALS AND METHODS

The original FIBEX analysis was carried out by the BIOMASS Acoustic Working Group
in September 1984. The report of that workshop (Anon., 1986) and other archived material
(listed in Anon., 1986 - Appendix I) were used extensively for primary reference. The analysis
reported here was undertaken at the BIOMASS Data Centre, British Antarctic Survey,
Cambridge, UK.
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2.1  Data Availability

A list of areas surveyed by the 11 vessels concerned is given in Table 1. Survey areas
in relation to statistical subarea divisions are depicted in Figures 1 and 2.

2.1.1 LengthData

Length frequency data were available from net hauls for all cruises except Kaiyo Maru
and Nella Dan. A single mean length was available for the Kaiyo Maru (41.4 mm) (Anon.,
1986 - p. 46), but no information was available for the Nella Dan.

2.1.2 Acoustic Data

Data were available as the acoustic parameter Mean Volume Backscattering Strength
(MVBS) for all cruises except Odissey and Dr Eduardo L. Holmberg, where krill densities were
expressed in tonnes * n mile2. To ensure that all data were available in equivalent units prior to
analysis, MVBS values for these two cruises were calculated following the procedures outlined
in Appendix I of this paper. Correspondence with Dr K. Yudanov and Dr W. Tesler (USSR)
indicated that the methods described in archived material from Anon. (1986) were appropriate
for Odissey. Correspondence with Lic. E. Marschoff (Argentina) and a subsequent visit to
Argentina by Dr I. Everson (UK) established that the original data from Dr Eduardo
L. Holmberg could not be used. The original FIBEX acoustic echocharts were therefore
examined by Dr A. Madirolas (Argentina) and Dr Everson and the deflection in millimetres
determined. These deflections were subsequently converted to MVBS following the approach
outlined in Appendix I of this paper.

The Umitaka Maru and Melville cruises comprised only single transects. These data
sets could be used to provide a mean but not a variance and therefore were not included in the
calculations of total biomass reported in Anon. (1986). They were not considered further in the
present analyses.

The final analyses were based upon a total transect length of 22 131 km, surveyed by
nine vessels during the period 16 January to 12 March, 1981.

2.2 Data Analyses Carried Out

Every attempt was made to ensure that the current analyses were comparable with those
of Anon. (1986). Wherever possible, the original analysis methodologies and area definitions
were used. As a check, the FIBEX results were recreated using original TS values and strata
prior to undertaking any analysis with new TS values and area definitions. The analyses
themselves were carried out as follows so as to address the two tasks outlined above.

2.2.1 Task (1) - Recalculation of FIBEX Results

Phase 1: Krill densities by individual cruise were calculated and Table VIII in Anon.
(1986) was recreated. The TS relationships used by Anon. (1986) and the new relationships
specified by WG-Krill (SC-CAMLR, 1991b) were incorporated into separate calculations. This
allowed for comparison between the original FIBEX results in Anon. (1986), recalculated results
using the original FIBEX TS values and results derived from the new TS values.
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Phase 2: Krill densities within strata (where strata were based upon geographic area and
were originally defined in Table IX of Anon., 1986) were calculated using the new TS values.
Estimates for the overall biomass in the Indian Ocean sector and in the West Atlantic sector
were calculated.

2.2.2 Task (2) - Extension of New TS Analysis to Statistical Subareas

Most cruise survey transects ran meridionally and therefore could be allocated to new
strata on the basis of longitude (with the exception of Walther Herwig where further division on
the basis of latitude was necessary). These new strata were assigned to statistical areas or
subareas and densities and biomass estimates by area or subarea were calculated.

2.3 Analysis Details

Analyses followed those described in Anon. (1986) (for a full description of their
statistical basis see also Jolly and Hampton, 1990).

2.3.1 Length (J) to Weight (w) Relationship

The following length-weight relationship (Anon., 1986 - equation 15) was used to
calculate mean weight from length frequency data:

w = 0.0009251 355 (w in mg, [ in mm).

2.3.2 Target Strength (TS) to Length (/) Relationship

The following TS/length relationships were used in the calculation of mean weight
density (gm2) from available MVBS values for the original FIBEX analysis reported in Anon.
(1986) and were also used in this report in the recalculations carried out for comparison with
the original results. Some of these TS/length relationships are shown in Figure 3.

120 kHz
TS = 19.9logl - 95.7 (Anon., 1986 - equation 11)

50 kHz
TS = 19.91ogl - 90.5 (Anon., 1986 - p. 46)

200 kHz

The Kaiyo Maru mean weight densities reported in Anon. (1986) were derived using a
TS value of -68.10 dB for a mean animal length of 41.4 mm for the cruise. Since no length
frequency data were available for Kaiyo Maru, this TS value was based on information collected
during the Second International BIOMASS Experiment (SIBEX). These same values were used to
recalculate density estimates for comparison with the original results reported in Anon. (1986).

The new TS/length relationship recommended by WG-Krill (SC-CAMLR, 1991b) is that of
Greene et al. (1990). This new relationship was used to calculate new mean weight density
estimates (gm2). This TS/length relationship is shown in Figure 3.

120 kHz
TS = 34.85logl - 127.45 (Greene et al., 1990)

160



50 kHz '

In the absence of new information on krill TS at 50 kHz the method of Greene et al.
(1990) was used to estimate an adjustment factor (-10 » log(120/50) = -3.80) to provide the
following revised TS/length equation at 50 kHz.

TS = 34.85log] - 131.25

The TS/length relationship at 50 kHz given in Klindt and Zwack (1984), which
corresponds to a TS of -63.86 dB for a 40 mm krill, was also used for comparative purposes.

TS =0.211 - 72.26 (Klindt and Zwack, 1984)

200 kHz

No new information was available from experimental studies at 200 kHz. The method
of Greene et al. (1990) was therefore applied to estimate the appropriate adjustment factor (that
is -10 « 10g(120/200) = + 2.22). This provides a new TS/length relationship at 200 kHz.

TS = 34.85logl - 125.23

For the Kaiyo Maru, with a mean animal length of 41.4 mm, this gives a TS of
-68.85 dB. This new TS is very close to that used for Kaiyo Maru in Anon. (1986).

2.4  Areas and Strata

The area estimates for strata were obtained from Table VIII in Anon. (1986) and with the
exception of Walther Herwig values were not recalculated (see Table 5 and the discussion
below).

In accordance with the procedure outlined in Anon. (1986), strata were defined by
cruise unless the areas overlapped. Areas of overlap identified in Anon. (1986) were present in
the Drake Passage (Itzumi and Professor Siedlecki cruises) and the Bransfield Strait (again
Itzumi and Professor Siedlecki).

Stratification of the Bransfield Strait caused few problems. The area covered by each
stratum was taken from Table VIII of Anon. (1986). Survey strata were allocated to the
“Central Bransfield” area (Itzumi Transects 1-16: Area = 24 900 km?2, Professor Siedlecki
Transects 12-21: Area = 29 100 km?2) and to the “East Bransfield” area (Izzumi Transects 17-24:
Area = 8 600 km?2).

The definition of strata reported in Anon. (1986) for the Drake Passage was more
complex and required the division of individual transects surveyed by the Professor Siedlecki,
however, the criteria for this division were not recorded. However, the mean density for the
three Drake Passage strata calculated from both the Professor Siedlecki and the Itzumi was
0.39 gm2 (Anon. 1986 - Table IX) compared to 0.39 gm2 for the Professor Siedlecki stratum
alone (Anon., 1986 - Table VIII). Given this similarity, and the difficulty of objectively
dividing the Professor Siedlecki transects, the mean density from the Professor Siedlecki data
was taken as representative of the Drake Passage stratum as a whole. Therefore, Itzumi
transects falling within the Drake Passage stratum were not included in the area estimation of
biomass (see Table 3 below) although they were included in the estimation of biomass by cruise
(see Table 2 below).
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Only data collected during the daytime were used in analyses by strata. Transect length
was calculated by summing the lengths of the relevant echo-integrator! intervals. This is in
keeping with the original FIBEX approach (Anon., 1986).

2.5 Calculation of Biomass

The mean weight density for each echo-integrator interval was calculated using
equation 1 in Appendix II (this report). In the original FIBEX analysis (Anon., 1986) length
frequency data from individual net hauls were assigned to specific echo-integrator resets. Since
the criteria for such assignments were not archived it was impossible to recreate exactly the
results reported in Anon. (1986). To avoid some of the sampling problems highlighted by
Watkins et al. (1990), the present analyses utilised acoustic data from each stratum together
with the combined length frequency distribution from all net hauls (excluding neuston net
catches) taken in a cruise. Integrator interval densities were combined for each transect and
weighted by echo-integrator reset length using equation 2 in Appendix II (this paper) (Anon.,
1986 - equation 3) to provide an estimate for transect density (px). The mean density by
stratum (p, ) weighted by transect length, was then calculated using equation 3 in Appendix II
(this report), and biomass derived through multiplication by stratum area. The within-stratum
density variance was estimated using equation 4 in Appendix II of this paper (Anon., 1986 -
equation 4).

As described above, the Central Bransfield Strait was the only stratum in the current
analysis where two survey sections overlapped. A single stratum value for (p,) was obtained
by combining the individual survey section densities, having weighted these by the inverse of
their variance using equations 5 and 6 in Appendix II of this paper.

3. RESULTS AND DISCUSSION
3.1  Task (1) - Recalculation of FIBEX Results

Phase 1: The first task assigned by SC-CAMLR was the recalculation of density and
biomass by cruise and region (SC-CAMLR, 1991b). Table 2 shows density by cruise taken
from Table VIII of Anon. (1986) compared with results recalculated using the TS/length
relationships from Anon. (1986) and the new TS/length relationships recommended by WG-Krill
(SC-CAMLR, 1991b). The recalculated densities using the old TS/length relationships were
mostly close (+£10.0%) to those reported in Table VIII of Anon. (1986) with the exception of
I tzugu’ in the Drake Passage, Odissey around South Georgia and Dr Eduardo L. Holmberg in
the Scotia Sea.

Since the allocation of transects for Itzumi and Odissey were recreated exactly, it is
impossible to determine the exact cause of the large differences observed. It is assumed that
only small differences would have been brought about by variations in the krill length
frequency distributions within individual nets allocated to particular echo-integrator resets in the
analysis reported in Anon. (1986).

For the Dr Eduardo L. Holmberg the very large difference may be attributed to the very
different methods used for providing density estimates. The original estimate, the derivation of
which is described in Anon. (1986) Appendix G, was based upon a conversion factor
determined from targeted net hauls. Examination of the details of the method, together with the

The amount of acoustic energy returned from krill for an interval (set either on the basis of time or on
distance steamed) of ship’s track was measured by analogue or digital echo-integration. MVBS values were
then stored in the BIOMASS database for individual Echo-Sounder Distance Units (ESDU) corresponding to
specific echo-integrator resets by time or distance.
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difficulties of reproducing the calculations, suggested that the method described in Appendix I
(this paper), was more reliable and that the associated estimate was probably a better
assessment of the biomass in the strata.

By contrast, a much wider range of differences between density estimates using the old
TS values and the new TS values are apparent; these varied from 0.98 times for Kaiyo Maru to
40.92 times in the case of Walther Herwig. For the Kaiyo Maru, the similarity can be
accounted for by the minor difference between the 200 kHz TS value used in Anon. (1986) and
the value derived from Greene et al. (1990). For the Walther Herwig, the large increase can be
accounted for by the major difference between the TS value used in Anon. (1986) and the new
value. For a 40 mm krill this reflects a change in TS value at 50 kHz from -58.62 dB to
-75.35 dB. The density estimated using the 50 kHz TS value given in Klindt and Zwack
(1984) (see above) was somewhere between that from using the TS value given in Anon.
(1986) and that from using the value derived from Greene et al. (1990), but somewhat closer to
the former (see Figure 3). Reservations have been expressed that extrapolating individual TS
values to frequencies below 120 kHz may give spurious results (Greene et al., 1990).
Furthermore, extrapolation over a wide range of frequencies using an approach similar to that
of Greene et al. (1990) may result in spurious projections since the backscattering amplitude
varies dramatically (Chi et al., 1992). Nevertheless, a new 50 kHz TS value somewhat lower
than that used in Anon. (1986) and less than that at 120 kHz appears reasonable.

In the absence of krill length frequency information, it was not possible to recalculate
mean weight density estimates for Nella Dan (see Table 2). This problem was further
compounded by a lack of acoustic data essential to the determination of the coefficients of
variation for the recalculated results and for the results using the new TS values. Consequently,
new density estimates were not made. However, a multiplication factor was calculated from the
ratio of p, [new]/p 5 [recalculated] from all other cruises using 120 kHz (N = 11 strata from
Table 2) and was applied to the results for Nella Dan reported in Anon. (1986). The results
reported here (see Tables 2, 4 and 6) use the original Anon. (1986) estimates of density and
biomass for Nella Dan unless otherwise indicated. The same is also true for estimates of the
coefficient of variation.

For 120 kHz, the average new mean density estimate is 4.86 times the recalculated
estimate using the TS values from Anon. (1986). This difference supports the conclusions of
Foote et al. (1990) and Everson et al. (1990) that the TS values originally used in Anon. (1986)
led to significant underestimates of krill biomass. For 120 kHz the mean difference
(4.86 times) between the new and old estimates is close to the multiplication factor (5.7 times)
used by WG-Krill (SC-CAMLR, 1991a) to account for differences in older TS values (e.g., Anon.
1986) and used by WG-Krill in the conversion of FIBEX biomass estimates to absolute values.

Phase 2: To eliminate problems associated with the estimation of biomass in areas where
cruise survey areas overlapped new strata were used (Table 3). Areas of overlap occurred
between the Marion Dufresne and Kaiyo Maru cruises as well as between the Professor
Siedlecki and Itzumi cruises. The recalculated densities using the old TS values are similar to
those given in Table IX of Anon. (1986).

The results from combining strata to provide total estimates of biomass for the West
Atlantic and Indian Ocean sectors are given in Table 4. Table 4 is comparable with Table X in
Anon. (1986). In the West Atlantic the recalculated estimate of biomass using the old TS value
is larger (1.5 times higher) than that reported in Anon. (1986), however, the substantial
increase in the estimate for the area surveyed by Dr Eduardo L. Holmberg largely accounts for
this. In comparison, the estimate for the West Atlantic using the new TS values is even higher
(8-times higher) and is due solely to the changed TS values. In the Indian Ocean sector the
recalculated estimate using the old TS value is very similar to the estimate reported in Anon.
(1986), whilst the new estimate is only twice the old figure. The relatively small increase
obtained using the new TS values in the Indian Ocean sector is largely due to the very small
changes in TS value at 200 kHz.

163



For the estimates using the new TS values, some of the large difference in the West
Atlantic sector is attributable to the large change in TS value at 50 kHz. The Walther Herwig
surveyed a large area and so even a small difference in TS will exert a large influence on the
calculated biomass. In the absence of more precise estimates of TS at 50 kHz and further
information concerning the distribution of krill within the area surveyed by Walther Herwig,
extreme caution needs to be exercised in further interpretation of these particular results. Taken
together these uncertainties underline the need for more information on the TS of krill at
50 kHz.

3.2  Task (2) - Extension of New TS Analysis to Statistical Subareas

The second task assigned by SC-CAMLR was the calculation of density and biomass by
statistical subarea (SC-CAMLR, 1991b). Most cruise survey transects ran meridionally and
hence could be allocated to statistical subareas on the basis of longitude. Part of the Walther
Herwig survey however, contained transects which extended beyond the limits of CCAMLR
Subareas 48.1 and 48.2 into FAO Statistical Area 41. These transect sections were allocated
into a new stratum (Table 5).

The overall combined biomass estimates for particular subareas using the new TS
relationships are presented in Table 6. These results can be compared with similar estimates for
Subareas 48.1, 48.2 and 48.3 undertaken by Everson (1991). Multiplying Everson’s biomass
indices (Everson, 1991 - Table 2) by the mean density increase (4.86 times) attributable to the
most recent TS value from Greene et al. (1990) indicates that the current estimate for
Subarea 48.3 is more or less directly comparable, the current estimate for Subarea 48.2 is
about twice that expected and the current estimate for Subarea 48.1 is about three times that
expected. These differences are largely due to two factors, firstly, the large change in TS at
50 kHz, the frequency used by Walther Herwig for surveying one of the largest areas of the
FIBEX programme and secondly, the large increase in biomass attributable to the area surveyed
by Dr Eduardo L. Holmberg following recalculation of the MVBS values.

4. SOME IMPLICATIONS ARISING FROM RE-ANALYSIS OF THE FIBEX RESULTS

In carrying out the re-analysis of the FIBEX survey results a number of issues are
highlighted. These include:

(i) appraisal of the survey design and whether it was appropriate;

(if) assessment of the analysis methods reported in Anon. (1986) and whether they
were correct, or whether a more suitable method should have been utilised;

(iii) consideration of whether the survey was truly synoptic or whether it actually
covered an extended period;

(iv) estimation of whether the survey area was representative of the known distribution
of krill and the densities actually observed;

(v) and lastly, estimation of whether the survey area is typical of the areas where the
precautionary catch limits were set.

Most easily appraised are the survey design and the correctness of the analysis methods
used. The design of the survey is considered unbiased (Anon., 1980) and the method of
analysis appropriate (Jolly and Hampton, 1990), to the extent that this method was utilised in
this paper for the re-analysis.
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That the survey was quasi-synoptic and covered a large area, were attributes that were
emphasised by WG-Krill as being important in order to account for krill advection between
subareas (SC-CAMLR, 1991a). The start of the FIBEX survey was 16 January 1981 and the end
was 12 March 1981 (excluding Umitaka Maru and Melville) a period of 56 days (Anon.,
1986 - Table 1). Within the limitations of a large-scale multi-ship survey this time interval is
probably as close as it is possible to get, to a truly synoptic survey for such a large area.

When assessing whether the FIBEX survey is representative of the known distribution of
krill and of the densities actually observed, it should be emphasised that the FIBEX survey was
limited to only one season and was carried out over a decade ago. In contrast, there are now
several national data sets from specific areas within Statistical Area 48 which span a number of
years (some of these have been summarised in Everson 1988; Nast et al., 1988; Siegel 1988).
In general, it would appear that:

(i) biomass estimates may vary within single surveys depending upon the sampling
techniques or interpretation method being applied (e.g., Klindt and Zwack, 1984;
Klindt 1986; Nast et al., 1988);

(i) there may be an order of magnitude in variation of biomass which is attributable to
seasonal effects (e.g., Siegel, 1988; Everson, in press); and

(iif) year-to-year variability is hard to assess given that surveys may also have been
taken at different times of the season, but for some years it may be substantial, for
example, Priddle er al. (1988) present evidence of large scale fluctuations in the
annual biomass of krill around South Georgia.

When estimating whether the FIBEX survey area is representative of the areas where krill
precautionary catch limits were set by CCAMLR, it should be stressed that the area covered by
FIBEX is substantially less than that of the CCAMLR subareas (Figures 1 and 2). Furthermore,
the FIBEX survey covered areas that were thought to be regions of krill abundance (Anon.,
1979). Everson and Goss (1991) have demonstrated that high concentrations are to be found
on the shelf, or close to it and this has been confirmed by more recent studies in Subarea 48.1
(Ichii et al., 1991; Marin et al., 1991). This would indicate that most of the krill biomass in
Subareas 48.1, 48.2 and 48.3 was within the geographic limits set for the FIBEX survey. This
supports the original FIBEX survey strategy, at least in the West Atlantic, which assumed that

the areas outside the FIBEX survey were areas that were characterised by low krill abundance
(Anon., 1979).

The biomass estimate used to set the precautionary catch limit contained in Conservation
Measure 32/X, (SC-CAMLR, 1991a - paragraph 6.54) was based upon the best scientific
information then available. The re-analysis undertaken here, however, has highlighted various
problems so that there now appears to be some justification in exploring ways to improve upon
the current results. Important considerations in this regard are:

(i) whether further large-scale surveys such as FIBEX are necessary; and
(ii) and whether FIBEX results can be more meaningfully applied to specific ecological
or fishing areas as opposed to statistical areas or subareas.
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Table 1:  Ships, areas and acoustic frequencies used during FIBEX.

Ship Country Area Echosounder

Frequency (kHz)
Walther Herwig Germany 48 50
Dr Eduardo L. Holmberg Argentina 43 120
Itzumi Chile 48 120
Odissey USSR 48 120
Professor Siedlecki Poland 48 120
Melville* USA 48 50
SA Agulhas South Africa 48 120
Kaiyo Maru Japan 58 200
Marion Dufresne France 58 120
NellaDan Australia 58 120
Umitaka Maru® Japan 88 120

*  Not used in present analysis (see text for explanation).

168




Table 2: Mean density and biomass estimates from FIBEX acoustic survey cruises, with original BIOMASS results (BIO), recalculated results
(OLD) and re-analysis using new CCAMLR TS (NEW). See text for further details. [Transect length in km = TL; area in km?2 =
AREA ¢ 103; density in gm? =pA; biomass in tonnes = Bw ¢ 103; coefficient of variation (%) = CV].

Ship/Strata Transect| TL Area Pa Ratio Bw CcvV
Number pA
BIO OLD NEW | OLD:NEW BIO OLD NEW BIO OLD NEW
Walther Herwig 1-13 | 3549.5| 220.7| 1.7 17 | 70.1 | 40.92 3720 381.8 {15479.2| 28.0 | 279 | 27.9
Dr Eduardo L. Holmberg 1-22 [ 26274} 83.8| 2.8 | 18.6 | 82.8 4.45 234.0 | 1559.4 | 69374 | 55.0 | 349 | 349
Itzumi (Bransfield) 1-24 | 14409 26.5(32.3 | 32.6 | 159.6 4.89 854.0 | 864.3 | 4228.7 | 20.0 | 19.7 | 19.7
Itzumi (East Drake) 34-40 313.0 83| 8.8 | 13.7 | 66.9 4.89 73.0 113.5 55521 940 | 650 | 65.0

Itzumi (West Drake) 26-33 240.08 471240 | 188 | 919 4.89 112.0 88.3 432.1 | 34.0 | 43.1 | 431
Odissey (South Georgia) 51-58 497.8| 25.3(15.6 | 12.6 | 59.7 476 | 395.0| 317.8 | 1511.1 | 38.0 | 379 | 379
Odissey (Scotia A) 1-13 ] 2196.0 68.3|17.3 | 18.8 | 89.3 476 | 1185.0 | 1284.0 | 6102.5 | 23.0 | 20.1 | 20.1
Odissey (Scotia B) 14-15 3221 3331 35 35 | 168 4.76 1150 | 1173 5519 70| 75| 175
Prof. Siedlecki (Bransfield) | 12-21 520.4| 29.1| 47 52 | 219 4.24 136.0 | 150.5 638.2 | 420 | 37.7 | 377
Prof. Siedlecki (Drake) 1-11 | 22459| 160.1| 0.4 0.4 1.5 4.24 62.0 56.4 239.2 | 310 | 31.1 | 31.1

SA Agulhas 1-9 3037.3] 576.0) 1.1 1.2 8.0 6.78 | 610.0 | 682.6 | 46264 ) 19.0 | 229 | 229
Marion Dufresne 1-3 1493.1} 240.3| 0.2 0.2 1.0 4.84 50.5 50.2 2429 | 43.0 | 41.1 | 411

Kaiyo Maru 1-6 1894.6| 537.5| 4.3 44 4.3 0.98 | 2310.0 | 2300.0 | 2230.0 | 28.0 | 30.5 | 30.5

Nella Dan* - 3000.2 { 1091.6 1.5 - 7.1%  4.86" | 1578.0 - 7696.9% 38.0 - -

691

Difference in TOTAL Bw is + 2.1%; BIO = 6.27 * 10° tonnes; OLD = 6.41 + 06 tonnes (excluding Nella Dan and Dr Eduardo L. Holmberg).

* For Nella Dan the NEW py is derived by multiplying the BIO estimate by the mean incrase due to the new TS value (see text for details).
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Table 3: Mean density and biomass estimates for various strata from FIBEX acoustic survey cruises, with original BIOMASS results (BIO),
recalculated results (OLD) and re-analysis using new CCAMLR TS (NEW). See text for further details. [Transect length in km = TL;
area in km?2 = AREA ¢ 103; density in gm2 = pA; biomass in tonnes = Bw * 103; coefficient of variation (%) = Cv].

Ship/Strata Transect| TL Area pA Bw cv
Number
BIO OLD NEW BIO OLD NEW BIO OLD NEW
CENTRAL BRANSFIELD
Central Bransfield - 1431.6 | 249 6.3 6.8 28.2 155.9 170.1 703.1 310 73.8 88.7
Itzumi 1-16 911.2 24.9 32.3 353 172.8 854.6 | 9358 | 4302.2 | 20.0 22.9 229
Prof. Siedlecki 12-21 520.4 29.1 4.7 52 21.9 136.0 150.5 638.2 420 37.17 37.7
EAST BRANSFIELD
Itzumi | 1724 | 5297 | 8.6 | 272 | 28.0 | 1369 | 234.1 | 2406 | 1177.0 | 410 | 415 | 415
DRAKE PASSAGE
Prof. Siedlecki | 1-11 | 22459 | 160.1 | 04 | 04 | 15 | 620 | 564 | 2392 | 310 | 311 | 311
INDIAN OCEAN
Marion Defresne | 2-3 | 800.2 | 81.7 | 0.1 | 0.1 | 0.5 ’ 8.0 | 8.7 ’ 41.9 | 45.0 ‘ 28.2 ' 28.2
Table 4: Mean density and biomass estimates from FIBEX acoustic survey cruises for the West Atlantic sector and the Indian Ocean sector,

with original BIOMASS results (BIO), recalculated results (OLD) and re-analysis using new CCAMLR TS (NEW). See text for further
details. [Transectlength in km = TL; area in km? = AREA » 105; density in gm?2 = pA; biomass in tonnes = Bw « 106; coefficient of
variation (%) = CV].

Sector/Strata TL Area pPA Bw cv
BIO OLD NEW BIO OLD NEW BIO OLD NEW
‘West Atlantic 13399.87 0.63 4.46 6.60 5233 2.65 4.13 3271 1400 23.60 16.67
Indian Ocean 8732.29 2.29 1.97 2.03* 3.74* 451 4.63* 8.55* 19.70 24.02* 20.79*

*  Uses BIO density and variance estimates for Nella Dan - see text for details
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Table 5: Mean density and biomass estimates for three strata [Subarea 48.1 (southwest), Subarea 48.2 (east) and Statistical Area 41
(northwest) from FIBEX Walther Herwig acoustic survey cruise, using new CCAMLR TS (NEW). See text for further details.
[Transect length in km = TL; area in km2 = AREA « 103; density in gm-2 = pA; biomass in tonnes = Bw « 103; coefficient of
variation (%) = CV].

Ship/Strata Transect pA Bw cv
Number TL Area NEW NEW NEW
Walther Herwig 6-7 773.1 56.5 35.6 2008.7 40.1
(East)
Walther Herwig 1-5
(South West) 8-13 1892.4 89.4 94.2 84204 38.0
(South of 60°S)
Walther Herwig 1-5
(North West) 8-13 884.0 74.8 48.9 3657.4 29.6
(North of 60°S)
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Table 6: Mean density and biomass estimates for strata combined according to statistical areas and subareas from FIBEX acoustic survey
cruises, using new CCAMLR TS (NEW). See text for further details. [Transect length in km = TL; area in km? = AREA * 105; density
in gm2 = pA; biomass in tonnes = Bw * 106; coefficient of variation (%) = CV].

Area/Subarea/Strata Ship/Strata TL Area pPA Bw CcV
41 Walther Herwig (North West) 884.0 0.75 48.90 3.66 29.57
48.1 Walther Herwig (South West) 6099.5 2.83 37.24 10.54 35.00
Central Bransfield
East Bransfield
Drake Passage
48.2 Walther Herwig (East) 5918.6 2.42 64.52 15.61 22.19
Dr Eduardo L. Holmberg
Odissey (Scotia A)
Odissey (Scotia B)
48.3 Odissey (South Georgia) 497.8 0.25 59.73 1.51 37.95
48.6 Agulhas 3037.3 5.76 8.03 4.63 22.95
58.4.2* Marion Dufresne 5695.0 17.11* 2.29* 3.93*  32.00"
Kaiyo Maru
Nella Dan*

* Uses BIO density and variance estimates for Nella Dan - see text for details.




ELT

75U 70°U 65U 60*U 55U 50°H 45°U 40°U 35U 30°U 25°U 20U 15U
45.5 T F 1 T T T L L L LS L] L) T Ll L) T L] T r 1 1 L) L) T T L] T T ks T T L T T T T T T T T T T T T T L LS T T 1 T T X dum 4 l o
50°S
|
7 SUBAREA 48.3 ]
L ]
55°S ~— L -+ \Q d—
» o p
SUBAREA 41.0 * F
A , < <
H {x} [£3]
i I : - ~
i T : < < |
S @ |
Y- * 1 Y 'i 1
60°S —- L 7 n
n * l, -
l. v—: ! .
2?
i P SUBARTEA 48.2 .
I Y, '
65°5 — Eg o +
i = SUBAREA 48.5 |
1 1 1 1 II’ i L1 1 1 1 L1 1 1 bl __1 A1 1 1 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 11 A1 1 1. 1.5 1 1 1 1 1t
75U 70U 651 60| 55U S0°*H 45°U 40U 35U 30°'U 25U 20U 151

Figure 1:

Halther Herw!q, Eduordo L, Holmberg, Ibzumt,
Odissey and Professor Sledleckl
MERCATOR PROTECTION

FIBEX survey areas and CCAMLR statistical subareas in the West Atlantic sector.

45°S

50°S

55°*S

60°S

65°S




yLT

20°U 10°U Q* {0°E 20°E 30°E 40°E 50°E 60°E 70°E 80°E 90°E
50'5-: b :-—50'5
coos | SUBAREA 58.4.4 o — Leors

[ SUBAREA 48.6 < — ! N

i LT —*-"—Tj — | 1]

- e e e R =

[ = o ]

5 P Ve

i = SUBARFEA 58.4.2 .

l f l l | 705

20°H 10U 0 {0°E 20°E

30°E

40°E 50°E 60°E 70°E 80°E 90°E

Agulhas, Marlon Dufresne,

Kalyo Maru ond Nella Dan
HERCATOR PROTECTION

Figure 2: FIBEX survey areas and CCAMLR statistical subareas in the Indian Ocean sector.
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Légende des tableaux
Navires, zones et fréquences acoustiques utilisés pendant la FIBEX.

Densité moyenne et estimations de biomasse a partir des campagnes
d'évaluation acoustique FIBEX, avec les résultats originaux de BIOMASS (BIO),
les résultats a nouveau calculés (OLD) et 1a nouvelle analyse utilisant la nouvelle
réponse acoustique CCAMLR TS (NEW). Se référer au texte pour davantage de
précisions. [Longueur de la radiale en km = TL; aire en km? = AREA x 103;
densité en gm-2 =pA; biomasse en tonnes = Bw x 103; coefficient de
variation (%) = CV].

Densité moyenne et estimations de biomasse de diverses strates a partir des
campagnes d'évaluation acoustique FIBEX, avec les résultats originaux de
BIOMASS (BIO), les résultats a nouveau calculés (OLD) et 1a nouvelle analyse
utilisant la nouvelle réponse acoustique CCAMLR TS (NEW). Se référer au texte
pour davantage de précisions. [Longueur de la radiale en km = TL; aire en
km?2 = AREA x 103; densité en gm-2 = pA; biomasse en tonnes = Bw x 103;
coefficient de variation (%) = CV].

Densité moyenne et estimations de biomasse a partir des campagnes
d'évaluation acoustique FIBEX pour les secteurs de 1'Atlantique Ouest et de
l'océan Indien, avec les résultats originaux de BIOMASS (BIO), les résultats a
nouveau calculés (OLD) et la nouvelle analyse utilisant la nouvelle réponse
acoustique CCAMLR TS (NEW). Se référer au texte pour davantage de
précisions. [Longueur de la radiale en km = TL; aire en km? = AREA x 106;
densité en gm2 = pA; biomasse en tonnes = Bw x 109, coefficient de variation
(%) = CV].

Densité moyenne et estimations de biomasse pour trois strates [sous-zone 48.1
(sud-ouest), sous-zone 48.2 (est) et zone statistique 41 (nord-ouest)] a partir de
la campagne d'évaluation acoustique du Walther Herwig de la FIBEX, en
utilisant la nouvelle réponse acoustique CCAMLR TS (NEW). Se référer au texte
pour davantage de précisions. [Longueur de la radiale en km = TL; aire en
km?2 = AREA x 103; densité en gm-2 = pA; biomasse en tonnes = Bw x 103;
coefficient de variation (%) = CV].

Densité moyenne et estimations de biomasse pour des strates combinées selon
les zones et sous-zones statistiques a partir des campagnes d'évaluation
acoustique FIBEX en utilisant la nouvelle réponse acoustique CCAMLR TS
(NEW). Se référer au texte pour davantage de précisions. [Longueur de la
radiale en km = TL; aire en km2 = AREA x 105; densité en gm-2 = pA; biomasse
en tonnes = Bw x 106; coefficient de variation (%) = CV].

Légende des figures

Secteurs d'étude FIBEX et sous-zones statistiques de la CCAMLR du secteur
Atlantique occidental.

Secteurs d'étude FIBEX et sous-zones statistiques de la CCAMLR du secteur de
I'océan Indien.

Rapport entre la réponse acoustique (TS) et la longueur du krill.



Tabauna 1.

Tabauia 2:

Tabauna 3:

Tabauna 4.

Tabauna S:

Ta6auua 6;

PucyHok 1:
PucyHok 2:

PucyHok 3:

Criucok TabJul

CyZza, pafioHsl M aKyCTHUECKHE UYacTOThl, UCIOJIb3OBAHHbIE B XOJ€
akcriepuMeHTa FIBEX,

CpeaHsiss TMJIOTHOCTb U OLEHKM 6uoMacchl Ha  OCHOBaHUU
aKycTUueckux cbeMoK FIBEX, a TakXe nepBOHayaJibHblE Pe3yJbTATbl
BHOMACC (BIO), nepepaccuuTaHHble pe3yJbTaThl (OLD) U NOBTOPHbIM
aHaJU3, TMOJIyueHHbleé C WCMOJb30BAHUEM HOBBIX BeJIMUUH TS,
npuHsiToix AHTKOMoM (NEW). [leTa/iu CM. B TE€KCTe. [[IJIMHA pa3pe3a B
KM = TL; naomazab B KM2 = AREA x 10% NJOTHOCTb B I'M 2= pA;
fuomMacca B TOHHaX = Bw x 103, ko3¢ puureHT BapHauuu (%) = CV].

CpeAHsisi MJOTHOCTb U OLleHKU 6MOMacChl B Pa3/IMUHbIX palioHaX Ha
OCHORAHUU aKycTUUeckUX chbeMoK FIBEX, a TakXe NnepBoHauaJbHble
pesyabTaThi BHOMACC (BIO), nepepaccuuTaHHble pe3yJ ibTaThl (OLD) u
NMOBTOPHBIN aHAJ/IU3, MOJyUeHHble C UCMOJIb30BaHUEM HOBBIX BEJHUNH
Enl AHTKOMa (NEW). JeTasu CM. B TeKCTe. [JiIMHA paspesa B KM = TL;

naomazb B KM2 = AREA x 10% nJjoTtHocTb B M2 = pA; 6MoMacca B
TOHHax = Bw x 103, koappuuipeHT RapHanuu (%) = CVl].

CpeaHsis TMJOTHOCT W OLEHKU 6uomacchl Ha  OCHOBAaHUHU
akycTuueckux cbeMok FIBEX, npoBeJleHHbIX B 3anajHoaTJ/aH-
TUUECKOM M UHJOOKEaHCKOM CeKTopaxX, a TaKXe IepBOHauaJbHbie
pesyJibTaTel BUOMACC (BIO), mepepaccuuTaHHbie pe3yabTaThl (OLD) U
NMOBTOPHBIN aHAJ/N3, NOJYyUEHHbIE C UCMTOJIb30BAHUEM HOBBIX BeJUUHNH
TS, npuHsTBIX AHTKOMoMm (NEW). [[eTaJiid CM. B TEKCTE. [AJIMHA pa3pe3a
B KM = TL; nJjomazabp B KM2 = AREA X 105 MJOTHOCTb B I'M™2=pA;
6uoMacca B TOHHax = Bw x 10%, koadduLueHT Bapyauuu (%) = CV],

CpeAHsisi MJOTHOCTb U OLlEHKH 6UoMacchl B Tpex palloHax ([loapalioH
48.1 (oro-sanap), llogpaiioH 48.2 (BocTok) CTaTUCTUUECKUIN palioH 41
(ceBepo-3amaj)) Ha OCHOBaHMM JaHHbIX, CO6paHHBIX B XoJe
aKyCTUUECKOro CbeMouHoro petica cyaHa Walther Herwig,
NMoJiyueHHble C UCNOJIb3OBAHHUEM HOBbIX BeJWUYHH TS, NPHUHSATHIX
AHTKOMowM (NEW). /leTasiu cM. B TeKcTe. [AJIMHa pa3pe3a B KM = TL;
njomaab B KM2 = AREA x 10% nJoTHOCTb B M2 = pA; 6uomacca B

TOHHaX = Bw x 103, koaddpuumneHT Bapuanuu (%) = CV].

CpeAHsisl MJOTHOCTb U OLIEHKU 6MOMACCHl B CJIOSIX, O6beAUHEHHBIX MO
CTATUCTHUUYECKHMM  palioHaM U  NoJpalloHaM Ha  OCHOBaHHWMU
aKyCTHUUECKUX CbeMOUYHBIX peiicor  FIBEX, mnoJyyeHHble C

MCMOJIb30BAHUEM HOBBIX BEJWUWH Ebl, NpuHATHIX AHTKOMoM (NEW).
JleTanau cM. B TekcTe, [JJIMHa pa3pesa B KM = TL; nJomajb B KM? = AREA

X 10% naoTHocTb B I'M2=pA; 6uoMacca B TOHHax = Bw x 108
Koap UL HeHT BapHaluu (%) = CV].

CnvcoK pHCYHKOB

CbeMouHble palioHbl FIBEX u CTaTHcTUUeckHe noapaiionst AHTKOMa B
3anaHOATJ/IAHTHUUECOM CEKTODE,

CbeMouHble paiioHbl FIBEX u CtaTHcTUUeckHe noapaiordsl AHTKOMa B
HHJOOKEaHCKOM CEKTOpE.

COOTHOMEHUS CUJIBI LieJiH KpUJas (IS) K AJIUHE,
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Figura 1:
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Lista de las tablas
Buques, dreas y frecuencias acusticas utilizadas en FIBEX.

Densidad media y cdlculos de biomasa de los cruceros de prospeccidn acustica
FIBEX, con los resultados originales de BIOMASS (BIO), resultados calculados
de nuevo (OLD) y nuevos andlisis mediante el nuevo CCAMLR TS (NEW).
Véase el texto para mds detalles. [La longitud del transecto en km = TL; drea en
km? = AREA x 103 densidad en gm? = pA; biomasa en toneladas = Bw x 103,
coeficiente de variacion (%) = CV].

Densidad media y cdlculos de biomasa de varios estratos de los cruceros de
prospeccién acustica FIBEX, con los resultados originales de BIOMASS (BIO),
resultados calculados de nuevo (OLD) y nuevos andlisis mediante el nuevo
CCAMLR TS (NEW). Véase el texto para mds detalles. [Longitud del transecto
en km = TL; drea en km? = AREA x 103; densidad en gm2 = pA; biomasa en
toneladas = Bw x 103, coeficiente de variacion (%) = CV].

Densidad media y cdlculos de biomasa de los cruceros de prospeccién acustica
de FIBEX en el sector Atldntico occidental y el sector del océano Indico, con los
resultados originales de BIOMASS (BIO), resultados calculados de nuevo (OLD)
y nuevos andlisis mediante el nuevo CCAMLR TS (NEW). Véase el texto para
més detalles. [Longitud del transecto en km = TL; drea en km? = AREA x 106;
densidad en gm?2 = pA; biomasa en toneladas = Bw x 106, coeficiente de
variacién (%) = CV].

Densidad media y cdlculos de biomasa de tres estratos [Subdrea 48.1
(suroeste), Subdrea 48.2 (este) y Area estadistica 41 (noroeste) a partir del
crucero de prospeccién acustica del Walther Herwig, mediante el nuevo
CCAMLR TS (NEW). Véase el texto para mds detalles. [Longitud del transecto
en km = TL; drea en km? = AREA x 103; densidad en gm2 = pA; biomasa en
toneladas = Bw x 103, coeficiente de variacién (%) = CV].

Densidad media y cdlculos de biomasa de estratos combinados de acuerdo con
las dreas y subdreas estadfsticas de los cruceros de prospeccién actstica de
FIBEX, mediante el nuevo CCAMLR TS (NEW). Véase el texto para mds
detalles. [Longitud del transecto en km = TL; drea en km? = AREA x 105;
densidad en gm? = pA; biomasa en toneladas = Bw x 10¢, coeficiente de
variacién (%) = CV].

Lista de las figuras

Zonas de prospeccioén de FIBEX y Subdreas estadfsticas de la CCRVMA en el
sector del Atlantico occidental.

Zonas de prospeccion de FIBEX y Subdreas estadisticas de la CCRVMA en el
sector del océano Indico.

Relacién entre la potencia de blanco (TS) y la longitud del kril.



APPENDIX I
RECREATION OF ODISSEY AND DR EDUARDO L. HOLMBERG MVBS DATA

ODISSEY

Density values (p;) expressed in tonnes * n mile? were used to calculate MVBS values
(Sv) following the reverse of the procedure given in archived material from Anon. (1986).

Sv =10 ¢ logio(py) + TS
where the following 120 kHz TS/length relationship applies:
TS =20log/ - 77.2 (l in cm)

and

p, = —Ps
V' (3.43wAR)

and the conversion from n mile?2 to km?2 is 3.43 (1.8522), and py is density in gm2, py is density
in tonnes * n mile2, w is mean weight (g) and AR is the integration depth range.

The following constants were used for particular regions:

for South East Scotia Sea: w=0.61g,/=43cm
for South Georgia: w=036g,[=37cm.

DR EDUARDO L. HOLMBERG

The integrator deflections, D, measured from the Dr Eduardo L. Holmberg acoustic
echocharts archived from the FIBEX cruise were substituted into the following equation
(SIMRAD, 1975) and re-arranged to give MVBS (Sv):

Sv=10logD — 10logR — SL — VR+TVG - 10logy — 10logL+10log C - G

where the QM integrator with a 50 mm full scale deflection required an integration factor, E, of
3.8 in order to convert echogram integration values to 50 mm scale; the integration range (deep -
shallow: 100 - 4 = 96 m) is R; the source level, SL, is 215.0 dB; the voltage response, VR, is
-108.1 dB; the maximum time varied gain, TVG, is 47.0 dB; the velocity of sound in seawater, c,
is 1 500 m s-1; the pulse duration, 1, is 0.6 ms; the beam pattern factor, 10 log y is -18.0 dB; the
integration distance is L; the conversion factor C, needed to convert the integrator deflection on a
50 mm scale to V2 per n mile » m-1 is 1.54; and the integrator gain, G is 10 dB.
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APPENDIX II
EQUATIONS USED DURING CURRENT ANALYSES OF FIBEX RESULTS

EQUATION 1: MEAN WEIGHT DENSITY PER ECHO-INTEGRATOR INTERVAL

The mean weight density per echo-integrator interval, p; is:

>
n.lé
p;= cARiIOO'l.[(gv)‘ B ] ”
2 njl lO leB

where a and c are constants in the length/welght expression:

Weight=c 2 €))
and B and D are constants in the TS/length relationship:

TS = B logl + D (b)
and ! is length, AR is the depth range (deep - shallow), i is the reset interval, j is the length class,

njis the number of animals in length class j, Sv is the MVBS. Note also 0.1B = b and 10%-1D = =d

where b and d are constants in the equation relating mean reflectivity of scatterers to length (see
Anon., 1986 - Appendix A).

EQUATION 2: COMBINATION OF RESET DENSITIES WEIGHTED BY RESET LENGTH

The mean weight density for transect k, p is:

_ 1 Me
pr =—2.(Pc),(Di)s
Ly i=1

where py; is the mean weight density for the i-th reset interval on transect k, M, is the number of
intervals in the k-th transect, Dy; is the length of the i-th interval on the k-th transect and the
length of the k-th transect, L, over which data is selected (i.e., during the daytime), is given by:

M,
Ly =), (D),

i=1
EQUATION 3: MEAN DENSITY BY STRATUM WEIGHTED BY TRANSECT LENGTH

The mean density for a stratum, pa4 is:

K —,
> peli

pa =L
ZLk
k=1
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Biomass is derived through multiplication by the stratum area. Densities from
overlapping strata (i.e., Central Bransfield Strait) were combined with separate density estimates
being weighted by the inverse of their variance.

EQUATION 4: VARIANCE OF DENSITY IN STRATUM

The variance of density in a stratum was estimated using equation 4 of Anon. (1986):

K _ _ 5,
(P —Pa) Lk

Var(py ) = =]

R

EQUATIONS 5 AND 6: CALCULATION OF COMBINED MEAN WEIGHT DENSITY FOR
OVERLAPPING STRATA

The mean weight density for overlapping strata, p is:

N
Pc= Zwi(pA)i
i=1
where the weight, wj, for each separate density estimate is:

1

Var(p, );.
1

Wy = g

N

igi Var(p, );
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