CCAMLR Science, Vol. 4 (1997): 141-159

PRELIMINARY ANALYSES OF DATA COLLECTED DURING EXPERIMENTAL PHASES
OF THE 1994/95 AND 1995/96 ANTARCTIC CRAB FISHING SEASONS

G. Watters
NOAA Fisheries
Southwest Fisheries Science Center
US AMLR Program, PO Box 271
San Diego, Ca. 92038, USA

Current address:
Inter-American Tropical Tuna Commission
8604 La Jolla Shores Drive
LaJolla, Ca. 92037, USA

Abstract

Data collected on board the FV American Champion during Phases 1 and 2 of the
experimental crab fishery were analysed using generalised additive models and
depletion estimators. Results from the generalised additive models show that the
density of fishable Paralomis spinosissima is highest off the northern coast of South
Georgia and at depths of about 100 to 300 fathoms. The Phase 1 results suggest that it
would not be appropriate to extrapolate local estimates of abundance to the whole of
Subarea 48.3 solely on the basis of depth-specific seabed area; extrapolations must
consider location. Linear models fitted to catch per unit effort (CPUE) and cumulative
catch data from the Phase 2 depletion experiments did not have significant negative
slopes. The insignificant regressions were probably a result of small catches, inter-haul
variability in CPUE, and crab movement and suggested that depletion estimators will
not be appropriate tools for estimating local abundances of P. spinosissima. It was not
possible to determine whether depletion estimators can be used to estimate crab
abundance when larger areas are considered and larger catches are taken.
Approximately 6 000 crabs were tagged and released during Phase 2. Four of the
tagged crabs were recovered, and these crabs were at liberty for about one to five weeks.
The recaptured crabs had minimum movement rates of 0.08 to 0.25 n miles/day.
Mark-recapture estimates of standing stock and density were made for the area around
Phase 2’s third depletion square. The assumptions of the mark-recapture model were
probably violated, but attempts were made to account for biased sampling of recaptured
crabs and the movement of crabs away from their release sites. Density estimates from
the mark-recapture data were in the order of 50 000 to 100 000 legal-sized male
crabs/n mile?, and there was a lot of uncertainty associated with these estimates. In
general, the experimental harvest regime was successful. The regime provided
important information about crab distribution and facilitated evaluation of local
depletion estimators for use in stock assessment, but the CCAMLR Working Group on
Fish Stock Assessment (WG-FSA) may wish to re-evaluate the design of Phase 2 and
consider the implementation of a wide-scale, intensive tagging study.

Résumé

Les données collectées a bord du navire de péche American Champion pendant les phases
1 et 2 de la péche expérimentale de crabes ont été analysées par des modeles
“extensibles” généralisés et des parametres d’estimation par I'épuisement. Les résultats
des modeles extensibles généralisés indiquent que c’est au large de la c6te nord de la
Géorgie du Sud et & des profondeurs de 100 a 300 brasses que la densité des
concentrations exploitables de Paralomis spinosissima est le plus élevée. Les résultats de
la phase 1 laissent entendre qu'il ne conviendrait pas d’extrapoler les estimations locales
d’abondance a 'ensemble de la sous-zone 48.3 simplement en se fondant sur l'aire de
fond marin en fonction de la profondeur; les extrapolations doivent tenir compte de
l'emplacement. Les modeles linéaires ajustés a la capture par unité d’effort (CPUE) et
aux données de captures cumulées des expériences d’épuisement de la phase 2 n'ont
pas donné de pentes nettement négatives. Les régressions insignifiantes résultent
probablement de la faible importance des captures, de la variabilité de la CPUE d'un
relevé de casiers a un autre, et du déplacement des crabes et suggérent que les
parametres d’estimation par ’épuisement ne seront pas adéquats pour estimer
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I’abondance locale de P. spinosissima. Il n'a pas été possible de déterminer si les
parameétres d’estimation par 1'épuisement peuvent servir a estimer 'abondance des
crabes lorsque l'on étudie des secteurs plus étendus et que les captures sont plus
importantes. Quelque 6 000 crabes ont été marqués puis relachés pendant la phase 2.
Quatre d’entre eux ont été recapturés une a cinq semaines plus tard. Leurs taux de
déplacement minimum étaient de 0,08 & 0,25 milles/jour. Les estimations du stock
permanent et de la densité a partir de la recapture d’individus marqués ont été
effectuées dans la région située autour de la troisieme case d'épuisement de la phase 2.
Les hypothéses du modele de recapture des marques se sont probablement révélées
fausses, mais on a tenté de tenir compte d’une part, du fait que I'échantillonnage des
crabes recapturés présente un biais et d’autre part, du déplacement des crabes lorsqu’ils
quittent le site o1 ils sont reldchés. Les estimations de densité provenant des données
de recapture des marques étaient de l'ordre de 50 000 a 100 000 crabes males de taille
légale/mille* mais, a ces estimations était associée une incertitude importante. En
général, le régime d’exploitation expérimental s’est révélé une réussite. En effet, il a
fourni des informations importantes sur la répartition des crabes et a facilité I’évaluation
des parametres d’estimation locale par I'épuisement qui seront utilisés dans I’évaluation
des stocks. Toutefois le Groupe de travail de Ja CCAMLR chargé de 'évaluation des
stocks de poissons (WG-FSA) souhaitera peut-étre réévaluer la conception de la phase 2
et envisager la mise en place d'une étude de marquage intensif sur une grande échelle.

Pesome

Haunpie, codpanHuble ¢ SOpPTa NPOMBICJIOBOrO cyaHa American Champion B xopne
3TanoB | U 2 dKCHepHMEHTATbHOro MPOMBICIIA KpadoB, ObLTM NPOAHATH3HPOBAHBI C
TOMOMIBIO OOO0IIEHHBIX AIUTHBHBIX MOJeJIell U onpeaeauTe el HCTOIUECHHS .
CoriacHO pe3y/ibTaTaM, MOJTyUYeHHBIM IPH UCIIOTb30BAHUN 0000ILEHHBIX A IUTHBHBIX
MOJA€eJiel, HAaMBBICIIAs MJIOTHOCTh APUIOOHOTO [JI NpoMbiciia Paralomis spinosissima
nMeeTcs B palioHe ceBepHOro nodepexsbs FOxuoi 'eoprun Ha roydnne okosto 100 -
300 mopckux caxeneil. Pesyaprarel DTana 1 TOBOpSAT O TOM, 4TO ObIJIO OB
HELEJIECOOOPA3HBIM DKCTPANOHPOBATh JOKAJIBHBIC OUEHKH YUC/IEHHOCTH HAa BeCh
IMoxpaiion 48.3 ¢ y4yeTOM TOJIBKO IJIOMIAAA MOPCKOIO JIHA KOHKPETHOH rJyiyOuHEL;
TaKHe IKCTPANOSAUNN JOJIKHBl YUUTBHIBATh U TeorpadpuueckKoe MECTOMNOJIOX EHUE.
JIunelinple Moae M, NMOJOrHAHHBIE K HaHHBIM yJioBa Ha equHuny ycuust (CPUE) u
KYMYJISITUBHBIM JAHHBLIM 10 YJIOBaM, NOJIYUECHHBIM B PE3YJIbTaTe dKCHEPHMEHTOB 10
HCTOHIEHHIO B XOA€e OTama 2, He XapakTepH30BaJIUCh CYHIECTBEHHBIMU
OTpHLATEIbHBIMU HAKJIOHAMH. DTa HeDOJIbIIAs PErPecCcust BEPOSTHO HMes1a MeCTO 13-
32 HeOONBIHX YI0BOB, u3MeHunBocTd B CPUE oT TpaJjieHusl K TPaieHUI0 U
nepeMelleHns KpaOoB, U TOBOPHUT O TOM, YTO ONPEAC/IHTEIIH UCTOLHEHNS HE SABJIAIOTCS
appeKTUBHEIME METOJaMH ONpeesICHIs JIOKAJIbHON YHCTICHHOCTH P. spinosissima.
B03MOXKHOCTb HCIIOJIB30BAHUS ONMpeaCIUTES1Ell HCTOUICHNS A1 OUCHKY YHCTICHHOCTH
KpaboB IpH paccMOTpeHnu OoJiee KPYNHBIX PAHOHOB M MOJIyYEHHH GOJiee KPYHHBIX
YJIOBOB ONPEAEIIUTE He yaantock. B xone Drana 2 6p1J10 TOMEYEHO K BBITYIIEHO OKOJIO
6000 xpabos. Yersipe nomedeHHbiXx Kpada OBI/IO BHUIOBJICHO BTOPHYHO, U 9TH KpaGsl
ObLTH HA cBOOOAE OT OFHON 10 MATH HeAe1b. MHHMMAaTbHASL CKOPOCTE IIEPEMEILCHHS
aTux ocodeil paBHsiack 0,08 - 0,25 mopckoil M B feHb. C MOMOLIBIO AAHHBIX HO
HOBTOPHO OTJIOBJICHHBIM TOMEYEeHHBIM KpabaM Obiid CHE/1aHbl OLUEHKH GHOMACCH
3anaca M MJIOTHOCTH B pallOHE BOKPYT TPeThero KBagpara HCTOWICHHS B paMKax
Orana 2. Ilpeanosioxenus: MOAE/IH OTJIOBA NOMEYEHHBIX KpaboB cKopee Bcero Obiin
HapyLICHbl, OOHAKO OBLM COEJIaHbl MONBITKH CKOPPEKTHPOBATH OLIMOKH, CAEIAHHBIE
npu BBIOOPKE MOBTOPHO OTJIOBJICHHBIX KpaboB, U ydyecTh (DAKTOp HepeMerieHus
KpabOB OT MECT UX BbICBOOOXKAcHNS. OUEHKH TJIOTHOCTH, MOJIYYEHHBIE C TIOMOMILIO
JaHHBbIX MO MOBTOPHO OTJIOBJIEHHBIM MOMEUEHHBIM 0CO0SIM, COCTABHAM 0KoJ10 50 000
- 100 000 cammoB pa3peuieHHOTO K BBUJIOBY pa3sMepa Ha KBaAPaTHYHO MOPCKYIO
MU0, H 3TH OUEHKH OKpyXajia GOJbliasi cTelieHb HeompeldeIeHHOCTH. B obiemM,
JKCMEPUMEHTAIbHBIH PEXUM MPOMBIC/IA OKa3asics yenemwHuM. B pesyibTare ero
npuMeHeHust Obljla NoJIyvyeHa BaXHash HH(OPMAIUL O pacrpeneenui Kpabos # Obiia
ciesaHa oneHka 3 PEKTHBHOCTH ONpeaesiuTesiell JTOKaJIbHOTO HCTOIEHUS s
UCMIOJIb30BaHUd OPU OLEHKe 3amnaca. Tem ne menee PaBouast rpymna AHTKOMa no
oleHKe puIOHbIX 3amacoB (WG-FSA) MoXeT cuecTh HEOOXOMHMBIM MEPECMOTPETh
cxeMy ODTama 2 ¥ U3yYNTh BOBMOXKHOCTH NPOBEOCHHUS MUPOKOMACIITAGHOIO U
UHTEHCUBHOIO UCCJIEAOBAHUS [0 MECYCHUED,



Preliminary Analyses of Crab Data

Resumen

Los datos recopilados a bordo del Bl American Champion durante las fases 1y 2 de la
pesqueria experimental de centollas fueron analizados mediante modelos aditivos
generalizados e indicadores de reduccién. Los resultados de los modelos aditivos
generalizados muestran que la densidad de la poblacién de Paralomis spinosissima
explotable es mayor frente a la costa norte de Georgia del Sur y a profundidades
cercanas a las 100 — 300 brazas. Los resultados de la fase 1 indican que no es apropiado
proyectar las estimaciones locales de abundancia a la totalidad de la Subéarea 48.3 sobre
la base de la profundidad especifica del area de lecho marino; al hacer las
extrapolaciones se debe considerar ademas la situacién geografica. Los modelos lineales
ajustados a los datos de captura por unidad de esfuerzo (CPUE) y a la captura
acumulada de los experimentos de reduccién de la fase 2 no mostraron pendientes
negativas de importancia. Las regresiones insignificantes probablemente fueron el
resultado de capturas mds bien pequefias, de variaciones del CPUE entre los lances y del
desplazamiento de las centollas, lo cual sugiere que los indicadores de reduccién no son
herramientas ttiles para estimar la abundancia local de P. spinosissima. No fue posible
determinar si los indicadores de reduccién pueden utilizarse para estimar la abundancia
de centollas cuando se consideran zonas mas extensas y capturas mds abundantes. Se
marcaron y liberaron unas 6 000 centollas durante la fase 2. Se recuperaron cuatro
centollas marcadas que permanecieron en libertad entre una y cinco semanas. Las
centollas recobradas se desplazaron a una velocidad minima de 0.08 a 0.25 millas
nauticas por dia. De los estudios de marcado y recuperacién de marcas se hicieron
estimaciones de la biomasa instantdnea y de la densidad del area alrededor del tercer
cuadrado de reduccién en la fase 2. Probablemente se quebrantaron las suposiciones del
modelo de marcado-recaptura, pero se hicieron esfuerzos por tomar en cuenta el
muestreo sesgado de las centollas recapturadas y el desplazamiento de ellas desde del
lugar donde fueron liberadas. Las estimaciones de densidad de los experimentos de
marcado-recaptura fueron del orden de 50 000 a 100 000 centollas macho de tamafio
legal por milla ndutica al cuadrado, con una gran incertidumbre asociada a estas
estimaciones. En términos generales, se consider6 que el régimen de pesca experimental
fue exitoso. Si bien este régimen proporciond informacién importante sobre la
distribucion de las centollas y ayudé en la evaluacién de los indicadores de la reduccion
local para su uso en la evaluacién del stock, es posible que el Grupo de Trabajo para la
Evaluacion de Peces de la CCRVMA (WG-FSA) considere apropiado revisar
nuevamente el disefio de la fase 2 y la puesta en marcha de un estudio intensivo de
marcado a gran escala.

Keywords: abundance estimates, crab, experimental fishery, Paralomis spinosissima,
preliminary analyses, tagging experiments, CCAMLR

INTRODUCTION

The Commission has adopted an experimental
harvest regime (EHR) for the crab fishery in
Subarea 48.3. The EHR was initially adopted for a
period of three fishing seasons (split-years
1993/94 to 1995/96) (CCAMLR, 1993) and has
been extended (in a slightly revised format) for
another three fishing seasons (to the 1997/98
split-year) (CCAMLR, 1995). The current EHR, to
which all vessels participating in the Antarctic
crab fishery must adhere, is set out in CCAMLR
Conservation Measure 90/XIV.

Conservation Measure 90/XIV outlines the
three phases of the EHR. Phase 1 requires crab
fishing vessels to distribute their fishing effort
over a wide area. Phase 1 should be undertaken

at the beginning of the first season in which a
vessel participates in the crab fishery; this phase is
designed to provide an understanding of the spatial
differences in the densities of Antarctic crabs
(SC-CAMLR, 1993). Phase 2 should take place at
the beginning of the second season in which a
vessel participates in the crab fishery. In Phase 2,
the fishermen select three small areas of
approximately 26 n miles? and concentrate their
fishing effort in each of these squares. Phase 2 is
designed to determine whether depletion
estimators can be used to estimate Jocal abundances
of Antarctic crabs and to provide information about
crab movement (SC-CAMLR, 1993). Phase 3 of the
EHR should be undertaken at the end of each
vessel’s second season of participation in the
Antarctic crab fishery. During this phase the
fishermen must return to the three squares they
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occupied during Phase 2 and re-concentrate effort
in these squares. Phase 3 is designed to provide
information about recovery/recruitment rates after
depletion events (SC-CAMLR, 1993).

The FV American Champion is the only vessel
which has participated in the EHR. The American
Champion entered the Antarctic crab fishery in
September, 1995 and initiated Phase 1 at this time.
The vessel was fishing during the 1995 CCAMLR
meeting, and initiated Phase 2 of the EHR
immediately following the end of this meeting
(when the vessel’s second season of participation
in the fishery began). This paper provides results
from preliminary analyses of data collected
during Phases 1 and 2 of the EHR. The American
Champion left the Antarctic crab fishery at the end
of January, 1996 to participate in Subarea 48.3's
fishery for Dissostichus eleginoides. The American
Champion has not returned to the crab fishery and
did not conduct Phase 3 of the EHR, so there are
no results presented for this phase.

The American Champion used square-shaped,
steel-framed pots to fish for the target species,
Paralomis spinosissima. The pots were fished on
longlines, and 40 pots were usually attached to
each line. Pots were spaced approximately
100 fathoms apart, so individual longlines were
generally about 6.5 km long. The American
Champion carried approximately 550 pots to
the fishing grounds; each pot measured
approximately 2.4 m x 2.4 m x 0.9 m and had
two entrance tunnels measuring approximately
22.9 x 91.4 cm. The pots were mostly covered
with 8.9 cm (stretch measure) mesh, but the two
entrance tunnels were covered with 7.6 cm mesh
(smaller mesh was used on the tunnels to make it
easier for crabs to enter the pot). The pots were
baited with frozen herring and the carcasses of
various fishes caught as by-catch. Haul-specific
soak times (measured as start haul time - start set
time) varied between 25.5 and 305.3 hours. Soak
times which were greater than about 72 hours
were generally associated with strings that had
been left on the fishing grounds while the
American Champion returned to port. All soak
times were probably sufficient to saturate the
gear.

The data analysed in this paper were provided by
scientific observers. There were usually two or three
observers on the American Champion during the
entire period in which the vessel participated in the
Antarctic crab fishery. All of the analyses presented
in this paper were conducted on data relating to
legal-sized (minimum carapace width = 102 mm as
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specified in Conservation Measure 91/XIV) male
P. spinosissima; catch rates (CPUE) are expressed in
numbers of legal-sized males per pot. Additional
data were collected on females, sub-legal males,
and Paralomis formosa, and analyses of these data
are currently in progress.

PRELIMINARY RESULTS
AND DISCUSSION

Phase 1

The American Champion hauled 97 strings of
gear while conducting Phase 1 of the EHR;
summary statistics on data collected from these
hauls are provided in Table 1. The vessel initiated
Phase 1 on 31 August, 1995 and finished the phase
on 29 September, 1995. In general, the vessel
expended most of its fishing effort off the
northern coast of South Georgia, but at least one
haul was made in each of the 0.5° x 1.0° squares
identified in Conservation Measure 90/XIV (see
Figure 1). Haul-specific CPUE varied between 0.0
and 53.9 legal-sized males per pot, and the
distribution of catch rates was positively skewed
(see differences between mean and median
CPUEs in Table 1).

Since the American Champion’s longlines
measured about 6.5 km, each string of gear could
potentially cover a wide range of depths. The
start depth and end depth of each string was
recorded in fathoms and two covariates were
used to describe the depth of each string:
‘mid-depth” and ‘gradient’. Mid-depth was
calculated as (start depth + end depth)/2, and
gradient was calculated as max(start depth, end
depth) - min(start depth, end depth). Both depth
measures were expressed in fathoms. During
Phase 1, strings were set at mid-depths ranging
from 49.5 to 456.0 fathoms (approximately
91-834 m), and gradients ranged from 0 to
294 fathoms (approximately 0-538 m) (Table 1).

Pairwise, bivariate scatter plots of haul-specific
string identification number, location (identified
by the squares drawn in Figure 1), CPUE,
mid-depth, and gradient are presented in
Figure 2. This figure illustrates a number of
important results. String identification number
was correlated with both location and CPUE. In
general, the American Champion began Phase 1 at
the southern end of South Georgia and moved
north and west as the phase progressed; as the
vessel moved along the eastern and northern
coasts of the island, CPUE first decreased and
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Table 1:  Summary statistics for data collected from hauls made by the FV American Champion during Phase 1 of the experimental crab fishery. The location
of each square is identified in Figure 1. CPUE is in numbers of legal-sized males per pot. Mid-depth is calculated as (start depth + end depth)/2
and expressed in fathoms. Gradient is calculated as max(start depth, end depth) - min(start depth, end depth) and expressed in fathoms.

Square No. of CPUE Mid-depth Gradient

Sets Min Median Mean  Max Min Median  Mean Max Min Median Mean Max
A 4 15.4 22.2 28.4 53.9 205.0 240.0 267.9  386.5 20.0 85.0 88.3 163.0
B 19 10.8 17.4 19.3 40.8 162.0 259.5 248.3  340.0 44.0 101.0 107.6 263.0
C 16 0.1 11.3 14.2 36.6 68.5 198.8 202.2 3335 11.0 54.5 57.6 141.0
D 14 0.0 6.4 8.4 25.2 85.0 221.5 236.3  438.5 11.0 57.5 75.0 294.0
E 1 6.35 158.5 67.0
F 0.6 146.5 3.0
G 7 0.1 2.1 25 7.3 101.0 128.0 162.0  277.0 9.0 20.0 71.1 253.0
H 7 0.0 0.0 0.3 2.0 49.5 71.0 86.1 1735 3.0 10.0 17.7 66.0
1 5 0.0 0.0 1.9 9.2 179.0 381.0 329.3  456.0 14.0 96.0 83.8 145.0
] 3 4.1 4.1 5.8 9.2 265.5 298.5 291.8 3115 53.0 109.0 150.3 289.0
K 14 0.0 3.2 5.5 23.8 63.0 97.0 118.0  257.5 0.0 13.5 19.1 99.0
L 6 1.4 6.5 7.4 17.2 53.5 96.0 97.8 149.0 3.0 11.0 22.3 80.0

-53.0 —

-54.0 -

-66.0 —

-56.0

Longitude

Figure1l:  Squares designated for distribution of fishing effort during Phase 1 of Conservation Measure 90/XIV; the letters are used to identify each square.
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Figure2:  Pairwise scatter plots of haul-specific data collected during Phase 1 of the experimental crab fishery. The units for CPUE, mid-depth, and
gradient are the same as given in Table 1.
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then increased. CPUE was related to mid-depth,
with the lowest catch rates being obtained on the
shallowest and deepest hauls and intermediate to
high CPUEs being obtained on hauls made at
intermediate depths. Mid-depth and gradient
were positively correlated. This correlation
occurred because shallow sets were made on
the continental shelf (where there is a weak
bathymetric gradient) and deep sets were made
on the continental slope (where, by definition,
there is a strong bathymetric gradient).

Generalised additive models (GAMSs) were
used to model the data illustrated in Figure 2 and
provide information on area- and depth-specific
variation in the catch rates of legal-sized, male
P. spinosissima. Since the catch rates from Phase 1
were not strictly positive (i.e. 10 out of 97 hauls
had CPUE = 0), two different GAMs were applied
to the data. One GAM was used to predict the
probability of a positive CPUE and another GAM
was used to predict the expected value of CPUE
for positive hauls. The two GAMs were fitted and
evaluated according to various techniques
outlined in Hastie and Tibshirani (1990),
Chambers and Hastie (1993), and Statistical
Sciences (1995).

The first GAM modelled the probability of
obtaining a positive CPUE by assuming that the
presence or absence of legal-sized males in a
single haul was the long-run outcome of the sum
of numerous, independent Bernoulli trials where
individual crabs were either captured or not
captured (i.e. the model assumed a binomial error
structure). In this context, the log-odds of
obtaining a positive CPUE was modelled as a
linear function of location (as designated by each
square) and of smooth fits to mid-depth, and
gradient:

h{ PdCPUE>Oh)]

1-Pr(CPUE > 0fx)
o+ b-area + f(mid — depth) + f(gradient) + f(soak).
M

area was a matrix of column vectors denoting
location according to a treatment contrast coding
scheme, and b was a vector of coefficients for the
effects of location. The variable area was a factor
with three levels determined by where each string
of gear was hauled (see Figure 1): Northern
(hauls made in Squares A-D), Central (hauls
made in Squares E-H), or Southern (hauls made
in Squares I-L). The smooth terms in equation 1

Preliminary Analyses of Crab Data

(the fs) were modelled with smoothing splines.
Significant terms in equation 1 were identified by
a stepwise modelling procedure which used
Akaike’s Information Criterion as an objective
function and included both forward and
backward selection processes. The smoothing
splines were parameterised with four degrees of
freedom (df) during the stepwise procedure. The
df of a smoothing spline can be adjusted and used
as a smoothing parameter; higher dfs provide less
smoothing and greater local flexibility (Hastie and
Tibshirani, 1990). After the stepwise procedure,
any smooth terms which were retained in
equation 1 were reparameterised with 3 df. The
3 df model was compared to the 4 df model with a
x? deviance test (Hastie and Tibshirani 1990). If
the test was not significant at o = 0.05, the 3 df
model was adopted in favour of the 4 df model. A
x? deviance test was also performed to determine
whether a 2 df model (a linear model) was more
parsimonious than the 3 (or 4) df model. This
latter test was also conducted at o = 0.05.

The second GAM modelled the conditional
expectation of a positive CPUE by assuming that
the effects of area, mid-depth, and gradient were
multiplicative and could be linearised by
log-transformation:

h{CPUE

positive) =
o+b-area + f(mid — depth) + f(gradient) + f(soak).
(2)

Equation 2 was fitted by assuming that the
error distribution for a model of positive CPUEs
was gamma; this assumption implies that the
variance of CPUE is proportional to the mean
CPUE squared (this is a model in which the
coefficient of variation is constant). The
significant terms in equation 2 were selected by a
stepwise technique similar to that used for
equation 1, and appropriate dfs for the smooth
terms (again modelled with smoothing splines)
were also identified as per equation 1. The
adequacy of the gamma-error assumption was
addressed by a visual check of the residuals from
the fitted model; heteroscedastic residuals on the
raw (not log-transformed) CPUE scale were
interpreted as an indication that the assumption
was reasonable.

Mid-depth was significant in equation 1
(x>test, p < 0.05), but area and gradient were not
significant (p > 0.05). The final model for
predicting the probability of obtaining a positive
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CPUE was given by

" Pr(CPUE > 0)x|

\ =&+ f (mid — depth),  (3)
1-Pr(CPUE > Ofx)

where the smooth term for mid-depth had 3 df.
The smooth term for mid-depth was significantly
different from a simple linear term (p < 0.05).

Predictions from equation 3 are illustrated in
the middle panel of Figure 3. The binomial-error
model predicted that the probability of obtaining
a positive CPUE would decline dramatically
at depths of less than about 100 fathoms and
depths of more than about 300 fathoms. Sets
made between about 100 and 300 fathoms
(approximately 180-550 m) had an excellent
chance of obtaining a positive CPUE (191* (CPUE
> 0)=1). The predicted probability of obtaining a
positive CPUE declined more rapidly in shallow
water than it did in deep water.

Area and mid-depth were significant in
equation 2 (x*test, p < 0.05), but gradient was not
significant (p > 0.05). The final model for
predicting the conditional expectation of positive
CPUEs was given by

ln(CPUEposiﬁve) =& +b-area+ f(mid - depth). 4)

The smooth term for mid-depth had 3 df and
was significantly different from a simple linear
term (p < 0.05). A visual check of residuals (on
the raw CPUE scale) from equation 4 confirmed
that the gamma-error model was appropriate for
modelling the positive CPUEs; these residuals
were heteroscedastic.

Predictions from equation 4 are illustrated in
the upper three panels of Figure 3. In general, the
gamma-error model predicted that the
relationship between CPUE and mid-depth was
dome-shaped with a peak between about 200 and
300 fathoms and low values in shallower or
deeper water. The gamma-error model also
predicted that between about 200 and
300 fathoms, catch rates are highest in the
Northern area and lowest in the Central area.
Catch rates in the Southern area were predicted to
fall between those of the Northern and Central
areas.

It should be noted that the smooth fit to
mid-depth was sensitive to four hauls which
obtained high catch rates from shallow locations
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in the Southern area (Figure 3, upper-left panel).
These four points caused the fits to bend upwards
at shallow depths (Figure 3, upper three panels).
While these four points were definitely outside
the trends defined by the bulk of the data, they
have been checked and do not appear to be
erroneous.

Predictions made by the gamma-error model
were adjusted to account for the results of the
binomial-error model and develop a composite
picture of area- and depth-specific differences in
CPUE. The adjusted predictions were estimated
by multiplying the depth-specific expectations
from the gamma-error model by depth-specific
probabilities from the binomial-error model. The
adjusted predictions are plotted in the lower three
panels of Figure 3. For most of the depths
sampled during Phase 1, the adjustment affected
neither the shape of the relationship between
CPUE and mid-depth nor the relative differences
between area-specific CPUEs. However, the
adjustment did remove the gamma-error model’s
tendency to predict increases in CPUE when hauls
are made shallower than about 100 fathoms
(Figure 3, bottom three panels).

Assuming that CPUE can be used as a proxy
for the density of legal-sized male P. spinosissima,
a number of interesting points can be raised from
the results presented in Figure 3. First, although
CPUE was generally predicted to decrease in
shallow water, it is possible to find dense
concentrations of legal-sized male crabs on the
continental shelf. One might speculate that local
crab densities in waters shallower than about
150 m are related to habitat. Six of the ten hauls
that had zero catch rates were located high on the
continental shelf where the bottom topography
was relatively featureless. In contrast, the four
shallow hauls that were made in the Southern
area but had relatively high CPUEs (see Figure 3,
upper-left panel) were near major bathymetric
features like submarine canyons.

Dense concentrations of legal-sized male
P. spinosissima are also likely to be difficult to find
in deep water, but the decrease in CPUE for hauls
made on the lower portion of the continental
slope may have resulted from a combination
of factors. It seems likely that the density of
legal-sized male P. spinosissima actually decreases
beyond depths of about 550 m; data presented in
Watters (1994) show that mean crab size decreases
with increasing depth and suggest an onshore,
ontogenetic migration. It is also possible,
however, that the gear was not fishing effectively
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at depths greater than about 550 m. Since
mid-depth and gradient were strongly correlated
(see Figure 2), the deeper hauls were also made
on steeper grounds and it seems possible that crab
pots may be less effective if the bottom is steeply
sloped because the gear may not land on the
bottom correctly. Personal communications with
the skipper and mates of the American Champion
confirm that it is more difficult to set and haul
gear on extremely steep grounds, but the
fishermen also felt that such grounds were
productive.

It is difficult to say why depth-specific CPUEs
were observed (and predicted) to be higher in the
Northern area than in either the Central or
Southern areas. As previously noted, CPUE was
strongly correlated with string identification
number so it is possible that the area-specific
trends in CPUE were influenced by fishermen
gaining experience. However, since the American
Champion fished over a wide depth range in all
three areas, it seems more likely that area-specific
differences in CPUE reflect actual differences in
crab densities. Also, personal observations
suggest that, when making decisions about how
to fish their gear, the fishermen relied much more
upon experiences from Alaskan and Russian crab
fisheries than they did upon limited prior
experience at South Georgia. Unfortunately, there
are no data avaijlable which might be used to
attribute certain biological or physical factors to
increases in crab density along the northern coast
of South Georgia.

If the area-specific differences in CPUE mirror
area-specific differences in the densities of
legal-sized male crabs, the results of Phase 1
suggest that localised estimates of crab standing
stock should not be extrapolated to the remainder
of Subarea 48.3 solely on the basis of seabed area.
At the very least, seabed area extrapolations of
localised standing stock estimates should be
modified to account for the fact that crab densities
are probably low along the eastern coast of the
island and at depths of less than about 150 m.

Phase 2

The American Champion initiated Phase 2 of the
EHR on 2 November, 1995 and finished the phase
on 20 November, 1995. During this period, the
vessel hauled 79 strings of gear which were set in
three squares located off the northwestern tip of
South Georgia (see Figure 4, upper-left panel).
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The hauls were distributed near the western and
eastern boundaries of Squares 1 and 2 but were
more evenly distributed throughout Square 3
(Figure 4, upper-right panel). In general, hauls
in Square 3 had higher CPUEs, shallower
mid-depths, and gentler gradients than hauls in
Squares 1 and 2 (Table 2).

As a simple consistency check, the CPUEs
obtained during Phase 2 were compared to
predictions made by the GAMs used to
standardise the CPUEs from Phase 1 (i.e.
equations 3 and 4). Most of the hauls made
during Phase 2 were set within the range of
depths (about 100-300 fathoms) at which, from
the binomial-error GAM (equation 3), the
predicted probabilities of obtaining positive
CPUEs were approximately equal to 1.0 (see
Figure 3, middle panel). Consistent with such
predictions, all of the hauls made during Phase 2
had CPUE > 0. Noting that all of the Phase 2
hauls were made in the Northern area and
plugging in the minimum and maximum
mid-depths fished in each depletion square, the
gamma-error GAM (equation 4) predicted that
expected CPUEs should be approximately within
the range [2, 18] in square 1, [16, 20] in square 2,
and {10, 11] in square 3. The mean CPUE actually
obtained from square 1 fell within the range
predicted by equation 4, but this was not true for
the mean CPUESs actually obtained from squares 2
and 3 (compare the mean CPUEs listed in Table 2
to the ranges listed above). Despite these
differences between predicted and actual values,
the CPUEs obtained during Phase 2 were, in fact,
similar to those obtained from square A during
Phase 1 of the EHR. During Phase 1, CPUEs in
square A (the region where all three depletion
experiments were conducted) fell in the
approximate range [15, 54] (Table 1).

Phase 2 was designed to assess whether
depletion estimators could be used to provide
local estimates of crab abundance (see
SC-CAMLR, 1993), so Leslie’s method (as given in
Ricker, 1975) was used to estimate the pre-fishing
standing stock in each of the three squares
identified in Figure 4. The method involved
fitting straight lines to time-ordered, haul-specific
CPUE and cumulative catch data:

CPUE,; =qN, o + 9K, ; = o, +B.K; ;. )]

K, is the cumulative catch in square s up to
and including the ith haul; g is the catchability
coefficient; and N, is the pre-fishing abundance
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Table 2:  Summary statistics for data collected from hauls made by the FV American Champion during Phase 2 of the experimental crab
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Square No. of CPUE Mid-depth Gradient
Sets Min Medjan  Mean  Max Min Median Mean  Max Min  Median Mean  Max
1 24 7.6 15.2 16.3 27.7 | 2205 271.0 273.8 4595 | 19.0 66.5 743  141.0
2 20 7.7 22.0 26.2 58.0 208.5 230.0 231.4  252.0 | 31.0 66.0 57.9 93.0
3 35 13.1 42.8 41.9 77.9 88.5 98.0 96.5 105.5 4.0 23.0 22.0 38.0
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Table 3:  Results of fitting Leslie models to CPUE and cumulative catch data
collected during the FV American Champion’s conduct of the three
depletion experiments in Phase 2 of the experimental crab fishery.

Square 1 Square 2 Square 3

Intercept 14.2999 38.4544 35.4948

Slope 0.0003 -0.0009 0.0002

R? 0.0542 0.1900 0.0596

Residual df 22 18 33

P 0.2735 0.0547 0.1575

in square s. It was assumed that the crabs did
not suffer natural mortality during the course of
each depletion experiment. Given the short
time period of each depletion experiment
(approximately one week each), this assumption
seems reasonable. Equation 5 also requires the
assumption that CPUE is proportional to
abundance (with proportionality constant gq), and,
in principle, any proportional index of abundance
can be substituted for CPUE,,. In this regard, one
might be tempted to standardise the Phase 2
CPUEs with the GAMs developed from Phase 1 of
the EHR, and then use this standardised index of
abundance as the response variable in equation 5.
Such an approach does not, however, seem
appropriate because the standardised CPUEs
would not be dependent on the cumulative catch
(recall that the GAMs only included area and
depth effects). A better approach would be to
standardise the Phase 3 CPUE trends and fit the
depletion models in one step; this might be a
promising topic for future work.

Equation 5 was fitted to each depletion
experiment’s raw CPUE and cumulative catch
data, and the parameters ¢ and f; were estimated
by least squares. None of the depletion
experiments resulted in a significant depletion
event (p > 0.05 for each test of Hy: f, = 0), but the
result for square 2 was marginal (p = 0.0547)
(Table 3). Models fitted to the data from Squares
1 and 3 actually had positive slopes (Table 3). The
results of the three depletion experiments are
illustrated in Figure 5. The absence of significant
depletion effects prevented estimation of
pre-fishing standing stocks (N,o). Note that fitting
equation 5 by least squares assumes that CPUE
has constant variance. While this feature is not
consistent with the gamma-error GAM used to
analyse CPUEs from Phase 1 (this GAM was
developed under the assumption that CPUE has
constant coefficient of variation), the residuals
from fitting equation 5 by least squares were not
heteroscedastic. It may be worthwhile to orient
future work towards identifying the most
appropriate error structure for modelling
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crab CPUEs (e.g. constant variance, variance
proportional to mean CPUE, or variance
proportional to mean CPUE squared).

There are a number of ways to explain the
insignificance of the three depletion experiments.
First, local crab abundance may have been so high
that the American Champion could not deplete an
area of approximately 26 n miles? in one week. It
is unknown how many crabs would have to be
caught out of an area of 26 n miles? to detect a
declining trend in CPUE. Second, trends in CPUE
may have been difficult to detect because there
was a great deal of inter-haul variability in CPUE;
catch rates varied by more than 50 crabs per pot
on successive hauls (Figure 5). As previously
mentioned, it might be fruitful to develop a
method of standardising CPUEs (i.e. accounting
for significant sources of variation in CPUE) and
fitting the depletion model in a single analysis.
Third, the depletion squares may not have been
closed to immigration and emigration. If crab
movement is simply random, and immigration
balances emigration, equation 5 may still be a
valid model. If, however, crabs have directional
movement patterns, equation 5 may have to be
modified to include immigration and emigration
rates. Fourth, catchability may not have been
constant during the course of each depletion
experiment. A change in catchability could have
resulted from fishermen gaining experience and
resulting changes in fishing strategy during the
course of a depletion experiment. Alternatively,
catchability may have changed if some crabs were
more vulnerable to fishing than others (e.g. some
males were more active and encountered pots
more frequently than others), and the more
vulnerable crabs were captured early in the
depletion experiments.

It is difficult to know which of the four
explanations is responsible for the insignificant
results of Phase 2; the first three explanations are
all likely. The data presented in Figure 5 cannot
be used to discount the first explanation (catches
were too small to cause depletion events), and,
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obviously, these data also support the second
explanation (highly variable CPUE). The third
explanation (crab movement) is supported by
data from a small mark-recapture study (see the
following section). There are two reasons why the
fourth explanation (nonstationary catchability) is
probably not supportable. First, the American
Champion had been participating in the fishery for
about 2 months prior to Phase 2, and it seems
likely that the fishermen would have settled into a
particular fishing strategy during this period of
time. Second, if catchability changes because of
differential vulnerability there is often curvature
in the cumulative catch~CPUE relationship, and
this was obviously not observed (Figure 5).

Although local estimates of standing stock
could not be made from the data collected in
Phase 2, the depletion experiments provided
valuable information; it appears that local
depletion estimators will not be appropriate tools
for estimating local abundances of P. spinosissima.
It is important to emphasise that although the
depletion experiments did not work on a local
scale, Phase 2 did not provide information about
the utility of applying depletion estimators on
larger temporal and spatial scales. It is not known
whether depletion models can provide estimates
of crab abundance when larger areas are
considered and larger catches are taken.

Results of the FV American Champion’s Phase 2 depletion experiments.

Tagging Studies Conducted
during Phase 2

Approximately 2 000 crabs were tagged and
released in each of the three depletion squares
(about 6 000 total crabs were tagged and released)
occupied by the American Champion during Phase 2
of the EHR. The marked crabs were released at
74 locations in groups of about 50 to 100 crabs, and
the release sites were distributed throughout each
of the three depletion squares (Figure 4, lower-left
panel). The tagged crabs were released at depths
from 82 to 362 fathoms over the period 4 to
19 November, 1995. Approximately 5 000 crabs
were marked with Floy t-bar anchor tags; these
tags were inserted into the abdominal
musculature. The remaining crabs were marked
with spaghetti tags; these tags were also inserted
into the abdominal musculature.

Four of the marked crabs were recovered; all
four of these crabs were legal-sized males
(carapace width > 102 mm) which were collected
in the American Champion’s processing plant. One
of these crabs was released in the second
depletion square, and the remaining three crabs
were released in the third depletion square.
Summary information about the recaptured crabs
is provided in Table 4. All four crabs were
released near the end of the tagging period; the
four crabs were at liberty for about one to five
weeks. The crabs were released at depths from
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Table 4:  Tag recovery information for animals marked during Phase 2 of the experimental crab fishery.
Tag Date Days at Release Recapture Distance Direction Min Rate
No. Released Liberty Depth Depth Travelled | Travelled

3872 15 Nov 8 198 205 1.1 N 0.14
4206 16 Nov 30 92 117 2.5 NW 0.08
4128 16 Nov 36 95 156 7.6 SW 0.21
4540 16 Nov 36 82 156 9.0 SW 0.25

82 to 198 fathoms and recovered at depths from
117 to 205 fathoms. All four crabs were
recaptured from locations that were deeper than
where they were released. The four crabs moved
minimum distances of 1.1 to 9.0 n miles while at
liberty, and dividing the distances travelled by the
days at liberty estimated minimum movement
rates to be from 0.08 to 0.25 n miles/day (the
distances and rates travelled are minimum
estimates because these are straight line distances
between release and recapture sites, and the crabs
may not have travelled in a linear fashion).
Release and recapture positions are plotted in the
lower-right panel of Figure 4. The tag recovery
data suggest that individual P. spinosissima are
capable of moving appreciable distances, and it
seems likely that crab movement played a role in
the insignificance of the Phase 2 depletion
experiments. The recapture data indicate that
the depletion squares were not closed to
immigration and emigration.

The tag recovery data also suggest that
individual P. spinosissima are capable of directed
movements. The two crabs marked with tag
numbers 4128 and 4540 (see Table 4) were initially
captured in different hauls and released
approximately 3 n miles away from each other.
Despite being released at different locations, these
two crabs were recaptured in the same haul 36
days later (see Figure 4, lower-right panel). It
should be noted, however, that the possibility of
directed movement in P. spinosissima is
speculatory, and there is no information about
what factors might cue directed movement in this
species. Note again, however, that all four
recaptures were taken from locations that were
deeper than their respective release locations
(Table 4).

There is no information about discard mortality
on sub-legal or female P. spinosissima which are
returned to the sea under the requirements of
Conservation Measure 91/XIV, but the recovery of
four marked crabs provides some evidence that
not all discarded crabs will die.
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The mark-recapture data were used to obtain
three estimates of crab density in the area
surrounding the third depletion square.
Chapman (in Ricker 1975) provided a formula for
making an unbiased estimate of population size
(N ) from mark-recapture data:

A~ (M+1)C+1
R ©

M is the number of marked crabs released; C is
the total number of crabs caught after the tagged
individuals were released; and R is the number of
recaptures. The large-sample sampling variance
for N was also given by Chapman (in Ricker
1975):

-\ N*C-R)
Var(N) = m 7)

The density of crabs can be estimated from the
results of equation 6:

o>
I
>| 2z

@®)

A is the area over which density is being
estimated. The estimator for the variance of d is
given by

-

Ve and (9)

var(d) =

the coefficient of variation for d is

var(d)
cW@:ig;l. (10)

Equations 6 to 10 were used to estimate crab
abundance and density, and, where possible, the
input values (M, C, R, and A) were adjusted to
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Table5:  Inputs and estimates from mark-recapture data collected by the FV American Champion.
Estimated abundances ( N ) are for legal-sized male P. spinosissima, and density estimates (d)
are given in crabs per n mile?.

Movement Rate (n mile/day)

0.08 0.21 0.25
M 810 810 810
C 52615 81183 86724
R 3 3 3
A (nmile?) 82 290 366
N 1.1 x 107 1.6 x 107 1.7 x 107
var(N) 2.3 x 1013 5.4 x 1013 6.2 x 1013
d 1.3 x 10 5.7 x 10* 4.8 x 104
var(d) 3.4 x 10° 6.4 x 108 4.6 x 108
CV(d) 0.45 0.45 0.45
95% CI for d (5.3 -10%, 3.3 - 10%) (2.3-10%,1.4-10%) (2.0 -10%, 1.2 - 10°)

account for possible violations in the assumptions
of this mark-recapture estimator (see the
following two paragraphs).

At a minimum, equations 6 to 10 require the
following assumptions (see Ricker, 1975):

(1) marked crabs suffer the same natural
mortality as unmarked crabs;

(i) marked crabs and unmarked crabs are
equally vulnerable to the fishing gear;

(iii) marked crabs do not lose their tags;

(iv) marked crabs mix randomly with
unmarked crabs OR the distribution of
fishing effort during the recapture period is
proportional to the areal distribution of
crab numbers;

(v)  marked crabs are recognised and reported;
and

(vi) recruitment to the catchable population of
crabs is negligible during the recapture
period (Ricker, 1975).

Data were not available to determine whether
or not assumptions 1 to 4 were violated during the
P. spinosissima tagging study, but assumptions 5
and 6 were probably violated. It seems likely that
the fifth assumption was violated because
recaptured crabs were only identified in the
American Champion’s processing plant; thus
sub-legal males or females were likely to be

thrown overboard without being carefully
inspected for tags. The crab movement results
provided in Table 4 and illustrated in the lower-
right panel of Figure 4 suggest that the study area
was not closed to recruitment and that the sixth
assumption was also violated.

Input values for equations 6 to 10 are provided
in Table 5. An attempt was made to account for
assumption 5 by limiting M to the number of
legal-sized males released in the third depletion
square and limiting R to the number of legal-sized
males recaptured from these M releases. An
attempt was made to account for assumption 6 by
limiting C to catches made within 36 days (the
maximum time at liberty from Table 4) of when
the final marked crab was released. The variable
C was also limited to catches made within the
area defined by the intersecting arcs of circles
drawn around all of the tag release sites in the
third depletion square. The circles were drawn
with radii of approximately 3, 7.5, and 9 n miles
(radial distances derived from multiplying
36 days at liberty by the movement rates provided
in Table 4). Limiting C in these two ways may
have accounted for crabs moving away from their
release sites, but it was not possible to account for
the immigration of crabs into the mark-recapture
study area.

Confidence intervals for N were approximated
by application of the Poisson distribution (see
Ricker 1975). The lower and upper 95%
confidence bounds for N were computed by
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respectively substituting the values 0.6 and 8.8
for R in equation 6 (these values were taken
from Appendix II in Ricker, 1975). The lower
and upper 95% confidence bounds for d
were estimated by substituting the corresponding
bounds for N into equation 8.

Estimates of standing stock from the mark-
recapture data are presented in Table 5. The
highest density estimate (d = 1.3 x 10° for a
movement rate of 0.08 n miles/day) was
approximately twice as large as the lowest density
estimate (d = 4.8 x 10* for a movement rate of
0.25 n miles/day), but there was a lot of
uncertainty associated with all three density
estimates (CV = 0.45 for all three movement
rates). 95% confidence intervals for d generally
spanned an order of magnitude (Table 5).

Since assumption 6 (no recruitment to the
population of unmarked crabs) was probably
violated, the results presented in Table 5 are likely
to be overestimates of standing stock (Ricker,
1975). Given this caveat, the following calculation
should be considered with caution. Using
Table 5’s smallest, lower 95% confidence bound
for d (2.0 x 10* crabs/n mile?) and a mean crab
weight of 0.80 kg/crab gives an estimated density
of 16 tonnes of fishable P. spinosissima per square
nautical mile. It is interesting to note that this
density estimate is not very different from an
estimate previously obtained by the CCAMLR
Working Group on Fish Stock Assessment
(WG-FSA) (17 tonnes/n mile? in SC-CAMLR,
1992) when the Working Group considered the
effective fishing area of a string of crab pots. The
Working Group extrapolated its previous density
estimate to the whole of Subarea 48.3 on the basis
of seabed area, but if the mark-recapture density
estimate is extrapolated to a larger area it would
be important to consider the fact that the tagging
study was conducted in an area and over depths
where the densest concentrations of P. spinosissima
are thought to occur (see the results from Phase 1).

GENERAL REMARKS
ABOUT THE EHR

The EHR has been successful in providing
valuable information to WG-FSA. The aim of
Phase 1 was to gather information about
the distribution of P. spinosissima in relation
to depth strata within designated blocks
around South Georgia and to determine whether
seabed area extrapolations of local density
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estimates are appropriate estimators of standing
stock (SC-CAMLR, 1993). Phase 1 certainly
accomplished this objective; if local density
estimates are extrapolated, location should be
considered as well as depth. The aim of Phase 2
was to determine whether depletion estimators
could be used to estimate local densities
(SC-CAMLR, 1993), and the results of Phase 2
suggest that this approach is not appropriate for
P. spinosissima.

Despite these successes, WG-FSA may want to
re-evaluate the EHR. Specifically, it may be
worthwhile to consider whether a wide-scale,
intensive tagging study could be developed to
provide information for a crab stock assessment.
Such a study may be expensive and require that
fishermen be trained to identify and report
recaptured tags, but the potential benefits of a
tagging study may be greater than attempting to
study catch and effort data.
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Liste des tableaux

Statistiques récapitulatives des données collectées sur les remontées de casiers effectués par le navire
de péche American Champion durant la phase 1 de la péche expérimentale de crabes. L’emplacement
de chaque case est indiqué sur la figure 1. La CPUE est donnée en nombres de males de taille 1égale
par casier. La profondeur moyenne est égale a : (profondeur au départ + profondeur a la fin)/2 et
exprimée en brasses. Le gradient est égal a : max(profondeur au départ, profondeur a la fin) -
min(profondeur au départ, profondeur a la fin) et exprimé en brasses.

Statistiques récapitulatives des données collectées sur les relevés de casiers par I’American Champion
durant la phase 2 de la péche expérimentale de crabes. La CPUE, la profondeur moyenne et le
gradient sont exprimés dans la méme unité que les résultats présentés au Tableau 1.

Résultats de I'ajustement des modeles de Leslie a la CPUE et aux données de captures cumulées
collectées par 1'"American Champion durant les trois expériences d’épuisement dans la phase 2 de la
péche expérimentale de crabes.

Informations sur la recapture des marques pendant la phase 2 de la péche expérimentale de crabes.

Entrées et estimations dérivées des données de recapture des marques collectées par I’American
Champion. Les estimations d’abondance (N ) sont celles des males de P. spinosissima de taille légale.

Les estimations de densité ( d ) sont données en nombre de crabes par mille?.

Liste des figures

Cases désignées pour le déploiement de l'effort de péche durant la phase 1 en vertu de la mesure de
conservation 90/XIV; les lettres servent a identifier chaque case.

Diagrammes de dispersion, par paire, de données par relevé de casiers pendant la phase 1 de la
péche expérimentale de crabes. Les unités de CPUE, la profondeur moyenne et le gradient sont les
mémes que ceux donnés au tableau 1.

Résultats de l'ajustement des modeles extensibles généralisés (GAM) aux données de CPUE
collectées pendant la phase 1 de la péche expérimentale de crabes. Se référer au texte et a la figure 1
pour déterminer les limites des secteurs du sud, du centre et du nord. Les trois cases du haut
illustrent 'ajustement du GAM aux erreurs gamma et au lien logarithmique avec les données de
CPUE positive. La case du milieu montre la tendance de la probabilité d'une CPUE supérieure a
zéro. Les trois cases du bas illustrent la maniére selon laquelle les CPUE prévues par le modéle

gamma sont ajustées pour tenir compte de ’absence relative de CPUE positives en eaux peu
profondes et en eaux profondes.

Distributions spatiales de la péche et de I'effort de marquage déployé lorsque 1’ American Champion
participait a la phase 2 de la pécherie expérimentale de crabe. Dans la case en bas a droite, les fleches
vont du site de relache des crabes recapturés au site de recapture.

Résultats des expériences d’épuisement de la phase 2 de I American Champion.
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Crircok Tadmn

CBoaka [aHHbBIX, [TOJYUYSHHBIX MPH TPasIeHUsX DPOMBICJIOBOIO cymHa American Champion B xone
Drama 1 3KCcrepaMeHTaTbHOrO NpoMbiciaa Kpabos. MecTonmoJioXXeHne KaXaoro KBaapara
nokazano Ha Pucysnke 1. 3nauenuss CPUE npuBoasiTcss B KOJIMYECTBE Pa3peliCHHBIX K BBIJIOBY
camuoB Ha joByumiky. Cpemusis roiyGuHa paccuuTaHa Kak (HavaJsibHas rJyOmHa + KOHEYHas
rayouHa)/2 u BhIpaxeHa B MOPCKHX caxeHsx. HaksioH paccyuTasH KaK MaKCHMaJIbHBI
(HaganpHas rJiyOMHA, KOHeuHas rJiyOHMHA) - MUHHMAsbHbIH (HauanbHas ray0OuHa, KOHEUHAs
rJjlyOMHA) U BHIPAJKEH B MOPCKHX CaXkeHSIX.

CBopKa HaHHBIX, TIOJTYYEHHBIX OPH TPaJICHUSIX IPOMBICJIOBOrO cymua American Champion B xone
DOrana 2 aKcriepuMenTaIbHoro npomeicia kpabos. CPUE, cpenusist r1yGuHa it HAKJTOH BbIPaXKEHbI
B TEX XK€ eAunuiax, yro u B Tabsmue 1.

PesyspraTel noaronkn Monaenau Jlezmi k ganaeM o CPUE # KyMyJISTHBHBIM [aHHBIM YJIOBOB,
cOoOpaHHBIM B XOjl¢ NPOBEACHHS NPOMBICJIOBBIM CynHOM American Champion tpex
SKCTIEPHMEHTOR 10 UCTOLIEHUIO Ha DTafe 2 dKCIePUMEHTAIBHOI0 MPOMBIC/1a KpaboB.

NUudopmanus no BO3BpaTy METOK B cJjiyvyae kpadoB, NOMEUYEHHBIX B Xoge JTana 2
3KCHEPUMEHTATBHOTO ITPOMBICTIA.

Bxomabie mapaMeTphl ¥ OLCHKH, OCHOBAHHBIE HA JAHHBIX IO MOBTOPHO OTJIOBJICHHBIM OMEYEHHBIM
0c00sM, cobpaHHbIX cyiHOM American Champion. Ouenku uucjieHnoctd ( N ) mpeacraBiesbt As
caMmiloB P. spinosissima pa3pelieHHOro K BbhIJIOBY pa3Mepa, a OUeHKH IJIOTHOCTH ( d ) JaHBl B

Kpadax Ha KBaJpaTHYI0 MOPCKYIO MHJTIO.

CHrcoK pHCYHKOB

Kpanparsl, npegHa3HadyeHHble 1S paclpenesIeHHs NPOMBICIOBRIX yeruuil B xome Dtama 1 Mepsl
1o coxpanennto 90/XIV; kax apiit KBagpar 0603HaueH OYKBO#.

Ilapusie pguarpamMMbpl pazdpoca TpajioBbIX [HaHHBIX, COOpaHHBIX B Xoge Drama |
3KCNEPUMEHTAJBHOTO npoMbiciia kpados. Enqununbr CPUE, cpennsia riry6nHa U HaKJIoOH
BBIPAXKEHBI B TEX XK€ eAuHHIax, uTo u B Tabsmue 1.

Pe3ynpTaThl MOATOHKH 0OOOMIEHHBIX aAfuTHBHEIX Mojaedelh (GAM) k gauusiMm no CPUE,
COOpaHHBIM B Xode Dramna 1 3KCHepuMeHTaJIbHOTO NpoMBbIcia Kpados., CM. Teker u Prucysox 1 fiia
OTIpeNIe IEHUST TPAaHUIl FOXKHOIO, HEHTPAJIBHOTO U CEBEPHOro PaiioHOB. BepxHue Tpu auarpaMmbi
OTpaxaroT MoAroHky mMomesin GAM ¢ ramma-omndOKamMe U JjiorapudMUUeckKoil CBSI3BIO K
nonoxuTeabHbIM gaHHbM 10 CPUE. Cpenngas amarpamMMa HOKa3blBaeT TEHIEHUHIO
TIpeAcKa3anHoii BeposiTHOCTH, corsacHo Kortopoli CPUE Gonbine Hys1s1. HukHue Tpu muarpamMMsl
NOKAa3BIBAIOT, KaK MpejcKa3andbie B ramma-monesn 3Hauennss CPUE ObuUH CKOPPEeKTHPOBAHBI
JUTSL y4eTa OTHOCHTEJIBHOTO OTCYTCTRHS MOJ10KUTebHBIX 3HaueHni CPUE Ha MaJsteiX u 60JTbLIMX
ry1yOuHax.

IlpocTpaHcTBeHHOE paclpene/IeHHe IPOMBICJIOBBIX YCHJIUH M yCHJIMH MO MEUEHHIO CYIHOM
American Champion Ha DTane 2 dKCNEpUMEHTAIBHOrO NpoMbiciia kpados. CTpesiku B HUXHeR
npaBoil AmarpaMMe yKa3bIBalOT HalpaBJICHHE ¢ MecTa BBICBOOOXKICHUs KpaboB K MecTy ux
AOBTOPHOIO OTJIOBA.

Pe3ynpraThl DKCHEPHMEHTOB MO HUCTOLUICHHIO B XOOe HpOBefeHHs cyTHOM American Champion
Drana 2.
Lista de las tablas

Resumen de los cdlculos estadisticos a partir de los datos recopilados de los lances efectuados por el
BI American Champion durante la fase 1 de la pesca experimental de centollas. En la figura 1 se
muestra la ubicacion de cada cuadrado. El CPUE se da en ntiimero de machos de tamafio legal por
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nasa. La profundidad media se calcula como (profundidad inicial + profundidad al término)/2 y se
expresa en brazas. El gradiente se calcula como (prof. inicial, prof. terminal) maxima - (prof. inicial,
prof. terminal) minima y se expresa en brazas.

Resumen de los calculos estadisticos a partir de los datos recopilados de los lances efectuados por el
Bl American Champion durante la fase 2 del régimen de pesca experimental. El CPUE, la profundidad
media y el gradiente se expresan en las mismas unidades de los resultados presentados en la tabla 1.

Resultados del ajuste de los modelos de Leslie a los datos de CPUE y de captura acumulativa
recopilados durante los tres experimentos de reduccién del BI American Champion en la fase 2 del
régimen de pesca experimental de centollas.

Informacién sobre la recuperacién de marcas colocadas a los animales durante la fase 2 del régimen
de pesca experimental.

Datos de entrada y estimaciones de los datos de marcado-recaptura recopilados por el Bl American
Champion. Las estimaciones de abundancia son para los machos de P. spinosissima de tamafio legal
( N ) v las estimaciones de densidad ( c%) se dan en nimero de centollas por milla ndutica al
cuadrado.

Lista de las figuras

Cuadrados designados para la distribucion del esfuerzo de pesca durante la fase 1 de la Medida de
Conservacién 90/XIV; las letras se usan para identificar cada cuadrado.

Pares de gréficos donde se muestra la dispersion de los datos de lances especificos recopilados
durante la fase 1 del régimen de pesca experimental de centollas. Las unidades del CPUE,
profundidad media y gradiente son las mismas que en la tabla 1.

Resultados del ajuste de modelos aditivos generalizados (GAM) a los datos de CPUE recopilados
durante la fase 1 del régimen de pesca experimental de centollas. Véase el texto y la figura 1 para
determinar los limites de las 4reas sur, central y norte. Los cuadros superiores ilustran el ajuste de
GAM con los errores gama y el vinculo logaritmico a los datos positivos de CPUE. El cuadro del
medio muestra la tendencia de la probabilidad prevista de que el CPUE sea mayor de cero. Los tres
cuadros inferiores muestran cémo se ajustan los CPUE previstos del modelo gama para paliar la
ausencia relativa de los CPUE positivos en aguas someras y profundas.

Distribucion espacial de la pesca y esfuerzo gastado en el marcado durante la participacion del BI
American Champion en la fase 2 del régimen de pesca experimental de centollas. Las flechas en el

cuadro inferior a la derecha apuntan desde el lugar donde se liberé a la centolla marcada al lugar
donde se la volvi6 a capturar.

Resultados de los experimentos de reduccion del Bl American Champion en la fase 2.
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