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A correction index of catchability (CIC) was derived using a 6 year research data set to
examine the seasonal variation in catchability for the night time prawn fishery in Albatross
Bay. CIC reflects the composite effect of the monthly variation in size selectivity, emergence-
burying behaviour and population density variation of prawn populations. The values of CIC
for four dominant species, Metapenaeus endeavouri, M. ensis, Penaeus semisulcatus and P.
esculentus, were examined. The value of CIC for M. endeavouri varied substantially and was
the highest in August. The values of CIC for M. ensis were high during November to March
and the seasonality was weaker than that for M. endeavouri. The monthly variation in CIC
for P. semisulcatus reflected the seasonal variation in population density, being high during
November to February. These results suggest that the catchability of P. esculentus is steady
throughout the year but it varies greatly on a seasonal basis for M. endeavouri.
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Introduction

Four penaecid prawns, Metapenaeus endeavouri,
M. ensis, Penaecus semisulcatus and P. esculentus,
are commercially important species in Australia and
in the Indo-West Pacific region. They comprise over
95% of the catches in the night time Northern
Prawn Fishery (NPF) which is one of the most pro-
fitable fisheries in Australia. Albatross Bay region is
one of the most important fishing grounds in the
NPF.

The NPF is managed by input controls set on the
basis of the advice provided by scientists on the sta-
tus of penaeid shrimp stocks. This advice is based
on stock assessments (Somers, 1994; Wang and Die,
1996; Somers and Wang, 1997) that rely upon the
knowledge on biological and fishery parameters.
One of these parameters is catchability (normally
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denoted by g), which is usually assumed to relate
linearly the fishing mortality (F) of an exploited
stock to a given unit of fishing effort (f: thus, F
=qf. The yield from the fishery can then be repre-
sented as FB, where B is the exploitable biomass.
In general, estimates of the catchability coefficient
derived from most existing methods are assumed to
be constant during a year. However catchability is
affected by various biological factors that have
strong seasonality such as emergence-burying beha-
viour, seasonal population density and size distribu-
tions. Factors affecting the relationships between
prawn behaviour and catchability have been studied
by Penn (1984), Hill (1985) and Park and Lonera-
gan (1999). They suggested that catchability varies
with behavioural characteristics such as emergence
and aggregation activity in relation to environmen-
tal factors. From previous studies on emergence be-
haviour and movement (Hill, 1985; Somers and
Kirkwood, 1991), Somers and Wang (1997) derived
a catchability index for two tiger prawn species, P.
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semisulcatis and P. esculentus that reflects the sea-
sonal chanzes in catchability. Catchability may also
be size-dependant. In the case of M. endeavouri
and M. ensis, which have more slender and shorter
bodies than P. semisulcatus and P. esculentus, size
selection b/ fishing gear can be a significant factor
in determining catchability.

In this study, a correction index of catchability
(CIC) was derived using data collected at 45 sta-
tions during the 6 year research period. CIC reflects
the composite effect of the monthly variation in size
selectivity, emergence and population density varia-
tion of prewn populations. The values of CIC for
four commearcial species, M. endeavouri, M. ensis, P.
semisulcatus and P. esculentus, were examined.

Materials and Methods

Research survey data
Monthly length-frequency distributions and catch
per unit fishing effort for the four prawn species
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were obtained from research surveys carried out at
45 stations over 66 lunar months during 6 years
(March 1986 to March 1992; Fig. 1; full details on
study area and sampling stations are found in Cro-
cos and Van der Velde, 1995). Trawling stations
covered a depth rage of 5 to 65 m while the com-
mercial fishery was mostly confined to depths of 15
to 35m. Four groups of stations were sampled
during this study. Station types 1 (5 to 20m) and
2 (20 to 40m) were sampled monthly over the
whole 6 year period. Type 3 was sampled monthly
for the first 2 years and Type 4 (40 to 65m) was
sampled in May, July and November 1987 and in
February 1990. In each survey four 9 m (headrope
length) nets were used at towing speed of 3.2 knots.
The stretched-mesh size of each net was 50 mm for
the body and 44 mm for the cod-end, which the
mesh combinations are common in the NPF. Catch
per unit fishing effort was standardized to the num-
ber of prawns caught per 60 net-minutes (4 nets 15
minutes) and was used as a measure of density of
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Study area in Albatross Bay region of northeastern Gulf of Carpentaria, Australia,
showing the main fishing ground, sampling stations and station groups (Types 1 to
4) used to determine spatio-temporal spawning activity (this figure is quoted from
Crocos et al. (2001), Fig. 1).
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prawn populations. All trawls were made at night.
Total number of individuals monthly sampled ran-
ges between 37 and 221 (M. endeavouri), 13 and
556 (M. ensis), 29 and 252 (P. esculentus), 35 and
1034 (P. semisulcatus).

Size selectivity

Pauly’s (1984) length-converted catch curve me-
thod was used to estimate size selectivity from the
length frequency data. This method develops a cur-
ve that describes the combined effect of recruitment
and gear selection for a stock, i.e.

S=C/C =CJ/LAt exp(P—2ZD] €Y
In(C/AD) =P~ Z(t+ Ay/2) (2
At=t—t=/Kn{(L.— L)/(L.— L)} (3)
Lt AY2= L+L)n= Lt (— I/K)
In[1—(L+L)/QL)] @

where S, is size selectivity during t (ie. from age t
to t), C is the catch in number between relative
age t and b, C’ is the expected number in the catch
from age t to &, @ is a constant that is estimated
from Equation (2) using regression analysis, K and
L. are von Bertalanffy growth parameters, Z is the
overall value of total mortality, & is the hypothetical
age at length zero and L, and L. are the lower and
upper limits of a given length class. This approach
assumes that Z is constant, t is zero and age t+Av/
2 is the same to that at length (Li+L,)/2 (ie.
Equation (4)).

The selectivity of a net during a single haul can
be described by a logistic curve, namely

S=1/[1+exp(Ti— T ] (5)
In[1/S—1]=T.— Trt (6)

where S, is gear selectivity in terms of relative age
t and T, and T; are constants. If the resultant curve
for a penaeid prawn is assumed to be a logistic
curve such as equation (5), from Equations (1) and

(6,
In[{texp(d—Z0/C}—11=T\— Tut @)

T, and T, were estimated from Equation (7) which
is a linear equation that has a form, Y=«+5X (4
=T, =T using regression analysis. The size
selectivity at length L(S:) was then estimated from
equation (5), namely

Su=1/[1+exp{Ti— T(6—In(1—L/L)/K}] (8

Emergence-temperature relationship

The seasonal variation in prawn emergence be-
haviour affects the monthly catchability coefficient.
The emergence-temperature relationship for M. en-
deavouri was examined by Park and Loneragan
(1999) and used to estimate the seasonal variability
in the mean daily duration of emergence (ie. E=
exp(3.50+0.24T,—0.005T?) where E is the mean
daily duration of emergence in month i and T; is
the mean temperature in month 1.

For the months that the mean temperature is be-
low 27C, Hill’s (1985) emergence-temperature rela-
tionship, E=34.7T,—488 (when 14<Ti<27C), was
used to calculate the extent of seasonal variation in
emergence for P. esculentus. For the months when
the mean water temperature is 27C or higher, the
duration of emergence was assumed to be the same
as the maximum value for the months that the wa-
ter temperature is below 27C. The duration of emer-
gence for M. ensis did not differ with temperature
(see Park and Loneragan, 1999).

Seasonal variation in population density

Crocos and Van der Velde (1995) found that P.
semisulcatus in Albatross Bay move to offshore
waters (>40 m) outside of the commercial prawn
fishing ground after February (ie. after the peak of
recruitment) and they move back to shallower
waters (<40 m) after July. M. endeavouri and M.
ensis showed a similar pattern to P. semisulcatus in
Albatross Bay (Crocos et al., 2001). M. endeavouri
move offshore (>40 m) and dispersed after Febr-
uary and move inshore after July (Crocos et al.,
2001). M. ensis move offshore (>40m) after April
or May, which is the peak of recruitment, and
appear to reaggregate in inshore waters (<35 m)
from August or September (Crocos et al., 2001).
Offshore migration by P. esculentus has not been
reported in Albatross Bay. Somers et al. (1987)
found that most subadult (21~28mm CL) and
adult (>28 mm CL) P. esculentus were in shallow
waters (<40 m) in the north-western Gulf of Car-
pentaria. For P. esculentus, therefore, the population
density variation due to the seasonal migration was
assumed to be zero. Although the distance of the
migration for P. semisulcatus and the two endea-
vour prawn species in Albatross Bay is only about
40~100 km, seasonal effects of the population den-
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sity on catchability in the commercial prawn fishing
ground may be significant.

Monthly variation in population density was cal-
culated frcm the catch per unit effort (CPUE) dis-
tribution cf the two endeavour species and P. semi-
sulcatus ir. Albatross Bay in May, July, November
1987 and February 1990. A relative density index
(A) was used to estimate the seasonal variation in
population density, namely

A= mCPUE,/mCPUE:r 9

where mCPUE, is the mean CPUE in the shallow
waters (Fig. 1, station group 1, 2 and 3) and
mCPUE; s the mean CPUE in the total research
area (Fig. 1, station group I, 2, 3 and 4). The values
of A for the three species in the other months were
then calculated by linear interpolation from the
estimated values of A in February, May, July and
November. The index A then reflects the proportion
of seasonal density variation.

Correction index of catchability (CIC)

A correction index of catchability (CIC) was de-
rived from (I) the size selectivity estimates (Equa-
tion (8)), (II) the emergence-temperature relation-
ships (Hill, 1985; Park and Loneragan, 1999) and
(II1) the rzlative density index that reflects the sea-
sonal density variations (Crocos and Van der Velde,
1995; Crocos et al.,, 2001). Therefore, CIC for species
g in month i (CIC:) can be expressed as

CIC,= (Si/mS,,) (E./mE,) (Ay/mA,) (10)

where S, is the size selectivity at the mean cara-
pace length Afor species g in month i, mS, is the
mean value of Sy;, Es is the mean daily duration of
emergence for species g in month i, mE, is the
mean valte of E,, A, is the relative density index
for species g in month i and mA, is the mean value
of A, In the present study, we assumed that the
seasonal spatial distributions of CPUE for each
species in a given research area (station groups 1,
2 and 3) reflect those in the real fishing area in the
Albatross Bay.

Results

The est:mates of carapace length at which size
selectivity is 0.5 (Los) for endeavour prawn species

were about 20 mm (Metapenaeus endeavouri) and
25mm (M. ensis) while those for tiger prawns were
19 mm (Penaeus esculentus) and 21 mm (P. semi-
sulcatus) (Fig. 2).

The relative size selectivity for M. endeavouri was
higher than the annual mean value from March to
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Fig. 2. Size selectivity curves for (a) endeavour

prawns, Metapenaeus endeavouri (L.=
49 mm, K=18yr', Z=509yr"' (R*=
0.73); T\=17.63, T.=19.04 (R*>=0.89)) and
M. ensis (L=48.3mm, K=23yr’!, Z=
512yr' (R*=0.65); T.=4.5, T.=19.54
(R*=0.71)), and (b) tiger prawns, Pena-
eus esculentus (L.=48 mm, K=2.7 yr’/,
Z=371yr" (R*=0.69); T:=14.22, T,=
80.94 (R?>=0.87)) and P. semisulcatus
(L.=56 mm, K=25yr"!, Z=5.25yr" (R’
=0.79); T.=15.36, T.=83.45 (R*=0.92)),
in the night time prawn fishery in Alba-
tross Bay.
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October and lower during November to February.
The relative size selectivity for M. endeavouri was
lowest in December (Fig. 3a). For M. ensis, the
relative size selectivity was lower than the annual
mean value during January to April but remained
higher during the rest of the year (Fig. 4a). The
relative size selectivity for P. semisulcatus remained
constant at around the annual mean value through
the year (Fig. Sa).

The relative value of duration of emergence for
M. endeavouri was slightly higher than the annual
mean during June to October and lower during De-
cember to April (Fig. 3b). The relative emergence
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Fig. 3. Monthly variation in (a) relative size sel-

ectivity, (b) relative emergence, {(c¢) rela-
tive density index and (¢) correction in-
dex of catchability coefficient {combin-
ed result of (a), (b) and (¢)) for Metape-
naeus endeavouri in Albatross Bay over
6 years (March 1986 to March 1992).
Dotted line=Mean values.
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Fig. 4. Monthly variation in (a) relative size sel-
ectivity, (b) relative density index and {(c)
correction index of catchability coefficient
(combined result of (a) and (b)) for Me-
tapenaeus ensis in Albatross Bay over 6
years (March 1986 to March 1992).
Dotted line=Mean values.

for P. esculentus was constant through the year. The
relative density index reflects the extent of migration
of prawn population into the fishing ground: ie. as
the extent of migration increases, the relative popu-
lation density within the fishing ground increases.
The value of the monthly density index for M.
endeavouri remained relatively constant at around
1.3 from July to November and decreased to 04 in
February (Fig. 3c). In contrast, the value of the
relative density index for M. ensis was the highest
in February and the lowest in July {Fig. 4b). For
P. semisulcatus, the relative density index was
higher than the mean value during October to
March (Fig. 5b).

Monthly variation pattern in CIC differed bet-
ween species. The value of CIC for M. endeavouri
varied substantially and was the highest in August.
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Fig. 5. Monthly variation in (a) relative size sel-
ectivity, (b) relative density index and (c)
correction index of catchability coefficient
(z;ombined result of (a) and (b)) for Pe-
naeus semisulcatus in Albatross Bay over
6 years (March 1986 to March 1992).
Dotted line=Mean values.

The CIC value was higher than the annual mean
during June to October (Winter~Spring) and lower
during Ncvember to March (summer-early autumn;
Fig. 3d). The value of CIC for M. ensis was gene-
rally low :n winter and early spring (June~ Septem-
ber) and high in summer and early autumn (No-
vember~March) but the seasonal trend was weaker
than that for M. endeavouri (Fig. 4c). For P. semi-
sulcatus, the monthly variation pattern in CIC was
very simiar to that of the relative density index,
being higiest during November to February (Sum-
mer; Fig. 5¢). In contrast, the value of CIC for P.
esculentus remained constant at around the annual
mean value through the year.

Discussion

The deermination of the catchability is one of

the most difficult subjects in fisheries science. The
value of catchability may vary seasonally because of
interactions between a species and the physical en-
vironment that the species belongs as well as its
own behaviour.

The monthly variation in the relative size selecti-
vity for prawns reflects the monthly size composi-
tion that in turn affects the seasonal catchability
and catch variation. These results were consistent
with length frequency distributions for the two en-
deavour and tiger species: e.g, for M. endeavouri,
the month that the proportion of the small size
group is at a maximum is the same month that the
relative size selectivity is the lowest (December; see
Crocos et al., 2001, Fig. 3). The range of monthly
variation in the relative size selectivity of the two
endeavour species was larger that that for the two
tiger prawns, which suggests that size selectivity has
a greater impact on catchability in the case of en-
deavour prawns in Albatross Bay. This may be
because of the difference in the body shape between
endeavour and tiger species: i.e. endeavour species
are more slender than tiger species. P. esculentus
was likely to have a higher vulnerability to trawl
capture than other species. Nevertheless the body
form of M. ensis is finer than that of P. semi-
sulcatus, size selectivity for M. ensis was higher
than that for P. semisulcatus at the same carapace
length. It is possible that the size selectivity for M.
ensis was overestimated due to a lack of obser-
vations of intermediate size class (see Crocos et al.,
2001, Fig. 4).

The range of monthly variation in the relative
emergence for M. endeavouri was low relative to
other factors affecting catchability and the emer-
gence index for P. esculentus was also very constant
during a year, suggesting that the emergence be-
haviour did not significantly affect catchability in
Albatross Bay. This can be because Albatross Bay
is located in the tropical zone, where the water
temperature is relatively constant during a year
(Hill, 1985; Crocos and Van der Velde, 1995).

Seasonal density distribution appears to be a ma-
jor factor affecting the catchability to trawl capture.
The present results indicated that seasonal variation
in population density can significantly affect the
monthly variation in catchability for M. endeavouri,
M. ensis and P. semisulcatus, and that M. ensis
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may be more susceptible to trawl fishing pressure
than other species. Somers and Kirkwood (1991)
found that P. semisulcatus in the north-western
Gulf of Carpentaria dispersed into offshore waters
in midwinter (July) and by November (early sum-
mer). They had shifted slightly shoreward into
depths of 25~35m, which is consistent with the
results of the present study.

" The other factor that affects prawn catchability to
trawl capture is aggregation behaviour. Penaeids do
not aggregate as much as the banana prawn, P.
merguiensis (Die and Ellis, 1999). Penn (1984) sug-
gested that the aggregation behaviour makes P. mer-
guiensis more vulnerable than tiger prawns to trawl
capture. Table 1 shows the expected effects of va-
rious factors on catchability. Spawning of P. mer-
guensis in spring (September) produces the main
pulse of recruitment during January~March. Adult
P. merguiensis spawn in the open sea and larvae
move onshore (Somers, 1994). After several months
in these nursery grounds, the juveniles move off-
shore and join the adult population (in January).
The biomass of P. merguiensis recruiting to the
fishery peaks between mid-March and mid-April
(Somers, 1994), about two weeks earlier than the
main fishing season (April~June). Therefore, the
seasonal migration of P. merguiensis prerecruits in-

Young Cheol Park, Kevin Warburton and David J. Die

creases their vulnerability during the main fishing
season (Table 1).

The correction index of catchability (CIC) re-
flects the composite effect of the monthly variation
in size selectivity, duration of emergence and sea-
sonal variation in population density. The monthly
variation of the CIC suggests that the catchability
of P. esculentus is almost constant through a year
but it varies greatly for M. endeavouri on a seasonal
basis. Somers and Wang (1997) developed monthly
trends in catchability for P. esculentus and P. semi-
sulcatus in the NPF using Hill’s (1985) tempera-
ture-emergence relationship and monthly CPUE for
the two tiger species in the north-western Guif of
Carpentaria (Somers and Kirkwood, 1991). They
found that catchability for the two tiger species was
lowest in July. The present results are slightly
different from these of Somers and Wang (1997);
the catchability in Albatross Bay was lowest in
August (P. esculentus) and from May to July (P.
semisulcatus). This is because of differences in
water temperature between Albatross Bay and the
whole Gulf of Carpentaria, and the fact that the
seasonal distribution for the two tiger species in the
north-western Gulf of Carpentaria may be slightly
different to those in Albatross Bay.

The seasonal variation in CIC measured in the

Table 1. Expected effects of ecological factors on catchability for Australian commercial prawns
Overall effect on g
Factors ME MS PE PS PM
(non-target sp; (non-target sp.; (target sp.; (target sp.; _ (target sp.;
S Albatross Bay) Albatross Bay)  Albatross Bay) Albatross Bay)  NPF)
Distribution relative —# —# ¥ +# 44
to fishery
Seasonal population
density during main + +* —* NC* +* +#
fishing season
Aggregation NC* NC* NC* NC* ++*
Avoidance of fishing
gear (e?. swimming, NC* NC* NC*
burying
Size selectivity
(combined effect of
gear selectivity and S gl i NC* NC*

recruitment) during
main fishing season

ME= Metapenaeus endcavouri; MS=M. ensis; PE= Penacus esculentus; PS=P. semisulcatus; PM=P.

merguiensis; ‘—’ =Decrease effect;
*Present study; *Expected results.

‘4’ =increase;

‘+ 4+’ =great increase; SI=Similar; NC=Not clear;
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present study can be used as an important infor-
mation to estimate seasonal catchability coefficient.
If the seasonal catchability coefficients can be es-
timated, they could be used as the index for sea-
sonal management for prawn stocks in Albatross
Bay.
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