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EXECUTIVE SUMMARY

This work aims to determine the exploitation status of Hong Kong's inshore fishery resources, and the likely
impact of management measures on the coastal ecosystem. This report describes results of the assessment
work performed by the Fisheries Centre, UBC, between April 1996 and December 1997. Biomass and catch
have been estimated by season and sector with survey data: from regular monthly samples of benthic resources
using a prawn trawl, from samples of pelagic resources using a purse seine, and from catch estimated from an
interview survey of fishers. Benthic biomass is also estimated in 18 spatial sampling strata. Prawns are
included but the work does not cover shellfish.

Total inshore resource biomass is estimated as about 9000 tonnes annual average ( = 4.9 tonnes km-2), of
which 85% is comprised of pelagic species. There is a strong seasonal pattern, seen most strongly in the pelagic
species, but also present in benthic resources, with total biomass peaking at over 27,000 tonnes ( = 15 tonnes
km-2) in August and dipping to 1700 tonnes ( = 0.9 tonnes km-2) in February. These results are subject to
uncertainties in estimating swept areas and in extrapolating from more detailed work on individual species.

Based on estimating the probability distribution of the catch rates of individual vessels in seven gear sectors
and by species, the total catch in Hong Kong waters is estimated as 14,700 tonnes (7.8 tonnes km-2). A detailed
breakdown of this catch by gear sector and species is provided. Very wide confidence limits reflect a high
variance in individual vessel catch rates, and the results are subject to considerable uncertainty deriving from
the adoption of an interview protocol to estimate catch.

Detailed assessments of exploitation status have been carried out for 17 individual species, four of which are
crustaceans. Growth parameters and mortality parameters have been fitted to survey data, and age data
derived from otolith readings. Growth is fitted by least squares techniques, length frequency analysis, and
estimates take account of many published values from the literature. Mortality includes total mortality,
estimated largely by cohort slicing, offshore migration with age for certain demersal species, estimated by a
novel method, and present fishing mortality calculated by two alternative methods. Yield- and biomass-per-
recruit analyses have been employed to evaluate exploitation status. Uncertainties have been explicitly defined
and addressed through confidence limits placed on most estimates using Monte Carlo simulation techniques.
Twelve of the 17 species are heavily overexploited, while the remainder, principally the small high-turnover
species, fall into the fully exploited category. Very approximate sustainable yield estimations based on
calculating unexploited biomass suggest that catches of larger and slower-growing species might be roughly
doubled with optimal management. A major uncertainty is the equilibrium assumption made by all of these
methods, that recruitment will not be greatly affected by increases in abundance.

Multi-species bioeconomic analysis for the trawl fishery, based on parameters from the individual species,
conflates the assessment optima for the individual species in terms of their relative value. The results suggest
that long term yield for the 17 species might be roughly doubled by increasing mesh size, but are sensitive to
assumptions made in estimating relative recruitment factors among the species.

A trophic mass-balance model of the Hong Kong inshore ecosystem is constructed from information derived
from the analysis and from the literature. The model includes shellfish, marine mammals, and all living
components of the system. The model is used to predict the impact of six scenarios of changes in management
on the relative abundance of sectors of the resource. Halving the current fishing mortality results in
considerable benefits for all fishery sectors, and those with a conservation focus such as marine mammals. The
full benefits of such a policy may, however, take a decade to be realised.
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INTRODUCTION

This report describes the catch, biomass and exploitation status of fished stocks in the 1820 km2 of
Hong Kong’s coastal waters, the trophic structure of Hong Kong's inshore marine ecosystem, and
the predicted impact of specified changes to fisheries management on the ecosystem. Two
complementary approaches to the assessment of these resources are provided: single and multi-
species equilibrium assessments, and evaluation using an ecosystem model.

We have used relatively conventional age-structured single species assessments made more
rigorous by employing state-of-the-art Monte Carlo methods to evaluate uncertainty. Population
parameters are calculated from a concurrent sampling program (March 1996 - March 1997).
Methods are based on those set out in Pitcher and Hart (1981), Gulland (1983) and Hilborn and
Walters (1992), except where noted below. Some parameters are estimated from the literature,
mainly due to migration of larger fish to offshore waters. Probability distributions are derived for
the parameter estimates using Monte Carlo simulations. Estimates of the catch by species and
sector landed in Hong Kong waters are based on an interview survey of fishers. Biomass estimated
by species, location, benthic and pelagic sectors is based on swept area and other techniques. Data

from the prawn trawl survey is adjusted, using a novel technique, for lowered catch efficiency due to
debris.

Growth and mortality parameters are estimated using least squares and other techniques, including
a novel method for estimating offshore migration with size. The exploitation status of 17 of Hong
Kong's most abundant and valuable species is assessed, pooled over the entire survey area, using
fishery yield and value models that assume an equilibrium. Sustainable yields are evaluated using a
range of approximate methods. Together these steps provide indicators of the sustainable harvest of
each species, and provide some indication of the management measures that would be required to
achieve them.

Parameters from the individual species assessments, together with current prices, are employed in a
multi-species bioeconomic model using value-per-recruit analysis. This examines the effect of
varying mesh size and fishing mortality on the assessed species simultaneously. The results
illustrate an optimal trade-off between small fast-growing species that may be of high monetary
value like prawns, or low value, like ponyfish, with larger, slower-growing high value fish species of
table fish, like croakers. This approach also makes equilibrium assumptions and does not allow for
changing recruitment, or the effect of biological interactions, such as predation, among the species.

The second approach is more experimental and based on a multi-species ecosystem approach to
fisheries assessment and management. It utilises the ECOPATH software (Christensen and Pauly
1992a,b, 1993) to, first, construct a static trophic model of Hong Kong's coastal ecosystem and,
secondly, to deploy the recently developed dynamic EcosiMm module (Walters et al. 1997) to predict
long-term changes in the trophic groups, given various fishing mortality scenarios.

The ecosystem approach considers primary and secondary production, trophic linkages and eco-
physiological parameters in the food web to study relationships between all species groups in the
ecosystem, not just those of commercial value. By using ECOPATH and ECOSIM in conjunction, the
likely impacts of perturbations, including management imposed changes to fishing effort, can be
examined. Fisheries managers, and others can use this approach to examine and predict changes
not only to commercially important fish stocks, but also to other components of the ecosystem,
prior to the implementation of any management-related change. ECOSIM is deployed to examine the
effects of six scenarios that vary fishing mortality on the different trophic groups.

METHODS

This section provides details and rationale for the methods we have used to estimate resource
biomass from the shrimp trawl and purse seine surveys, catch from the interview survey, the single
species assessment methods, multi-species assessment methods, and modeling performed to
evaluate ecosystem impacts.
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BIOMASS ESTIMATION METHODS
Benthic Species

Biomass of benthic species caught in the survey using the prawn trawl was estimated using the
swept area method (e.g. Sparre & Venema 1992), with allowance for occasional reduction in the
catching efficiency of the net caused by catching debris and, for prawns, allowance for smaller catch
rates during the day. Biomass for each stratum for 12 benthic species, and the total of all species
caught, was calculated from the weight caught in seven prawn nets towed simultaneously for
3000m, as measured by GPS.

area swept = net number * path width * trawl length
density = (sample weight/ area swept) * retention factor * debris factor
biomass = density * stratum area * prawn nocturnal factor

where net number = 7; path width = 2m; path length = 3000m; retention factor = 0.5; and stratum
areas are given in Table M1.

Stratum Area Stratum Area
T1 67.0 T11 76.6
T2 14.8 Ti2 90.1
T3 39.6 T13 64.9
T4 51.9 Ti4 42.9
Ts 168.0 T15 149.5
T6 45.6 T16 78.2
T7 79.0 T1y 63.9
T8 52.3 T18 133.5
To 307.9 (T19)  (241.3)

T1o 51.0 TOTAL 1817.9

Table M1. Areas, in km2, of the 19 sampling strata used in the Hong Kong surveys. Note that stratum T19 has
not been used in the calculations since sampling was not often possible there.

The debris factor was estimated by fitting a log normal distribution to the total weights caught in
the 1553 individual net samples. To allow for the varying abundance of organisms, the log catch of
each net was expressed as a difference from its mean. The resulting frequency distribution, Figure
Mia, indicates a very poor fit for the log Normal because of excess values on the left flank. These
derive from poor samples presumably caused by debris: perfect sampling with no debris would very
likely produce a good fit to a log Normal. To allow for the debris, we fitted the distribution mixture
shown in Figure M1b by determining the mean and shape of a second ‘debris’ component with least
squares (Macdonald and Pitcher 1979). The improvement in fit is statistically significant
(P<0.0001). We have used the mean of the ‘pure sample’ component (0.1), and the relative
proportion of the ‘debris’ component to the total (8%) to calculate the debris adjustment factor

(1.92).

The prawn nocturnal factor was measured as 2, based on the difference between the regular
sample trawls during the day and some night trawl samples that had been undertaken. As the
species composition of the prawns in the night trawls was different, this is a considerable
approximation.

For each species, biomass was estimated for each month and each of the 18 strata. (On account of
infrequent sampling, stratum 19 data were excluded from this analysis, except in as far as it
contributed to the total HK area.) Sampling with the shrimp trawl is assumed to be a Poisson
process, such that zeros in the trawl indicate that fish were not caught, rather than their being
absent from the stratum. Accordingly, averages were taken over all non-zero catch records. This
process is equivalent to assuming that strata with zero catch in fact contained fish at the average
density for the whole survey.
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Uncertainty in the biomass estimation was accounted for using a Monte Carlo bootstrapping
simulation of 10000 trials with error distributions as follows:

Path length: normal distribution, s.d. = 100m

Retention factor: normal distribution, s.d. = 0.05

Debris factor: gamma distribution, origin = 1, scale = 0.05; shape = 2.7
Prawn nocturnal factor: gamma distribution, origin = 1; scale = 0.3, shape = 4

The gamma distribution origins were set to the logical lower threshold of possible values, and the
shapes adjusted so the means fitted the calculated nocturnal and debris values.

Pelagic species

As Hong Kong inshore waters are very turbid, we have been able to use a variant of the swept area
technique in order to estimate biomass for pelagic species sampled by the survey purse seine. The
area swept was approximated as the area of the net, with the two ends brought together forming a
circle, plus one half of a square whose side has the same diameter as the net circle. The proportion
of fish in the swept area retained by the purse seine was assumed to lie between 0.5 and 0.95, with
the mean halfway between.

As a light was used during the purse seine sampling, we have allowed for the potential
concentrating effects of the lamp using a ‘lamp factor’, which is taken as the radius of the area from
which the fish were drawn into the path of the net. This radius was assumed to lie between 20m and
125m. The fish density within the net was then raised to a total biomass (in tonnes) in the Hong
Kong area for mean, upper and lower limits using the combinations of lamp factors and the
proportions of fish retained which produced the lowest and highest raising factors.

For the sampling purse seine 140m long, radius 22.3m, the area of the circle was 1560m?2, square
462m?2, total swept area = 1773m?2. This area was greater than that affected by a lamp factor radius
of 20m (1257m?2), therefore with an assumed retention factor of 0.5, this formed the basis for the
largest raising factor of 2,143,491. In contrast, a lamp factor of 125m would concentrate fish from a
49,087m? area (which exceeds the area based on only a mechanical sweeping of 1773m?2) and with a
retention rate of 0.95, means that the lowest raising factor is 40,744. Uncertainties were accounted
for by Monte Carlo simulations based on the limits given above, but a major uncertainty, not able to
be accounted for, is the schooling habit of pelagic fish species.

Estimation from fleet catches

A third method of calculating biomass has been used that is not based on swept area assumptions.
Because some species may be under-represented in either pelagic or demersal sampling gear, and
indeed many are reported caught by several sectors in the Hong Kong fishery (see catch section in
Results), biomass has also been calculated from the proportion of the catch in pelagic and demersal
sectors. This procedure effectively treats the combined sectors of the Hong Kong fishing fleet as if it
were a giant sampling device, and assumes that catches are in proportion to density and, therefore,
proportional to total abundance.

Catches from the hang trawls and purse seines were considered ‘pelagic’, and those from the shrimp
trawls, stern trawls and miscellaneous vessels as ‘demersal’. As catches from the pair trawl could
not be assigned strictly to either pelagic or benthic sector totals, the catch from this fishing gear was
combined with sector totals on a species by species basis so that the total biomass estimate was
maximised. For each of the assessed species, biomass in the two sectors was estimated as the
proportion of the total catch in that sector multiplied by the total pelagic or benthic resource
biomass (for the latter see Total aquatic resource biomass section in Results).
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CATCH ESTIMATION METHODS

The survey of fishers undertaken on fishing vessels anchored in port in 1996-7 was based on
interviewing approximately 27% (1,306) of the crews located on all vessels that are based in Hong
Kong ports (4,857: AFD survey). We have estimated catch separately for fishery sectors of shrimp
trawlers (SHT), hang trawlers (HT), stern trawlers (ST), small fishing vessels (P4/7), pair trawlers
(PT) and purse seiners (PS). We have not been able to consider catches from 891 small vessels,
which were not included in the Furano survey, and we have lumped all small vessels (<4 m long,
<40Hp) in the survey using long-line (LL), gillnet (GN), hand-line (HL) into a miscellaneous
category. For each sector, the number of these vessels that fish predominantly in Hong Kong waters,
nk, is calculated as follows:

nk =na. (s2/s1)
where
s1 = no of vessels in sector interviewed by Furano
s2 = no of vessels in sector reporting >50% catch in HK waters
na = total no of vessels in sector from AFD survey
nk = estimated no of vessels in sector fishing Hong Kong waters

and the results listed in Table M2.

e | e | g | e ) Jan | T | o
# interviewed 272 22 71 873 458 149 85 1930
# interviewed fishing HK 113 22 13 562 207 4 85 1006
est. prop. fishing HK 0.42 1.00 0.18 0.64 0.45 0.03 1.00 0.52
# boats AFD survey 460 36 179 2610 891 546 135 4857
est. # boats fishing HK 191 36 33 1680 403 15 135 2492

Table M2. Vessels fishing in Hong Kong waters (row 5) estimated from the AFD vessel survey (row 4) and the
Furano interview survey (rows 1 -3), by vessel type.

In practice, over 98% of vessels reported taking either 100% of their catch inside or 100% outside
Hong Kong waters, and so there was no need to estimate the proportion of reported catch taken
within HK waters. But, for catch by species, since not all vessels reported catching all species, mean
catch required a multiplier, P, the probability of capturing (=reporting) a species,

P =ns/nv
where,
nv = no of vessels in sector interviewed in the Furano survey;
ns = no of vessels in sector that catch (=report) a species;
P = probability of capture for a species.

Annual catch was then calculated from the interview survey database by sector and species from the
estimated log mean annual catch per individual vessel: 95% confidence limits were obtained from a
fitted log Normal distribution in each case.

Cs = exp(Im) . P . nk with confidence limits + exp(Im =+ cl). P. nk
where,
Cs = total annual catch (=reported catch) of a species in a sector;
Im = mean of logs of catch weights for a species reported by individual vessels in sector;
cl = 95% confidence limits on Im;
and

# Cs = Total annual catch of a species over all sectors.
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Totals by sector and overall were obtained by adding the appropriate figures. Total catch over all
species by sector (=vessel type) was also calculated separately by using the equation above without
the individual species probability factor, and a log normal distribution fitted to each in order to
validate the use of this distribution model. Figure M2a to M2g shows the log normal fits to reported
annual vessel catches in each of the seven gear sectors.

Catches derived from the survey were recorded on a taxonomic basis, even though it is unlikely that
the fishers know, or record their catch in this way. The penaeid prawns are an example in point;
there are approximately 10 species in Hong Kong waters and it is very unlikely fishers differentiate
their catches. Therefore, the catch of individual species will be unreliable. Similar taxonomic
problems will apply to mantis shrimps and some fish species. Furthermore, approximately 21% of
all product landed in Hong Kong waters was recorded in the survey as "MIXSPP", and so the species
composition of nearly a fifth of the catch is unknown.

SINGLE SPECIES ASSESSMENT METHODS

There seems to be no long-term or on-going program recording the catch and fishing effort in Hong
Kong waters. Catch and effort statistics have been collated irregularly over the last 20 years, mainly
by way of surveys and crew interviews. Richards (1980, 1985), Richards et al. 1985) and Leung and
Lee (1987) warned that estimates of the catch were associated with considerable uncertainty, while
levels of fishing effort remain largely unknown. We have therefore been unable to use many of the
standard assessment methods aimed at providing sustainable yield levels and absolute values for
advised catches. The techniques we have used have therefore necessarily concentrated on
equilibrium assumptions and consequently our assessment results must be treated with some
caution.

Length-weight relationship

Data from the current sampling program were used to derive a length-weight relationship for each
fish species by fitting a straight line to log transformed length-weight data. The absence of large fish
has likely biased these estimates. Confidence limits on the length-weight conversion parameters (a
and b) were also calculated (see section below on Incorporating uncertainty).

For the invertebrates, only individual body weight was measured. Additional data, used to generate
length-weight relationships for the invertebrates, was supplied by Dr. Mak (Furano). These length-
weight relationships were then used to convert all individual body weight measures for the
invertebrates, into length measures. This was required in order to undertake length-frequency
analyses.

Growth rates
Quantifying growth rates in fished species is essential for most stock assessment methods.

A total of about 1000 otoliths (approximately 50 for each of the assessed species) collected by the
trawl survey were read by Dr Z. Zhang. Precision was assessed at over 95% by re-reading randomly
chosen otoliths. Mean lengths at age (in years) were calculated with their coefficients of variation.

We had originally intended to use standard age-based methods of estimating growth by fitting the
von Bertalanffy asymptotic growth model to mean lengths at age from the otolith data (see Pitcher
& Hart 1981). Fitting the three parameters of this model (asymptotic length LT, rate of approach K,
and model starting point t,) to data is carried out not by classical methods but by least squares
using the 'solver' optimisation routine built into the Excel spreadsheet. However, because larger
individuals for many of the fish species being examined migrate offshore and outside the sampling
zone, the mean length of each age group read from otolith samples taken in the survey area was
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biased downwards. As the larger members of each cohort leave the inshore area, this bias becomes
larger with age. One consequence of this process is the absence of estimates for mean length for
older ages that have completely left inshore waters, but the biased mean lengths for ages that are
present have a more serious effect in imposing a downward bias on the estimated growth rate
parameter K. Accordingly, we have devised a new method to compensate growth for offshore
migration and at the same time provide a value for the offshore migration rate with size.

Published estimates of the von Bertalanffy growth parameters K and LT were obtained from the
literature, many of which are summarised in the FishBase database (Froese and Pauly 1996).
Growth and other population parameter estimates were also obtained from ASFA searches that
were undertaken for each species for the period 1978-1996.

In addition we derived growth parameters using three different length-frequency analysis methods:
Elefan (Pauly 1987), the projection matrix (Projmat) (Basson et al. 1988) and a modified Shepherd's
method (SLCA), (Shepherd 1987, Pauly and Arreguin-Sanchez 1996). Growth estimated by length-
frequency analyses will not be biased by offshore migration. All of these methods are included in the
LFDA suite of programs (Holden & Bravington 1991). Two versions of Elefan were used, one from
LFDA and a second, incorporating seasonal growth, from FiSAT. For some species that were poorly,
or infrequently represented in length-frequency samples (such as some migratory pelagic fish), a
fourth, generically different length-frequency method (mixture analysis: Macdonald and Pitcher
1979) was utilised.

Approximately monthly length-frequency based growth rate estimates were obtained from the trawl
and quarterly from the purse seine sampling. For some pelagic fish species, additional length-
frequency data, provided by Dr. S. F. Leung of the Hong Kong AFD and based on sampling
commercial catches from the purse seine fishery for the period 1995-1996, were also analysed.

For each species we placed all of the relevant growth parameter estimates, from the literature and
from our own length-frequency analyses, on an auximetric plot (Pauly 1979) of log K against log LT.
We calculated mean values for log K and log Lt after first checking that the cluster of points was
normally distributed (we would have taken median values otherwise). Log means were back
transformed to numbers. Relevance of the values obtained in the literature was judged by taking
localities with similar water temperatures to Hong Kong: we excluded points from other places.

For fish species that had their otoliths aged, the next stage was to fit a second, observed value for
the von Bertalanffy K through the otolith-derived data points using the true LT. We fixed LT
because we had no size estimates for the missing older fish: if we allowed to LT to vary as well as K,
the fitted growth curve would not be robust, as LT is biased downwards. The growth model time
start parameter, to, was estimated by adjusting the horizontal position of the growth curve until
hatch size was the same as for the growth curve fitted to the otolith data, using the Solver
optimisation facility.

Otolith-derived estimates of K often differed markedly from what was published and from what we
estimated from the length-frequency analyses. In general, the otolith-based estimates of K were well
below other estimates. Although they were included in the auximetric plot for each species, the
otolith-derived estimates were usually excluded from the mean estimate of K and L. Otolith-
derived estimates have been used here to estimate to, offshore migration and mortality rates.

Length-frequency analysis was the sole technique used to quantify growth for species without any
permanent bony structures such as prawns, crabs and mantis shrimp. Additional estimates were
also obtained from the literature, and where appropriate, included in the estimation of the mean
values of K and L.

Mortality rates

Knowledge of mortality rates in fished species is also critical for stock assessment. It can be
problematic, however, to separate the overall mortality rate in a population, the instantaneous rate
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of total mortality, Z, into its various components, which include instantaneous rates of natural
mortality (M), fishing mortality (F) and emigration (G). Although an equilibrium assessment can be
made using Z, evaluation of current status requires an estimate of F.

Total mortality rate, Z

Estimates of the instantaneous rate of total mortality (Z) were derived using two different methods.
First, we used a length-converted catch curve method (FiSAT: Gayanilo et al. 1990). This method
requires large length-frequency samples that are unbiased by sampling and encompass all ages in
the stock. Some of these assumptions are violated using the current benthic trawl samples,
particularly for migratory species, and therefore are likely to overestimate Z. Secondly, we used the
fitted growth parameters to slice the length-frequency distributions into cohorts. Because small
differences in sampling efficiency, and seasonal movement in and out of the sample areas, can make
a large difference to the sliced cohort numbers, to estimate Z, we chose only those portions of a
cohort's history that showed consistent straight lines on a semi-logarithmic plot. In some cases with
large length-frequency samples, Z values could be obtained from several cohorts. Where differences
were not too large, we have averaged values from these two methods.

Unfortunately, three factors affecting the length-frequency data by reducing the number of large
fish in the samples conspire to render our current estimates of Z very uncertain: a high fishing
mortality rate; a high offshore migration rate; and size-selectivity of the principal sampling gear
(the prawn trawl). Moreover, we are forced by small sample sizes to combine all of our data and
hence we are unlikely to be able to provide estimates of total mortality separated by sampling strata
or partitioned by season.

Natural mortality rate, M

The instantaneous rate of natural mortality M, for each fish species was derived using Pauly's
(1980) empirical method which uses a multiple regression that predicts M from water temperature
and the growth parameters K and L. A value of 23°C was used for the mean annual surface water
temperature in Hong Kong. Confidence limits on M were taken from the study by Lijam (1990) (see
section below on Incorporating uncertainty). This method, however, only applies to fish and so
estimates of M for the invertebrates (prawns, crabs and mantis shrimps) were derived by averaging
relevant values from the literature. The natural mortality rates of penaeid prawns are relatively
high, possibly because prawns have a high energy content and are an attractive food source for
predators (Dall et al. 1990). Garcia and Le Reste (1981) collated 16 estimates of M for seven species
(six Penaeus spp. and one Metapenaeus spp.). Estimates for adult prawns range considerably, from
0.04 to 0.84 month™. Lucas et al. (1979) calculated M for Penaeus merguiensis to be 0.20 month™.
Somers (1990) also used a value of 0.20 month™ to model the effects of changes in fishing effort on
Penaeus esculentus and Penaeus merguiensis in Australia's northern prawn fishery. Dredge (1990)
estimated M in adult Penaeus longistylus to be 0.29 month, while Glaister et al. (1990) found M
ranged from 0.25-0.32 month™ for Penaeus plebejus. Given these estimates, and the lack of
published estimates of M for the penaeid prawns in Hong Kong waters, a single mean value of M
from the above values of 3.6 year™® (0.3 month™) was taken as representative for prawns in the
present study. Similarly, estimates of M for mantis shrimps are scant and non-existent for stocks in
Hong Kong waters. In the present study, mantis shrimps were assumed to have a slightly lower M,
compared with the penaeids, and therefore we used a value of 3.0 year™.

Offshore Migration Rate, G

Our new method of estimating offshore migration rate relies on comparing true growth with that
observed. The three main assumptions are, first, that within a cohort there is a log normal
distribution of lengths for a given age, and secondly, that the coefficient of variation (COV) shown
by the youngest age in the samples, and aged with otolith reading, remains constant in the true
cohort as the fish grow older and larger. (The assumption of a constant COV with growth is
validated in Macdonald and Pitcher 1979.) Thirdly, we assume a linear increase with age in the
probability of a fish migrating offshore out of the sample zone. The consequence of this age-based
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process for the length structure of a cohort is that larger fish within each cohort migrate out of the
inshore sample zone, and this tendency will affect a progressively larger proportion of the fish in the
cohort as they get older. Eventually all of the fish will have migrated (probability of emigration P =
1).

Starting with a guessed value of the migration probability with size, for each length interval we
calculate the proportion of each true cohort than remains in the sample zone. The mean lengths
with age are calculated from the true growth curve, while the proportion of fish in each length
interval comes from the location of the length interval relative to the mean and standard deviation.
This is repeated for all length intervals in the sample range and the result is a curve that represents
the length distribution of fish that have not yet migrated offshore. To fit the migration model, the
mean and COV of this calculated curve are compared to the actual mean lengths and COVs of the
fish aged using otoliths. Solver is employed to minimise the sum of the squares or differences
between these actual and calculated values by altering the origin and slope of the migration
probability line. Once the migration probability line is fitted by least squares, the proportion of fish
remaining in the sample zone in relation to the total cohort is calculated using the log normal
probability density function. This proportion estimates the offshore migration rate. Where this
procedure covers several cohorts, Solver is used to minimise the differences over all means and
COVs simultaneously. Migration rate is plotted against size for use in the rest of the analysis. This
new method will be written up for publication as one of the outputs from the project.

Fishing Mortality rate, F

F by the difference method. One estimate of the instantaneous rate of fishing mortality (F) was
derived by subtracting M and G from Z. As a consequence, if Z is overestimated, F is also likely to be
overestimated. Most alternative methods of estimating F, for example from historical catch data
using Virtual Population Analysis, are not available to us as there appear to be no time series of
catches or effort for the inshore fishery.

F from catch and biomass. Provided that catch in weight (=yield) and average biomass are taken
over the same period, (this should be short enough for catch to be less than biomass for high P/B
ratio species, but annual figures should be OK for most species), and M is known and to the same
time base, the ‘Beverton and Holt’ catch equation

Y=F/(F+M).B.(1-exp(-(F+M))
can be re-arranged to
1— (Y. (F+M) / BF ) = exp( -(F+M) )

where the value of F can be found when both sides of the equation balance, by iteration from a trial
F = M. (Note that a second solution when F = -M should be eliminated.) The problems inherent in
estimating catches from the survey data indicate that the resulting estimates of F should be
considered with caution.

Yield-per-recruit analysis

An equilibrium age-structured dynamic pool model in the form of yield-per-recruit was fitted to the
growth and mortality parameters for each species (Beverton and Holt 1957; Pitcher and Hart 1981).
Estimates of the size or age at first capture were derived using the nomogram and method described
in Pauly (1984). Error distributions and confidence limits were established through Monte Carlo
simulations using the error distributions of the growth, mortality and length-weight parameters, as
detailed below.

This analysis sets out the long-term average yield (in relative terms) obtained over a range of fishing
mortality rates and ages/size of first capture and is usually presented as a 3-dimensional 'map’ that
defines what is possible from the fishery. If current F and age of entry are known, the current
location of the fishery can be plotted on the map and compared to more desirable locations. It thus
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provides a simple way of evaluating the exploitation status of a fishery, although for a number of
technical reasons, the location and desired trajectory for reaching of the optimal goal of a fishery is
not well represented by this equilibrium approach (see Pitcher and Hart 1981).

Reference points for single species assessments

We looked at two "map" locations as management goals, the optimum age at first capture (= age of
entry), topt, and an optimum fishing mortality, Fo.1.

For each of the 17 species assessed, a probability distribution of the optimum age at first capture
topt, was calculated using Monte Carlo simulation, given the uncertainty in the population
parameters. The mean of this distribution is provided as a biological reference point that managers,
biologists and fishers can use as the theoretical optimum age of entry, t., at which each species
should be harvested to maximise long term average yield. Since this point is always at infinite
fishing mortality, the top: age is best used for comparison rather than as an absolute measure
(Pitcher & Hart 1981).

For a given age of entry to the fishery, tc, Fmax is the fishing mortality rate at which peak yield is
obtained (Note: at topt, Fmax = infinity). Another biological reference point commonly used by
fisheries scientists and managers is Fo ;. This is a reference line on the yield-per-recruit 'map' where
the derivative of the yield-per-recruit surface is 0.1 times the initial slope at the origin (Gulland
1983). Fo.1 is more conservative than Fmax, allows for the large increase in fishing effort need to
harvest the maximum yield, and is more practical as a management goal because of the top: problem
above. For each species, a probability distribution of F,.; was calculated: means of the distributions
are provided as our estimate of Fopt.

We have used the FAO categories of exploitation status, defined with reference to the confidence
limits on Fopt;

over exploited: current F is above the 95% confidence limits on Fop;
fully exploited: current F is within the 95% confidence limits on Fopt;
partially exploited: current F is below the 95% confidence limits on Fopt.

Approximate methods for sustainable yields of single species

Several types of stock survey provide estimates of the fish biomass for the species of interest
(acoustic, trawl, egg production). For virgin fisheries this will be an estimate of BT, the ‘carrying
capacity’ biomass. Gulland and Beddington & Cooke have devised methods of estimating the
maximum sustainable yield from BT.

Gulland’s Method 1

Gulland (1971) suggested that

MSY =aMBT
where,
MSY = maximum sustainable yield;
BT = unexploited biomass ('virgin') average biomass of stock from survey, also termed
Bo;
a = a constant, in range 0.3 to 0.5, generally taken as 0.5;
M = instantaneous rate of natural mortality.

There are clearly circumstances in which this formula would be unlikely to hold, for example when
M is very high. Gulland examined the theoretical basis of his formula and concluded that it was
valid whether one considered surplus yield (Schaefer) or dynamic pool (Beverton & Holt) models of
the fishery. The method was formerly widely used, especially by FAO in a series of stock surveys
around the world.
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Gulland’s Method 2 (Cadima method)

If a small fishery already exists then biomass has already been depleted by fishing to the value
estimated as B by the stock survey. If total mortality, Z = F + M, where F = instantaneous rate of
fishing mortality, then we could write MSY = aZB, but this is not very helpful since we will not have
an accurate estimate of the F, which is small. However, if we can estimate Z (from a catch curve
method for example) and can roughly know M using Pauly's temperature formula, since we have Y,
the catch from the existing fishery, so substituting (F + M) for Z, expanding the brackets, and then
substituting Y for FB, we get the equation in a useful form:

MSY = a(Y + MB)

The method, originally proposed by Cadima (Troadec 1977), works equally well on overall figures
for stock biomass and catch as it does for figures transformed to densities by dividing by area.

Beddington and Cooke's Method

The rationale underlying the Gulland formula was examined in detail by Beddington and Cooke
(1983), who came to the conclusion that it is misleading because growth rates and recruitment are
not fully considered. Using simulation over a range of growth and recruitment regimes, these
workers improved Gulland's formula for estimating MSY. For most realistic choices of age of entry
to the fishery, t., even the simple constant-recruitment Beverton & Holt model gives an MSY well
below 0.5MBT. The first stage of the method allows for growth, the second, for recruitment. In
order to use the method, in addition to BT and M, we need an estimate of growth in the form of the
von Bertalanffy K, for the second stage, some measure of the variance of recruitment. In this project
we can do the first stage of the method as we have no information about recruitment.

MSY =a BT

In practice the multiplication factor, a, to obtain MSY from BT is read off from a nomogram (Figure
1) in Beddington & Cooke's paper.

MULTI-SPECIES BIO-ECONOMIC ASSESSMENT METHOD

This analysis was carried out using a length-based yield-per-recruit approach (a “Thompson & Bell’
analysis), that sums yield-per-recruit (YPR) over all length classes. Length classes harvested are
determined by mesh size in the trawl, and the amount caught determined by fishing mortality, F
(see Sparre & Venema 1992). Growth and mortality parameters were taken from the individual
species stock assessments. Since commercial fisheries are generally managed and regulated to
maximise and sustain value rather than yield, value-per-recruit (VPR) was calculated from YPR by
using prices.

VPR was summed over all length class in the stock up to 95% of LT. This calculation was then
repeated for values of F from zero to 4, and mesh sizes from 1 ¢cm to 10 ¢cm to produce a VPR
isopleth surface for each of the 17 assessed species (13 fish and 4 invertebrates). Sexes of the
invertebrates were considered separately. The overall multi-species VPR was obtained by summing
the contributions of each of the species, weighted by their relative recruitment, as advised by
Murawski (1984). In effect, we have programmed on a spreadsheet analysis equivalent to the BEAM
software from FAO (Sparre & Willman 1993).

The following modifications to the standard method have been programmed in Visual Basic/Excel
for this project (File vmultivpr.xls in software).
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1. Fishing mortality per length class was modified by a gear selection ogive (= s-shaped curve)
appropriate to either fish or prawns. Fish selection ogives centred on Ic, the smallest length
caught, were obtained from Pauly’s (1984) nomogram based on fish shape using data from
the survey. Selection ogives for prawns were obtained from Garcia and Le Reste (1981) who
averaged literature values for large penaeids. They found that that if lc (mm carapace
length) = b, where m is the mesh size (mm stretched), then b is 0.4 + 0.1 Figure M3
shows the relationship fitted to the Garcia and Le Reste data, where b= 0.38. Figure M4
shows the two selection ogives used in the procedure, each centred on lc as the fish or
invertebrate size at which 50% are retained by a given trawl mesh.

2. Increases in the unit price of larger fish were be taken account of by entering prices above and
below a threshold length.

3. Relative recruitments were obtained by running a Beverton & Holt biomass-per-recruit (BPR)
analysis for each species at the current estimated F and t. = 1 year. Recruitment indices
were then obtained by using the estimated biomass of the species, since B/R = BPR and so
R = B/BPR.

4. Relative biomass for use in (3) was taken from the estimated proportion of each species caught in
the trawl sector, (SHT+ST)/(PS+HT+PT), taken from the total Hong Kong catch
estimations for each species by gear type.

This method makes assumptions that:

1. Recruitment is not important in determining average long-term catch or stock biomass (as in all
other yield-per-recruit equilibrium assessment)

2. Only technological interactions (caught in the same gear) occur, and there are no biological
interactions between the species.

3. Each fish species trawled is subject to the same selection ogive in relation to mesh size.
4. Each prawn species trawled is subject to the same selection ogive in relation to mesh size.

Market prices (in HK$/kg) for different species used in the value per recruit simulations were
obtained from recent Fish Marketing Organisation statistics. Additional information was provided
by ERM, based on surveying market prices (June 1997). The analysis assumes no change in price
with quantity landed, and is not discounted to Present Value. Information on the value (price per
kilogram) was incorporated in the yield-per-recruit equation, and the equivalent optima for top: and
Fo.1 derived.

To take account of uncertainty, 500 Monte Carlo simulations, entailing error distributions on 63
input parameters, were used to draw up probability distributions and to obtain 95% confidence
limits (this took 8.5 hours of computing time).

SPATIAL ANALYSIS AND SUSTAINABILITY INDICES

We had originally hoped to be able to provide growth, mortality, catch and biomass estimates
partitioned by the sample strata of the survey, in order to examine relative exploitation status by
area and hence improve our evaluation of the sustainability of the fishery.

Unfortunately, this has not been possible because, although we have biomass estimates by strata,
we have been obliged to pool the survey samples to minimise errors in growth and mortality
estimates. Moreover, the catch figures, already subject to great uncertainty because they were
obtained from interviews, have very wide confidence limits which would be even wider if we
attempted to break them down by area.
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ECOSYSTEM ANALYSIS METHODS

ECOPATH is a software package based on the earlier work of Polovina (1984) that facilitates the
construction and parameterization of mass-balance trophic models of aquatic and terrestrial
ecosystems (Christensen and Pauly 1996). The resulting model represents a static “snapshot” of the
ecosystem and provides a means of comparing Hong Kong's coastal ecosystem with others. The
general approach used here was to firstly construct a static mass-balance trophic model of the
ecosystem using the ECOPATH software, and then apply this model to the recently developed Ecosim
software to study the effects of fishing on the various trophic groups.

The basic equation used for 3each trophic group in the ECOPATH model is:

Bi.(P/B)i.EEi = LK (Bj.(Q/B)j + DCji } + EXi +ac

where,
H = summation for j = 1 to n, predator trophic groups;
Bi = mean biomass of I;
Bj = mean predator biomass;
(P/B)i = production/biomass, or total mortality rate of i (equilibrium);
EEi = ecotrophic efficiency, the fraction of the production of i that is either

consumed within the system or exported out of the system;
(Q/B)j = food consumption/biomass of the predator j;

DCji = fraction of i in the diet of predator j;
EXi = exports (catches + emigration) of I;
ac = accumulated biomass.

The equation can be rearranged to equal zero, and standard matrix algebra can be applied to solve a
set of such simultaneous linear equations (Christensen and Pauly 1992a). The ecosystem in
question has to be defined, making sure that the fluxes within the system are higher than between it
and its surroundings. Biota are usually grouped on the basis of their trophic similarities, such as
size, feeding habit or predators. Ecopath allows up to 50 functional groups or state variables (boxes)
representing either a single, or group of, organisms. Units for the model are tonnes wet weight per
kilometre per year (t km-2 year-1). The program requires the dietary composition (DC), estimates of
catch (fishery harvest), and other exports (biomass leaving the system), and three of the following
for each group:

Biomass: the average weight per unit of water surface area B;

Productivity: the rate at which biomass is produced per unit area. Productivity is expressed as the
ratio of production/biomass (P/B) and equals the instantaneous rate of total mortality Z
when the system is in equilibrium (Allen 1971). Hence, P/B ratios used and derived by
Ecopath provide additional information on the mortality rates used in the per recruit
analyses;

Consumption: an integral over the entire age-structured population expressed as the
consumption/biomass ratio (Q/B); and

Ecotrophic efficiency: the proportion of the production of a group that is either consumed (via
predation, harvested and/or accumulated) within the system or exported out of the system,
denoted EE. The program then calculates the remaining parameters.

After the parameters and diet matrix are entered there is some fine tuning of the model to ensure
that respiration rates are not negative, as indicated by ecotrophic efficiency (EE) values that exceed
unity. The model will not balance if consumption of any particular functional group exceeds its
production; consumption can be due to predation (natural mortality), fishing mortality or other
exports, such as emigration.
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The output from the steady-state ECOPATH model can be used in the recently developed dynamic
system simulation EcosiM (Walters et al. 1997), and used to investigate impacts of management-
imposed changes on the fishery and the ecosystem. ECOSIM is based upon setting the simple idea of
setting the equation above to dB/dt instead of zero. For this project, ECosiM has been deployed to
examine six hypothetical management scenarios, as requested by the Hong Kong AFD.

UNCERTAINTY IN PARAMETERS

Wherever possible in this work we have explicitly quantified the impact of uncertainty on our
estimated parameters using Monte Carlo simulations. A series of random values chosen from the
probability distributions for each of the input parameters for a model each provide an estimate. The
probability distribution of these Monte Carlo estimates is used to set confidence limits. This has
been implemented with the aid of software that creates an add-in facility to the Excel spreadsheet
(Crystal  Ball, Decisioneering Inc, Boulder, Co, USA, see Web site at
http://www.decisioneering.com). [Note: This software would have to be purchased by AFD for use
with the Excel spreadsheets.]

Standard errors, obtained from the length-weight regression coefficients (a and b), were used to
generate a probability distribution around the weight at LT ( = WT) for each species, and for each
sex in the case of the invertebrates (because males and females attain different WT's). Confidence
intervals, derived by Lijam (1990), were used to construct probability distributions around M for
each fish species, (derived from Pauly's 1980 empirical method). For the invertebrates, probability
distributions of M were constructed assuming a normal distribution with a mean of M and a COV of
10%.

Probability distributions of the von Bertalanffy parameter K were derived for each species using one
of two methods. When otolith based estimates of K were used, the probability distribution was
based on the variability in the estimate of size for each age class. When K was estimated from
length-frequency analyses, its probability distribution was estimated from the 95% confidence
limits of a normal curve fitted to the goodness-of-fit surface area of the K estimate. These
probability distributions were also used in the multispecies analysis.

All probability distributions were generated from 1000 Monte Carlo simulations, with the exception
of some invertebrates. Here, because topt and optimal Fo; were calculated for both sexes and yields
then combined, simulations were reduced to 500 (for reasons of computing time).

It is possible, using the latest version of the software, to apply a similar approach to uncertainty in
EcopATH modelling, and it is hoped to investigate this further in future work.
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RESULTS & DISCUSSION

We are not able to assess all 150 species in the catch database (232 in the trawl survey database): we
undertook to assess about 20 of the most important. We have completed full assessments for 17
species, including four invertebrates, the sexes of each of which were analysed separately, making a
total of 21 analyses. The species were chosen early in the course of the project, based on a)
preliminary catches in the sampling program, b) species identified by Richards (1980, 1985) as
being of major commercial importance in Hong Kong waters, c) a list of species that are targeted
and of commercial importance in Hong Kong waters, provided by the Hong Kong AFD, and d)
species for which a specific assessment was requested. In retrospect, a better selection of species
might have been made, but this hindsight was only possible after the biomass, catch and value
estimations had been performed, necessarily at the very end of the project when the survey results
were complete. Further work on the entire project database would be valuable.

Apogon fasciatus Broad-banded cardinal fish Alepes djedaba Shrimp scad
Collichthys lucidus Lionhead croaker Decapterus russelli Indian scad

Engraulis japonicus Anchovy Harpadon nehereus Bombay duck

Johnius belangerii Belanger’s croaker Leiognathus brevirostris Shortnose ponyfish
Sardinella jussieui Sardine Saurida tumbil Greater lizardfish
Siganus canaliculatus White-spotted rabbitfish Trachurus japonicus Japanese jack mackerel
Trichiurus lepterus Largehead hairtail Oratosquilla oratoria Japanese mantis shrimp
Oratosquilla anomala Mantis shrimp Metapenaeopsis palmensis prawn

Metapenaeopsis barbata Prawn

Table Ri1. List of the 17 species for which exploitation status has been assessed. Note that the both sexes of the
mantis shrimp prawn species have been dealt with separately.

All of the calculations we have performed may be examined and checked in the Excel spreadsheet
files delivered with the report. The spreadsheets also include most of the figures:

Benthic-biomass.xls all biomass estimations from swept area of survey trawl
Pelagic-biomass.xls all biomass estimations from swept area of purse seine
Catch-sum.xls all catch estimations from interview data
Multispecies_data.xls estimates and summary tables for all spp parameters
Vmultivpr.xls multi-species and value-per-recruit model.

Vpr-cball xls stripped down version of VPR for Monte Carlo simulations.

and for each species:

<sp>population_parameters.xls  all growth and mortality estimates

<sp>ypr Yield-per-recruit model and surface
<sp>F.1_uncertainty.xls stripped down version of ypr for Monte Carlo simulations
<sp>to_uncertainty.xls stripped down version of ypr for Monte Carlo simulations

where <sp> = species name. A more detailed guide to these spreadsheets will be provided on
request.

BIOMASS ESTIMATES

Benthic species

Estimated biomass by stratum, by season and the average for Hong Kong waters based on the
adjusted swept area from the prawn trawl survey is summarised with 95% confidence limits for all
seventeen assessed species in Table R2.
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However, the result of the Monte Carlo simulations suggested that the probability distribution of
the biomass results were skewed and so more reliable total average biomass for each species are the
means listed in column 2 of Table R3, which also lists 95% confidence limits on the mean, and on
the upper 95% limit obtained from the samples. In all case sampling variance was very high
considering that zero sample records were eliminated: the overall COV was 169%. The lowest
variances were for prawns, mantis shrimps, pony fish and lizard fish, while the highest were for
Collichthys.

For the 12 assessed benthic species the total average biomass was about 700 tonnes, equivalent to
0.4 tonnes km-2, but 95% confidence limits were as high as 2556 tones (1.4 tonnes km-2).
Surprisingly, estimates based on all biomass sampled (a total sample weighing about 1.4 tonnes
from 232 species) were about the same (first row of Table R3), probably because of the assumption
that eliminated zero catches for individual species. (Further individual species estimates could be
extracted from the database).

Based on the assessed species, we have performed an approximate analysis in order to make an estimate of the
total benthic biomass in Hong Kong waters. The estimated average biomass for the 12 benthic species was
regressed on the total amount sampled: the coefficient of determination was high at over 90%, and the
regression highly significant (P<0.0001), slope = 1.260. In this way approximate biomass estimates were
obtained for all 232 species in the trawl survey samples. By adding these values, the total benthic biomass was
estimated as 1751 tonnes, with 95% confidence limits (from the regression) of 1145 to 1759 tonnes (0.96 tonnes
km-, 0.65 to 1.12). Note that these confidence limits give a spurious sense of accuracy as the regression was
based only on the means, not the full simulation reported in Table R3. Similar calculations can be applied to
various groups of benthic species, for example, collectively, the 12 species of prawns, assuming a night-to-day
factor of 2 (see methods), produce a total prawn biomass of around 207 tonnes (0.11 tonnes km-2). Other
benthic crustacea amount to 375 tonnes (0.2 tonnes km-2), elasmobranchs amount to 113 tonnes (0.06 tonnes
km-2), while small demersal fish amount to 678 tonnes (0.36 tonnes km-2), leaving about 379 tonnes (0.2
tonnes km-2) among the other benthic resources.

Seasonal changes in biomass, based on the total of the 12 assessed benthic species is shown in
Figure R1, together with the average and its confidence limits. The plot shows that benthic biomass
dipped below the confidence limits on the mean for six months between January and May, and
above the confidence limits in 2 months in June and August. This may be interpreted as benthic
production reflecting the strongly seasonal nature of the South China Sea. Seasonal totals are
estimated as, May: 692 tonnes; August: 3251 tonnes; November: 1013 tonnes; February: 381
tonnes, equivalent to 0.38, 1.79, 0.56 and 0.21 tonnes km-2 respectively.

Table R4 provides a further analysis of these seasonal trends by species. Four species show strong
peaks of abundance in one month of the year; Collichthys in June, Alepes (= Caranx) in September,
Harpadon in December; and to lesser degree, Saurida in April. In the case of Saurida and
Harpadon, but not Collichthys or Alepes, these high biomasses derive from single exceptionally
high trawl samples. Apogon peaks from July to September. Several species show dual peaks of
abundance, Siganus in July/August and December, Leiognathus in April/June and
October/November, Johnius in March/April and



Table R2. Summary of estimated biomass from the trawl survey, average total biomass, by sample
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stratum and by month, with upper 95% confidence limits.

BIOMASS All spp
ESTIMATES
by strata by season
tonnes upCL tonnes upCL
T1 20.9 61.1 March/96 331.1 804.0
T2 1.7 4.0 April/96 532.8 1342.5
T3 17.4 58.9 May/96 287.1 748.9
T4 16.5 49.3 June/96 1172.8 3187.3
Ts 37.6 103.9 July/96 917.1 2096.7|
T6 38.7 203.7 August/96 1348.2 6991.7]
Ty 18.2 53.5 September/96 702.5 1568.3
T8 8.9 29.0 October/96 450.2 1055.8
To 54.7 148.6 November/96 420.0 859.7
T10 10.8 27.4 December/96 640.1 2486.7
T11 27.9 86.3 January/97 225.9 531.9
T12 50.2 143.5 February/97 158.1 296.0
T13 22.1 61.5 March/97 211.0 740.0
T14 20.3 65.7
T15 39.0 85.4 tonnes| tonneskm-2
T16 13.9 49.3 TOTAL 569.0 0.313
T17 12.4 26.2 upCL 2492.7 1.371
T18 20.6 92.1
BIOMASS Saurida tumbil
ESTIMATES
by strata by season
tonnes upCL tonnes upCL
T1 2.5 8.3 March/96 23.4
T2 0.1 April/96 45.4 159.6
T3 May/96 25.5 94.6
T4 0.3 0.5 June/96 28.1 119.9
T5 8.5 July/96 14.5 35.7
T6 1.6 3.2 August/96
T7 3.2 8.9 September/96 4.6
T8 0.2 0.4 October/96
To9 4.4 14.9 November/96
T10 0.0 December/96
T11 0.3 January/97
T12 0.2 0.2 February/97
T13 March/97
T14 0.1
Ti5 1.3 3.4 tonnes t.km2
T16 0.1 TOTAL 29.9 0.016
T1y upCL 115.4 0.063
T18 0.1
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BIOMASS Siganus oramin (=S.canaliculatus)
ESTIMATES
by strata by season
tonnes upCL tonnes upCL
T1 22.0 73.9 March/96 11.1
T2 0.5 1.3 April/96 94.0 407.7
T3 20.1 69.4 May/96 3.5 5.7
T4 6.1 33.8 June/96 87.3 385.8
Ts 35.2 105.9 July/96 285.6 1364.8
T6 15.1 99.5 August/96 516.6 3202.7
T7 0.9 3.7 September/96 248.9 893.6
T8 0.1 0.5 October/96 146.7 810.3
T9 42.0 1.5 November/96 58.1 230.9
Tio 0.2 0.2 December/96 493.1 3057.0
T11 0.5 1.1 January/97 1.4 3.4
T12 3.9 24.3 February/97 0.8
T13 3.8 18.2 March/97 10.4 26.6
T14 3.0 14.3
T15 0.4 1.1 tonnes t.kmz
T16 0.1 0.4 TOTAL 215.7 0.119
T17 0.3 1.2 upCL 1542.2 0.848
T18 0.7 2.2
BIOMASS Leiognathus brevirostris
ESTIMATES
by strata by season
tonnes upCL tonnes upCL
T1 1.3 4.2 March/96 10.6 30.0
T2 0.1 0.2 April/96 47.8 175.2
T3 0.6 3.0 May/96 35.5 114.5
T4 1.3 4.9 June/96 42.3 183.3
Ts 1.4 5.0 July/96 34.7 142.8
T6 2.0 6.6 August/96 24.2 70.3
T7 0.3 0.6 September/96 16.9 61.3
T8 October/96 47.4 234.2
To November/96 64.7 204.4
T10 December/96 3.6 8.9
T11 0.2 0.7 January/97 20.6 105.0
T12 3.0 8.3 February/97 5.0 14.8
T13 0.3 1.0 March/97 0.0 7.8
T14 1.2 4.7
T15 0.3 0.8 tonnes t.kma
T16 1.5 7.5 TOTAL 31.9 0.018
T17 1.1 3.3 upCL 138.4 0.076
T18 0.6 2.2
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BIOMASS Apogon fasciatus
ESTIMATES
by strata by season
tonnes upCL tonnes upCL
T1 0.3 1.1 March/96 12.0 37.8
T2 0.1 0.5 April/96 13.8 55.4
T3 0.3 1.6 May/96 8.1 19.5
T4 0.3 1.0 June/96 17.5 52.3
Ts 0.3 1.3 July/96 36.5 182.2
T6 0.0 0.0 August/96 28.3 89.8
T7 0.6 1.5 September/96 24.8 74.3
T8 0.0 0.1 October/96 5.8 19.4
T9 0.1 0.2 November/96 8.4 23.8
T10 0.0 0.0 December/96 11.6 39.5
T11 0.1 0.3 January/97 5.0 25.3
T12 0.2 0.8 February/97 4.6 16.1
T13 0.5 1.5 March/97 0.0 17.7]
T14 0.1 0.4
T15 2.5 5.4 tonnes t.kma
T16 0.9 3.3 TOTAL 14.9 0.008
T17 1.7 7.0 upCL 69.4 0.038
T18 0.9 3.6
BIOMASS Collichthys lucidus
ESTIMATES
by strata by season
tonnes upCL tonnes upCL
T1 0.1 0.1 March/96 25.5 134.0
T2 0.0 0.0 April/96 2.1 2.5
T3 0.0 May/96
T4 June/96 462.6 2158.1
Ts 0.9 2.0 July/96 42.6 132.5
T6 0.1 0.3 August/96 31.6 147.4
T7 0.3 1.2 September/96 18.2 53.5
T8 0.8 2.3 October/96 11.5 36.5
Tog 3.2 10.5 November/96 19.1 60.4
T10 0.6 1.9 December/96 32.9 111.2
T11 0.6 1.9 January/97 22.2 68.2
T12 11.5 74.0 February/97 16.2 89.5
T13 4.5 24.7 March/97 10.3 22.5
T14 0.3 0.7
T15 1.5 5.1 tonnes t.kma
T16 0.9 3.6 TOTAL 50.3 0.028
T17 0.5 1.4 upCL 496.6 0.273
T18 3.9 14.4
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BIOMASS ESTIMATES Johnius belangerii
by strata by season
tonnes upCL tonnes upCL
T1 0.2 0.6 March/96 18.1 55.8
T2 0.0 0.0 April/96 18.1 63.4
T3 May/96 31.3 84.0
T4 0.1 0.2 June/96 27.0 71.9
Ts5 0.5 1.1 July/96 13.8 39.1
T6 August/96 15.3 44.5
T7 0.3 0.5 September/96 28.2 95.6
T8 0.2 0.5 October/96 15.9 58.1
To 3.1 7.2 November/96 15.3 40.2
T10 0.9 2.1 December/96 12.6 29.8
T11 0.5 1.4 January/97 8.5 29.2
T12 1.2 2.9 February/97 7.3 17.7
T13 0.6 1.5 March/97 18.9 71.7]
T14 0.6 1.8
T15 2.0 6.2 tonnes t.km2
T16 1.4 4.9 TOTAL 17.0 0.009
T1y 0.5 1.6 upCL 56.0 0.031
T18 0.6 1.9
BIOMASS ESTIMATES Alepes djedaba (=Caranx kalla)
by strata by season
tonnes upCL tonnes upCL
T1 0.0 0.1 March/96
T2 0.1 0.2 April/96
T3 0.0 0.1 May/96
T4 0.1 0.2 June/96 6.7 19.1
Ts 1.9 5.0 July/96 6.9 31.1
T6 0.2 0.5 August/96 4.8 20.2
T7 0.4 1.1 September/96 8.5 27.9
T8 0.0 0.1 October/96 3.9 11.7
Tog 1.7 November/96 0.1
T10 0.3 0.9 December/96
T11 0.3 0.8 January/97
T12 0.1 0.1 February/97
T13 0.0 0.1 March/97
T14 0.1 0.2
T15 0.3 0.8 tonnes t.kma
T16 0.1 TOTAL 6.0 0.003
T17 upCL 22,7 0.012
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BIOMASS ESTIMATES Harpadon nehereus
by strata by season
tonnes upCL tonnes upCL
T1 March/96 2.8
T2 April/96
T3 May/96
T4 June/96
Ts5 0.8 July/96
T6 August/96 14.9 14.9
Ty 0.3 0.6 September/96 6.1 10.9
T8 0.0 October/96 5.4 11.9
To 1.8 3.3 November/96 28.3 117.5
T10 0.8 3.6 December/96 618.8 2465.4
T11 25.9 104.0 January/97 27.9 67.4
T12 1.1 4.1 February/97
T13 0.3 March/97
T14
Ti5 tonnes t.kma
T16 0.1 TOTAL 102.0 0.056
T1y upCL 830.4 0.457
T18 1.1
BIOMASS ESTIMATES Oratosquilla anomala
by strata by season
tonnes upCL tonnes upCL
T1 0.4 1.1 March/96 25.4 117.6
T2 0.1 0.1 April/96 49.6 152.8
T3 0.1 0.1 May/96 23.7 66.7
T4 0.5 1.5 June/96 31.5 113.8
Ts 2.0 6.4 July/96 54.7 188.6
T6 0.4 1.2 August/96 68.7 255.9
T7 1.2 4.0 September/96 51.8 231.4
T8 0.5 1.6 October/96 21.5 78.6
Tog 3.6 10.5 November/96 26.2 94.0
T10 1.0 2.3 December/96 43.7 153.1
T11 3.1 9.9 January/97 40.7 151.8
T12 4.7 11.1 February/97 20.3 87.6
T13 2.6 8.2 March/97 18.8 63.1
T14 3.0 7.5
T15 3.4 8.7 tonnes t.kma
T16 0.6 1.4 TOTAL 37.4 0.021
T17 0.3 0.6 upCL 146.4 0.081
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BIOMASS ESTIMATES Oratosquilla oratoria
by strata by season
tonnes upCL tonnes upCL
T1 0.1 0.2 March/96 25.6 78.9
T2 0.0 0.1 April/96 55.1 230.4
T3 0.1 0.3 May/96 35.7 155.1
T4 0.2 0.6 June/96 51.9 226.4
Ts 0.2 0.6 July/96 54.7 212.9
T6 0.0 0.1 August/96 44.1 227.0
T7 1.7 8.0 September/96 24.1 100.6
T8 0.9 4.6 October/96 27.4 88.8
T9 2.6 5.8 November/96 20.3 84.0
Tio 1.4 3.3 December/96 20.9 112.3
T11 4.9 16.5 January/97 18.4 53.6
T12 3.3 9.7 February/97 3.5 9.4
T13 2.3 6.4 March/97 17.0 78.5
T14 0.5 1.5
Ti15 2.5 7.1 tonnes t.kma
T16 0.5 1.5 TOTAL 33.5 0.018
T17 0.4 1.1 upCL 150.4 0.083
T18 2.1 5.7
BIOMASS ESTIMATES Metapenaeopsis palmensis
by strata by season
tonnes upCL tonnes upCL
T1 3.3 8.5 March/96 132.5 613.4
T2 0.7 1.6 April/96 250.0 989.2
T3 4.8 20.4 May/96 82.0 346.4
T4 6.8 15.9 June/96 55.1 166.6
Ts 3.2 11.8 July/96 99.1 329.9
T6 2.6 8.4 August/96 117.1 411.2
T7 5.2 24.2 September/96 109.9 549.2
T8 1.8 7.8 October/96 23.4 76.7
Tog 3.0 9.0 November/96 47.6 132.3
T10 1.0 2.5 December/96 55.4 186.4
T11 0.7 3.7 January/97 43.2 150.9
T12 0.9 5.4 February/97 65.0 199.8
T13 0.0 March/97 46.0 172.8
T14 0.0
T15 0.8 2.3 tonnes t.kma
T16 0.1 0.1 TOTAL 84.1 0.046
T17 0.0 upCL 389.9 0.214
T18 0.0 0.1
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BIOMASS ESTIMATES Metapenaeopsis barbata
by strata by season
tonnes upCL tonnes upCL
T1 March/96 16.2 74.4
T2 April/96 17.2 65.7
T3 May/96 1.7
T4 June/96 37.8 119.0
Ts 0.3 July/96 178.7 676.4
T6 0.0 August/96 85.3 371.4
T7 1.4 8.9 September/96 32.2 145.0
T8 0.9 5.3 October/96 6.3 15.1
T9 2.6 8.8 November/96 8.7 26.6
T10 0.9 3.6 December/96 6.5 18.9
T11 2.3 12.6 January/97 3.3 7.7
T12 5.1 30.8 February/97 4.7 11.1
T13 1.2 5.4 March/97 5.6 16.1
T14 0.5 2.7
T15 1.8 8.0 tonnes t.kma2
T16 0.2 0.7 TOTAL 33.6 0.018
T17 0.1 0.2 upCL 220.5 0.126
T18 0.5 1.6
Initial | Mean from logs on upgson | up9s5CL from logs upo9s
mean simulation mean mean simulation
Total| 650.3 700.5 527.8 1022.3 2557.7 2750.3 2088.1 3983.9
Saurida 29.9 32.2 24.3 47.0 115.4 124.3 93.7 181.4
Siganus 215.7 232.4 175.1 339.1 1542.2 1661.3 1251.7 2424.5
Leiognathus 31.9 34.3 25.9 50.1 138.4 149.1 112.4 217.6
Apogon 14.9 16.0 12.1 23.4 69.4 74.7 56.3 109.0
Collichthys 50.3 54.2 40.8 79.1 496.6 534.9 403.0 780.7
Johnius 17.0 18.3 13.8 26.7 56.0 60.3 45.4 88.0
Alepes 6.0 6.5 4.9 9.5 22.7 24.5 18.4 35.7
Harpadon| 102.0 109.9 82.8 160.4 8304 894.5 673.9 1305.5
O.anomala 37.4 40.3 30.3 58.8 146.4 157.7 118.8 230.2
O.oratoria 33.5 36.1 27.2 52.7 150.4 162.0 122.1 236.5
M. pal. 84.1 90.6 68.3 132.3 389.9 420.0 316.4 612.9
M. bar. 33.6 36.2 27.2 52.8 229.5 247.2 186.2 360.8
total of 12| 656.3 707.1 532.7 1031.9 - - - -

Table R3. Overall biomass of benthic species, and 95% upper confidence limit, estimated from the trawl
survey, with final means and confidence limits obtained by Monte Carlo simulation.

September. All four invertebrates show peaks, like Apogon, from July through September, while the
two mantis shrimp and Metapenaeopsis palmensis, but not M. barbata, peak in April as well. The
number of peaks of abundance, for example the apparent gap between Oratosquilla oratoria in
April and June, should be treated as rather uncertain as they seem to be affected by a few individual
trawl samples.
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MONTH
SPECIES 03 04 05 06 07 08 09 10 11 12 01 02 03
Saurida 52 -52 -85

Siganus 95 56 -98 60 32 32 32 -73[ 129] -99 -100 -95
Leiognathus -67 [ 33 -47] 49 103 -89 35 -84 -100
Apogon -45 146 90 67| -61 -44 66 69 -100
Collichthys 49  -96 820 37 64 77 62 35 56 -68 -80
Johnius 84 59 66 26 50 -57
Alepes 41 -35 -98

Harpodon -97 85 -94 95 -72 73

O.anomala -32 33] -37 | 46 84 38] -43 -30 -50
O.oratoria 64 [ 55 63 32] -28 45 90  -49
M.palmensis 57 197 -34 [ 39 31 72 -43 34  -49 -45
M.barbata 52 49 95 | 432 154] 81 -74 81 -90 -86 -83

Table R4. Seasonal analysis of estimated biomass of 12 benthic species in Hong Kong waters. Columns are
months of trawl survey from March 1996 to March 1997. Values in rows are percentages above and below the
mean annual biomass, with values less than a threshold of 25% omitted for clarity. Boxes surround cells above
the mean.

Figure R2 shows the overall benthic biomass estimated in the 18 sampling strata, compared to the
biomass, and its 95% confidence limits, that would be expected in each stratum if the average
density obtained. No stratum has significantly lower biomass than average, while only stratum 6 has
significantly higher biomass. The rest of the strata lie well within the confidence limits. As there
seem to be few divergent values, the spatial analysis of benthic biomass is not taken further in this
report.

Pelagic species

Table R5 details biomass estimates for the five assessed pelagic species based on the purse seine
swept area method. The overall biomass for these five species is estimated as 3787 tonnes, with 95%
confidence limits from 217 to 7357 tonnes (mean 1.99 tonnes km-2, 95% limits 0.11 to 3.87 tonnes
km-2).

Estimates partitioning biomass by season exhibit strong seasonal trends in all five assessed species:
Figure R3 presents these results graphically. Sardinella peaks at a massive 9400 tonnes in May (5
tonnes per kmz2), has low biomass in November and is virtually absent in May and February.
Decapterus has similar patter, except that it is absent in November. The anchovy and horse
mackerel, however, are almost out of phase with this pattern, peaking in May and February at just
under 1 tonne per kmz2. The data do not seem to warrant partitioning by area, as the sampling purse
seines were employed for sampling in only 6 of the 19 strata.

Together with the 5 assessed species, the next nine species in the purse seine survey data make up
over 90% of the purse seine samples. Biomass for these species was estimated using the same
method, and further extrapolated to approximate the total pelagic biomass. Results give total
average pelagic biomass in Hong Kong waters as 7550 tonnes (4.2 tonnes km-2). Seasonal totals for
pelagic biomass were, May: 2953 tonnes; August: 24324 tonnes; November: 2013 tonnes; February:
1305 tonnes; or 1.6; 13.4; 1.1; and 0.7 tonnes km-2 respectively.
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BIOMASS ESTIMATES - PELAGICS

estimated mean of pelagic biomass in tonnes by season

Engraulis Sardinella Trachurus Trichiurus  Decapterus total

may 1538.2 0.0 1203.9 42 2.2 2752.9

Aug 12.8 9373.8 174.9 293.9 204.8 10469.8

Nov 3.6 190.2 3.5 1139.4 0.0 1336.7

Feb 450.6 2.2 14.7 122.2 0.0 589.7

average 501.3 2391.5 349.3 389.9 155.2 3787.3
upper limit of pelagic biomass in tonnes by season

Engraulis Sardinella Trachurus Trichiurus  Decapterus total

may 3019.1 0.0 2407.9 8.1 43 5448

Aug 25.2 18397.9 0.0 576.8 402.0 20206

Nov 7.0 373.3 0.0 2236.2 0.0 2616

Feb 884.4 43 29.3 239.9 0.0 1158

average 983.9 4693.9 609.3 765.3 101.6 7357.1
lower limit of pelagic biomass in tonnes by season

Engraulis Sardinella Trachurus Trichiurus  Decapterus total

may 57.4 0.0 0.0 0.2 0.1 58

Aug 0.5 349.7 349.7 11.0 7.6 734

Nov 0.1 7.1 7.1 425 0.0 57

Feb 16.8 0.1 0.1 4.6 0.0 22

average 18.7 89.2 89.2 14.5 1.9 217.5

estimated mean of pelagic biomass in tonnes/km2 by season

Engraulis Sardinella Trachurus Trichiurus  Decapterus total

may 0.81 0.00 0.63 0.00 0.00 1.45

Aug 0.01 4.93 0.09 0.15 0.11 5.51

Nov 0.00 0.10 0.00 0.60 0.00 0.70

Feb 0.24 0.00 0.01 0.06 0.00 0.31

average 0.26 1.26 0.18 0.21 0.03 1.99
upper limit pelagic biomass in tonnes per km2 by season

Engraulis Sardinella Trachurus Trichiurus  Decapterus total

may 1.59 0.00 1.27 0.00 0.00 29

Aug 0.01 9.68 0.00 0.30 0.21 10.6

Nov 0.00 0.20 0.00 1.18 0.00 1.4

Feb 0.47 0.00 0.02 0.13 0.00 0.6

average 0.52 2.47 0.32 0.40 0.05 3.87
lower limit pelagic biomass in tonnes per km2 by season

Engraulis Sardinella Trachurus Trichiurus  Decapterus total

may 0.03 0.00 0.00 0.00 0.00 0.0

Aug 0.00 0.18 0.18 0.01 0.00 0.4

Nov 0.00 0.00 0.00 0.02 0.00 0.0

Feb 0.01 0.00 0.00 0.00 0.00 0.0

average 0.01 0.05 0.05 0.01 0.00 0.11

Table R5. Estimated annual average and seasonal biomass for five pelagic species in Hong Kong waters from
the purse seine survey. Top: tonnes; lower: tonnes km-2,
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Biomass of assessed species from Hong Kong fleet catches

Table R6a presents the final estimates of biomass for the 17 assessed species. We have summarised
all of the estimates, including those resulting from the apportionment of the total benthic or pelagic
biomass (calculated above) by relative catch rates in the pelagic and demersal sectors.

from catch from swept area final estimate
SPECIES . Shrimp | purse | method | 0o o
pelagic | demersal total trawl seine used
b St Ps tonnes

Sardinella jussieui 1034 5 1039 0 2190 DS 2190
Alepes djedaba 236 12 248 7 54 b 248
Trichiurus lepterus 233 10 243 0 357 av 300
Decapterus russelli 177 14 191 0 142 b 191
Engraulis japonicus 945 43 988 0 459 av 723
Trachurus japonicus 263 25 288 0 284 av 286
Collichthys lucidus 65 9 74 54 174 av 107
Siganus canaliculatus 231 138 369 232 1148 av 758
Leiognathus brevirostris 222 39 261 34 523 av 392
Johnius belangerii 0 24 24 18 0 av 21
Harpadon nehereus 0 <1 <1 110 0 st 110
Saurida tumbi 0 <1 <1 32 0 st 32
Apogon fasciatus 20 6 26 16 44 av 35
Oratosquilla oratoria 0 6 6 40 0 st 40
Oratosquilla anomala 0 19 19 36 0 st 36
Metapenaeopsis palmensis 0 2 2 91 0 st 91
Metapenaeopsis barbata 0 10 10 36 0 st 36

Table R6a. Calculation of final biomass values (tonnes) for the 17 assessed species. Columns 1-3: estimates
from catch of pelagic and demersal sectors of the Hong Kong fishing fleet. Columns 4-5: swept area estimates
from the shrimp trawl and purse seine survey. Final two columns indicate final biomass estimate and method
used. For further explanation see text.

Values from the swept area analyses of purse seine and prawn trawl surveys are listed alongside.
This table has been used to assemble final biomass figures for each assessed species according to the
following rules.

If all three values are close, then they are averaged.
If there is little or no catch in the other sector, figures from the sector survey and the
biomass predicted from the catch are averaged.
If a substantial catch is made in the other sector, the biomass derived figure is used.
The final column indicates the biomass estimate that has been used in further analysis.

Total aquatic resource biomass

Apportioning the total benthic biomass by the seasonal pattern seen in the 12 assessed species, and
adding to the pelagic figures above, we can obtain approximate figures for seasonal changes in the
biomass of the total aquatic resources in Hong Kong waters (Table R6b). The seasonal values are:
May, 3585 tonnes; August, 27576 tonnes; November, 3026 tonnes; February, 1686 tonnes (2.0;
15.2; 1.7; 0.9 tonnes km-2 respectively). The average is 8922 tonnes (4.9 tonnes km-2).

This analysis suggests that some 85% of the Hong Kong resource biomass is pelagic (seasonal
values; May, 81%; August, 88%; November, 67%; February, 77%).

| May Aug Nov Feb | Average |
tonnes | |
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benthic-assessed 287 1348 420 158 569
pelagic-assessed 2753 10470 1337 590 3787
pelagic-rest 140 13855 676 715 3762
pelagic-total 2893 24324 2013 1305 7550
benthic-total 692 3251 1013 381 1372
TOTAL 3585 27576 3026 1686 8922

tonnes km-2
benthic-assessed 0.16 0.74 0.23 0.09 0.31
pelagic-assessed 1.51 5.76 0.74 0.32 2.08
pelagic-rest 0.08 7.62 0.37 0.39 2.07
pelagic-total 1.59 13.38 1.11 0.72 4.15
benthic-total 0.38 1.79 0.56 0.21 0.75
TOTAL 1.97 15.17 1.66 0.93 4.91
% pelagic 0.81 0.88 0.67 0.77 0.85

Table R6b. Estimates of total, pelagic and benthic biomass in Hong Kong inshore waters. For method, see

text.

Table R6c lists some pelagic biomass values for comparison. Average Hong Kong values are
comparable to Vietnam, but considerably lower than many other locations, although during august
the biomass is comparable to many other tropical areas.

Model/Location Species Included Biomass Panal.'y Source/Remarks
roduction

Maputo Bay, Small pelagics, mackerels 12 1100 De Paula e Silva et

Mozambique al. (1993)

Virgin Island Coral Reef | Small & large schooling fish 50 3500% Opitz (1993)

Yucatan Shelf, Gulf of “Herrings”, Scomberomorus, jacks, 5 3000 Arreguin-Sanchez et

Mexico pelagic crabs al. (1993)

Northern Gulf of Mexico | “Pelagic fish”, mackerels, tuna 13 1200 Browder (1993)

Shelf

Eastern Venezuela Small pelagics, carangids, mackerels 40 3150 Mendoza (1993)

Upwelling

Peruvian Upwelling Anchovies, sardine, mackerel, horse 70 13,100 Jarre-Teichmann &

System (1973-1979) mackerel & 50% of hake biomass Pauly (1993)

British Columbia Shelf, Herring & other small pelagics, spring 44 3500 Pauly & Christensen

Canada dogfish & 50% of hake biomass (1996)

Strait of Georgia, B.C., Small pelagics, some salmon, & 50% of 40 2500 Pauly & Christensen

Canada hake biomass (1996)

Vietnam & Southern Small pelagics, mackerels, cephalopods 5 3000 Pauly & Christensen

China (1993)

Table R6c¢. Some pelagic biomass values for comparison with the Hong Kong results. Biomass and production
in tonnes wet weight per km2. * = Assuming that coral reef primary production doubles the contribution of

phytoplankton
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CATCH ESTIMATES

Total annual catch by sector, estimated from individual vessel catch, and from species individual
vessel catch, are listed in Table R7, together with their 95% confidence limits.

SHT HT ST Pa/7 Misc. PT PS Total

Mean log t per year per vessel 4.9 38.8 17.6 2.0 6.3 170.4 33.1 4.2
Log5CL from log normal 1.3 14.8 3.9 0.4 0.6 317 4.2 0.9
Up9gs5CL from log normal 18.3 102.1 80.1 5.7 17.2 916.8 262.0 20610
Estimated by vessel

Catch 945 1398 577 3318 2551 2498 4468 15754
Lower 95% CL 256 531 127 657 261 464 564 2860
Upper 95% CL 3502 3677 2626 9576 6931 13439 35364 75116
Estimated by species & vessel

Catch 879 1293 572 3964 2842 1563 3633 14747
Lower 95% CL 245 440 178 909 748 985 630 4134
Upper 95% CL 3930 5276 3388 23903 17157 260512 48556 362722

Table R7. Estimated catch by sector in the Hong Kong fishery. Estimations are based on the mean annual
catch per vessel type from log Normal distributions (row 1). Two methods have been used (rows 5-7 and 9-11)
as detailed in the text. (Note: Total catch per vessel type was obtained by division from lower right values)

The analysis suggests that pair trawlers have the highest annual catch per vessel at around 170
tonnes per vessel (95% limits, 32 - 917 tonnes). Hang trawlers are next with 39 tonnes (15-102);
Purse seiners with 33 tonnes (4-262); stern trawlers with 18 tonnes (4-80); and shrimp trawlers
with 5 tonnes (1-18). The category of miscellaneous small vessels catches about 6 tonnes (0.6-17),
and the P4/7 vessels 2 tonnes per year (0.4-5.7). These estimates assume that vessels are
homogenous within each sector, which is clearly not the case. More detailed information on vessel
size and engine power is contained within the database, and could be usefully subjected to a deeper
analysis of catch rates. It is, however, unlikely to make major differences to these figures.

Total catch by sector estimated using the two methods, 'catch by vessel type' and 'catch by species
by vessel type', is graphed in Figure R4. The catch calculated by species and vessel is about 6% less
than that calculated by vessel alone, but overall there is no significant difference between the two
calculation methods (1-way Anova: P=0.65, NS). Although the catches estimated by the two
methods are similar, the total catch by species and vessel is likely to be more accurate than by vessel
type alone because a greater amount information from the database is used. (The catch estimated
for pair trawlers show the largest, but non-significant, difference).

Total Hong Kong annual inshore catch over all gear sectors is therefore estimated at around 14747
tonnes (95% limits; 4134 - 362,000). The P4/P7s and the purse seine sectors catch the most with
around 25% of the catch each at 3964 tonnes (909 - 23,900) and 3633 tonnes (630 - 48600)
respectively. The miscellaneous sector catches 20% at 2842 tonnes (748 - 17157); pair trawlers catch
around 11% at 1563 tonnes (985 - 260,000); hang trawlers catch 9% at around 1300 tonnes (440 -
5300); shrimp trawlers around 6% at about 900 tonnes (250 - 3900); and stern trawlers just under
4% at about 600 tonnes (200 - 3400).

Confidence intervals from the log normal distributions are very large, but the log normal
distribution reflects accurately the distribution of catch rates reported for each vessel type from the
interviews, as evidenced by the fitted distributions in Figures M3 to M8. However, since these catch
figures are estimated from interviews of fishers, they should be regarded with some caution. In
order to reduce the confidence limits below what we are able to present here, we recommend that a
frame survey of actual landings, checked by market sales, and fishing effort by sector be designed
and carried out.

Estimates of the annual catch by species (over all gear sectors) are listed together with their
confidence limits in Table R8, which also shows the 17 species we have assessed. (In the event we
have assessed 6 of the top 12 by catch). The top twelve species represent 42% of the catch.
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Sardinella has by far the largest catch at about 1000 tonnes, 7% of the total. Siganus is next with
880 tonnes, or about 6% of total, followed by Engraulis at 740 tonnes, 5% of the total. There is then
a drop in catch to croakers, Argrosomus spp, at 316 tonnes, 4.4% of the total. The remainder of the
first twelve species comprise 19% of the total catch. The next twelve species in order of catch
comprise 15% of the total, the next twelve species comprise 8%, while species 1-50 comprise 71% of
the catch. Catch from the remaining 100 species each comprises less than 0.3% of the total. Note
that the ‘mixed species’ category, excluded in the analysis above, makes up 21% of the reported
catch, and may include juveniles of Alepes, Siganus, Sardinella, Leiognathus and Clupanodon, but
it is unclear to us how the ‘mixed species’ figures may be used.

Estimated catch by species and gear sector is listed in Table Rg. The P4/7 vessels report catching
105 species, the miscellaneous vessel sector 96 species, the shrimp trawls 58 species, the stern
trawlers 55 species, purse seiners 46 species, hang trawlers 22 species, and the pair trawlers the
least with 18 species. Only four species, the rabbit fish Siganus, horse mackerel, Trachurus, the
hairtail Trichiurus, and squid, Loligo are reported caught by all seven fishery gear sectors.

For the hang trawlers, the largest catches in order are sardines Sardinella, shrimp scad, Alepes, and
hairtails, Trichiurus, the latter two being by far the largest reported catch of these species, which are
also caught by pair trawls, purse seines and stern trawls. Hang trawlers report catching one species
category, monocle bream, Scolopsis, exclusively.

For the stern trawlers the top three species caught are Indian scad Decapterus, long-jaw herring
Thrissa and horse mackerel, Trachurus. Of these the first and last species are caught in greater
quantities by other sectors, but Thrissa is almost exclusively reported by stern trawlers. Stern
trawlers report a species of monocle bream, Scolopsis, exclusively: it is possible this is actually the
same species as the hang trawlers report.

For the shrimp trawlers the top 3 species are mantis shrimp, Oratosquilla, caught also in small
quantities by other sectors; crab, Portunus, also caught by the miscellaneous sector; and a croaker,
Argyrosomus, caught in greater amounts by the miscellaneous and P4/7 sectors. The shrimp
trawlers report catching 16 species exclusively, six of them, not surprisingly, prawns, and including
the lizardfish, Saurida tumbil.

For the pair trawlers the largest catch is of Sardinella, also caught in considerable quantity by the
purse seiners and hang trawlers; next is Engraulis and other anchovies, caught in greater quantities
by the purse seine sector; followed by the rabbit fish, Siganus, which seems to be caught by
everyone.

The purse seiners top three species are Engraulis, Sardinella and Caranx, the latter comprising the
bulk of the Hong Kong catch of this species. Purse seiners report exclusive catches of 4 species,
ponyfish Leiognathus bindus and unspecified Leiognathus species, and sardines, Sardinella aurita
and unspecified Sardinella species.

The P4/7 vessels report their top three species as the rabbit fish Siganus, rockfish Sebasticus
marmoratus, and porgies, Sparidae. This sector catches 18 species exclusively, and for 33 species
reports more than 80% of the catch.
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Table Ro. Estimated annual catch by species and gear sector in the Hong Kong fishery. Bold indicates
assessed species.

Species HT Misc. PS PT SHT ST P4/7 TOTAL
totals 1292.6 2842.3 3633.3 1563.5 879.0 572.5 3964.1 14747.2
MIXSPP 432.5 194.2 1446.3 379.9 49.2 222.9 416.7 3141.6
SARIUS 177.3 350.6 474.9 21.8 1024.6
SIGORA 10.6 129.6 97.0 116.3 7.7 1.7 514.1 876.9
STOZOL 50.2 24.8 501.9 142.5 23.0 742.4
ARGSPP 316.3 1.0 67.6 12.0 247.2 644.1
SEBMAR 107.1 0.7 409.5 517.4
CARANX 55.5 263.2 45.1 3.3 34.2 401.3
LEIBRE 3.3 59.7 159.9 11.4 28.0 119.1 381.5
TRAIAP 28.3 17.6 165.2 71.2 1.1 31.0 20.4 334.8
SPARID 57.3 1.2 2.4 1.0 267.4 329.3
ACETES 275.8 15.3 26.5 317.6
PORPEL 57.9 9.3 3.1 213.1 283.4
TRIHAU 122.8 14.0 7.8 95.0 2.2 25.5 7.1 274.5
PLAIND 133.7 1.0 35.2 3.3 82.8 255.9
CLUPUN 49.0 16.3 47.0 23.7 0.8 112.1 249.0
CARKAL 145.2 28.5 36.8 3.3 26.7 240.5
STOSPP 46.9 23.5 118.7 3.3 40.2 232.7
DECLAI 92.3 37.7 23.7 56.9 210.7
MCRAB 66.1 0.3 14.0 1.0 116.8 198.2
MURCIN 181.7 1.5 11.5 194.7
LOLIGO 13.8 15.7 74.7 7.1 5.5 18.4 55.4 190.5
PSECRO 1.0 85.1 38.9 1.4 0.2 45.1 171.6
SARAUR 159.0 159.0
MUGAFF 39.7 0.6 42.9 4.7 3.6 53.4 1449
PORSAN 45.3 77.9 3.3 15.0 141.4
ELETET 3.7 81.8 10.4 0.2 39.4 135.6
MURSPP 116.8 0.8 15.4 132.9
LOLEDU 10.6 39.5 11.5 69.9 131.5
NEMJAP 65.3 0.2 22.1 21.7 17.6 126.9
ILIELO 77.7 1.3 38.9 118.0
|OHBEL 59.5 0.1 21.6 5.0 26.2 112.3
coLLuC 12.0 30.7 36.1 9.8 3.4 4.3 96.2
SEPLES 6.7 3.9 84.4 95.0
PARTRI 25.6 0.1 68.8 94 .4
ORASPP 3.9 81.9 3.3 89.1
STRARG 22.6 18.7 2.4 1.2 28.6 3.9 77.2
LUTRUS 19.3 0.4 53.6 73.2
GYMSPP 35.0 3.2 26.6 64.8
CYNSPP 32.0 22.0 8.9 62.8
METSPP 8.0 46.9 7.0 61.8
ACEIAP 55.5 55.5
CHACRU 11.8 33.8 2.6 6.4 54.6
STOHET 5.6 9.4 37.6 52.5
SEPIA 11.9 0.5 2.8 35.3 50.4
APOGON 4.2 14.5 18.8 11.9 49.4
GERSPP 9.6 39.6 49.2
MONCHI 2.2 44.6 46.8
METBAR 1.4 43.6 1.7 46.6
PLEPIC 16.6 0.2 29.2 46.0
SILSIH 12.3 1.2 32.1 45.6
EPISPP 19.8 24.6 44.4
SEPPHA 2.2 40.6 42.8
CYNMAC 19.9 15.7 4.7 40.2
NIBDIA 31.1 0.9 5.7 37.7
AMBGYM 9.2 1.0 27.4 37.5
SOLCRA 37.4 37.4
THRSPP 0.5 36.6 37.2
SILSPP 5.5 30.9 36.4
THESPP 14.4 21.2 35.6
PARHUN 32.4 32.4
METAFF 1.8 29.0 1.3 32.1
MPRAWN 31.5 31.5
MYLMAC 4.3 0.1 26.4 30.8
LEIBIN 28.8 28.8
MURTAL 23.4 1.3 3.7 28.5
STRSPP 21.3 4.6 0.8 26.7
RHASAR 5.6 20.9 26.5
SCYSER 2.8 23.6 26.4
ORAORA 25.2 0.8 0.3 26.4
LATIAP 2.5 22.9 25.4
GYMREE 22.6 2.7 25.3
APOQUA 20.9 3.2 24.1
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CYNTRI 0.1/ 0.1

The miscellaneous vessel sector’s top species, the croaker Argyrosomus, is also important for P4/7s
and the shrimp trawlers, and is also caught by stern trawlers. The next two species, the silver
shrimp Acetes, and the daggertooth pike conger Muraenesox cincereus, are caught in only small
quantities by the other sectors. The miscellaneous vessel sector reports some 7 species caught
exclusively, but also reports catching many of the species caught by other six sectors.

It would be informative to analyse this catch data by sector in more detail, adding a bio-economic
evaluation using prices and vessel operating costs. (This has recently been done for the 1997/8
Artificial Reef/Marine Reserve project.)

SINGLE SPECIES ASSESSMENTS

Summary of Assessments

This section provides detailed information on the population dynamics, yield-per-recruit
assessments and exploitation status of each of the 17 assessed species, in alphabetical order, with
fish listed first, followed by 4 species of invertebrates. (Detailed graphical output from the software
used to estimate these population parameters is available form the authors in form of an Appendix
to this report). Summary tables of the single species assessments are provided in this section, and
may be referred to from the appropriate species sections below.

Table R10 summarises the growth parameters fitted in this project, including confidence limits
where appropriate. Table R 11 summarises the estimated mortality parameters, Z, G (by age group),
and M, together with fishing mortality rates, F, estimated in two ways, first from the difference
between Z and the sum of M and G, and secondly, by iteration using catch and biomass for those
species where catch was less than estimated biomass. The final column shows the F values used in
further analysis. Close F values were averaged, while the more likely of two different F values was
chosen from divergent values.

Table R12 summarises the exploitation status of each of the 17 species. In the first part of the table
estimated current F (from table R11) is compared with estimated Fo.; and its confidence limits from
the yield-per-recruit analyses. According to the definitions of status in the methods, none of the 17
assessed species fall into the under-exploited category, 12 are over-exploited, and 5 fully-exploited.

The second part of Table R12 summarises the current age of entry, t., compared to the estimated
optimal age, topt, from the yield-per-recruit analysis. All species except for the prawns are harvested
younger than the lower 95% confidence limit on topt, an indication of over-exploitation.

Table R13 summarises some estimates of sustainable yields for the 17 species. The first column
shows estimates of unexploited biomass obtained from biomass-per-recruit (BPR) at the fitted
value of F as a percentage of the maximum BPR at zero exploitation. (Here we have assumed that
depleted populations have half the recruits of unexploited ones — the effect of this assumption needs
to be explored in more detail). Current biomass and current catch are then listed together with
sustainable yields calculated according to three different methods: the most credible of these are the
Beddington & Cooke values in the final column.

It cannot be over-emphasised that Table R13 presents very approximate figures that have to be
interpreted with caution. The present estimates take no account of uncertainties, and do not reflect
the changes in the ecosystem that will occur when harvest patterns and levels are shifted, as set out
in the ecosystem modelling section of this report below. As it stands the analysis suggest that yields
of six species are unlikely to be much increased: Apogon, Collichthys, Johnius, Leiognathus,
O.anomala and M.barbata. On the other hand, yields of Saurida, Harpodon, Alepes, Siganus,
Trachurus, Trichiurus and M.palmesis might be considerably greater. Overall, this analysis suggest
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that the current catch of these 17 species of around 2.5 tonnes per km2 might be more than doubled
to around 5 tonnes per km2 with good management.

Single Species Assessments

Alepes djedaba

According to Smith-Vaniz (1984), Caranx kalla is a junior synonym for Alepes djedaba, the shrimp
scad, and therefore, we have undertaken all population parameter estimates and analyses on this
premise. It is sold for about 5 HK$ per kg at 1997 prices.

Although A. djedaba is an important component of the purse seine fishery, the most robust length-
frequency distributions in the sampling program were obtained by trawling. Additional length
frequency data from the commercial purse seine fishery were provided by S. F. Leung, and analysed
separately. Otolith readings and results from published studies provided additional information on
growth rates.

The length-weight relationship is provided in Figure R5. Maximum length and weight of an
individual in the samples was 12.5 cm FL and 28 g, respectively. Length frequency distributions
obtained from trawling and from the commercial purse seine samples, were similar in that
individuals larger than 12 cm FL were rare in both.

Mean estimates of K and LT were 18.5 cm FL and 1.14 year-1. This estimate of LT was used to fit a
von Bertalanffy curve to the otolith age-at-length data. However, the resulting estimate of K was
well below all others (Figure R6) probably as a consequence of offshore migration, and therefore the
otolith results were excluded from the estimation of the means.

Estimates of Z and M were 7.9 (Figure R7) and 2.03 year-1, respectively. Instantaneous rates of
emigration G (Figure R8) ranged from 1.4 year-1 for age 0+ years, to 3.2 year-: for age 1+ years, to
3.5 year-1 for ages 2+ years. F by the difference method was 4.5, very close to the value from catch
and biomass, and therefore this value was used in subsequent analysis.

The length at first capture is approximately 3 cm FL, which corresponds to an age of approximately
0.1 year. The yield-per-recruit surface (Figure R9) indicates maximum yield would be achieved by
harvesting at a t. of 0.3 years, well above the current t.. When the uncertainty in K, M and WT are
considered, a probability distribution of top: is obtained (Figure R10) with a mean of o0.5yr, about
five times that of the current t..
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The probability distribution of Fo; (Figure R11) had a mean of 2.3 ) 0.06 year-1. Current fishing
mortality, F is estimated at 4.5 (Table R12), greatly exceeding the lower confidence limit on Fo 1,
according over-exploited status to this species and strongly suggesting that fishing effort is too high.

Alepes biomass is estimated as 248 tonnes ( = 0.14 tonnes kmz2) from the catch method (Table R6).
It is strongly seasonal from June to October, and most abundant in strata T5 to T9.

The reported catch of Alepes amounts to just over 2% of the total Hong Kong catch at 241 tonnes
(95% confidence limits 34 - 2873 tonnes) equivalent to 0.13 tonnes km-2. Over 60% of the catch is
made by hang trawlers, with pair trawlers (15%), stern trawlers and purse seiners (11% each) each
contributing approximately equal amounts. A small catch (1.4%) was made by the shrimp trawlers.
P4/7s do not report a catch of this species. Richards (1980) indicated it was the sixth most
important species (by weight) in the purse seine fishery. Today it is 13t in the purse seine and 16th
overall.

Approximate analysis (Table R13) suggests that maximum sustainable yields might be of the order
of 400 to 800 tonnes, (0.2 to 0.4 tonnes km-2).

Other undifferentiated species of scad in the catch database provide catches almost twice as large,
and so there is considerable uncertainty here that may only be resolved by a full frame survey.

Apogon fasciatus

According to Paxton et al. (1989), Apogon quadrifasciatus (Cuvier 1828) is a junior synonym of
Apogon fasciatus (White 1790) and is therefore referred to as A. fasciatus herein. Apogon
fasciatus, also known as the broad-banded cardinal fish, is a small species generally considered to
be of low commercial value. In Hong Kong waters it is targeted by fishers and marketed at
approximately HK$7/kg. It was the fourth most important fish in the benthic trawl samples (by
weight). Catches in the purse seine and gill net samples were small. The population dynamics of A.
fasciatus has received scant attention from researchers.

The length-weight relationship is provided in Figure Ri2. Maximum length and weight for an
individual was 11 cm FL and 23.4 g, respectively. Apogon fasciatus were abundant in the trawl
samples (3,317 individuals) and as a result, the length-frequency distributions used in the analyses
were robust. Estimates of K and LT are provided in the auximetric plot (Figure R13). The iterative
least squares estimate of K, obtained by fitting the von Bertalanffy curve to the otolith readings, was
well below the other estimates (Figure R13) and therefore, not included in the estimate of the
means. Mean values for K and LT were 0.79 year-1 and 12.5 cm FL, respectively. This estimate of LT
is consistent with maximum size sizes reported elsewhere (Masuda et al. 1984, Warburton and
Blaber 1992). Apogon fasciatus weigh about 31 g at WT.

Since most size classes were well represented in the length-frequency distributions, emigration out
of the area was assumed to be negligible. Estimates of Z and M were 5.5 and 1.78 year-1, respectively.
Fishing mortality F, obtained by averaging the difference method and the catch/biomass method
was 3.8 year-1 (Table R11).

The length at first capture was approximately 3 cm FL, which corresponds to an age at first capture,
tc of slightly less than 0.1 year. The yield-per-recruit surface plot (Figure R14) indicated maximum
yield would be obtained by harvesting at a very young age (approximately 0.2 years). The
probability distribution of topt (Figure R15) ranged from 0.4 to 0.6 years, with a mean of 0.54. The
95% limits on the probability distribution of F,; (Figure R16) ranged from approximately 1.6 to 2.3
year-1, with a mean of 2.0 year-1.

Apogon fasciatus is a small, fast growing species. In order to maximise its yield it should be
harvested at a relatively small size. The estimate of topt is older than the current age at first capture.
Thus, a small increase in yield could be achieved by increasing the mesh size and therefore,
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increasing the t.. The current fishing mortality rate of 3.8 is above the confidence limits on Fo
indicating that the species is over-exploited.

The biomass estimate of 35 tonnes ( = 0.02 tonnes km-2) is based on averaging the purse seine and
catch methods (Table R6). Apogon has a strong peak of abundance in July but is found throughout
the rest of the year at a density of about half the average. It is evenly distributed among the Hong
Kong sampling strata.

The reported catch of Apogon provides an estimate of 24 tonnes amounts to about 0.2% of the total
Hong Kong catch (95% confidence limits 3 - 255 tonnes ) equivalent to 0.016 tonnes/kmz2. Over 87%
is caught by the shrimp trawlers, and the remaining 13% by the P4/7 vessel sector.

Maximum sustainable yield estimates (Table R13) for this cardinal fish range from 45 to about 80
tonnes, only slightly higher than the present catch.

Note that undifferentiated Apogon species are listed in the catch database yielding an estimated 50
tonnes (Table R9), together with two other small cardinal fish. It is possible that juveniles of A.
fasciatus have been grouped in these other categories. This uncertainty would only be resolved by a
full frame survey.

Collichthys lucidus

Collichthys lucidus, the small lion head croaker, contributes significantly to fisheries production in
Hong Kong waters. It was the second most important (by weight) fish in the gill net samples, and
third in the trawl samples. Minor catches were also taken in the purse seine sampling. He Baoquan
and Li Huiquan (1988) estimated its growth rate and yield-per-recruit in the Pearl River estuary.

Growth and mortality rate estimates were based on the trawl sampling data and otolith readings. A
comparison of the different estimates of K and LT is provided in the auximetric plot (Figure R18).
Otolith readings indicated a much lower estimate of K compared with the other methods, probably
as a result offshore migration, and consequently, were excluded from the estimate of the means.
The estimate of K by He Baoquan and Li Huiquan (1988) was considerably higher than that
obtained by our length-frequency analyses, possibly because they sampled smaller size classes (and
therefore faster growing fish) in the Pearl River estuary. Mean values of K and LT were 1.21 year-1
and 21.7 cm TL, respectively. An estimate of t. of 0 years was derived using ‘Solver’ to fit a von
Bertalanffy curve to the otolith data. The weight of C. lucidus at this estimate of LT is approximately
100 g (WT). Very few fish larger than 16cm (40g) were represented in the samples.

The estimate of M, based on these growth parameter estimates, was 2.02 year-1. The instantaneous
rate of total mortality, Z, from cohort slicing was Z was 9.9 year-1. The instantaneous rate of
emigration, G ranged from 1.8 year-1 in 1+ year old fish to about 2.2 year-1 in 3+ year old fish (Figure
R19): an average value of 2.1 was used. Thus, fishing mortality, F, by the difference method comes
to 5.8. This is the F value used in subsequent work as the estimate of F from the catch and biomass
method was suspiciously high (Table R11) .

The three dimensional yield-per-recruit surface plot is provided in Figure R20. Maximum yield
would be achieved by harvesting at a t. of approximately 0.5 years. Currently, the small mesh size
(1.5 cm) used by the trawl fleet (and, with less significance, the purse seiners) results in a tc of
approximately 0.1 year; well under the optimum indicated in the surface plot (Figure R21). When
confidence intervals were placed around the population parameter estimates (WT, K and M) and
Monte Carlo sampling techniques deployed, a probability distribution of top: was obtained with a
mean of 0.72) 0.06 years.

The probability distribution of Fo; (Figure R22) has a mean of 2.31 ) 0.28 year-1, much lower than
the current F value. At present, C. lucidus is being harvested at an age and rate indicative of heavy
overfishing. Increases in yield could be achieved by increasing the mesh size and reducing effort,
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and therefore harvesting at a larger/older size/age. Maximum sustainable yield estimates (Table
R13) suggest that the Collichthys harvest might be increased by 50% to 200%.

Collichthys biomass is estimated as 107 tonnes ( = 0.06 tonnes km-2), and it is highest in June and
lowest in March and April. It is most abundant in strata T12, T13 and T18. Unexploited biomass
might be more than 3 times this amount.

The reported catch of Collichthys amounts to less than 1% of the total Hong Kong catch at 96 tonnes
(95% confidence limits 23 - 492 tonnes) equivalent to 0.053 tonnes km-2. About 38% of this catch is
made by the purse seiners, 29% by the miscellaneous vessels, 13% by hang trawlers and 10% by
shrimp trawlers and a little (4% each) by the stern trawlers and P4/7 vessels.

Decapterus russelli

According to Smith-Vaniz (1984) Decapterus lajang is a synonym for Decapterus russelli and
therefore we carried out all population parameter estimates and per-recruit analyses on this
premise. Decapterus russelli, or Indian scad, is a commercially important, targeted species in Hong
Kong waters.

The scad length-weight relationship is provided in Figure R23 and Table R10. Maximum length and
weight in the samples were 15.5 cm FL and 55 g, respectively. No otolith readings were obtained for
D. russelli. The trawl survey provided more robust and frequent samples than either the gill net or
purse seine sampling programs, and therefore growth rate estimates were obtained from these data.
Several estimates were obtained from the literature (Table R14) and included in the auximetric plot
(Figure R24) and estimation of mean values of K and L. Decapterus russelli is a long slender fish
with a high standard body length : body depth ratio. Its length at first capture is approximately 9 cm
FL, which equates to a t. of approximately 0.1 years.

The scad length-weight relationship is provided in Figure R23 and Table R10. Maximum length and
weight in the samples were 15.5 cm FL and 55 g, respectively. No otolith readings were obtained for
D. russelli. The trawl survey provided more robust and frequent samples than either the gill net or
purse seine sampling programs, and therefore growth rate estimates were obtained from these data.
Several estimates were obtained from the literature (Table R14) and included in the auximetric plot
(Figure R24) and estimation of mean values of K and L. Decapterus russelli is a long slender fish
with a high standard body length : body depth ratio. Its length at first capture is approximately 9 cm
FL, which equates to a t. of approximately 0.1 years.

Lo K to . Ref. in

m, F1) | tearn) | (earn Method Locality Reference Aux. Plot
26.00 0.186 - FW India Sreenivasan (1982) 1
28.40 0.900 - LF Indonesia, Java Sea Widodo (1988) 2
24.80* 1.150 - LF Indonesia, Jakarta Bay Dwiponggo et al. (1986) 3
24.80* 1.180 - LF Indonesia, Jakarta Bay Dwiponggo et al. (1986) 4
24.50* 0.950 - LF Indonesia, Java Sea Dwiponggo et al. (1986) 5
26.00 0.900 - LF Indonesia, Idi, Malacca St Tampubolon & Merta (1987) 6
25.20 1.080 - LF Indonesia, Java Sea Suwarso et al (1995) 7
24.50 0.950 - LF Indonesia, Java Sea Suwarso et al. (1995) 8
24.80 1.010 - LF Malaysia Isa (1987) 9
22.00 0.810 - LF Malaysia Isa (1987) 10
25.70 0.562 0.17 - Mozambique Rodriguez & Sousa (1988) 11
25.60 0.573 -0.18 Ot Mozambique Sousa & Glaister (1987) 12
22.80 0.560 -0.10 LF Mozambique Gjosaeter & Sousa (1983) 13
31.00 0.360 - LF Philippines Jabat and Dalzell (1988) 14
33.70 0.650 - LF Philippines Padilla (1991) 15
30.40 0.450 - LF Philippines Ingles and Pauly (1984) 16
27.60 0.540 - LF Philippines Ingles and Pauly (1984) 17
24.80 0.800 - LF Philippines Ingles and Pauly (1984) 18
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24.80 0.690 - LF Philippines Ingles and Pauly (1984) 19
23.90 0.730 - LF Philippines Ingles and Pauly (1984) 20
23.20 1.080 - - India Murty (1991) 21
19.40 0.750 - LF Pakistan Igbal(1991) 22
21.40 1.132 - LF Philippines Pauly (1978) 23

Table R14. Published growth parameter estimates for Decapterus russelli. (* = adjusted from total length to
fork length using FL=0.92*TL). LF = length frequency. FW = Ford/Walford plot. Ot = otolith annuli.

Mean values of K and LT were 1.4 year-t and 25.6 cm FL, respectively. The origin of the growth
curve, to, cannot be calculated from the length-frequency analyses, and in the absence of any otolith
data that could be used to derive an estimate of t,, we constrained this parameter to a value of -0.2
years, which is generally consistent with the limited number of estimates in Table R14.

Given these growth parameter estimates, estimates of Z and M were 9.4 and 2.11 year-1, respectively.
No estimates of G were obtainable, due to the lack of otolith readings, but we think that this small
scad is unlikely to migrate offshore to any large extent. F was estimated by difference as 7.3 (Table
R11): no other estimate was obtainable as catch was more than the estimated biomass.

The yield-per-recruit surface plot (Figure R25) indicates maximum yield would be achieved by
harvesting at a t. of approximately 0.35 years. When the uncertainty in the population parameter
estimates for K, M and WT were considered, a probability distribution of to,: was obtained (Figure
R26) with a mean of 0.46 ) 0.05 years, slightly more conservative than the surface plot indicated
and approximately four times older than the current t. (Table R12). When the uncertainty in the
population parameter estimates is considered on the estimation of F,1, a probability distribution
with a mean of 2.45 ) 0.27 year-1 was obtained (Figure R27), less than half the current fishing
mortality rate. The exploitation status is therefore ‘over-exploited’ (Table R12).

The estimated catch of Decapterus from the interview survey amounts to just under 1.5% of the
total Hong Kong catch at 211 tonnes (95% confidence limits 118 - 441 tonnes), equivalent to 0.15
tonnes km-2. Almost 44% of this catch is made by the hang trawl sector, with 27% by stern trawlers
and the remainder by the purse seiners (18%) and pair trawlers (11%). Shrimp trawlers, P4/7s and
miscellaneous vessels do not report this species. Richards (1980) listed Decapterus spp. as the most
important (by weight) fish species in Hong Kong's purse seine fishery. However, the interview
results indicate that it is now 16" in overall catch order (Table R8) and 12t in the purse seine fishery
(Table R9). These results suggest the relative abundance of Decapterus russelli has declined in
Hong Kong waters since Richards collated his estimates.

Decapterus biomass is estimated (from catch) as an average 191 tonnes (0.11 tonnes kmz2), with a
strong seasonal peak in August, a similar pattern to Sardinella. Estimates from the purse seine
samples were lower (Table R6). Unexploited biomass may be of the order of 600 tonnes (Table
R13), but these values must be regarded with considerable caution. Maximum sustainable yield may
be around 50% greater than the current yield (Table R13).

Engraulis japonicus

Stolephorus zollingeri seems to be a new combination of Engraulis zollingeri (Bleeker 1849) which
is a junior synonym of the anchovy, Engraulis japonicus (Temminck and Schlegel 1846). As such, it
will be referred to, and considered as, E. japonicus herein. The anchovy is important in Hong Kong
fisheries, being sold for a surprising 20.5 HK$ per kg.

The length-weight relationship is provided in Figure R28. Maximum length and weight of fish
obtained in the samples was 17 cm FL and 50 g, respectively. It was poorly represented in both the
trawl and gill net samples and therefore, length-frequency analyses were based on the limited
(quarterly) number of purse seine samples. Although four purse seine sampling trips were
conducted during the course of the study, two (August and November 1996) produced insignificant
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catches of E. japonicus. Additional analyses were carried out on length-frequency data provided by
S. F. Leung. Maximum sizes of fish obtained from these two different sampling methodologies were
very similar in that individuals larger than 12 cm FL were rare.

Although otolith readings were obtained for E. japonicus, they proved to be of little value in
deriving a robust growth rate estimate, because only two age classes were represented in the
samples (0+ and 1+ years). Fitting a growth curve to only two length-frequency distributions
(March 1996 and February 1997) obtained from the sampling program would have produced very
unreliable estimates, and therefore, mixture analysis was used to fit two subcohorts to these data
and a von Bertalanffy curve fitted through the means identified in the Mix analysis. The derived
estimates of K and LT, as well as those obtained from the literature, are presented in the auximetric
plot (Figure R29). The otolith data were not included in the estimation of the means, which were
18.1 cm FL for LT and 1.32 year-1 for K (Figure R29), while t, was estimated as o0 years.

Total mortality Z was determined as 7.2 by following the fate of cohorts using mixture analysis
(Figure R30). From the growth parameters, natural mortality, M = 2.25 (Table R11). Engraulis
japonicus is mobile and pelagic, and as such, likely to move in and out of Hong Kong waters. This is
strongly indicated by the seasonal biomass estimates from the purse seine samples (Table R5). The
anchovy is therefore not likely to have a consistent offshore emigration rate with size. If we assume
no net emigration (G=0), an estimate of F equal to 3.6 year-1 is obtained by difference. Estimated
catch was greater than average biomass, so no estimate was possible using that method.

Engraulis japonicus is elongate and therefore has a high standard length : body depth ratio. As a
consequence, its length at first capture is large compared with the other species. Even so, the small
mesh size used by the purse seiners (1.5 cm) results in a very low (young) t. of approximately 0.25
years. The three dimensional yield-per-recruit surface plot (Figure R31) indicates maximum yield-
per-recruit would be obtained by harvesting at an older age of approximately 0.5 years. The
probability distribution for tep: (Figure R32) fixes this at 0.59 - 0.71 years, with a mean of 0.64
years. This estimate of topt is more than twice that of the current t., indicating that the anchovy is
currently being harvested well below its optimum age at first capture, resulting in overfishing. The
95% limits on the probability distribution of Fo; range from 2.2 — 2.9 year-1 with an optimum of
2.53 (Figure R33). This about 2/3 of the existing fishing mortality. Thus, E. japonicus is currently
harvested well below the size/age and above the rate associated with the optimum yield. Long term
average yield could be increased (by approximately 30%) by increasing the mesh size, particularly in
the purse seine fishery, which is the principle gear type used for this species.

The reported catch of Engraulis amounts to 5% of the total Hong Kong landings at 742 tonnes (95%
confidence limits 343 - 2897 tonnes) equivalent to 0.41 tonnes km-2. 67% of the catch is made by
the purse seiners, 19% by the pair trawlers, 7% by the hang trawlers and about 3% each by the P4/7
and miscellaneous vessels.

Average Engraulis biomass is estimated as 723 tonnes ( = 0.4 tonnes km-2, CLs 0.27 to 0.52) (Table
R6) as an average between the catch estimate and the purse seine samples. There is a strong peak of
nearly 9000 tonnes in May and a lower one in February (Figure R3). Table R13 suggests that
unexploited biomass may be three times as large as present, and, given optimal management,
maximum sustainable yields are estimated at about twice existing landings.

There are two other anchovy categories in the catch interview database that could have been
confused with this species, in particular undifferentiated anchovies with an estimated catch of 233
tonnes. These uncertainties in the catch would only be resolved by a frame survey.

Harpadon nehereus
Harpadon nehereus, also known as Bombay-duck, is an important commercial, targeted fish

species in Hong Kong waters worth 8HK$ per kg. It was the seventh most important fish (by
weight) in the trawl samples. Although pelagic, it contributed only very small amounts to the gill net
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and purse seine samples. Harpadon nehereus was not included in the list of commercially
important pelagic fish species by Richards (1980).

The length-weight relationship is provided in Figure R33. Maximum length and weight of an
individual in the samples was 27 cm FL and 160 g, respectively. No otolith readings were obtained
for this species. The only robust length-frequency distributions were based on a relatively small
number of individuals (239) sampled in the trawl survey. Additional growth parameter estimates
were obtained from the literature and included in the auximetric plot (Figure R34). The estimate of
K derived by Krishnaya (1968) was well below all other estimates, and therefore, growth parameter
estimates from this study were excluded from the estimation of the means. Mean values of K and LT
were 0.67 year-1 and 35.1 cm FL, respectively (Table R10). Because no otolith readings were
obtained, we could not obtain an estimate of t, by fitting a growth curve to the age-at-length data.
An estimate of t, equal to -0.08 years was therefore obtained from the table of t, estimates provided
in the Elefan module of LFDA.

Using cohort slicing we obtained a Z of 8.25 (Figure R35). From the growth parameters, the
estimate of M was 1.2 year-1. The catch and biomass method gave a value of F = 0.1, clearly an
underestimate, we have therefore used the value of 7.1 from the difference method in subsequent
work. No estimates of the instantaneous rate of emigration G were possible, due to the lack of
otolith readings (Table R11).

The length at first capture was 3.8 cm, which, based on the above growth parameter estimates,
corresponds to a t. of approximately 0.1 year. The yield-per-recruit surface plot (Figure R36)
indicates maximum yield would be achieved by harvesting at a t. of approximately 1.0 year - ten
times the current age at first capture. When the uncertainty in the estimates of K, M and WT was
considered, a probability distribution of topt was obtained with a mean of 1.25 ) 0.01 years (Figure
R37), much older than the current t.. The probability distribution of F,; had a mean of 1.41) 0.19
year-1 (Figure R38), four times lower than the existing F, indicating an overfished status for this
species (Table R12).

The reported catch of Harpadon amounts to 1.9 tonnes (95% confidence limits not calculable)
equivalent to 0.001 tonnes km-2 or less than 0.01% of the total Hong Kong catch. Just over half of
the catch (58%) was made by the shrimp trawlers, with the rest in the miscellaneous vessel sector,
these being the only gear sectors reporting a catch of Bombay duck. Sustainable yield (Table R13) is
estimated as more than 20 times more than existing catches, although this figure must be treated
with considerable caution because this is a single species analysis.

Our biomass estimates for H. nehereus are associated with a great deal of uncertainty, because few
individuals were sampled. Also, H. nehereus is a pelagic species, but because it was poorly
represented in the purse seine samples, we estimated its biomass using the benthic trawl data
(Table R6). Average Harpadon biomass is 110 tonnes (= 0.06 tonnes km-2) from the swept area
trawl method, and it is found from August to January, peaking in December. It is present in strata
T7 to T13 and T18, but most abundant in T11. Unexploited biomass may be more than five times
existing levels (Table R13).

Johnius belangerii

Johnius belangerii, known as Belanger's croaker, is one of Hong Kong's commercially important,
and targeted, fish sold for around 24HK$ per kg. It was the eighth most important fish in the trawl
samples, third in the gill net samples, by weight. Johnius belangerii appears to be strongly
demersal, since it was completely absent from the purse seine samples, which is consistent with
Richard's (1980) report. Although known by several synonyms, the population dynamics of J.
belangerii have received little research attention.

Johnius belangerii is demersal, and therefore, the most robust length-frequency samples were
obtained from the trawl survey. The length-weight relationship is provided in Figure R39.
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Maximum length and weight of an individual in the samples was 22 cm TL and 150.4 g, respectively.
The asymptotic length, LT, was unknown and therefore we used an estimate of 30 cm TL, based on
the maximum size of an individual reported by Bianchi (1985), to commence fitting growth curves
to the length-frequency distributions. The derived estimates of K and LT are provided in the
auximetric plot (Figure R40). The mean estimate of LT was 32.8 ¢cm TL, which, using the above
length-weight relationship, has a corresponding W of 460 g. This value of LT was then used to fit a
growth curve to the otolith data, in order to estimate t,, and obtain an additional estimate of K.
However, as can be seen in the auximetric plot, the estimate of K from the otolith data was very low
- about half that obtained from the length-frequency analyses. It was therefore concluded to be
biased by offshore migration, and excluded from the estimation of the mean K. Thus, while the
otolith data were not used to estimate mean values of K or LT, they were used to obtain an estimate
of to of -0.22 years. The mean value of K was 0.67 year-1 (Table R10).

Figure R42 shows the total mortality estimate, Z, as 6.42 from cohort slicing of one of the two
cohorts deconvoluted from the length frequency data. From the growth parameters, M was 1.22
year-1. As a result of the large difference between the otolith based estimates of age and those based
on the true growth curve, the emigration rate estimates were relatively high, ranging from 2.0 year-1
at an age of 1+ years to 2.8 year-1 at 2+ years of age (Figure R43). Fishing mortality by the difference
method was therefore 3.2, which is the value we have used as there was no estimate possible from
catch and biomass (Table R11). Length at first capture was estimated to be approximately 4 cm TL,
which corresponds to t. of 0.1 years. The yield-per-recruit surface plot (Figure R44) indicates
maximum yield would obtained by harvesting older the current t.. When the uncertainty in the
population parameter estimates was considered, a probability distribution of t,pt was obtained with
a mean of 1.09 ) 0.09 years (Figure R45). The probability distribution of F,; has a mean of 1.42)
0.16 year-1 (Figure R46), which is half the value of the current F. Johnius is therefore considered
over-exploited (Table R12).

The estimated catch of this croaker amounts to 112 tonnes (95% confidence limits, 27 - 545 tonnes)
equivalent to 0.06 tonnes km-2 and less than 1% of the total Hong Kong catch Just over half of this
catch (53%) is reported by the miscellaneous vessel sector, with 24% by the P4/7 vessels and 19% by
the shrimp trawls. Small amounts are caught by the stern trawlers (4%) and the purse seiners
(0.1%). The species is not reported by pair trawls or hang trawls.

Average croaker biomass is estimated at 21 tonnes (= 0.012 tonnes km-2), a consistent average from
the shrimp trawl sampling and from demersal catch. It appears to be present evenly through the
year and throughout the Hong Kong area. Unexploited biomass might be 4 to 5 times as large, but
sustainable yield levels may not be any larger than at present (Table R13). These estimates are
inconsistent and need further investigation. The very large discrepancy between the estimate of
biomass, which appears one of the more consistent figures from this work, and catch, five times as
large, estimated from the interview survey, requires some explanation. It is possible that this
valuable, familiar, but heavily over-fished species is being over-reported in the interviews, or that
fish caught outside of the Hong Kong waters are being included in the reported catch.

Leiognathus brevirostris

Leiognathus brevirostris, known as the short-nose ponyfish, is a small common species of
commercial importance in Hong Kong waters worth about 8 HK$ per kg. It inhabits shallow waters
to a depth of about 40 m and was within the top 10 fish species (by weight) in each of the trawl, gill
net and purse seine samples. Relatively little has been published on the population dynamics of L.
brevirostris. The length-weight relationship is provided in Figure R47. Maximum size of individuals
in the samples was about 13 cm FL, with a corresponding weight of about 40g.

Trawl sampling provided the most robust length-frequency samples for analysis. Additional length-
frequency distributions, from commercial purse seine catches (provided by S. F. Leung), were also
analysed. Otoliths provided a third source of information on growth. Length frequencies obtained
from the trawl sampling program and the purse seine fishery were very similar. Individuals larger
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than 12 cm FL were rare in both types of samples. All estimates of K and LT are presented in the
auximetric plot (Figure R48). Again, mean values of K and LT were based only on length-frequency
results and reports in the literature (Armada and Silvestre 1981, Corpuz et al. 1985). The otolith
based estimate of K was considered to be too low and therefore, was excluded from the estimation
of the means, which were 13.9 cm FL for LT and 1.09 year-1 for K (Table R10). The growth curve
start parameter, t,, was estimated as -0.2 years. The difference between this ‘true’ growth rate, and
that derived from the otoliths, is readily apparent in Figure R49.

Pauly's (1980) empirical method was used to obtain an estimate of M equal to 2.14 year-1. The
length converted catch curve method in FiSAT estimated average Z at 3.9 year-1. Figure R50 shows
the more accurate cohort-sliced estimate of Z as 7.4. The instantaneous rate of emigration G (Figure
R51) was comparatively high at 1.9 year-1 and remained constant over the age classes examined.
Thus F by the difference method comes to 3.3, and as the estimate from the catch and biomass
method was an unreasonable 78, this was used in subsequent analyses (Table R11).

Leiognathus brevirostris is a relatively short, round fish with a low standard length : body depth
ratio. As a consequence it is first harvested at the relatively small size of approximately 3.0 cm FL,
which equates to an age of approximately 0.2 years. The yield-per-recruit surface plot (Figure R52)
indicates maximum yield would be obtained by harvesting at a t. of 0.5 years. When the uncertainty
in the parameter estimates was considered and Monte Carlo methods deployed, a probability
distribution of topt was obtained (Figure R53) with a 0.5) 0.06 years. The probability distribution of
Fo. (Figure R54) had a mean of 2.34 ) 0.27 year-1, about 2/3 of the current level outside the lower
95% confidence limits. It is therefore considered over-exploited (TableR12). This result is not
surprising considering that such high turn-over species are favoured by the heavy fishing
exploitation seen in the South China Sea.

L. brevirostris is a small demersal species and therefore, its biomass should in theory be estimated
reasonably well with the swept area method from the shrimp trawl. But we found that the ponyfish
biomass was better estimated as 392 tonnes from an average of the catch method and purse seine
samples ( = 0.22 tonnes km-2). Abundance is low from December to March and highest in T6 and
T12. Unexploited biomass may be about three times existing levels (Table R13) provided that
species composition of the system did not alter.

The reported catch of Leiognathus amounts to just under 3% of the total Hong Kong catch at 382
tonnes (95% confidence limits 81 - 1996 tonnes) equivalent to 0.2 tonnes km-2. Over 42% of this
pony fish is caught in the purse seine sector, 32% by the P4/7 vessels, 16% by the miscellaneous
vessel sector, 7% by stern trawlers, and a little by shrimp trawlers (3%) and hang trawlers (1.1%).
Only the pair trawlers do not report a catch of this species. The sustainable yield appears to be about
the same as the present catch (Table R13).

Note that this species may well have been confused with 2 other categories of ponyfish in the catch
database. Purse seiners report a 30 tonne catch of Leiognathus bin, and 5 tonnes of
undifferentiated ponyfish. These amounts, however, would not alter the assessment status.

Sardinella jussieui

According to Whitehead (1985), Sardinella dayi is a synonym of S. jussieui. While very little has
been published specifically on S. jussieut, some studies pertaining to S. dayi provide some relevant
parameter estimates that can be included current assessment. The recent sampling program results
indicated S. jussieui was the most important (by weight) species in the purse seine samples, while
only very minor catches were obtained in the trawl and gill net sampling programs.

The length-weight relationship is presented in Figure R55. Maximum length and weight for an
individual were 14.5 cm FL and 29 g, respectively. No otolith readings were obtained for this
species, and therefore all parameter estimates were derived from length-frequency distributions
obtained from the purse seine sampling program (conducted quarterly) and additional data from
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the purse seine fishery, provided by S. F. Leung. The number of robust length-frequency
distributions that could be examined was very limited, and therefore the parameter estimates
should be considered with caution. Only two (August and November 1996) of the four purse seine
sampling trips obtained reasonable samples. Furthermore, of the 24 monthly length-frequency
samples (1994-6) provided by S. F. Leung, S. jussieui was only adequately represented in four
months. The lack of robust samples was likely due to seasonal movements of the fish into, and out
of, Hong Kong waters.

Mixture analysis was used to identify, and follow modal size classes in the length-frequency
distributions. From this analysis growth was concluded to be rapid from August to September, and
to slow down in November. Only one cohort was present in these length-frequency distributions
and Z was estimated from the decrease in numbers as over 35, but this was on account of the cohort
migrating out of Hong Kong waters.

Estimates of K and LT are provided in the auximetric plot (Figure R56). Annigeri's (1982) estimate
of K for S. dayi (= S. jussieui) off India's coast was slightly higher than our estimates, and therefore
was not included in the estimate of the means, which were 18.7 cm FL and 0.56 year-1, for LT and K,
respectively (Table R10). An estimate of t, equal to -0.3 years was obtained by fitting a von
Bertalanffy curve to the age at length estimates obtained from the Mix analysis.

Given these growth parameter estimates, an estimate of M equal to 1.4 year-1 was derived, using
Pauly's (1980) empirical method. The length-converted catch curve method in FiSAT was used to
estimate Z to equal to 2.74 year-1. It was not possible to estimate the instantaneous rate of offshore
emigration, G, because no otolith readings were obtained and in any case it is unlikely that
systematic offshore migration with size occurs in this migratory pelagic species. Current F is
estimated by the difference method as 1.34 and by the catch and biomass method as 1.39, giving a
consistent average of 1.37 (Table R12). The probability distribution of Fo; (Figure R59) ranges from
0.9 to 2.1 year-1 with a mean of 1.5 )0.21 year-1, which includes the present rate, so Sardinella is
assessed as having a fully exploited status (Table R12).

Sardinella jussieui are first caught in the purse seine fishery at approximately 3-4 cm FL which
equates to an age of approximately 0.1 year, using the above growth parameter estimates. The yield-
per-recruit surface plot (Figure R57) indicates maximum yield would be obtained at a t. higher than
this The current yield, therefore, is below what could be achieved on average, if the mesh size was
increased. When the variability in our estimates of WT, K and M is considered, the resulting
probability distribution of topt ranges from approximately 0.7 to 1.3 years of age, with a mean of 0.95
years (Figure R58). This is considerably older than the current t..

Sardinella average biomass is estimated from the purse seine samples as 2190 tonnes (= 1.2 tonnes
km-2, (95% cls; 1.0 — 1.85) with a strong seasonal peak (up to 10,000 tonnes) in August. Unexploited
average biomass may be in the same range (Table R13), but the present analysis does not take
account of the strong seasonal occurrence pattern.

The reported Sardinella catch amounts to almost 9% of the Hong Kong catch at 1024 tonnes (95%
confidence limits 677 - 2129 tonnes), equivalent to 0.6 tonnes km-2. Richards (1980) listed
Sardinella spp as second to Decapterus as most important species in Hong Kong's purse seine
fishery; our catch figures show that it is now the largest single species caught. About 47% of the
catch is made by pair trawls, 35% in the purse seine fishery and 18% by hang trawls, while a small
amount (2%) comes from the P4/7 sector. Table R13 suggests that maximum sustainable catch may
be a little higher.

Saurida tumbil

Saurida tumbil, known as the greater lizardfish, is a commercially valuable, targeted species in
Hong Kong's waters sold for around 5 HK$ per kg.
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Length-weight data (Figure R60) indicate the maximum weight of individuals in the samples is
about 120g and the maximum size obtained in the sampling program was well below the LT's
reported in the literature, individuals larger than 22 cm FL being rare. Many authors (Table R15)
have reported that LT exceeds 60 cm FL for S. tumbil. The reason for the absence of the larger size
classes is likely to be either a) not all size classes were adequately sampled, b) large individuals were
emigrating out of the sampled area, c) the stock in Hong Kong waters exhibits a much lower LT
compared with others, d) the stock is heavily overfished, or a combination of these.

L. (cm) (yeaKr—1 ) (y:;r) Method Locality Reference AE:_f ;)Tot
69.5 (TL) 0.286 -0.28 - East China Sea Shindo (1972) 11
68.7 (FL) 0.118 -1.40 Sc Taiwan Yeh et al. (1977) 10
74.2 (FL) 0.104 -1.42 Sc Taiwan Yeh et al. (1977) 9
83.0 (-) 0.111 - - Taiwan Xu Xucai Zhang Qiyong (1988) 8
63.7 (TL) 0.249 - LF India (Bay of Bengal) Rao (1984) 7
37.5(TV) 1.03 - LF Philippines (Manila Bay) Corpuz et al. (1985) 4
41.0 (FL) 0.7 - LF Philippines (Visayan Sea) Corpuz et al. (1985) 3
43.0(FL) 0.64 - LF Philippines (Samar Sea) Corpuz et al. (1985) 2
43.6 (TL) 0.431 - - Philippines (Manila Bay) Tiews et al. (1972) 1
45.0 (FL) 0.55 - LF Philippines (Visayas) Federizon (1993) 5
53.0 (FL) 0.7 - LF Philippines (Ragay Gulf) Corpuz et al. (1985) 6
78.3 (FL) 0.079 -1.79 Sc Vietnam Yeh et al. (1977) 12
79.5 (FL) 0.096 -1.54 Sc Vietnam Yeh et al. (1977) 13

Table R15. Summary of growth rate estimates for Saurida tumbil obtained from the literature. LF = length
frequency. FW = Ford/Walford plot. Ot = otolith annuli. Sc = scale annuli. - = not stated.

Although several sets of growth parameters for S. tumbil are reported in the literature (Table R15),
some estimates of K are very high, probably because they were derived from warmer regions and are
hence unlikely to reflect the growth rates in Hong Kong coastal waters. Mean estimates of K and LT
calculated from the auximetric plot (Figure R61) excluded these high estimates. Similarly, the
means also excluded the otolith-based estimates of K and LT because the they were considered to be
affected by emigration and therefore not to reflect adequately the true growth. By including only
estimates derived from areas with similar water temperatures to those of Hong Kong, and the
length-frequency based estimates, an overall mean K of 0.23 year-1 was derived with an associated
L1 of 70.3 cm FL. An estimate of t, = -0.86 years was obtained fitting a von Bertalanffy growth
curve which incorporated the above values of K and LT (Table R10).

The difference between the otolith-based growth rate estimates and those based on the literature
and length-frequency analyses can be attributed to emigration rates. Individuals of age 1+ years
experience an instantaneous emigration rate, G = 0.8 year-1, while 2+ year old fish experience an G
= 1.8 year-1 and 3+ fish, a rate of 3.8. This emigration rate accounts for the lack of large individuals
in the samples (Figure R62). By 4 years of age (approximately 28 cm FL) all S. tumbil have moved
out of the sampling area. The instantaneous rate of natural mortality M, was estimated to be 0.49
year-1. The instantaneous rate of total mortality Z, was approximately 7.7 year-1, based on the cohort
slicing method. After losses due to M (0.49 year-1) and G (3.8) are considered, F is estimated by
difference as approximately 3.4 year-1. The catch and biomass method gave an F of only 0.1, and so
the difference method value was chosen for subsequent analysis (Table R11).

The length at first capture for S. tumbil in Hong Kong waters is approximately 5.0 cm FL, which
equates to an age of approximately 0.2 years. This is a very small size/age to harvest the lizardfish
and is due to the small mesh (1.5 cm) used by the shrimp trawls. The effect of harvesting at this
small size is of even more concern when it is considered that this species has the potential to
approach an LT of approximately 70 cm.

Thus, fishing mortality, F, is very high for this species (several times greater than M), while the size
at first capture is very small. The three-dimensional yield-per-recruit surface plot (Figure R64
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suggests that under the population parameters considered, yield-per-recruit would be maximised by
harvesting at a later age of first capture.. When the uncertainty in the population parameters (K, M
and WT) is considered, the optimum age at first capture top: is estimated as 2.74 ) 0.31 years (Figure
R65). At present S. tumbil is harvested at an age of 0.2 years. When the uncertainty in the
population parameters is considered the optimum level of fishing mortality, Fo.; is 0.59 ) 0.08 year-1
(Figure R66). Our current estimate of F is several times greater than the upper confidence limit,
indicating an overexploited status. At present, the fishery is operating well beyond the optima,
therefore resulting in overfishing (Table R12).

Average Saurida tumbil biomass is estimated as 32 tonnes (= 0.02 tonnes km-2). Abundance is
highest in April (Table R2) and it appears to be absent from October to March. The highest samples
were in strata T1, T5, T7 and T9g. As the results indicate S. tumbil can attain an LT of 70 ¢m, and
therefore, it is likely to be able to out-swim the prawn trawl. Unexploited biomass may be more than
twenty times the current level (Table R13).

The reported catch of Saurida amounts to less than 0.01% of the total Hong Kong catch at 0.7
tonnes (95% confidence limits not calculable) equivalent to 0.001 tonnes km-2. Catches of the lizard
fish were reported only by shrimp trawlers. The average yield of S. tumbil from Hong Kong's waters
could be more than quadrupled if the age at first capture t. was increased, and/or fishing mortality
F, was decreased.

Shrimp trawlers catch about 1.5 tonnes of unspecified lizardfish, and P4/7 vessels report catching
just under a tonne of undifferentiated. It is possible that, especially juveniles, were confused with
this species. Total catch may therefore actually be nearer to 3 tonnes.

Richards (1980) indicates that bulk of the catch was taken during bottom trawling, but it was,
however, also an important component of the gill net and purse seine fisheries. Today no catches of
this species were reported by any other sector in this survey. Our estimated catch of about 3 tonnes
was the smallest of our 17 assessed species, caught almost entirely in the shrimp trawls, and near
the bottom of the list of all species caught (Table R8).

Siganus caniculatus

According to Woodland (1990) Siganus oramin is a synonym for Siganus canaliculatus, commonly
referred to as the white-spotted spinefoot or white-spotted rabbitfish. For this reason it will be
referred to here as Siganus canaliculatus. Results from the recent sampling program indicated it is
the most important species in the trawl fishery samples, and second most important in the purse
seine samples, in terms of weight. It is sold for around 8 HK$ per kg.

The relationship between length and weight is presented in Figure R67. Maximum weight of
individuals in the samples was about 9o g. There was little difference between the trawl and purse
seine length-frequency distributions for S. canaliculatus; both indicated the incidence of fish larger
than 15 cm FL was rare. However, length-frequency analyses were undertaken on the trawl data
because they were obtained more frequently (monthly) than purse seine samples (quarterly), and
subsequently produced more robust distributions. Additional length-frequency data provided by
S.F. Leung of the AFD was also analysed. Otolith readings were also obtained for S. canaliculatus
and used to estimate growth.

Estimates of LT for S. canaliculatus reported in the literature exceed 25 cm FL (Pauly 1978,
Hortsmann 1975, Kitalong and Dalzell 1994). Reasons why the larger size classes were absent from
the samples obtained in Hong Kong waters are likely to be the same as those given for S. tumbil. It
was assumed that these large size classes exist in the populations of S. canaliculatus in Hong Kong
waters and therefore, von Bertalanffy growth curves were fitted to the size class frequency
distributions under this assumption. The resulting growth parameter estimates are presented in the
auximetric plot (Figure R68). The mean estimate of LT was 28.4 cm FL. At this size individuals
weigh approximately 290 g (WT). A von Bertalanffy curve was then fitted to the otolith data using



Assessment of Hong Kong Inshore Fishery Resources, Page 53

this estimate of LT, and estimates of K and t, derived using solver. The estimate of t, was -0.3 years.
The resulting otolith-based estimate of K was very close to that obtained from the length-frequency
analyses (Figure R68 & Table R10). Because there was reasonable corroboration between the true
growth rate estimates and those based on the otoliths, offshore emigration by S. canaliculatus out
of the area was considered to be minimal (Table R11).

Cohort slicing (average of two cohorts) provided an estimate of the instantaneous rate of total
mortality Z = 6.8, and natural mortality M was 0.95 year-1 from the growth parameter method.
Hence, the instantaneous rate of fishing mortality by the difference method was 6.8 year-1, and this
was the value chosen for subsequent work as there was no estimate possible from the catch and
biomass method (Table R11).

Siganus canaliculatus is a relatively round shaped fish with a low standard length : body depth
ratio of 2.8. The mesh size used by fishers in Hong Kong waters is small (1.5 cm) and, as a
consequence, the size at first capture is also small. Length at first capture was estimated to be about
4 cm FL, which corresponds to an age of 0.2-0.3 years. The three dimensional yield-per-recruit
surface plot for S. canaliculatus is presented in Figure R70. When the uncertainty in the population
parameters was considered, a probability distribution of top: was obtained (Figure R771) with a mean
of 1.56 ) 0.14 years. The probability distribution of Fo; is provided in Figure R72, indicating an
estimate of 1.13 ) 0.14 year-1. These results indicate that the fishing mortality F is currently too high
and the status of the rabbit fish is therefore overexploited. This equilibrium yield-per-recruit
analysis suggests that considerable increases in yield, in the order of 100%, could be obtained by
increasing t. and/or decreasing F, provided that recruitment is not affected.

Although S. canaliculatus is a demersal herbivore, its significant contribution to the purse seine and
pair trawl catches suggests it spends much of its time in the water column. Thus, biomass estimates
based on the swept area method and benthic trawl survey are highly likely to underestimate true
biomass. The rabbit fish biomass is therefore estimated from an average of the catch method and
purse seine samples as 758 tonnes ( = 0.42 tonnes km-2), the largest of our assessed demersal
species (Table R6). Abundance is high from July to December, and in strata Ti, T5 and To.
Unexploited biomass may be more than ten times this amount (Table R13).

The estimated catch of Siganus from the interview survey amounts to 6% of the total Hong Kong
catch at 877 tonnes (95% confidence limits 192 - 5247 tonnes) equivalent to 0.48 tonnes km-2. The
rabbit fish is caught by all seven fishery sectors: about 58% is caught by the P4/7 vessels, 15% by the
miscellaneous vessel sector, 13% by the pair trawlers, 11% by the purse seiners, about 2% each by
hang trawlers and shrimp trawlers, and a little by the stern trawlers. Maximum sustainable yield of
rabbit fish may be twice as great as current catch (Table R13).

In 1980, Richards indicated it contributed significantly to both trawl and purse seine catches, and
was the fourth most important species in the purse seine fishery. Today it is in a similar, if not more
important, position. It is the second species overall, and top species in the P4/7 sector, second for
the purse seine and pair trawls and important for purse seines.

Trachurus japonicus

Trachurus japonicus, also known as the Japanese jack mackerel, is an important fish to all sectors
of the Hong Kong fishery and worth about 19 HK$ per kg.

The length-weight relationship is provided in Figure R73. Maximum length and weight of
individuals in the samples was 21 cm FL and 133g, respectively. Two of four purse seine sampling
trips produced robust samples. Additional length-frequency distributions were obtained from the
trawl sampling program data, and the purse seine fishery data, provided by S. F. Leung. These data
were combined to produce a single composite series of length-frequency distributions that were
then analysed. Distributions from each of three gear types were similar, in that the incidence of
individuals larger 12 cm FL in each was rare. Otolith readings provided additional information on
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growth, although only 22 readings were obtained for this species. Published growth rate estimates
by Mukarami and Shindo (1949), Yamada and Kazihara (1955), Mitani and Ida (1964) and Kim et
al. (1969) were also included in the auximetric plot (Figure R74), and included in the estimation of
mean values of K and LT. A mean estimate of LT of 47.4 cm FL was obtained, based on estimates
from the length frequency analyses and the literature. This value of LT was then used to fit a von
Bertalanffy curve to the mean length-at-age estimates, obtained from the otolith data. The resulting
estimates of K and t, were 0.092 year-1 and -0.25 years, respectively. Again, the otolith-derived
estimate of K was well below all other estimates and therefore not included in the estimation of the
means. Mean values for LT and K were 47.4 cm FL and 0.33 year-1, respectively (Table R10 shows
95% confidence limits).

Given the above growth parameter values, the estimate of M was 0.7 year-1., The estimate of Z at 11.7
by cohort slicing is extremely high (three portions of history of possibly the same cohort: Figure
R75), as might be expected by the disparity between the maximum size of individuals in the samples
(approximately 12 cm FL) and LT (47.4 cm FL). Emigration rates G (Figure R76) therefore ranged
between 2.7 year-1 for fish aged 1+ years, to 5.5 year-: for fish aged 2+ years. After the effects of M
and G are considered, F is still extremely high at 5.5 (Table R11).

The length at first capture was estimated to be approximately 3 cm FL, which equates to a t. of
approximately 0.1 years. The yield-per-recruit surface plot (Figure R77) indicates maximum yield
would be obtained by harvesting at a t. greater than this. When the uncertainty in the population
parameter estimates for WT, K and M are considered, a probability distribution of topt was obtained
(Figure R78) with a mean 2.3 ) 0.2 years. The probability distribution of Fo,; (Figure R79) had a
mean of 0.84 ) 0.11 year-1, the upper confidence limit of which is about one third of the current level
of fishing mortality. Thus, both the current t. and F greatly exceed the optimums indicated by our
analyses and indicate thatT. japonicus has an overexploited status in Hong Kong waters (Table
R12).

Trachurus biomass is estimated from a consistent average (Table R6) of the catch method and the
purse seine samples as 286 tonnes ( = 0.2 tonnes km-2), with a strong peak in May and a lesser one
in February, the same seasonal pattern as Engraulis. Unexploited biomass may be more than 10
times as large (Table R13).

The estimated catch of Trachurus amounts to 335 tonnes (95% confidence limits 105 - 2516 tonnes)
equivalent to 0.16 tonnes km-2 and almost 3% of the total Hong Kong catch. Trachurus is caught by
all sectors of Hong Kong's fisheries, over half (55%) in purse seines, a quarter (23%) in pair trawls,
about 10% in each of stern trawlers and hang trawlers, and a little (0.4%) in shrimp trawls.
Sustainable yield may be 3 times as great (Table R13). Interestingly, Richard's (1980) report does
not list it as a component of Hong Kong's purse seine fishery landings, but today it comprises the
eighth largest catch overall, and third largest for the both the hang trawl and stern trawl sectors.

Trichiurus lepterus

According to Nakamura and Parin (1993) the species of Trichiurus reported in Hong Kong waters is
Trichiurus lepterus. We have therefore calculated the population parameter estimates and carried
out the assessment on the assumption that this species is T. lepterus, commonly known as the
largehead hairtail. Trichiurus lepterus was the fourth most important fish species (by weight) in the
purse seine sampling program. Catches in the trawl and gill net samples were very small. It is
important to all sectors of the Hong Kong fishery and is worth about 11 HK$ per kg.

cmL”TL Yegr-l y::;r Method Locality Reference Alfjif..pllr:)t
98.0 0.200 - - India Banerji & Krishnan (1973) 1
145.4 0.290 - FW India Narasimham (1976) 2
43.4 0.298 - FW Japan Pauly (1978) 3
45.4 0.411 - Ot Japan Pauly (1978) 3
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50.5 0.286 - Ot Japan Pauly (1978) 3
147.0 0.296 -0.46 Ot Mauritania Pauly (1978) 3
64.5 0.410 - El Philippines Ingles and Pauly (1984) 4
66.0 0.460 - El Philippines Ingles and Pauly (1984) 4
78.0 0.700 - El Philippines Ingles and Pauly (1984) 4
146.8 0.292 - - South Africa Torres (1991) 5
129.0 0.271 -0.22 FW Taiwan, East coast Chen and Lee (1982) 6
131.0 0.340 -0.39 Ot Taiwan, Southwest coast Chen and Lee (1982) 6
133.0 0.289 -0.76 Ot Taiwan, Southwest coast Chen and Lee (1982) 6
151.0 0.250 -0.08 Ot Taiwan, East coast Chen and Lee (1982) 6
109.0 0.640 - - India Somvanshi & Joseph (1989) 7
129.7 0.503 - - India Chakraborty (1990) 8

Table R16. Published estimates of von Bertalanffy growth parameters for Trichiurus lepterus. LF = length
frequency. FW = Ford/Walford plot. Ot = otolith annuli. Sc = scale annuli. El = Elefan.

The length-weight relationship is provided in (Figure R80). Maximum length and weight of an
individual in the samples was 71cm TL and 232g, respectively. Although it contributed significantly
to the weight of the purse seine samples, the number of length-frequency observations obtained
from the purse seine samples was very low. Length-frequency analyses were therefore carried out
using the trawl sampling data and data provided by S. F. Leung. Otolith readings provided
additional information on growth. Several growth rate estimates have been published (Table R16)
and were included in the auximetric plot (Figure R81) and estimation of mean values of K and LT.
The otolith-derived estimate of K was well below all other estimates and was therefore excluded
from the estimation of means. Mean values for K and LT were 155cm TL and 0.32 year-,
respectively. The estimate of to, obtained by fitting a growth curve to the otolith readings, was o
years (Table R10). Trichiurus lepterus is long and slender with a high standard body length:body
depth ratio. The length at first capture was therefore relatively long, at approximately 9 cm TL,
which corresponds to a t. of approximately 0.2 years, given the above growth parameter estimates.

Natural mortality rate, M, was estimated to be 0.49 year-1. The Instantaneous rates of emigration G
(Figure R81) varied with age, from 0.60 year-1 at 0+ years, to 2.83 year-1 at 1+ years, to 4.72 year-1 at
2+ years. The Hong Kong fishery catches most fish in their first 1.0-1.5 years of age and by
approximately two years of age (approximately 70 ¢cm TL) most individuals have migrated to
offshore waters. Z was estimated as 7.5 from cohort slicing (two cohorts: Figure R82). F by the
difference method was 2.3 and 1.1 from the biomass and catch method 5.4, hence the average F =
3.9 was employed (Table R11).

The yield-per-recruit surface plot (Figure R83) indicates maximum yield would be obtained by
harvesting at a t. more than the current 0.2 years. When the uncertainty in the population
parameter estimates was considered, a probability distribution of topt was obtained (Figure R84)
with a mean of 3.26 ) 0.24 years. Its noteworthy that this optimum age at first capture is more than
10 times older than the current t.. The probability distribution of Fo; (Figure R85) indicates the
optimum level of fishing mortality is 0.64 ) 0.08 year-, the upper confidence limit of which is 4
times lower than the current F. The stock is therefore assessed as being heavily over exploited
(Table R12).

Average Trichiurus biomass is estimated as 300 tonnes (= 0.2 tonnes km-2), as a consistent average
of the total estimated by the catch method and from the purse seine samples. Abundance exhibits a
broad seasonal peak from August to February, with a maximum in November. Unexploited biomass
may be very much larger than current levels.

The reported catch of Trichiurus amounts to just over 2% of the total Hong Kong catch at 275
tonnes (95% confidence limits 149 to 998 tonnes) equivalent to 0.15 tonnes km-2. About 45 % of this
is made by the hang trawl sector, with about 34% by the pair trawlers, 9% by the shrimp trawlers
and small amounts in all other sectors. Maximum sustainable yields may be five times as great as
current catch (Table R13). Trichiurus spp. was the 17th most important species (by weight) in the
purse seine fishery according to Richards (1980). Our figures suggest that it is 3'9 most important
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species in the hang trawlers, 5t in the pair trawls, 6t in the shrimp trawls, but of very little
importance in the purse seine fishery (approx 22nd in rank order).

Oratosquilla anomala

The mantis shrimp, Oratosquilla anomala is an important targeted species in Hong Kong's fishery.
Market prices range from approximately 50-70 $HK per kg for large specimens and about 26 HK$
per kg for small shrimp. Oratosquilla anomala was the most important invertebrate species (by
weight) in the trawl samples (second to the rabbitfish, S. canaliculatus). Minor catches were also
taken in the gill net samples. There was no record of catch in the interview survey of fishers
specifically for O. anomala, but we have taken the category of ORASPP to refer to this species since
interviewees distinguished Oratosquilla oratoria., the only other species recorded.

No statoliths were obtained for any of the invertebrate species. All growth, and other population
parameter estimates, were therefore derived from length frequency analyses and published reports.
Also, the additional data provided by S.F Leung pertained only to commercially important fish in
the purse seine fishery. Thus, the only source of robust length frequency data used to assess the
invertebrates was from the trawl survey. The length-weight relationships for female and male O.
anomala are graphed in Figure R86. Maximum length and weight of a female was 16.4cm TL and
51g, respectively. Maximum length and weight for a male was 16.3cm TL and 47g, respectively.
Estimates of K and LT are presented for both sexes in the auximetric plot (Figure R86). There were
no significant differences between the growth of mantis shrimp sexes, so they were combined for
subsequent analysis. A single estimate of t, equal to -0.16 years was obtained from the Elefan
module in LFDA, and incorporated in the description of growth (Table R10).

We used a single guessed estimate of M equal to 3.0 year-: for both sexes. Estimates of Z, based on
cohort slicing, was 5.83 year-1 (Figure R87). Offshore migration was assumed to be negligible. By
the difference method, F = 2.8 (one of two cohorts: Table R11). It is difficult to estimate the size at
first capture for O. anomala. We could not use Pauly's (1984) nomogram for estimating the size at
first capture for fish, and we had no data with which to devise a method similar to that we have used
for prawns. In the trawl samples individual O. anomala as small as 3.5 cm TL were retained.
However, there were very few of these individuals, possibly because most past through the nets. We
therefore estimated the approximate size at first capture for the mantis shrimps to be 5.0 cm TL,
which, using the above growth parameter estimates, corresponds approximately to an age of 0.2
years. (Note: in the multispecies analysis below we have used a prawn relationship derived from the
literature.)

The yield-per-recruit surface plot (Figure R88) indicates maximum yield would be achieved by
harvesting at a t. of 0.4 years - about twice the current age at first capture. When the uncertainty in
the parameter estimates of K, M and WT were considered (for both sexes), a probability distribution
of topt was obtained (Figure R89) with a mean of 0.39 ) 0.04 years. The mean of the probability
distribution for Fo.; was 3.38 ) 0.49 year-1 (Figure R9o). Confidence limits on this optimum level of
fishing mortality contains the current level, and so the status of this species is assessed as fully
exploited (Table R12).

The estimated catch of Oratosquilla anomala amounts to under 1% of the total Hong Kong catch at
89 tonnes (95% confidence limits 26 - 315 tonnes) equivalent to 0.05 tonnes km-2. Nearly 95% are
caught in the shrimp trawls, with small amounts reported by the stern trawlers (3.8%) and
miscellaneous vessels (2.1%).

O. anomala biomass is estimated as 36 tonnes (= 0.02 tonnes km-2), is present throughout the year,
peaking in August, and is most abundant in strata T5 through T15. Unexploited biomass (Table R13)
is likely to be only about twice current levels, although MSY could be about twice present catch,
mainly to be achieved by altering mesh size.
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Oratosquilla oratoria

Oratosquilla oratoria, also known as the Japanese mantis shrimp, contributes significantly to Hong
Kong's commercial fishery with prices effectively the same as O. anomala. Results from the
sampling program indicate it was the third most important invertebrate in the trawl samples.
Relatively small amounts were also caught in the gill net sampling. The population dynamics of this
species have received more attention than those of O. anomala, particularly in Japan (Hamono and
Morrisy 1992, Ohtomi and Shimizu 1994).

The length-weight relationship for females and males is presented in Figure Rg1. Maximum length
and weight for a female was 17.3 cm TL and 44.8 g, and for a male was 14.3 cm TL and 32.2 g,
respectively. Growth parameter estimates obtained from length-frequency analyses and the
literature are provided for both sexes in the auximetric plot (Figure R92). Mean values of K and LT
for females were 19.5 cm TL and 0.692 year-1 while means for the males were not significantly
different at 18.4 cm TL and 0.748 year-1. Mantis shrimp sexes have therefore been combined for
further analysis (although the ypr uses joint values using both sexes). An estimate of t, equal to -
0.16 was used for both sexes and obtained from the Elefan table of estimates of t, routine in LFDA
(Table R10).

The estimate of M was the same as that used for O. anomala (3.0 year-1). Z was estimated from
cohort slicing (one of two cohorts for both sexes — Figure R93) as 5.5. Again, offshore migration
with age in the mantis shrimps was assumed to be negligible. Thus, F was estimated to be 2.5 year-
by the difference method (Table R11). The catch and biomass method gave a high value of 5.8.

Given the similar morphology to O. anomala, the size at recruitment was also assumed to be 5.0 cm
TL, which corresponds to a t. of approximately 0.2 years. The yield-per-recruit surface plot (Figure
R94) indicates maximum yield would be achieved by harvesting at a t. higher than this. When the
uncertainty in the population parameter estimates was considered, a probability distribution of topt
was obtained (Figure R95) with a mean of 0.46 ) 0.4 years. This optimum is slightly more
conservative than the estimate of t. associated with maximum yield in the surface plot, and the
lower confidence limit only slightly older than the current size at first capture. When the
uncertainty in the population parameter estimates was considered on the optimum level of fishing
mortality, a probability distribution of Fo; (Figure R96) was obtained with a mean of 2.64 )0.49
year-1. Confidence limits on this optimum level of fishing mortality contains the current level, and so
this species is assessed as fully exploited (Table R12).

O. oratoria biomass is estimated as 40 tonnes (= 0.02 tonnes km-2), is present throughout the year,
peaking from June to August, and is commonest in strata T1 to T9. It therefore appears to be
partially spatially and seasonally separated from the other mantis shrimp species.

The reported catch of this mantis shrimp amounts to under 1% of the total Hong Kong catch at 27
tonnes (95% confidence limits 6 - 130 tonnes) equivalent to 0.015 tonnes km-2. Nearly 95% are
caught in the shrimp trawls, with small amounts reported by the stern trawlers (3.8%) and
miscellaneous vessels (2.1%). Sustainable yield is unlikely to be much more than twice the present
catch (Table R13).

Metapenaeopsis palmensis

Metapenaeopsis palmensis , the velvet prawn, was the most important (by weight) penaeid prawn
in the trawl samples, and the second most important invertebrate. Penaeids demand high market
prices in Hong Kong (HK$ 26-75 kg-1) and are targeted by trawlers. Very minor catches were also
obtained in the gill net samples. Sommai & Thubthinmsang (1988) have assessed this species in the
Gulf of Thailand. Watson and Keating (1989) have published on Torres Straight velvet prawns.

Male and female prawns of the same species generally display differences in growth rate, LT, WT,
mortality rates (Z and M), and length-weight relationships. We therefore calculated these
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parameters separately for each sex. All yield-per-recruit assessments, estimates of topt and optimal
Fo.1 were obtained by pooling the results for each sex, after the analyses were carried out separately.
The length-weight relationship for females and males is presented in Figure Rg7. Maximum length
and weight for a female was 27.5 mm CL and 14.2 g, and for a male was 22.1 mm CL and 10.6 g,
respectively. Growth parameter estimates obtained from length-frequency analyses are provided for
both sexes in the auximetric plot (Figure R98). Mean values of K and LT for females were 25.6 mm
CL and 1.61 year-1. Means for the males were 18.5 mm CL and 2.22 year-1. These maximum
asymptotic lengths are consistent with the maximum sizes in samples of M. palmensis obtained by
Watson and Keating (1989) in Torres Strait, northern Australia. The t, was estimated to be -0.25 for
both sexes, based on the SLCA estimate of t, in LFDA (Table R10).

No attempt was made throughout the course of the study to quantify M for the penaeid prawns and
therefore we have used an estimate of 3.6 year-1, based on several published reports (Lucas et al.
1979, Garcia and Le Reste 1981, Glaister et al. 1990, Dredge 1990, Somers 1990). Z was estimated
from cohort slicing (one of two cohorts for both sexes: Figure R99) as 12.1 year-1. Offshore migration
rate with size for the penaeid prawns was assumed to be negligible. Thus, F was estimated to be 4.5
year-1. By averaging with the value from the catch and biomass method (Table R11).

Given the small size of the trawl mesh (1.5 cm), we estimated the length at first capture using the
method outlined above to be approximately 14 mm CL, which equates to a t. of 0.25 years. The
yield-per-recruit surface plot (Figure R100) indicates maximum yield would be achieved by
harvesting at a very young t. of approximately 0.15 years. This is because the prawns are very fast
growing and have high natural mortality rates. When the uncertainty in the population parameter
estimates was considered for both sexes, a probability distribution of t.,+ was obtained (Figure
R101) with a mean of 0.13 ) 0.03 years. When the uncertainty in the population parameter estimates
was considered on the optimum level of fishing mortality, a probability distribution of Fo, (Figure
R102) was obtained with a mean of 3.93 ) 0.56 year-1. Current F is just inside these confidence limits
and therefore the species is assessed as fully exploited (Table R12).

Biomass estimates were derived using the swept area method and the trawl sampling data. Penaeid
prawns are largely nocturnal, and therefore, biomass estimates derived from the trawl sampling
program, which was conducted during daylight, were likely to be biased downwards. In order to
compensate for this, the estimates were doubled, based on results from a limited number of day-
night trawl comparisons. M. palmensis biomass calculated in this way is 91 tonnes ( = 0.05 tonnes
km-2), is present throughout the year, peaking from March to May, and is most abundant in strata
T1 through T12. Unexploited biomass may be about twice the present levels (Table R13).

The reported catch of this prawn amounts to 10 tonnes (95% confidence limits 2 — 45 tonnes)
equivalent to 0.006 tonnes km-2, under 0.5% of the total Hong Kong catch. Over 95% is caught in
the shrimp trawls, with small amounts (3.8%) reported from stern trawls. Catch reports may well be
confused with the other prawn species. Maximum sustainable yield maybe ten times the present
level (Table R13).

Metapenaeopsis barbata

Metapenaeopsis barbata, the whiskered velvet prawn, was the second most important penaeid
prawn (by weight) in the trawl samples. Its population dynamics have received scant attention from
researchers.

The length-weight relationship for females and males is presented in Figure R103. Maximum length
and weight for a female was 21.1mm CL and 9.7g, and for a male was 18.7mm CL and 5.9g,
respectively. Growth parameter estimates obtained from length-frequency analyses are provided for
both sexes in the auximetric plot (Figure R104). Mean values of K and LT for females were 24.4 mm
CL and 1.79 year-1. Means for the males were 20.0 mm CL and 1.94 year-1. t, was estimated to be -
0.08 for both sexes, based on the Elefan table of t, values in LFDA. Length at first capture was
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assumed to be the same as that for M. palmensis (14 mm CL), which, using the above growth rate
parameters, equates to a t. of 0.25 years (Table R10).

We used the same estimate of M as that for M. palmensis (3.6 year-1). The cohort slicing estimate of
Z was 10 year-1 (Two cohorts for both sexes: Figure R105). Thus, F was estimated to be 6.4 by the
difference method (Table R11).

The yield-per-recruit surface plot (Figure R106) indicates maximum yield would be achieved by
harvesting at a t. of approximately 0.35 years. When the uncertainty in the population parameter
estimates was considered for both sexes, a probability distribution of topt was obtained (Figure
R107) with a mean of 0.31) 0.03 years, slightly younger than that indicated in the surface plot.
When the uncertainty in the population parameter estimates was considered on the optimum level
of fishing mortality, a probability distribution of Fo; (Figure R108) was obtained with a mean of
3.52 ) 0.44 year-1. Since the current F is within the 95% confidence levels for Fo1, the species is
assessed as fully exploited (Table R12).

M. barbata biomass (Table R6) is estimated from the shrimp trawl samples as 36 tonnes ( = 0.011
tonnes km-2), is most abundant from June to September, and is found in strata T5 to T18. This
species was absent from many combinations of sampling times and stations. Unexploited biomass
(Table R13) may be slightly larger than the present value.

The reported catch of this prawn amounts to under 0.1% of the total Hong Kong catch at 47 tonnes
(95% confidence limits 11 - 233 tonnes ) equivalent to 0.03 tonnes km-2. It is reported exclusively by
the shrimp trawlers. Maximum sustainable yield is not likely to be much larger than the present
reported catch (Table R13), but catch reports may well be confused with the other prawn species.
The prawn catch as whole should be subjected to further detailed assessment.

MULTI-SPECIES BIO-ECONOMIC ASSESSMENT

This analysis is necessarily confined to the trawl fishery, relative species biomass values were
apportioned according to estimated catch in the trawl fishery. Relative recruitment factors were
calculated by dividing total biomass by biomass-per-recruit values: results are listed in Table R17.
Prawns, mantis shrimp, ponyfish, rabbitfish, Bombay duck and Collichthys contribute most to the
recruitment. Note that this form of equilibrium analysis assumes that recruitment remains the same
over all biomass levels to which the stocks are depleted by harvest. Prices we have used are also
listed in Table R17, obtained from ERM; threshold values for premium prices are largely guesswork,
roughly based on market stalls in Lantau markets.

Relative weightings of the species from column 2 in Table R17 above, and from combining these
values with the base price in column 3, are illustrated in Figure R109a. The final value-per-recruit
(VPR) surface, plotted against mesh size and fishing mortality, is shown from two perspectives in
Figure R109b. (VPR surfaces for all 21 individual analyses may be found in the file vmultivpr.xls.).

The VPR surface (Fig 109b) exhibits a ridged summit at low F (1 to 1.25), peaking at a mesh size of
3cm, and, at 9o degrees, a narrow ridge running up to higher F values. A second region of high VPR,
separated by a trough, occurs at large meshes of 8-10 cm over a broad set of F values. The peaks in
the VPR surface may be compared to the present location of the fishery, at 0.5cm mesh size and F in
the region of 3 to 4, indicated on the plotted surface by red arrows. 95% confidence limits on
optimal mesh size were from 2.75 to 3.25 as determined by the Monte Carlo simulation. Fo ; for this
mesh size was 0.6, with 95% confidence limits from 0.54 to 0.69.

The VPR surface (Fig 109b) exhibits a ridged summit at low F (1 to 1.25), peaking at a mesh size of
3cm, and, at 90 degrees, a narrow ridge running up to higher F values. A second region of high VPR,
separated by a trough, occurs at large meshes of 8-10 cm over a broad set of F values. The peaks in
the VPR surface maybe compared to the present location, at 0.5cm mesh size and F in the region of
3 to 4, indicated on the plotted surface by red arrows. 95% confidence limits on optimal mesh size
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were from 2.75 to 3.25 as determined by the Monte Carlo simulation. F, ; for this mesh size was 0.6,
with 95% confidence limits from 0.54 to 0.69.

Species relative base price premium

recruitment price threshold price

Factor HKS/kg cm HK$
Alepes 0.0606 4.75 18.5 4.8
Apogon 0.0568 8.09 12.5 8.1
Collichthys 0.0146 24.07 21.8 24.1
Decapterus 0.0627 4.75 25.6 4.8
Engraulis 0.0172 20.49 18.6 20.5
Harpadon 0.0343 8.09 35.3 8.1
Johnius 0.0104 24.07 30 36.1
Leiognathus 0.0836 8.09 13.9 8.1
Sardinella 0.0120 14.89 18.7 14.9
Saurida 0.0116 4.86 50 7.3
Siganus 0.0691 8.09 28.4 8.1
Trachurus 0.0086 19.07 40 28.6
Trichiurus 0.0109 11.24 100 16.9
O'squilla o. 0.0706 26 12 74.7
O'squilla a. 0.0635 26 12 74.7
Met. Palm. 0.2164 26 12 74.7
Met. Bar. 0.1969 26 12 74.7

Table R17. Relative recruitment factors and prices for 17 Hong Kong species used in the multispecies trawl
fishery assessment. Sexes of invertebrates were considered separately in the analysis. Relative recruitment
factors calculated from biomass per recruit and estimated biomass (see text). Price information from June
1997. Premium prices largely by guesswork.

There are two major conclusions. First, even at the present F, the prawn fishery itself could reduce
growth overfishing and gain about 50% more long-term average yield by increasing mesh from the
present 0.5cm to about 3cm. Secondly, economic value can be maximised, approaching double the
present value, by reducing F to allow optimal harvest of the fish species in the catch as well as the
prawns. The high VPR area at very high mesh sizes represents harvesting delayed until we reach the
topt plateaus for the larger, slower growing fish in the analysis such as the Bombay duck, lizard fish
and croakers, but in present circumstances this region is likely not a practical option.

We determined the robustness of the shape of the VPR surface in an additional way by examining
the effects of eliminating various species and groups from the analysis. The ridge shape remained
when we eliminated the three major pelagic species, Sardinella and Engraulis and Decapterus,
either singly or in combination. Eliminating both groups of invertebrates removed the ridge
extending to high F values. Eliminating Siganus flattened out the surface, but the peak was located
in the roughly the same position.

So, although we have to urge caution in the precise interpretation of these results, as only 17 of 141
species have been included and some input parameters to the analysis might be better estimated,
our general conclusion remains robust. This analysis suggests that, in the long term, the average
value of Hong Kong's trawl fisheries might be increased, perhaps doubled, by increasing mesh size.

The ridged peak VPR itself is quite broad at low F because the present Hong Kong catch is
dominated by small fast-growing fish and invertebrates. The peak gets narrower as F increases,
largely on account of the prawns and mantis shrimps. If mesh size were to increase, the relative
recruitment values assumed constant in this analysis, would, in fact, alter as the stocks of larger,
slower-growing, but high-value table fish recovered as their juveniles would be no longer caught so
heavily. The species composition of Hong Kong waters could be expected to shift in favour of such
species: perhaps in part restoring the former inshore ecosystem. Unfortunately, there is no way to
use this type of equilibrium analysis to predict quantitatively what might happen. The VPR surface
always be strongly influenced by the necessity of having a fishery for the valuable fast growing
prawns, and this would likely set limits on the degree of restoration that might be possible without
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closing areas to trawl fishing. It is hoped that these issues might be explored in future analyses
which have less uncertainty in the catch and biomass data.

Comparisons with other multispecies trawl fisheries in the region are provided in Table R17,
adapted from a similar table in Pauly (1988). Most of these studies involve far more species than
was possible here, and have produced a single optimum mesh size of between 4.5 and 7 cm, greater
than the mesh currently in use (usually less than 2cm). Pauly therefore considers 2cm or less mesh
nets to lead to considerable growth overfishing.

No. of Species Optimum cod-

Area/Country (groups) incl. in | end mesh size Sources and Remarks
Analysis (cm)
Southern South China Sea 44 4.5-5.5 Sinoda et al. (1979), based on original method

derived from Jones (1976). Results apply to
landed weights and values.

Inner Gulf of Thailand 51 4.5-5.5 Meemeskul (1979), based on Sinoda et al.
(1979).

San Miguel Bay, Philippines 16, incl. penaeids 5.3-5.4 Smith et al. (1983), using method of Sinoda et
al. (1979); based on landed weight or value.

Northwest Shelf of Australia* 35 5.5-7.0 Sainsbury (1984) using original method.

Hong Kong 17, incl. penaeids 3.0 This study, landed value.

Table R18. Optimum mesh size for the cod-end of Southeast Asian trawlers as estimated using multispecies
methods. In all cases the present mesh size is 2cm or less. * Taiwan-based trawlers operating off northern
Australia are required to use larger mesh size than trawlers operating in Southeast Asia (i.e., 6 cm).

In contrast, in Hong Kong waters, the ridged, almost bimodal value-per-recruit surface suggests
that we may be seeing an even more drastic consequence of chronic overfishing. Fish are so heavily
depleted by fishing, and the increasingly pelagic fish species left are of such low value, that the high-
value prawn fishery nets tend to produce a clear peak at high F, as well a second peak at lower F and
higher mesh for the higher value fish that are left in the system. Even these are not the traditional
high value demersals (there are virtually no large demersal fish in the present day, as reflected in
our ecosystem model), but comprise faster growing smaller representatives of each taxa (e.g. the
smaller faster growing croakers and groupers).
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ECOSYSTEM ANALYSIS

Two separate ecosystems can be identified in the coastal waters surrounding Hong Kong; an
estuarine system in the west, influenced predominantly by the Pearl River, and an oceanic
ecosystem in the east. However, for this report, and in order to examine the effects of varying
fishing effort, a single model was constructed and incorporated in the ECoSiM simulations.

Fifteen trophic groups were identified, based on the current sampling program and available
literature: phytoplankton, zooplankton, zoobenthos (comprised mainly of meiobenthos), benthic
crustacea, benthic molluscs, penaeid prawns, cephalopods (squids and octopus), elasmobranchs
(small sharks and rays), estuarine pelagic fish, oceanic pelagic fish, small demersal fish, medium
demersal fish, migratory demersal, fish marine mammals (dolphins and porpoises) and detritus.
The two pelagic fish groups were distinguished so that later models on the East and West areas of
Hong Kong could be drawn up. Full details of the composition of these groups is given below.

The production to biomass ratio (P/B), is equivalent to the instantaneous rate of total mortality, Z
(Allen 1971). Estimates of P/B used in the model were therefore based on estimates of Z that were
obtained from the assessments. For species that were poorly represented in the sampling program,
estimates of Z or P/B were either obtained from the literature or derived by ECOPATH.

Biomass (B) estimates were derived from the values in the stock assessments above or from major
categories analysed from the catch method. For those groups whose biomass could not be calculated
using survey data (i.e., phytoplankton, zooplankton, marine mammals) estimates of B were either
obtained from the literature, or derived by ECOPATH during the model-balancing procedure. We
used biomass estimates from the catch method for the trophic groups. Catch estimates, including
that for the P4/7 gear sector, became available after the first draft of this report, and have been
employed extensively in this revision of the model. Both of these values are subject to considerable
uncertainty on account of the interview protocol.

Parameters input to the model, and those estimated by ECOPATH, are listed in Table EC2.

Assembly of trophic groups
Phytoplankton and zooplankton

Phytoplankton and zooplankton estimates of B and P/B were obtained from the literature, notably
Nguyen (1989), with estimates from Vietnam coastal waters and Plyakarnchana (1989) and
Aryuthaka (1991) from the Gulf of Thailand. ECOPATH assumes that 0.2 of the food consumed by
each trophic group is not assimilated, but rather passes as urine or faeces to the detritus. The
fraction is higher for herbivores and therefore a value of 0.3 was used for zooplankton (Christensen
and Pauly 1996).

Zoobenthos

The small zoobenthos groups is comprised of several taxa of small macrobenthos and meiobenthos
which typically include: Foraminifera, Nematoda, Harpaticoida, Ostracoida, Turbellaria, Copepoda,
Ciliata, Gnathostomulida, Gastrotricha, Polychaeta, Oligochaeta, Kinorhyncha, Mystacocarida,
Cephalocarida, Tanaidacea, Bryozoea, Cnidaria, Sepunculidae, Nermertini and Tardigrada (Sarma
and Wilsanand 1994, Thompson et al. 1980, Shin and Thompson 1982). From the commercial catch
we unidentified only sea urchins.

Zoobenthos composition varies and depends upon habitat type. For example, the mangrove system
along the east coast of India has 11 major taxa in the zoobenthos with nematodes as the dominant
group. In salt marshes, the composition differs; harpaticoid copepod density is two times higher
than in mangroves (Sarma and Wilsanand 1994). In the Arabian Sea, zoobenthos in sea grass
meadows has 4 distinct groups of taxa, also dominated by nematodes and copepods. Metazoan
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meiofauna eat bacteria, microalgae, protozoa, detritus and meiofauna. Nematodes and harpaticoids
feed on microalgae. In deep waters (> 100 m) the zoobenthos feeds mainly on fresh detritus.
Predator nematodes also derive a substantial portion of their diet from metazoa while some
polychaetes feed on nematodes and copepods (Kennedy 1994). A summary of some published
zoobenthos biomass estimates are presented in Table EC1.

Location Biomass (t km—2) Source

Norway 0.38 Jensen et al. (1988)

Malaysia 3.6 Van Dam et al. (1993)

“ 0.7 Delos-Reyes (1993)

Philippines 7 "

Lake Israel 5 Walline et al. (1993)

Uganda 10.8 Moreau et al. (1993)

France 18.6 Palomares et al. (1993)

Mexico 10.8 Abarca-Arenas (1993)

Mexico 32.7 Chavez et al. (1993)

“ 0.0007 Pfannkuche (1993)

p 65 "

“ 41

Mexico 7 De la Cruz-Arguero (1993)

France 13.1 Palomares et al. (1993)

South China Sea 4.173 Silvestre et al. (1993)

California 1.5 Olivieri et al. (1993)

South China Sea 5 Pauly et a/ (1993)
Mean = 13.3

Table EC1. Published zoobenthos (comprised mainly of meiobenthos) biomass estimates. All estimates have
been converted to standard units.

Eighty-three species were identified in the zoobenthos of Tolo Harbor/Channel (Thompson and
Horikoshi 1980, Thompson et al. 1980). Bivalve molluscs (65%) dominated the benthos. A number
of studies indicate that the diversity and biomass of Hong Kong's coastal zoobenthos are affected by
pollutants (Ka-ling and Wan-Young 1980, Shin and Thompson 1982, Wu 1988). Hong Kong
harbour is reported (Huang and Mak 1980) as full of serpulid worms, particularly Hydroides
elegans. Shin and Thompson (1982) undertook a comprehensive study of the faunal benthos in
Hong Kong's coastal waters. The mean biomass (converted to t km2) for all sampling stations was
(35.2 tlkmz2), which is high compared with studies undertaken elsewhere (Table EC1), probably
because Shin and Thompson included heavily polluted and disturbed stations located in Victoria
Harbour, that had a very high mean faunal biomass (155.2 tlkm2). Nevertheless, Shin and
Thompson's (1982) study was very comprehensive and their estimate of the mean has been included
in the ECOPATH model. The P/B ratio for the zoobenthos was 4.0, consistent with values reported in
Greze (1978).

Benthic crustacea

Species constituting the benthic crustacea functional group include Scylla (mangrove crab), crabs
Portunus pelagicus, P. sanguinolentus and Portunus trituberculatus, Palinurus (spiny lobster),
Charybdis cruciata, C. natator, mantis shrimps Harpiosquilla harpax, Dictyosquilla foveolata,
Oratosquilla anomala, O. nepa, O. oratoria. A P/B ratio of 3.7 year was derived by ECOPATH, which
is generally consistent with estimates used elsewhere (Christensen and Pauly 1993).

Benthic molluscs

This group comprises Arcidae (Anadara, cockle), Buccinidae (Babylonia, whelk), and Veneridae
(Tapes, clam).

Penaeid prawns
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The main species are Metapenaeopsis palmensis, Metapenaeopsis barbata, Parapenaeopsis,
Metapenaeus affinis, Metapenaeus ensis, Metapenaeus joyneri, Solenocera crassicornis (mud
shrimp), Penaeus penicillatus, Penaeus monodon, Penaeus merguiensis and Penaeus latisulcatus
and the Sergestidae including Actes japonica, silver shrimp. Obtaining a robust estimate of biomass
is complicated by the fact that many of these species are nocturnal and yet the trawl samples were
obtained during daylight. As described above, a correction factor (x2) was used from the limited
number of night-time trawl samples. ECOPATH derived a value of P/B for the penaeids to be 3.4 year,
which is generally consistent with estimates in the literature, and very similar to the values in our
assessments. Dietary composition of the prawns was based on the work of Liao and Su (1984).

Cephalopods

This group includes octopus, all Loliginidae (Loligo edulis, Loligo sp. Sepioteuthis lessoniana);
squids, Pinnidae (P. bicolor, fan mussel), cuttlefish Sepiidae (Sepia pharaonis, and other Sepia

Spp.).
Elasmobranchs

The sharks reported from Hong Kong waters (Compagno 1994a, 1994b, Chan and Tseng 1980) are
gray bambooshark (Chiloscyllium griseum), whitespotted bambooshark (Chiloscyllium plagiosum),
Japanese wobbegong (Orectolobus japonicus), whale shark (Rhincodon typus), graceful shark
(Carcharhinus amblyrhynchoides), hooktooth shark (Chaenogaleus macrostoma), snaggletooth
shark (Hemipristis elongatus), straight-tooth weasel shark (Paragaleus tengi), pygmy ribbontail
catshark (Eridacnis radcliffei), coral catshark (Atelomycterus marmoratus), great white shark
(Carcharodon carcharias), blackbelly lanternshark (Etmopterus lucifer), Japanese spurdog
(Squalus japonicus), shortnose spurdog (Squalus megalops), milk shark or sharp-nosed shark
(Rhizoprionodon acutus) and smooth hammerhead shark (Sphyrna zygaena). Information on the
rays is based on the current sampling program and that previous work by AFD and includes the
pale-edged stingray (Dasyatis zugei), Gymnura japonica, Raja hollandi and Raja kwangtunensisi.

Sharks, which are generally long lived and slow-growing, are nowadays rare in Hong Kong waters,
probably on account of fishing in the past, but are readily marketed when caught. There is very little
local literature on their population dynamics. This was confirmed by the trawl samples, which
consisted mainly of rays, with only one small unidentified shark. Parameters for this functional
group are therefore derived mainly from data on rays. Many smaller shark species, have similar life
histories and diet preferences to those of rays (Stevens & McLoughlin 1991) and therefore can be
included in the group. Elasmobranchs are generally long lived with low fecundity and therefore the
P/B value is low. The estimate of P/B is based on values in Christensen and Pauly (1993) and Pauly
and Christensen (1993). The estimate of Q/B (from the same sources) is about 2% of body
weight/day, which is low compared to teleosts (Wetherbee 1990).

According to AFD reports (Richards 1980, 1985) commercial catches of rays in Hong Kong waters
are negligible. Although rays are generally considered as benthic feeders, diet varies with age and
species (Randall 1967, Ajayi 1982, Berestovskiy 1990, Smale and Cowley 1992). Large rays generally
eat more fish, including pelagics, and larger crustaceans than the smaller rays. Most of the rays
obtained from the sampling program were relatively small. The diet composition was calculated
using the same method described below for the marine mammals. Each prey group was given an
electivity index based on diet composition from various sources (Randall 1967, Ajayi 1982,
Berestovskiy 1990). The preferred food is benthic crustaceans followed by molluscs, but prawns and
demersal fishes are also important. Worms and small crustaceans are also likely to be an important
component of the diet but most of the zoobenthos is probably buried or too small.

Small demersal fish

Demersal fish were classed as "small" if their asymptotic length (L) was less than 30 cm and
included Ambassidae, Apogonidae Apogon quadrifasciata, Apogonichthys niger, Apogon
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semilineatus,, Carangidae, Clupeidae, Cynoglossidae, Gerreidae, Gobiidae, Leiognathidae
Leiognathus brevirostris, Mullidae, Nemipteridae Nemipterus japonicus, Pomacentridae,
Sciaenidae Collichthys lucidus, Scorpaenidae Sebasticus marmoratus, Serranidae and Siganidae
Siganus oramin.

Medium demersal fish

Demersal fish with L greater than 30 cm were classed as medium. (There were no ‘large’ (> 50 cm)
demersal fish group, which were presumably fished out many years ago.) Many species contributed
to the biomass of this trophic group, Carangidae, Drepanidae, Haemulidae, Lethrinidae, Lutjanidae,
Monachantidae, Mugilidae, Muraenesocidae, Muraenidae, Nemipteridae, Paralichtydae,
Percichthyidae, Platycephalidae, Plotosidae, Polynemidae, Scatophagidae, Sciaenidae, Serranidae,
Sillaginidae, Sparidae, Stromateidae, Synodontidae, Terapontidae, and Trichuridae.

Migratory demersals

This group comprises some Sparids (Chrysophrys major, variously called red seabream or red
pargo) and a few other species whose Q values (approx 3) are much more like pelagic fish than
demersals (7 to 16).

Oceanic pelagic fish

Species included in this group were Engraulidae Engraulis japonicus, Clupeidae Sardinella
Jjussieut, Trichiurus lepterus and Decapterus russelli Carangidae, Centrolophidae, Cheilodactylidae,
Haemulidae, Kyphosidae, Sciaenidae, and Scrombridae. These species more likely to be found in
the oceanic conditions in East Hong Kong waters. Q/B values used for this group were based on
those published for a similar model of the Brunei Darussalam coastal area, south of Hong Kong
(Silvestre et al. 1993).

Estuarine pelagic fish

This group is distinguished from the previous group by being more likely to be found in the
estuarine conditions in west Hong Kong. It comprises shads and herring, members of the Clupeidae
(Clupanodon punctatus, Hilsa spp); mackerel Scombridae (Scomber commerson, S. guttatus, S.
Jjaponicus, Scomber sp), barracuda, Sphyraeniodae (Sphyraena sp); Bombay duck Syndontidae
(Harpadon nehereus).

Marine mammals

Species reported from the area (Jefferson et al. 1993) include; ginkgo-toothed beaked whale
(Mesoplodon ginkgodens), Indo-Pacific humpback dolphin (Sousa chinensis), rough-toothed
dolphin (Steno bredanensis), Pacific white-sided dolphin (Lagenorhynchus obliquidens),
bottlenose dolphin (Tursiops truncatus), pantropical spotted dolphin (Stenella attenuata), striped
dolphin (Stenella coeruleoalba), common dolphin (Delphinus delphis) and finless porpoise
(Neophocaena phocaenoides). The Indo-Pacific humpback dolphin and the finless porpoise are
likely to be encountered in the western, estuarine area (Harrison & Bryden 1992). The remaining
species are more oceanic.

Jefferson (1997) presented preliminary results indicating that there are about 150 hump-back
dolphins in the North Lantau area. According to a media report (The Sunday Chronicle August 18,
1996) the number of cetaceans in Hong Kong waters is estimated to be around 150 dolphins and
100 porpoises. The mean weight of the porpoises is estimated to be 50 kg and the dolphins 100 kg
(Evans 1990), resulting in the total cetacean biomass of 0.02 tkmz2.

The mortality and production rates of cetaceans are low compared with other marine animals.
About 5-10% of the population die annually (Evans 1990). The rate is higher for smaller species,
such as those in Hong Kong's coastal waters. The area is also polluted and busy with ship traffic,
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increasing mortality. The mortality rate is therefore assumed to be 15-20%, which equates to an
approximate instantaneous total mortality rate or P/B ratio of 0.2 year.

Although whales consume a great deal, much is allocated to maintaining body temperature. It is
estimated that small whales require about 10% of their body weight per day as food (Evans 1990,
Kastelein et al. 1993) which equates to a Q/B of 36.5. Estimates of Q/B for marine mammals from
other sources (Pauly and Christensen 1993, Browder 1993, Olivieri et al. 1993, Trites et al. in press)
give similar values. A mean Q/B ratio of 40 was therefore used in the current model. In order to
estimate the food consumption of marine mammals, each food group was allocated an electivity
index ranging from o to 1; 1 being most preferred prey, o the least. The predicted percentage of each
prey species in the diet was then calculated thus:

pci ={ Ei.Bi}/[{Ei.Bi}

where DC;j is the proportion of prey i in the diet, Ej is the electivity index of prey i in the diet and B;
is the biomass of the prey i in the system. This method of calculating diet composition can only be
utilised if the biomass of the prey is known. Here, the electivity index is not known but estimated
from Harrison & Bryden (1992), Evans (1990) and Pauly et al. (1995) assuming that the main prey
species are squids and pelagic fishes, closely followed by demersal fishes and prawns.

Results

Table EC3 lists ECOPATH parameters for the Hong Kong inshore ecosystem; entries in bold are those
fitted by the model, while those in plain type are input parameters. In practice, the balancing of the
model is not quite as simple as this statement implies, since several iterations of input ecological
efficiencies and biomass values have to be performed to balance the model.

Marine mammals are the top predators in the system (Trophic level = 3.8, Table EC2), followed by
cephalopods (3.6) and migratory pelagic fish (3.5). The trophic level estimate for marine mammals
is similar to that reported for this group elsewhere in the Pacific (Trites et al. in press).
Phytoplankton (defined as 1) is the lowest trophic groups, followed by zoobenthos (2.0). ECOPATH
also calculates the fishery's trophic level, which in this case is 4.0, similar to a top predator.

. Biomass P/B Q/B Catch Trophic
Trophic group (tlkm?2) (year-1) (year-1) EE (tlkm2 year-1) Level
Phytoplankton 13.00 231 - 0.89 0 1.00
Zooplankton 17.30 40 192.0 0.50 0 2.11
Zoobenthos 35.20 5.5 30.0 0.39 0.01 2.01
Benthic crustacea 0.46 7.0 30.0 0.95 0.6 2.76
Benthic molluscs 1.09 3.4 50.0 0.95 0.01 2.86
Penaeids 0.04 7.0 30.0 0.95 0.16 2.75
Cephalopods 0.40 2.0 7.3 0.95 0.35 3.60
Elasmobranchs 0.06 0.3 7.0 0.72 0.01 3.33
Oceanic Pelagic fish 0.65 4.5 15.0 0.95 1.12 3.12
Estuarine pelagic fish 0.52 2.2 10.0 0.95 0.17 3.53
Small demersal fish 1.07 4.0 15.0 0.95 3.23 2.84
Medium demersal fish 0.88 3.5 8.0 0.95 1.66 3.07
Migratory demersal fish 0.28 2.5 10.0 0.95 0.01 3.43
Marine mammals 0.01 0.3 40.0 0 0 3.79
Detritus - - - 0.69 0 -
TOTALS 70.96 - - - 7.33 -

Table EC2. Input data (normal type), and parameters estimated (in bold) by ECOPATH for the trophic mass-
balance model of Hong Kong's ecosystem.
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The ecotrophic efficiency (EE) is generally high (0.7 to 0.9) for most groups. Low values for the
zooplankton (0.5) and zoobenthos (0.4) indicate these groups are not fully consumed. The lower EE
values for the marine mammals (0.7) and elasmobranchs (0.7) are expected, because these groups
have few predators.

Trophic flows between groups are presented in Figure EC1. The ecosystem's total biomass
estimated by the model (excluding detritus) is about 71 tlkm2. Low trophic level groups (< 3.0)
comprise about 92% of the total system biomass. Zoobenthos has the largest biomass of all groups
(35.2 tkm2), followed by zooplankton (17.3 tlkmz2) and phytoplankton (13.0 tkmz2). Catch is
estimated as about 7.4 tonnes km-2

The impact of each trophic group, including the fishery, upon the others is presented in Figure EC2.
In general, the low trophic level groups, particularly the zoobenthos and detritus, have a relatively
large positive impact on the biomass of other groups (Figure EC2). The elasmobranchs, penaeids,
benthic crustacea, benthic molluscs and marine mammals have very low impact on the other
groups. The fishery has mostly negative impacts, particularly on the benthic crustacea and small
demersal fish. Interestingly, the model indicates the fishery has a small positive impact on benthic
molluscs, possibly because it removes their predators.

The EcopATH model of Hong Kong's coastal ecosystem can be compared with others. Trophic
transfer efficiencies, biomass estimates and the number of trophic levels within an ecosystem can be
presented graphically, using pyramid diagrams (Figure EC3). Biomass estimates for the Hong Kong
ecosystem are intermediate between those of British Columbia's Strait of Georgia (Pauly and
Christensen 1996) and the oceanic South China Sea (Pauly and Christensen 1993). This is consistent
with the lower biomass estimates generally associated with open oceanic systems. There is also a
greater number of trophic levels in the Strait of Georgia compared with the Hong Kong ecosystem.

Scenario modelling

Here, EcosiM and the EcopATH model of Hong Kong's coastal estuarine ecosystem are deployed to
examine six hypothetical management scenarios, at the request of the Hong Kong AFD.

In order to predict the impact of such changes in fishing mortality, ECOSIM requires additional
information on the value of F for each gear sector on each trophic group. Here we have used the
seven gear sectors analysed in the rest of the work; hang trawls, miscellaneous vessels, purse seines,
pair trawls, stern trawls, shrimp trawls and the P4/7 sector. Table EC3 shows the values used,
partitioned the Fs of the ECOPATH groups by gear type using data from the interview survey.

Gear sector in Hong Kong inshore
fishery
ECOPATH group HT Misc. PS PT SHT ST P4/7 Rel. F

Phytoplankton o 0 0 0 0 0 0 o
Zooplankton 0 o] o 0 o) o) o) 0
Elasmobranchs o) 0 0.006 0 0.060 0 0.088 0.022
Cephalopods 0.017 0.020 0.055 0.006 0.010 0.087 0.085 0.040
Migratory demersal fish [0} 0.002 o] 0 0 0.001 0.005 0.001
Migratory pelagic fish 0.059 0.007 0.022 0.020 0.001 0.002 0.033 0.021
Penaeids o 0.005 o 0 0.245 0.005 0.004 0.037
Benthic crustacea o) 0.084 o] o) 0.333 0.041 0.111 0.081
Benthic molluscs o 0.002 o] 0 0.003 o 0.005 0.001
Zoobenthos 0 0 0 0 0 o) 0 0
Small demersal fish 0.508 0.374 0.430 0.604 0.236 0.434 0.428 0.431
Medium demersal fish 0.293 0.426 0.120 0.108 0.108 0.279 0.182 0.217
Pelagic fish 0.123 0.079 0.367 0.262 0.004 0.151 0.060 0.149
Marine mammals o) 0 0 o) o] o) (o] o)
Detritus o (o} 0] o o} [} (¢} o
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Table EC3. Relative fishing mortalities by ecopath group for the 7 gear sectors for the Hong Kong ECOPATH
model. Columns show the relative Fs by gear type. Row values indicate the relative fishing mortality per
EcopATH group for the standard run.

The nine scenarios examined were:

1) Increase fishing mortality to 1.5 the current level, for all fishing sectors.

2) Decrease fishing mortality to 0.5 the current level, for all fishing sectors.

3) Decrease fishing mortality to 0.1 the current level, for all fishing sectors.

4a) Decrease fishing mortality in the shrimp trawl sector to 0.5 of the current level
(keeping F in the remaining sectors at present levels).

4b) Decrease fishing mortality in the all three benthic trawl sectors (sht, st, pt) to 0.5 of the
current level (keeping F in the remaining sectors at present levels).

5a) Decrease fishing mortality in all sectors to 0.5 current levels, except for the shrimp
trawling sector (which is kept at current levels).

5b) Decrease fishing mortality in all sectors to 0.5 current levels, except for the three
benthic trawl sectors (sht, pt, st) which are kept at current levels.

6a) Decrease fishing mortality to 0.1 of the current level for the shrimp trawling sector.

6b) Decrease fishing mortality to 0.1 of the current level for the three benthic trawl sectors
(sht, pt, st).

For each scenario, the fishery was simulated, using ECOSIM, at current mortality levels for
five years. The imposed scenario was then introduced for five more years, and then
removed, whereby the fishery was allowed to change back to its current levels of fishing
mortality, and then allowed to run its due course for 10 years. Thus, the predictions of each
scenario are based on simulations of 20 ( = 5+5+10 ) year time periods.

Scenario 1. Increase fishing mortality to 1.5 the current level, for fishing sectors.

The results from this scenario suggest that if fishing mortality is increased across the
fishing sectors considered, the biomass of most trophic groups would decline. Large
declines in the order of 80-90% would occur in the penaeids, benthic crustacea and small
demersal fish. A decline in the order of 50% would occur in the pelagic fish. Benthic
molluscs are one of the few groups to increase significantly in biomass, possibly as a result
of increased fishing mortality lowering the abundance of their predators. Benthic
crustaceans also experience a slight increase, possibly due to reduced predation. The
increased fishing mortality appears to have little effect on the biomass of the
phytoplankton, zooplankton and detritus.

Interestingly, the simulations indicate the biomass of the medium demersal fish declines in
the first years after the change is imposed, then increases to levels which exceed its current
biomass. After the five year period of increased fishing mortality is completed and fishing
mortality declines back to original levels, the biomass declines back to its initial level. The
initial decline is likely to be due to increased fishing mortality. The increase which follows
the decline is due to the increase in the biomass of the benthic molluscs, which are a
principal food item of the demersal fish. The response pattern for the migratory demersal
fish group is similar.

Scenario 2. Decrease fishing mortality to 0.5 the current level, for all fishing sectors
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The results from this scenario contrast well with scenario 1. The simulations suggest there
would be an increase in the biomass of most trophic groups if fishing mortality was
reduced by 50% across fishing sectors. The largest increase, in the order of 300%, would
occur in the benthic crustacea. Penaeids and small demersal fish show increases in the
order of 150-200%.

Again, the medium demersal fish show a complex response which appears related to the
benthic molluscs; an initial increase, followed by a decline as their principal food group
also declines. Pelagic fish show an increase in the order of 80%. Marine mammals show an
increase in the order of about 60%. After the fishery returns to its current levels of fishing
mortality, the elasmobranchs and marine mammals take the longest period (> 10 years) to
return to current biomass levels.

Decreasing fishing mortality in this way appears to have little effect on the phytoplankton,
zooplankton and detritus.

Scenario 3. Decrease fishing mortality to 0.1 the current level, for all fishing sectors

This scenario is similar to that of scenario 2, in that there is a general increase in biomass
for most trophic groups. The most significant increase occurs in the small demersal fish, in
the order of 500%, while the most significant decrease of almost 100% occurs in the
benthic molluscs. Zoobenthos show a greater decline than in scenario 2, possibly because
the predation upon them has increased more. Elasmobranchs, marine mammals, and
interestingly, the benthic molluscs require the longest periods for their biomasses to return
to current levels, after the imposed change is removed.

Scenario 4a) Decrease fishing mortality in the shrimp trawl sector to 0.5 of the current level
(keeping F in the remaining sectors at present levels).

These simulations suggest that the trophic groups that would experience the greatest increase in
biomass from a 50% reduction in trawl fishing mortality are the penaeids, benthic crustacea and
small demersal fish. Relatively small increases, in the order of 5-10%, would also be obtained in
migratory and non-migratory pelagic fish groups, and medium demersal fish. Benthic molluscs
would experience the largest decline in biomass. Marine mammal biomass would be largely
unaffected by such a reduction in shrimp trawling mortality. Elasmobranch and benthic mollusc
biomasses would take several years to approach their current levels, after the five year period of
decreased trawl fishing mortality was over.

Scenario 4b) Decrease fishing mortality in the all three benthic trawl sectors (sht, st, pt) to 0.5 of
the current level (keeping F in the remaining sectors at present levels).

These simulations suggest that reducing all demersal trawling produces an exaggerated version of
scenario 4a, and is broadly similar to scenario 2. Prawns, large and small demersals show the largest
increases. Elasmobranchs, some pelagics, cephalopods and marine mammals show slow increase in
biomass.

Scenario 5a) Decrease fishing mortality in all sectors to 0.5 current levels, except for the shrimp
trawling sector (which is kept at current levels).

EcosiM simulations indicate that the biomass of small demersal fish would increase by
approximately 100% under this scenario. Both migratory, and non-migratory pelagic fish
would also increase in the order of 20-40%. Cephalopods and marine mammals show an
increase of approximately 15%. Gill netting was assumed to be the only source of fishing
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mortality on the marine mammals. Thus, any reduction in gill netting would be expected to
result in an increase in marine mammal biomass.

Medium demersal fish show an initial increase, but slowly decline over the remainder of
the five year period. They also exhibit a sharp decline when the fishery reverts back to its
current mortality rates. The response by the benthic molluscs is complex, but appears
related to the medium demersal fish. Benthic molluscs decline initially, possibly as a result
of the increased predation by the demersal fish groups. After about two years, their
biomass increases and peaks just after the sharp decline in the medium demersal fish
biomass. Interestingly, after an initial rise, this scenario results in a decline in penaeid
shrimp biomass, possibly due to increased predation.

Scenario 5b) Decrease fishing mortality in all sectors to 0.5 current levels, except for the three
benthic trawl sectors (sht, pt, st) which are kept at current levels.

EcosiM simulations indicate significant gains for pelagics and for some demersal sectors
under this scenario, probably due to the wide spectrum of fish species caught in the non-
trawl sectors. Results are broadly similar to scenario 5a.

Scenario 6a) Decrease fishing mortality to 0.1 of the current level for the shrimp trawling sector.

This scenario results in a rapid and large increase in prawns, paralleled by medium demersals.
Elasmobranchs and marine mammals increase, while benthic molluscs and benthos declines due to
higher predation. Pelagics show a small increase at the outset, but then level out and stabilise at a
slightly higher level than baseline.

Scenario 6b) Decrease fishing mortality to 0.1 of the current level for the three benthic trawl
sectors (sht, pt, st).

The simulation presents a more dramatic version of scenario 6a, with, however, broadly similar
trends. There are very significant gains for medium and small demersals, prawns, and pelagics with
slow increases in elasmobranchs, marine mammals, cephalopods, and zoo benthos. This scenario
shows decreases in benthic crustacea, and phytoplankton.
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LIST OF SYMBOLS AND THEIR DEFINITIONS
F instantaneous rate of fishing mortality, i.e. rate of mortality, of dimension time”, due to
fishing gears, whether or not the killed fish are caught and landed

Fo. an arbitrary limit to fishing mortality, set at a level such that the marginal increase in yield
per recruit is one-tenth of its value at the origin of the curve

K growth parameter of the von Bertalanffy growth model (VBGF), of dimension time ", and
expressing the rate at which Lo (or Weo) is approached

L, parameter of the VBGF, expressing the asymptotic length, i.e. the mean length the

fish in a population or stock would reach if they were to grow indefinitely; often close to
the length of very old fishes
W asymptotic weight, as above

M instantaneous rate of natural mortality, i.e. rate of mortality, of dimension time”, due to all
causes other than fishing

to parameter of the VBGF, expressing the theoretical age the fish would have at length
zero if they had always grown according to that equation; t, almost always takes non-zero,
negative values, because small fish grow faster than predicted by the VBGF

te mean age at which fish become liable to capture by a certain gear

topt the optimum age at first capture t., estimated using Monte Carlo sampling

G instantaneous rate of emigration, i.e. rate of emigration, of dimension time ",

Z instantaneous rate of total mortality, of dimension time; with Z =M + F






